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Abstract

The present disclosure provides modified nucleosides, 
nucleotides, and nucleic acids, and methods of using them.
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MODIFIED NUCLEOSIDES, NUCLEOTIDES, AND NUCLEIC ACIDS, AND USES 

THEREOF

REFERENCE TO TIIE SEQUENCE LISTING

[1)001 J The present application is heing filed along with a Sequence Listing in electronic format.

The Sequence Listing file, entitled M009SQLST.txt, was created on Octohcr 3, 2012 and is 9,R59 

hytes in size. Ute information in electronic format of the Sequence Listing is incorporated herein by 

reference in its entirely.

CROSS REFERENCE TO RELATED APPLICATIONS
|ll()02] This application claims priority to U.S. Provisional Patent Application No. 61/542,533, 

filed Octohcr 3, 201 1, entitled Modified Nucleosides, Nucleotides, and Nucleic Acids, and Uses 

Thereof, the contents of which are incorporated by reference in its entirely.

The present application is a divisional of Australian Patent Application No. 201231K752, 

the entirety of which is incorporated herein by reference.

TECHNICAL HELD

[0003] The present disclosure provides compositions and methods using modified nucleic acids to 

modulate cellular function. The modified nucleic acids of the invention may encode peptides, 

polypeptides or multiple proteins. The encoded molecules may be used as therapeutics and/or 

diagnostics.

BACKGROUND OF THE INVENTION

[0004] Naturally occurring RNAs are synthesized from Tour basic ribonucleotides: ΛΤΡ, CTP, 

IJTP and (ΐ'1'P, hut may contain post-transcriptional ly modified nucleotides. Further, approximately 

one hundred different nucleoside modifications have been identified in RNA (Rozenski, J, Chain, P, 

and McCloskey, J. (1999). The RNA Modification Database: 1999 update. Nucl Acids Res 27: 196- 

197). The role of nucleoside modifications on the immune-stimulatory potential and on the 

translation efficiency of RNA, however, is unclear.

[0005] There are multiple problems with prior methodologies of effecting protein expression. For 

example, heterologous DNA introduced into a cell can be inherited by daughter cells (whether or not 

the heterologous DNA has integrated into the chromosome) orhy offspring. Introduced DNA can 

integrate into host cell genomic DNA at some frequency, resulting in alterations arid'or damage to 

the host cell genomic DNA. In addition, multiple steps must occur before a protein is made. Once 

inside the cell, DNA must be transported into the nucleus where it is transcribed into RNA. The
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RNA transcribed from DNA must then enter the cytoplasm where it is translated into protein. This 

need for multiple processing steps creates lag times before the generation of a protein of interest. 

Further, it is difficult to obtain DNA expression in cells; frequently DNA enters cells but is not 

expressed or not expressed at reasonable rates or concentrations. This can be a particular problem 

when DNA is introduced into cells such as primary cells or modified cell lines.

[(1006] I here is a need in the art lor biological modalities to address the modulation of 

intracellular translation of nucleic acids.

SIMMARV OF111F INVENTION

|0007! The present disclosure provides, inter alia, modified nucleosides, modified nucleotides, 

and modified nucleic acids which can cxliibit a reduced innate immune response when introduced 

into a population of cells, both in vivo and ex vivo.

[0008] The present invention provides polynucleotides which may be isolated or purified. These 

polynucleotides may encode one or more polypeptides of interest and comprise a sequence of n 

number of linked nucleosides or nucleotides comprising at least one modified nucleoside or 

nucleotide as compared to the chemical structure of an A, G, U or C nucleoside or nucleotide. The 

polynucleotides may also contain a 5’ UTR comprising at least one Kozak sequence, a 3’ UTR, and 

at least one 5' cap structure. The isolated polynucleotides may further contain apoly-A tail and may 

be purified.

[0()09) I he isolated polynucleotides of Lhe invention also comprise at least one 5' cap structure 

selected from the group consisting of CapO, Cap!, AltCA, inosine, N1-methyl-guanostne, 2Ffluoro- 

guanosinc, 7-dcaza-guano sine, 8-oxo-guanos inc, 2-amino-guanosine, LNA-guanosinc, and 2-azido- 

guanosine.

[0010] Modifications of the polynucleotides of the invention may he on the nucleoside base 

and/or sugar portion of the nucleosides which comprise the polynucleotide.

[0011] In some embodiments, the modification is on the nuclcohasc and is selected from the 

group consisting of pseudouridine or Nl-methy lpseudo uridine.

[0012] In some embodiments, the modified nucleoside is no Lpseudo uridine (ψ) or 5-mcthyl- 

cytidine (m5C).

[11()13] In some embodiments, multiple modifications are included in the modi lied nucleic acid or 

in one or more individual nucleoside or nucleotide. For example, modifications to a nucleoside may 

include one or more modifications to the nucleobasc and the sugar.
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[0014] In some embodiments arc provided novel building blocks, c.g., nucleosides and 

nucleotides for the preparation of modified polynucleotides and their method of synthesis and 

manufacture.

[0015] The present invention also provides foT pharmaceutical compositions comprising the 

modified polynuclei)tides described herein. ITiese may also further include one or more 

pharmaceutically acceptable excipients selected from a solvent, aqueous solvent, non-aqueous 

solvent, dispersion media, diluent, dispersion, suspension aid, surface active agent, isotonic agent, 

thickening or emulsifying agent, preservative, lipid, lipidoids liposome, lipid nanoparticle, core-shell 

nanoparticles, polymer, lipoplexe peptide, protein, cell, hyaluronidase, and mixtures thereof.

[0016] Methods of using the polynucleotides and modified nucleic acids of tlic invention arc also 

provided. In tins instance, Hie poynucleotides may be formulated by any means known in the ail or 

administered via any of several routes including injection by intradermal, subcutaneous or 

intramuscular means.

[0017] Administration of the modified nucleic acids of the inventin may be via two or more equal 

or unequal split doses. In some embodiments, the level of the polypeptide produced by the subject by 

administering split doses of the polynucleotide is greater than the levels produced by administering 

the same total daily dose of polynucleotide as a single administration.

[0018 j Detection of the modified nucleic acids or the encoded polypeptides may be performed in

the bodily fluid of the subject or patient where the bodily fluid is selected from the group consisting 

of peripheral blood, serum, plasma, ascites, urine, cerebrospinal fluid (CSF), sputum, saliva, bone 

marrow, synovial fluid, aqueous humor, amniotic fluid, cerumen, breast milk, broncheoalvcolai 

lavage fluid, semen, prostatic fluid, cowper's fluid or pre-ejaculatory fluid, sweat, fecal matter, hair, 

tears, cyst fluid, pleural and peritoneal fluid, pericardial fluid, lymph, chyme, chyle, bile, interstitial 

fluid, menses, pus, sebum, vomit, vaginal secretions, mucosal secretion, stool water, pancreatic 

juice, lavage fluids from sinus cavities, bronchopulmonary aspirates, blastocyl cavity fluid, and 

umbilical cord blood.

[0019] In some embodiments, administration is according to a dosing regimen which occurs over 

the course of hours, days, weeks, months, or years and may be achieved by using ime or more 

devices selected from multi-needle injection systems, catheter or lumen systems, and ultrasound, 

electrical or radiation based systems.
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[0020] Unless otherwise defined, all technical and scientific terras used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention belongs. 

Methods and materials are described herein for use in the present disclosure; other, suitable methods 

and materials known in the art can also be used. The materials, methods, and examples are 

illustrative only and not intended to be limiting. All publications, paLent applications, patents, 

sequences, database entries, and other references mentioned heTem are incorporated by reference in 

their entirety. In ease of conflict, the present specification, including definitions, will control.

10021) Other features and advantages of the present disclosure will be apparent from the 

following detailed description and figures, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
)0022) The foregoing and other objects, features and advantages will be apparent from the 

following description of particular embodiments of the invention, as illustrated in the accompanying 

drawings in which like reference characters refer to the same parts throughout the different views. 

The drawings are not necessarily to scale, emphasis instead being placed upon illustrating the 

principles of various embodiments of the invention.

[0023) FIG. 1 provides the spectrum and graphs of the analytical results for N4-Me-CTP (NTP of 

compound 1). Figure l Λ provides the nuclear magnetic resonance (NMR) spectrum in DM SO and 

Figure IB provides the NMR spectrum in D2O, Figure 1C provides the mass spectrometry (MS) 

results, and Figure ID is the high performance liquid chromatography (IIPLC) results for N4- 

methylcytidine (N4-Me-cytidine, compound 1).

[0024] FIG. 2 shows the HPLC results for NT-Mc-CTP (NTP of compound 1).

[0025] FIG.3 provides the analytical results for 2’-OMe-N, N-di-Me-CTP (NTP of compound 2). 

Figure 3A provides the NMR spectrum. Figure 3B provides the MS results. Figure 3C provides 

HPLC results for 2’-O-metliyl-N4, N4-dimcthylcytidme (2’-OMe-N,N-di-Mc-cytidine, compound 2). 

FIG. 4 shows the HPLC results for 2’-OMc-N, N-di-Me-CTP (NTP of compound 2).

FIG. 5 provides the TTPLC results for 5-methoxycarbonylmethoxy-UTP (NTP of

|tll)2t>| FIG

f0027[ FIG.

compound 3).

)0028) FIG.FIG. 6 provides the analytical results of 3-methyl pseudouridine (compound 4). Figure 6A 

provides the NMR spectrum ol 3-melhyl pseudouridine (compound -1) and Figure 6B provides the 

HPT ,C results for 3-methyl pseudouridine (compound 4).

-4-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[0029] FIG. 7 provides the analytical results of S-TBOMS-OCH^-cytidinc (compound 6). Figure 

7A provide the NMR spectrum, Figure 7B provides the MS results, and Figure 7C provides the 

IIPLC results for 5-TBDMS-OCIl2-cytidine (compound 6).

[0030] FIG. 8 provides the analytical results of S-Lrilluoromethyl uridine (compound 8). Figure 

8Λ provides the Nf/R spectrum, Figure 8B provides MS results, and Figure 8C provides HPLC 

results lor 5-triIluoromethyl undine (compound 8).

[00311 FIG. 9 provides the NMR spectrum results for of 5-(melhoxycarbonyl) methyl uridine 

(compound 9).

[0032) FIG. 10 provides a graph showing the variability of protein (GCSF; line B) and cytokine 

(interferon-alpha (IFNa); line A and tumor necrosis factor-alpha (TNFa); line C) expression as 

function of percent modification.

DETAILED DESCRIPTION
[0033] The present disclosure provides, inter alia, modified nucleosides, modified nucleotides, 

and modified nucleic acids that exhibit improved therapeutic properties including, but noL limited to, 

a Tedueed innate immune response when introduced into a population of cells.

[(1()34] As there remains a need in the art. for therapeutic modalities to address the myriad of 

barriers surrounding the efficacious modulation of intracellular translation and processing of nucleic 

acids encoding polypeptides or fragments thereof, the invenLoTS have shown that certain modified 

mRNA sequences have the potential as therapeutics with benefits beyond just evading, avoiding or 

diminishing the immune response.

[0035] The present invention addresses this need by providing nucleic acid based compounds or 

polynucleotides which encode a polypeptide of interest (e.g., modified mRNA) and which have 

structural and/or chemical features that avoid one or more of the problems in the art, for example, 

features which are useful for optimizing nucleic acid-based therapeutics while retaining structural 

and functional integrity, overcoming the threshold of expression, improving expression rates, half 

life and/or protein concentrations, optimizing protein localization, and avoiding deleterious bi<r- 

responses such as the immune response and/or degradation pathways.

[11036] Provided herein, in part, are polynucleotides encoding polypeptides of interest which have 

been chemically modified to improve one or more of the stability and/οτ clearance in tissues, 

receptor uptake and/or kinetics, cellular access by the compositions, engagement with translational 

machinery, mRNA half-life, translation efficiency, immune evasion, protein production capacity,
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secretion efficiency (when applicable), accessibility to circulation, protein half-life and/or 

modulation of a cell’s status, function and/or activity.

[0037] The modified nucleosides, nucleotides and nucleic acids of the invention, including the 

combination of modifications taught herein have superior properties making them more suitable as 

therapeutic modalities.

[IIU38] It has been determined that the ‘‘all or none" model in the art is sorely insufficient to 

describe the biological phenomena associated with the therapeutic utility of modified mRNA. 'lhe 

present inventors have determined that to improve protein production, one may consider the nature 

of the modification, or combination of modifications, the percenl modification and survey more than 

one cytokine or metric to determine the efficacy and risk profile of a particular modified mRNA.

10039] In one aspect of the invention, methods of determining the effectiveness of a modified 

mRNA as compared to unmodified involves the measure and analysis of one or more cytokines 

whose expression is triggered by the administration of the exogenous nucleic acid of the invention. 

These values are compared io administration of an umodilied nucleic acid or to a standard metric 

such as cytokine response, PolylC, R-848 or other standard known in Lhe art.

)(104(1 ] One example of a standard metric developed herein is the measure of the ratio of the level 

or amount of encoded polypeptide (protein) produced in the cell, tissue or organism to Lhe level or 

amount of one or more (or a panel) of cytokines whose expression is triggered in the cell, tissue or 

organism as a result of administration or contact with the modified nucleic acid. Such ratios are 

referred to herein as the Protein: Cytokine Ratio or “PC” Ratio. The liigher the PC ratio, the more 

effieacioius the modified nucleic acid (polynucleotide encoding the protein measured), Preferred PC 

Ratios, by cytokine, of the present invention may be greater than 1, greater than 10, greater than 100, 

greater than 1000, greater than 10,000 or more, "Modified nucleic acids having higher PC Ratios 

than a modified nucleic acid of a different or unmodified construct are preferred.

[0041] The PC ratio may be further qualified by the pcrccnL modification present in the 

polynucleotide. Tor example, normalized to a 100% modified nucleic acid, the protein production as 

a function of cytokine (or risk) or cytokine profile can be determined.

[(1042] In one embodiment, the present invention provides a method for determining, across 

chemisLries, cytokines or percent modification, the relative efficacy of any particular modified 

polynucleotide by comparing the PC Ratio of the modified nucleic acid (polynucleotide).

-6-



20
17

21
35

03
 

10
 A

ug
 2

01
7

(0043) In another embodiment, the chemically modified mRNA arc substantially non toxic and 

non mutagenic.

[0044] In one embodiment, the modified nucleosides, modified nucleotides, and modified nucleic 

acids can be chemically modified on the major groove face, thereby disrupting major groove binding 

partner interactions, which may cause innate immune responses. Further, these modified 

nucleosides, modified nucleotides, and modified nucleic acids can be used to deliver a payload, eg., 

detectable or therapeutic agent, to a biological target. For example, the nucleic acids can be 

covalently linked to a payload, e.g. a delectable or therapeutic agent, through a linker attached to the 

nucleobase or the sugar moiety. Ihe compositions and methods described herein can be used, in 

vivo and in vitro, both cxtraccllaily or mtraccllularly, as well as in assays such as cell free assays. 

[0045] In some embodiments, the present disclosure provides compounds comprising a 

nucleotide that disrupts binding of a major groove interacting, e.g. binding, partner with a nucleic 

acid, wherein the nucleotide has decreased binding affinity to major groove interacting partners. 

[0046] In another aspect, the present disclosure provides nucleotides that contain chemical 

modifications, wherein the nucleotide has altered binding to major groove interacting partners.

[0047] Tn some embodiments, the chemical modifications are located on the majoT groove face of 

the nucleobase, and wherein the chemical modifications can include replacing ot substituting an 

atom of a pyrimidine nucleobase with an amine, an SIT, an alkyl (e.g., methyl or ethyl ), or a halo 

(e.g.. chloro or fluoro).

[0048] hi another aspect, the present disclosure provides chemical modifications located on the 

sugar moiety of the nucleotide.

[0049] In another aspect, the present disclosure provides chemical modifications located on the 

phosphate backbone of the nucleic acid.

[0050] In some embodiments, the chemical modifications alter the electrochemistry on the major 

groove face of the nucleic acid.

[0051 j In another aspect, the present disclosure provides nucleotides that contain chemical 

modifications, wherein the nucleotide reduces the cellular innate immune response, as compared to 

the cellular innate immune induced by a corresponding unmodified nucleic acid.

[0052] In another aspect, the present disclosure provides nucleic acid sequences comprising at 

least two nucleotides, the nucleic acid sequence comprising a nucleotide that di snip!s binding of a
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ma jor groove interacting partner with the nucleic acid sequence, wherein the nucleotide has 

decreased binding affinity ίο the major groove binding partner.

[0053] In another aspect, the present disclosure provides compositions comprising a compound as 

described herein. In some embodiments, the composition is a reaction mixture. In some 

embodiments, the composition is a pharmaceutical composition. In some embodiments, the 

composition is a cell culture. In some embodiments, the composition further comprises an R.NA 

polymerase and a cDNA template. In some embodiments, die composition further comprises a 

nucleotide selected from the group consisting of adenosine, cytosine, guanosine, and uracil.

[0054 J in a further aspect, die present disclosure provides methods of making a pharmaceutical 

formulation comprising a physiologically active secreted protein, comprising transfecting a first 

population of human cells with the pharmaceutical nucleic acid made by die methods described 

herein, wherein the secreted protein is active upon a second population of human cells,

[«1)551 in some embodiments, the secreted protein is capable of interacting with a receptor on the 

surface of at least one cell present in the second population.

[fl«56j In some embodiments, the secreted protein is Granulocyte-Colony Stimulating Factor (G- 

CSF).

[0057] In some embodiments, the second population contains myeloblast cells that express the G- 

CSF receptor.

[0058| In certain embodiments, provided herein are combination therapeutics containing one or 

more modified nucleic acids containing translatable regions that encode for a protein or proteins that 

boost a mammalian subject’s immunity along with a protein diat induces antibody-dependent 

cellular toxitity. For example, provided are therapeutics containing one or more nucleic acids that 

encode trastuzinnah and granulocyte-colony stimulating factor (G-CSF). In particular, such 

combination therapeutics are useful in Her2i breast cancer patients who develop induced resistance 

to trastuzumab. (Sec, eg., Alhrechl, Immunotherapy. 2(6):795-8 (2010)).

[0()59j In one embodiment, it is intended that the compounds of the present disclosure are stable. 

IL is further appreciated that certain features of the present disclosure, which are, for clarity, 

described in the context of separate embodiments, can also be provided in combination in a single 

embodiment. Conversely, various features of the presenL disclosure which are, for brevity, described 

in the context of a single embodiment, can also be provided separately or in any suitable 

subeomb in ati o n.
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Modified Nucleotides, Nucleosides and Poly nucleotides of the invention
[(1060] Herein, in a nucleotide, nucleoside or polynucleotide (such as the nucleic acids of the 

invention, e.g., rnRNA molecule), the terms “modification” or, as appropriate, “modified” refer to 

modification with respect to A, G, (J or C ribonucleotides. Generally, herein, these terms are not 

intended to refer to the ribonucleotide modifications in naturally occurring 5'-temiinal mliNA cap 

moieties. In a polypeptide, the term “modification” Telers to a modification as compared to the 

canonical set of 20 amino acids, moiety)

10061] The modifications may be various distinct modifications. In some embodiments, where the 

nucleic acid is an nilTNA, the coding region, the flanking regions and/or the terminal regions may 

contain one, two, or more (optionally different) nucleoside or nucleotide modifications. In some 

embodiments, a modified polynucleotide introduced to a cell may exhibit reduced degradation in the 

cell, as compared to an unmodified polynucleotide.

((11)62 ] The polynucleotides can include any useful modification, such as to the sugar, the 

nucleobase, or (he intemucleoside linkage (e.y. to a linking phosphate / to a phosphodiester linkage / 

to the phosphodiester backbone). Tor example, the major groove ol a polynucleotide, ot the major 

gmnVB face of a nucleobase may comprise one ot more modifications. One ot more atoms of a 

pyrimidine nucleobase (e.g. on the majoT groove lace) may be replaced or substituted with optionally 

substituted amino, optionally substituted thiol, optionally substituted alkyl (e.g., methyl or ethyl), ot 

halo (e.g., chloro or fluoro). In certain embodiments, modifications (e g., one or more

modifications) are present in each of the sugar and the intemucleoside linkage. Modifications 

according to the present invention may be modifications of ribonucleic acids (RNAs) to 

deoxyribonucleic acids (DMAs), e.g., the substitution of tire 2ΌΗ of The ribofuranysyl ring to 2Ή, 

threose nucleic acids (TNAs), glycol nucleic acids (GNAs), peptide nucleic acids (PNAs), locked 

nucleic acids (LNAs) or hybrids thereof). Additional modifications arc described herein.

[0063] A s described herein, the polynucleotides of the invention do not substantially induce an 

innate immune response of a cell into which the polynucleotide (e.g., mRNA) is introduced.

Features of an induced innate immune response include 1) increased expression of pro-inflammatory 

cytokines, 2) activation of intracellular PRRs (RIG-I, ΜΏΑ5, etc, and/or 3) termination or reduction 

in protein translation.

[4)064] In certain embodiments, it may desirable for a modified nucleic acid molecule introduced 

into the cell to be degraded in trace! lul ary. For example, degradation of a modified nucleic acid
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molecule may be preferable if precise timing of protein production is desired. Thus, in some 

embodiments, the invention provides a modified nucleic acid molecule containing a degradation 

domain, which is capable of being acted on in a directed manner within a cell. In another aspect, the 

present disclosure provides polynucleotides comprising a nucleoside or nucleotide that can disrupL 

the binding of a major groove interacting, e.g. binding, partner with the polynucleotide (e.g., where 

the modi lied nucleotide has decreased binding allnrity to major groove interacting partner, as 

compared to an unmodified nucleotide).

10065] The polynucleotides can optionally include other agents (e.g., RNAi-inducing agents,

RN Ai agents, siRNAs, sliRNAs. miRNAs, antisense RNAs, ribozymes, catalytic DMA, tITNA,

RNAs that induce triple helix formation, aptamers, vectors, etc.). In some embodiments, the 

polynucleotides may include one or more messenger RNAs (mITN As) having one or more modified 

nucleoside or nucleotides (i.c., modified mRNA molecules). Details for these polynucleotides 

follow.

Polyn ucleo tides

[0066] The polynucleotides oi the invention includes a first Tegion oil inked nucleosides encoding 

a polypeptide of interest, a first Hanking region located at the 5' terminus of the first region, and ά 

second Hanking region located at the 3' terminus ol the first region.

[0067] In some embodiments, the polynucleotide (e.g., the first region, first Hanking region, or 

second Hanking region) includes n number of linked nucleosides having formula (la) or Formula

acceptable salt or stereoisomer thereof, wherein U is O, S, Ν(Κυ),ω, or wherein nu is an

integer from 0 to 2 and each Ru is, independently, II, halo, or optionally substituted alkyl;

[0068] ---- is a single bond or absent;

- 10-
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[0069] each ofR’ , R2, R1 , R2, R1, R2, R3, R4, and R5, if present, is, independently, H, halo, 

hydroxy, thiol, optionally substituted alkyl, optionally substituted alkoxy, optionally substituted 

alkenyloxy, optionally substituted alkynyloxy, optionally substituted aminoalkoxy, optionally 

substituted alkoxyalkoxy, optionally substituted hydroxyalkoxy, optionally substituted amino, azido, 

optionally substituted aryl, optionally substituted aminoalkyl. optionally substituted aminoalkenyl, 

optionally substituted ammoalkynyl, or absent: wherein the combination of R3 with one or more of 

R1 , R1', 1<2, R2, or Rs(e.g., the combination ofR1 and R3, the combination of K? and R'\ the 

combination of R" and R , the combination of R and R , or the combination of R and R ) can join 

together to form optionally substituted alkylene or optionally substituted het exoalkylene and, taken 

togcthci' with the carbons to which they arc attached, provide an optionally substituted hctcrocyelyl 

(e.g., a bicyelic, tricyclic, or tetracyclic heterocyclyl); wherein the combination of with one or 

more of R1, Rl , R2, or R2 (c.g., the combination of R1 and R\ the combination of R1 and R5, the 

combination of R2 and Rs, or the combination of R2 and R5) can join together to form optionally 

subsliluled alkylene or optionally substituted heteroalkylene and, taken togelher with the carbons to 

which they are attached, provide an optionally substituted heterocyclyl (e.g., a bicyelic, tricyclic, or 

tetracyclic heterocyclyl); and wherein the combination ofR* and one ormore ofR1 , R1 , R2 , R2 ,

R3, or R5 can join together to form optionally substituted alkylene or optionally substituted 

heteroalkylene and, taken together with the carbons to which they are attached, provide an optionally 

substituted heterocyclyl (e.g., a bicyelic, bicyelic, or tetracyclic heterocyclyl);

[<H)7<>| each of m’ and in” is, independently, an integer from 0 to 3 (e.g., bom 0 to 2, bom 0 to 1, 

from 1 to 3, ox bom 1 to 2):

[0071] each of Yl, Y2, and Y3, is, independently, O, S, Se, -NRn1-, optionally substituted 

alkylene, or optionally substituted heteroalkylene, wherein RN' is H, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, or absent; 

[0072] each Y4 is, independently, H, hydroxy, thiol, btiTanyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, optionally substituted alkynyloxy, optionally substituted 

thioalkoxy, optionally substituted alkoxyalkoxy, or optionally substituted amino;

[()(173j each Y5 is, independently, O, S, Se, optionally substituted alkylene (e.g., methylene), or

optionally substituted heteroalkylene;

[0074] n is an integer from 1 to 100,000; and

- 11 -



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00751 B is a nuclcobasc (c.g., a purine, a pyrimidine, or derivatives thereof), wherein the 

combination of R and Rl, the combination of R and R2 , the combination ol'R and R1 , or the 

combination of B and R2 can, taken together with the carbons to which they are attached, optionally 

form a bicyclie group (e.g., a bicyclic heterocyclyl) ot wherein the combination of R, R1 , and R3 or 

the combination of B, R2 , and R3 can optionally form a tricyclic or tetracyclic group (e.g., a tricyclic 

or tetracyclic heterocyclyl, such as in formula (llo)-(llp) herein).

|0076j lit some embodiments, the polynucleotide includes a modified ribose. In some 

embodiments, the polynucleotide (e.g., the first region, the first flanking region, or the second 

flanking region) includes n number of linked nucleosides having Formula (la-2)-(la-5) or a 

pharmaceutically acceptable salt or stereoisomer thereof.

[0077] In some embodiments, the polynucleotide (e.g., the first region, the first flanking region, 

or the second flanking region) includes n number of linked nucleosides having Foimula (lb) or 

formula (lb-1):
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γ3_ρ.

Η-
r5 γ2

Β

γ3=ρ.

Υ4
J (lb), L J (Ib-1)

[0078] or a pharmaceutically acceptable salt or stereoisomer thereof, wherein

[0079j U is O, S, N(Ru)nu, or C(Ru)nu, wherein nu is an integer from'O to 2 and each Ru is,

independently, H, halo, or optionally substituted alkyl;

[0080 j — is a single bond or absent;

[0081 j each of R1, R3, R3 ”, and R4 is, independently, H, halo, hydroxy, optionally substituted

alkyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally substituted 

alkynyloxy, optionally substituted aminoalkoxy, optionally substituted alkoxy alkoxy, optionally 

substituted hydroxyalkoxy, optionally substituted amino, azido, optionally substituted aryl, 

optionally substituted aminoalkyl, optionally substituted arainoalkcnyl, optionally substituted 

amino alkynyl, or absent; and wherein the combination of R1 and R3 or the combination of R1 and 

R3 can be taken together to form optionally substituted alkylene or optionally substituted 

heteroalkylene {e.g., to produce a locked nucleic acid);

[0082] each R3 is, independently, H, halo, hydroxy, optionally substituted alkyl, optionally 

substituted alkoxy, optionally substituted alkenyloxy, optionally substituted alkynyloxy, optionally 

substituted aminoalkoxy, optionally substituted alkoxyalkoxy, or absent;

[0083] each of Y1, Y2, and Y3 is, independently, O, S, Se, NRK1-, optionally substituted alkylene, 

or optionally substituted heteroalkylene, wherein RN1 is II, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, or optionally substituted aryl;

[0084] each Y4 is, independently, II, hydroxy, thiol, boranyi, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, optionally substituted alkynyloxy, optionally substituted 

alkoxyalkoxy, or optionally substituted amino;

]0U85, n is an integer from 1 to 100,000; and

[0086] B is a nucleobasc.
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[0087] In some embodiments, the polynucleotide (c.g., the first region, first flanking region, or 

second flanking region) includes n number of linked nucleosides having Formula (Te):

wherein

100881 U is O, S, N(R!J)n„, or C(Ru)mi, wherein nu is an integer from 0 to 2 and each RLI is,

independently, H, halo, or optionally substituted alkyl;

]0089] ---- is a single bond or absent;

[0090] each of B1, B2, and B3 is, independently, a nuelcobasc (c.g., a purine, a pyrimidine, or 

derivatives thereof, as described herein), H, halo, hydroxy, thiol, optionally substituted alkyl, 

optionally substituted alkoxy, optionally substituted alkenyloxy, optionally substituted alkynyloxy, 

opLionally substituted aminoalkoxy, optionally substituted alkoxyalkoxy, optionally substituted 

hydroxyalkoxy, optionally substituted amino, azido, optionally substituted aryl, optionally 

substituted aminoalkyl, optionally substituted aminoalkenyl, or optionally substituted aminoalkynyl, 

wherein one and only one of B1, B2, and B3 is a nucleobase;

[0091, each ofR61, R62, Rb3, R', and Rs is, independently, II, halo, hydroxy, thiol, optionally 

substituted alkyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally 

substituted alkynyloxy, optionally substituted arninoalkoxy, optionally substituted alkoxyalkoxy, 

optionally substituted hydroxyalkoxy, optionally substituted amino, azido, optionally substituted 

aryl, optionally substituted aminoalkyl, optionally substituted aminoalkcnyl, or optionally substituted 

aminoalkynyl;

[A092| each of Y1, Y2, and Y3, is, independently, O, S, Sc, -NRn1-, optionally substituted 

alkylene, or optionally substituted hetero alkylene, wherein RN1 is H, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, or optionally substituted aryl;

[0093] each Y4 is, independently, II, hydroxy, thiol, boranyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy,
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optionally substituted alkcnyloxy, optionally substituted alkynyloxy, optionally substituted 

thioalkoxy, optionally substituted alkoxyalkoxy, or optionally substituted amino;

[0094] each Y5 is, independently, O, S, Se, optionally substituted alkylene (e.g., methylene), or

opLionallv substituted heleroalkylene;

[0095[ π is an integer from 1 to 100,000; and

[(1096] wherein the ring including l.l can include one or more double bonds.

|0097[ hi particular embodiments, the ring including U does not have a double bond between U-
CB3Rb3 or between CB3Rb3-CB2Rbi.

[0098] In some embodiments, the polynucleotide (e.g., the fust region, first flanking region, or

second flanking region) includes n number of linked nucleosides having Formula (Id):

(Id), or a pharmaceutically acceptable salt or stereoisomer thereof, wherein U is

O, S, N(Ru)n„, or C(RL)im, wherein nu is an integer from 0 to 2 and each Rn is, independently, H, 

halo, or optionally substituted alkyl:

[0099] each R3 is, independently, H, halo, hydroxy, thiol, optionally substituted alkyl, optionally 

substituted alkoxy, optionally substituted alkcnyloxy, optionally substituted alkynyloxy, optionally 

substituted aminoalkoxy, optionally substiLuLed alkoxyalkoxy, optionally substituted, hydroxyalkoxy, 

optionally substituted amino, azido, optionally substituted a:yl, optionally substituted aminoalkyl, 

optionally substituted aminoalkcnyl, or optionally substituted amino alky nyl;

[00100] each of Yl, Y2, and Y3, is, independently, O, S, Se, -NRN1-, optionally substituted 

alkylene, or optionally substituted hetero alkylene, wherein RN1 is Π, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, or optionally substituted aryl;

[001011 each Y4 is, independently, II, hydroxy, thiol, boranyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkcnyloxy, optionally substituted alkynyloxy, optionally substituted 

thioalkoxy, optionally substituted alkoxyalkoxy, or optionally substituted amino;

[001021 each Y5 is, independently, O, S, optionally substituted alkylene (e.g., methylene), or 

optionally substituted hctcroalkylcnc;
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(001031 η *s an integer from 1 to 100,000; and

[00104( 3 is a nucleohase (e.g., a purine, a pyrimidine, or derivatives thereof).

[00105] In some embodiments, the polynucleotide (e.g., the first region, first flanking region, or 

second flanking region) includes n number of linked nucleosides having Formula (le):

B

(Ie), or a phannaceutically acceptable salt or stereoisomer thereof,

[uoioq wherein each of U’ and U” is, independently, ϋ, S, N(RlI)nu, or C(RlJ)nu, wherein nu is an 

integer from 0 to 2 and each RtJ is, independently, II, halo, or optionally substituted alkyl;

[00107) each R6 is, independently, H, halo, hydroxy, thiol, optionally substituted alkyl, optionally 

substituted alkoxy, optionally substituted alkenyloxy, optionally substituted alkynyloxy, optionally 

substituted aminoalkoxy, optionally substituted alkoxyalkoxy, optionally substituted hydroxy alkoxy, 

optionally substituted amino, azido, optionally substituted aryl, optionally substituted aminoalkyl, 

optionally substituted aminoalkenyl, or optionally substituted aminoalkynyl;

| (101081 each Y5 is, independently, O, S, optionally substituted alkylene (e.g., methylene or 

ethylene), or optionally substituted heteioalkylene;

100109( n is an integer from 1 to 1OO,(1UU; and

|<101101 B is a nucleohase (e.g., a purine, a pyrimidine, or derivatives thereof).

[001111 In some embodiments, the polynucleotide (e.g., the first region, first flanking region, or 

second flanking region) includes n number of linked nucleosides having Formula (If) οτ (lf-1):

(10: (Π-1) , or a pharmaceutically acceptable

salt or stereoisomer thereof,
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100112) wherein each of U* and U” is, independently, O, S, N, N(Ru)nu, or C(Rn)nu, wherein nu is 

an integer from t) to 2 and each Ru is, independently, II, halo, or optionally substituted alkyl (eg., U’ 

is O and U” is N);

[00113] — is a single bond or absent;

[00114( each of R1, R2 , R1, R2 , R3, and R4 is, independently, H, halo, hydroxy, thiol, optionally 

substituted alkyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally 

substituted alkynyloxy, optionally substituted aminoalkoxy, optionally substituted alkoxyalkoxy, 

optionally substituted hydroxy  alkoxy, optionally substituted amino, azido, optionally substituted 

aryl, optionally substituted aminoalkyl, optionally substituted aminoalkenyl, optionally substituted 

aminoalkynyl, or absent; and wherein the combination of R1 and R3, the combination of R1 and R3, 

the combination of R2 and R'\ or the combination of R2 and R' can be taken together to form 

optionally substituted alkylene or optionally substituted hctcroalkylcne (c.g., to produce a locked 

nucleic acid);each of m’ and m” is, independently, an integer from 0 to 3 (e,g., from t) to 2, from U to 

1, from 1 to 3, or from 1 to 2);

[0011S] each ol’Y1, Y2, and Y3, is, independently, O, S, Se, -NRni-, optionally substituted 

alkylene, nr optionally substituted helemalkylene, wherein RNI is Tl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted arvl, or absent; 

[00116) each Y1 is, independently, TI, hydroxy, thiol, hoTanyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, optionally substituted alkynyloxy, optionally substituted 

tliioalkoxy, optionally substituted alkoxyalkoxy, or optionally substituted amino;

[ooii η each Y5 is, independently, O, S, Se, optionally substituted alkylene (e.g., methylene), or 

optionally substituted hctcroalkylcne;

[00118) his an integer from 1 to 100,000; and

[00119] B is a nucleohasc (c.g., a purine, a pyrimidine, or derivatives thereof).

[00120( In some embodiments of the polynucleotides (e.g., Formulas (Ia)-(Ia-5), (Ib)-(Il-l), (Ila)- 

(TTp), (Uh-1), (Ilb-2), (He-l)-(IIc-2), (ITn-1), (Tfri-2), (IVa)-(IVI), and (IXa)-(IXr)), the ring including 

U has one or two double bonds.

[00121) In some embodiments of the polynucleotides (e.g., Formulas (Ia)-la-5), (ib)-(Ii-l), (11a)- 

(IIp), (lib-1), (TIb-2), (Πε-1)-(Πο2), (ITn-1), (TIn-2), (IVa)-(lVl), and (IXa)-(lXr)), each of R1, Rr, 

and R1 , if present, is II. In further embodiments, each of R2, R" , and R2 , if present, is,
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independently, H, halo (c.g., fluoro), hydroxy, optionally substituted alkoxy (c.g., methoxy or 

ethoxy), ot optionally substituted alkoxyalkoxy. In particular embodiments, alkoxyalkoxy is - 

{CH2)52(OCn2CIl2)si(CIl2)53O]v’, wherein si is an integer from 1 to 10 (e.g,, from 1 to 6 or from 1 to 

4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 

to 4, from 1 to 6, or from 1 to 10), and It’ is H or C[_2o alkyl). In some embodiments, s2 is 0, si is 1 

or 2, s3 is 0 or 1, and R’ is Ci.g alkyl.

100122E lit some embodiments of the polynucleotides (e.g.. Formulas (la)-(la-5), (Ib)-(Ilj, (Ua)- 
(Up), (lib-1), (11b-2), (lie-1 )-(Ue-2), (Un-1), (Un-2), (IVa)-(lVl), and (IXa)-(lXr)), each of R2, R2, 

and R2, if present, is H. In further embodiments, each of ft1, R1, and It1 , if present, is, 

independently, H, halo (c.g., fluoro), hydroxy, optionally substituted alkoxy (c.g., methoxy or 

ethoxy), or optionally substituted alkoxyalkoxy. In particular embodiments, alkoxyalkoxy is - 

(CIl2)S2(OCIl2CIl2)si(CIl2)i3ORt, wherein sl is an integer from 1 to 10 (c.g., from 1 to 6 or from 1 to 

4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 

to 4, from 1 to 6, or from 1 to 10), andR’ is II or Ci_20 alkyl). In some embodiments, s2 is 0, sl is 1 

or 2, s3 is 0 or 1, and R’ is Όμ6 alkyl.

[00123] Tn some embodiments of the polynucleotides (eg., Formulas (Ta)-(Ta-5), (Ib)-(If-l), (Ila)- 

(Tlp), Qlb-1), (Ub-2), (Πο-1)-(Πο-2), (Πη-1), (IIn-2), (IVa)-(JVl), and (IXa)-(IXr)), each ofR3, R4, 

and R5 is, independently, TT, halo (e.g., fluoro), hydroxy, optionally substituted alkyl, optionally 

substituted alkoxy (e.g., meLhoxy or ethoxy), or optionally substituted alkoxyalkoxy. In particular 

embodiments, R3 is H, R4 is H, Rs is H, or R3, R4, and Rs are all H. In particular embodiments, Rs is 

Ci_s alkyl. R4 is Ci_s alkyl, R5 is Ci_s alkyl or R\ R4, and R5 arc all Ci_s alkyl. In particular 

embodiments, R3 and R4 are both H, and R5 is C14; alkyl.

[001 24] Tn some embodiments of the polynucleotides (e.g., Formulas (Ia)-(Ia-5), (Ib)-(Tf-l), (Ila)- 

(Πρ), (IIh-1), (IIb-2), (Uc-l)-(Uc-2), (Πη-1), (IIn-2), (IVa)-(IVl), and (IXa)-(Dir)), R3 andR5 join 

together to form optionally substituted alkylene or optionally substituted heteToalkylenc and, taken 

together with the carbons to which they aTe attached, provide an optionally substituted heterocvclyl 

(e.g., ahieyclie, tricyclic, or tetracyclic hctcrocyelyl, such as trans-3’,4’ analogs, wherein R3 and R5 

join together to farm heteroalkylene (e.g., -(CHTjbiOfCHjjbjOfCFFjb:?-, wherein each of bi, b2, and 

b3 are, independently, an integer from 0 to 3).

[00125] In some embodiments of the polynucleotides (e.g., Formulas (la)-(Ia-5), (Ib)-(lf-l), (Ila)- 

(Πρ), (lib-1), (TIB-2), (IIc-1 )-(Uc-2), (Tin-1), (IIn-2), (IVa)-(TVI), and (IXa)-(IXr)), R3 and one or
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more of R1, Rl , R2, R2 , or Rs join together to form optionally substituted alkylene or optionally 

substituted heleroalkylene and, taken together with the carbons to which they are attached, provide 

an optionally substituted heterocyclyl (e.g., a bicyclic, tricyclic, or tetracyclic heterocyclyl, R3 and 

one or moTe ol'R1 , R1 , R2, R2 , or R5 join together to form heteroalkylene (e.g., -

(CH2)i,iO(CH2h,2(XCH2)i,3-, wherein each ofbl, b2, andb3 are, independently, an integer from 0 to 

3).

|U0126[ lit some embodiments of the polynucleotides (e.g.. Formulas (la)-(la-5), (Ib)-(lf-l), (11a)- 
(llp), (lib-1), (11b-2), (11c-1 )-(Uc-2), (lln-1), (lin-2), (IVa)-(lVl), and (IXa)-(lXr)), Rs and one or 

more of R1, Rl , R2, or R2 join together to form optionally substituted alkylene or optionally 

substituted hctcroalkylcnc and, taken together with the carbons to which they arc attached, provide 

an optionally substituted heterocyclyl (e.g,, a bicyclic, tricyclic, or tetracyclic heterocyclyl, Rs and 

one or more of R1, R1 , R2, or R2 join together to form hctcroalkylcnc (c.g., -

(CHjjbifXCirijbiOCCITjjM-, wherein each ofbl, b2, and b3 are, independently, an integer from 0 to 

3).

[00127] In some embodiments of the polynucleotides (e.g.. Formulas (Ia)-(Ia-5), (Ib)-(Tf-l), (11a)- 

(Πρ), (IIb-1), (TIb-2), (lle-1)-(IIc-2), (ITn-1), (TIn-2), (IVa)-(TVl), and (IXa)-(lXr)), each Y2 is, 

independently, O, S, or -NR1*1-, wherein RN1 is II, optionally substituted alkyl, optionally substituted 

alkenyl, optionally substituted alkynyl, or optionally substituted aryl. In particular embodiments, Y2 

is NR.ni-, wherein RN1 is II or optionally substituted alkyl (e.g., Cj_s alkyl, such as methyl, ethyl, 

isopropyl, or n-propyl).

[00128] In some embodiments of the polynucleotides (c.g.. Formulas (Ia)-(Ia-5), (Ib)-(If-I), (Ila)- 

(Πρ), (IIb-1), (IIb-2), (lie-1 )-(IIc-2), (Un-1), (IIn-2), (IVa)-(IVl), and (IXa)-(Kr)), each Y3 is, 

independently, O or S.

[001291 In some embodiments of the polynucleotides (e.g., Formulas (Ia)-(la-5), (Ib)-(If-l), (Ila)- 

(Πρ), (IIh-1), (Hb-2), (Ilc-1 )-(Ile-2), (ΙΤπ-1), (Iln-2), (IVa)-(TVl), and (IXa)-(lXr)), R1 is H; each R2 

is, independently, II, halo (e.g., iluoro), hydroxy, optionally substituted alkoxy (e.g., methoxy or 

ethoxy), or optionally substituted alkoxy alkoxy (e.g., -^CliztaiOCFIzCrhjs^CIijjssOR’, wherein si 

is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of »2 and s3, independently, is an 

integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, ot from 1 to 10), and R1 

is H or Ci_m alkyl, such as wherein s2 is 0, si is 1 or 2, s3 is 0 or 1, and R’ is Cj.s alkyl); each Y2 is, 

independently, O or -NRn1-, wherein RNl is II, optionally substituted alkyl, optionally substituted
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alkenyl, optionally substituted aJkynyl, or optionally substituted aryl (c.g., wherein RNI is H or 

optionally substituted alkyl (e.g. alkyl, such as methyl, ethyl, isopropyl, οτ π-propyl)); and each 

Y3 is, independently, O or S (e.g., S). In further embodiments, R3 is II, halo (e.g., fluoro), hydroxy, 

opLionally substituted alkyl, optionally substituted alkoxy (e.g., methoxy or eLhoxy), or optionally 

substituted alkoxyalkoxy. In yet further embodiments, each Y1 is , independently, 0 or -NRNi-^ 

wherein RN1 is 11, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted 

alkynyl, or optionally substituted aryl (e.g., wherein RNI is H or optionally substituted alkyl (e.g., Ci_ 

6 alkyl, such as methyl, ethyl, isopropyl, orn-propyl)); and each Y4 is, independently, II, hydroxy, 

thiol, optionally substituted alkyl, optionally sub stituted alkoxy, optionally substituted thioalkoxy, 

optionally substituted alkoxyalkoxy, or optionally substituted amino.

| DO 1301 In some embodiments of the polynucleotides (e.g., Formulas (la)-(Ia-5), (ib)-(If-l), (11a)- 

(Πρ), (lib-1), (IIb-2), (IIe-l)-(IIc-2), (Un-1), (Un-2), (IVa)-(IVl), and (IXa)-(IXi-)), each R1 is, 

independently, H, halo (e.g., fluoro), hydroxy, optionally substituted alkoxy (e.g., methoxy or 

elhoxy), or opLionally substituted alkoxyalkoxy (e.g., -(Clh^iOCniCIIaJoCCIIilssOR’, wherein si 

is an integer from 1 to 10 (e.g., irom 1 to 6 or irom 1 to 4), each of s2 and s3, independently, is an 

integer from f) to 10 (e.g., from 0 to 4, from 0 Io fi, from 1 to 4, from 1 to 6, οτ from 1 to 10), and R ’ 

is II or C|_2o alkyl, such as wherein s2 is 0, si is 1 or 2, s3 is 0 or l,and R’ isC[_6 alkyl); R2isll; 

each Y2 is, independently, O or -NRn1-, wherein RK1 is II, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, or optionally substituted aryl (e.g., wherein RW1 is 

H or optionally substituted alkyl (e.g., Cj_r, alkyl, such as methyl, ethyl, isopropyl, or n-propyl)); and 

each Y3 is, independently, O or S (e.g., S). In further embodiments, R3 is H, lialo (e.g., fluoro), 

hydroxy, optionally substituted alkyl, optionally substituted alkoxy (e.g., methoxy or ethoxy), or 

optionally substituted alkoxyalkoxy. In yet further embodiments, each Y1 is, independently, O or - 

NRn’-, wherein RN1 is H, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, or optionally substituted aryl (eg, wherein RN1 is H or optionally substituted 

alkyl (e.g., C]j6 alkyl, such as methyl, ethyl, isopropyl, orn-propyl)); and each Y4 is, independently, 

IT, hydroxy, thiol, optionally substituted alkyl, optionally substituted alkoxy, optionally substituted 

thioalkoxy, optionally substituted alkoxyalkoxy, or optionally substituted amino.

[()()1311 In some embodiments of the polynucleotides (e.g., Formulas (la)-(la-5), (Ib)-(lf-l), (l la)- 

(Ilp), (IIb-1), (IIb-2), (TIc-l)-(IIc-2), (TTn-l), (Πη-2), (IVa)-(lVl), and (IXa)-(IXr)), the ring including 

U is in the [i-D (e.g., β-D-nbo) configuration.
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[00132) In soiac embodiments o f the polynuclcotidc s (c.g., Formulas (Ia)-(Ia-5), (Ib)-(If-1), (ILa)- 

(Πρ), (Ilb-1), (Tib-2), (TIc-1 )-(IIc-2), (TTn-1), (Πη-2), (IVa)-(IVI), and (TXa)-(TXr)), the ring including 

U is in the α-L (e.g., a-L-ribo) configuration.

[00133] In some embodiments of the polynucleotides (e.g., Formulas (Ia)-(Ia-5), (fb)-(ll-l), (Ila)- 

(Ilp). (lib-1), (Hb-2), (Ik-1 )-(IIe-2), (lln-1), (IIn-2), (lVa)-(lVl), and (IXa)-(lXr)), one or more B is 

not pseudoundine (ψ) or 5-methyl-cytidine (m5C).

[00134] In some embodiments, about 10% to about 100% of n number of B nucleobases is not ψ or 

m5C (e.g., from 10% to 20%, from 10% to 35%, from 10% to 50%. from 10% to 60%, from 10% to 

75%, from 10% to 90%. from 10% to 95%, from 10% to 98%, from 10% to 99%, from 20% to 35%, 

from 20% to 50%, from 20% to 60%, from 20% to 75%, from 20% to 90%, from 20% to 95%, from 

20% to 98%, from 20% to 99%, from 20% to 100%, from 50% to 60%, from 50% to 75%, from 

50% to 90%, from 50% to 95%, from 50% to 98%, from 50% to 99%, from 50% to 100%, from 

75% to 90%, from 75% to 95%, from 75% to 98%, from 75% to 99%, and from 75% to 100% of n 

number of B is not ψ or m5C). In some embodiments, B is not ψ or m5C.

[00135] In some embodiments of the polynucleotides (e.g.. Formulas (Ia)-(Ta-5), (Ib)-(lf-l), (Ila)- 

(Πρ), (ITb-1), (TTh-2), (110-1)-(110-2), (ITn-1), (Πη-2), (IVa)-(TVI), and (IXa)-(lXr)), when B is an 

unmodified nucleobasc selected from cytosine, guanine, uracil and adenine, then at least one of Y1, 

YS, ot Y3 is not O.

[00136( In some embodiments, the polynucleotide includes a modified ribose. In some 

embodunents, the polynucleotide (e.g., the first region, the first flanking region, or the second 

flanking region) includes n number of linked nucleosides having Formula (Ila)-(IIc):

- (Ba),
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— J (lie), or a pharmaceutically acceptable salt or stereoisomer thereof. In

particular embodiments, 11 is Ω or C(RIJ'jnll, wherein nu is an integer from 0 to 2 and each Ru is, 

independently, II, halo, or optionally substituted alkyl (e.g., U is -CII2- or -CH-). In other 
embodiments, each of R1, R2, R4, and Rs is, independently, H, halo, hydroxy, thiol, optionally

substituted alkyl, optionally substituted alkoxy, optionally substituted alkcnyloxy, optionally 

substituted alkynyloxy, optionally substituted aminoalkoxy, optionally substituted alkoxyalkoxy, 

optionally substituted hydroxyalkoxy, optionally substituted amino, azido, optionally substituted 

aryl, optionally substituted aminoalkyl, optionally substituted aminoalkenyl, optionally substituted 

aminoalkynyl, or absent (e.g., each R1 and R2 is, independently H, halo, hydroxy, optionally 

substituted alkyl, or optionally substituted alkoxy; each Rs and R4 is, independently, H or optionally

substituted alkyl; and R? is H or hydroxy), and---- is a single bond or double bond.

[00137[ In particular embodiments, the polynucleotide (e.g., the first region, the first flanking 

region, or the second flanking region) includes n number oflinked nucleosides having Formula (11b- 

l)-(IIb-2);

_γ1_ γ5
V

B
y

p
A
ΓΪ2 
<2 R

1 1 v3—c3----------Y -P Ί1» γ4

— — (nh-l)or —1 (llb-2) ora pharmaceutically acceptable 

salt or stereoisomer thereof. In some embodiments, IJ is O or C(RU)UU, wherein nu is an integer from 

0 to 2 and each Ru is, independently, II, halo, or optionally substituted alkyl (e.g., U is -CII2- or - 

C11-), Tn other embodiments, each of R1 and R.2 is, independently, II, halo, hydioxv, thiol, 

optionally substituted alkyl, optionally substituted alkoxy, optionally substituted alkenyloxy, 

optionally substituted alkynyloxy, optionally substituted aminoalkoxy, optionally substituted 

alkoxyalkoxy, optionally substituted hydroxyalkoxy, optionally substituted ammo, azido, optionally
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substituted aryl, optionally substituted aminoalkyl, optionally substituted aminoalkcnyl, optionally 

substituted aminoalkynyl, or absent (eg., each R1 and R2 is, independently, ΤΪ, halo, hydroxy, 

optionally substituted alkyl, or optionally substituted alkoxy, e.g., II, halo, hydroxy, alkyl, or 

alkoxy). In particular embodiments, R2 is hydroxy or optionally substituted alkoxy (e.g., methoxy, 

ethoxy, or any described herein).

[(1()138] In particular embodiments, Lhe polynucleotide (e g., the HtsI region, the first Hanking 

region, or the second flanking region) includes n number of linked nucleosides having Formula (ile- 

1)-( lie-4):

acceptable salt or stereoisomer thereof.

[00139[ In some embodiments, U is O or C(R1J)„U, wherein nu is an integer from 0 to 2 and each 

Ru is, independently, II, halo, or optionally substituted alkyl (c.g., U is Cll3 or C1I-), In some 

embodiments, each ofR1, R2, and R3 is, independently, H, halo, hydroxy, thio1, optionally substituted 

alkyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally substituted 

alkynylo^y, optionally substituted aminoalkoxy, opti°nally subst'tutcd alkoxyalkoxy, optionally 

substituted hydroxyalkoxy, optionally substituted amino, azido, optionally substituted aryl, 

optionally substituted amino alkyl, optionally substituted aminoalkcnyl, optionally substituted 

aminoalkynyl, or absent (e.g., each R1 and R2 is, independently, II, halo, hydroxy, optionally 

substituted alkyl, or optionally substituted alkoxy, e.g,, II, halo, hydroxy, alkyl, or alkoxy; and each 

R3 is, independently, II or optionally substituted alkyl)). In particular embodiments, R2 is optionally
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substituted alkoxy (e.g., methoxy or ethoxy, or any described herein). In particular embodiments, R1 

is optionally substitute4 alkyl, and R2 is hydroxy_ In other embodiments, R1 is hydroxy, and R2 is 

optionally ’ubstituted alkyl. In further embodiments, Rs is optionally substituted alkyl.

[00140] In some embodiments, the polynucleotide includes an acyclic modified ribose. In some 

embodiments, the polynucleotide (e.g., the first region, the fireL flanking region, or Lhe second 

flanking region) includes n number oil inked nucleosides having Formula (Ild)-(Ill):

-Y1—Yr

Y
3 1Y3—P-

•U
R5 R 

.2 R2

Y4
-I (He), or

(IK), or a pharmaceutically acceptable salt ot slereoisomeT thereof. 

[00141] hi some embodiments, the polynucleotide includes an acyclic modified hexitol. In some 

embodiments, the polynucleotide (e.g., the first region, the first flanking region, or the second 

flanking region) includes n number of linked nucleosides having Formula (llg)-(Ilj):
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/1—vS
R3
p5 B

y2 rO1

γ3-ρ
j,

B3
Rb3
2B

Rb2

(Ilj), or a pharmaceutically

acceptable salt or stereoisomer thereof.

[00142] In some embodiments, the polynucleotide includes a sugar moiety having a contracted or 

an expanded ribose ring. In some embodiments, the polynucleotide (e.g., the first region, the til's! 

flanking region, or the second flanking region) includes n number of linked nucleosides having

wherein each of R1, R1 , R2, and R2 is, independently, II, halo, hydroxy, optionally substituted 

alkyl, optionally substituted alkoxy, optionally substituted alkcnvloxy, optionally substituted

alkynyloxy, optionally substituted aminoalkoxy, optionally substituted alkoxyalkoxy, or absent; and 

wherein the combination of R2 and R3 or the combination of R2 and R3 can be taken together to 

form optionally substituted alkylene or optionally substituted heteroalkylene.
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[00143) In some embodiments, the polynucleotide includes a locked modified ribose. In some 

embodiments,, the polynucleotide (e.g., the first region, the first flanking region, or the second 

flanking region) includes n number of linked nucleosides having Formula (Πη):

-1 (lln), or a pharmaceutically acceptable salt or stereo isomer thereof, wherein 

It1 is O, S, or -NRn'-, wherein ItN' is H, optionally substituted alkyl, optionally substituted alkenyl, 

optionally substituted alkynyl, or optionally substituted aiyl and R3 is optionally substituted

alkylene (c.g., -CH2-, -CH2CH2-, or -CFt2CH2CH2-) or optionally substituted hctcroalkylcnc (c.g., - 

CII2NII-, -CI-I2CH2NH-, -ai2OCII2-. or-CII2CII2OCII2-) (e.g., R3 is O andR3' is optionally 

substituted alkylene (e.g., -CH2-, -CH2CH2-, or -CH2CH2CH2-))-

[00144) In some embodiments, the polynucleotide (e.g., the first region, Lhe first Ranking region, 

or the second Hanking region) includes n number of finked nucleosides having Formula (lln-1)-(11-

n2):

γ1 γ5

-1 (lfn-l)or L -1 (lln-2), or a pharmaceutically

acceptable salt or stereoisomer thereof, wherein R3 is ϋ, S, or -NRX1-, wherein R41 is H, optionally 

substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, or optionally 

substituted aryl and R3 is optionally substituted alkylene (c.g., -CH2-, -CH2CH2-, or -CH2CH2CH2-) 

or optionally substituted heteroalkylene (e.g,, -CILNII-, -CII2CII2NII-, -CII2OCII2-, or- 

CH2CH2OCH2-) (c.g., R3 is O and R3 is optionally substituted alkylene (c.g., -CH2-, -CH2CH2-, or -

CII2CII2CII2-)).

|00145| In some embodiments, the polynucleotide includes a locked modified nbose that forms a 

tetracyclic heterocyelyl. In some embodiments, the polynucleotide (e.g., the first region, the first
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flanking region, or the second flanking region) includes n number of linked nucleosides having 

Formula (Πο):

V1 are as described herein.

[00146] Any of the formulas for the polynucleotides can include one or more nueleobases 

described herein (eg, Formulas (b 1 )-(b43))

[0014η In one embodiment, tlic present invention provides methods of preparing a polynucleotide 

comprising at least one nucleotide that disrupts binding of a majoT groove interacting partner with 

the nucleic acid, wherein the polynucleotide compr ises n number of nucleosides having Formula

Y6

5'
Γ- - Hm

Y (TTIa),
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[00148] with an RNA polymerase, and a eDNA template.

[00149] Tn a further embodiment, the present invention provides methods of amplifying a 

polynucleotide comprising at least one nucleotide that disrupts binding of a major groove binding 

partner with the polynucleotide sequence, the method comprising: reacting a compound of Formula 

(Ilia), as defined herein, with a primer, a eDNA template, and an RNA polymerase.

[001501 In one embodiment, the present invention provides methods oi preparing a polynucleotide 

comprising at least one nucleotide that disrupts binding of a major groove interacting partner with 

the nucleic acid, wherein the polynucleotide comprises n numbeT of nucleosides having Formula (la-

γδ

(ilia-1), with an RNA polymerase, and a eDNA template.

[001511 In a further embodiment, the present invention provides methods of amplifying a 

polynucleotide comprising at least one nucleotide (e.g., modified mRNA molecule) that disrupts 

binding of a major groove binding partner with the polynucleotide sequence, the method comprising: 

reacting a compound of Formula (Ilia-1), as defined herein, with a primer, a eDNA template, and an 

RNA polymerase.

[00152] In one embodiment, the present invention provides methods of preparing a polynucleotide 

comprising at least one nucleotide that disrupts binding of a majoT groove interacting partner with
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the nucleic acid sequence, wherein the polynucleotide comprises n number of nucleosides having 

Formula (la-2), as defined herein:

— (Ia-2), Lhe method comprising reacting a compound of Formula (111a-

2), as defined herein:

A (IIIa-2), with an RNA polymerase, and a cDNA template.

[001531 hi a further' embodiment, the present invention provides methods of amplifying a 

polynucleotide comprising at least one nucleotide (e.g., modified mRNA molecule) that disrupts 

binding of a major groove binding partner with the polynucleotide, the method comprising reacting a 

compound of Formula (Ilia-2), as defined herein, with a primer, a el)NA template, and an RNA 

polymerase.

[00154] In some embodiments, the reaction may be repeated from 1 to about 7,000 times. In any 

of lhe embodiments herein, Π may he a nucleohase of’Formula. (hl )-(b43).

[00155] The polynucleotides can optionally include 5' and/or 3' flanking regions, which are 

described herein.

Modified Nucleotides and Nucleosides

[00156] The present invention also includes the building blocks, e.g,, modified ribonucleosides, 

modified ribonucleotides, of the polynucleotides, e.g., modified RNA ( or mRNA) molecules. For 

example, these building blocks can be useful for preparing the polynucleotides of the invention. 

|00157| In some embodiments, the building block molecule has Formula (Ilia) or (11 la-1):

-29-



20
17

21
35

03
 

10
 A

ug
 2

01
7

pharmaceutically acceptable salt or stereoisomer thereof, wherein the substituents are as described 

herein (e.g., for Formula (la) and (la-1)), and wherein when B is an unmodified nueleobase selected 

from cytosine, guanine, uracil and adenine, then at least one of Y1, Y2, or Y3 is not O.

[00158] In some embodiments, the building block molecule, which may be incorporated into a 

polynucleotide, has Formula (IVa)-(TVb ):

acceptable salt or stereoisomer thereof, wherein B is as described herein (e.g,, any one of (b 1)-

(b43)).

[00159| In particular embodiments, Formula (IVa) or (TVb) is combined wiLh a modified uracil 

(e.g., any one of formulas (bl)-(b9), (b21)-(b23), and (b28)-(b3I), such as formula (bl), (b8), (b28), 

(b29), or (b 30)). In particular embodiments, Formula (IVa) or (IVb) is combined with a modified 

cytosine (e.g., any one of formulas (b 10)-(bI4), (b24), (b25), and (b32)-(b36), such as formula (blO) 

or (b32)). In particular embodiments, Formula (IVa) or (IVb) is combined with a modified guanine 

(e.g., any one of formulas (b 15)-(bl 7) and (b37)-(b4Q)). In particular embodiments. Formula (IVa) 

or (IVb) is combined with a modified adenine (e.g., any one of formulas (bl 8)-( b20) and (b41 )- 

(b43)).

[00160) In some embodiments, the building block molecule, which may be incorporated into a 

polynucleotide, has Formula (IVe)-(TVk):
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or a pharmaceutically acceptable salt or stcreoisomcT thereof, wherein B is as described herein (e.g 

any one of (bl)-(b43)).
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[00161) In particular embodiments, one of Formulas (IVc)-(rVk) is combined with a modified 

uracil (e.g., any one of formulas (b1)-(h9), (h21)-(h23), and (h28)-(b31), such as formula (bi), (b8), 

(b28), (b29), or (b30)>.

[00162] In particular embodiments, one of Formulas (IVc)-(IVk) is combined with a modilied 

cytosine (e.g., any one of fonnulas (blO)-(b!4), (b24), (b25), and (b32)-(b36), such as formula (blO) 

or(b32)).

|00163| hi particular embodiments, one of Formulas (1 Ve)-{lVk) is combined with a modified 

guanine (e.g., any one of formulas (bi 5)-(bl 7) and (b37)-(b40)).

[001641 In particular embodiments, one of Fonnulas (lVc)-(lVk) is combined with a modified 

adenine (c,g., any one of formulas (bl8)-(b20) and (b41)-(b43)).

|00165| In other embodiments, the building block molecule, which may be incorporated into a 

polynucleotide has Formula (Va) or (Vb):

pharmaceutically acceptable salt or stereoisomer thereof, wherein B is as described herein (e.g., any 

one of (b 1)-(643)).

[00166) In other embodiments, the building block molecule, which may be incorporated into a 

polynucleotide has Formula (!Xa)-(lXd):

HO F (TXa), HO Br(IXh),
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HO Cl (IXc), or HO I (lXd), or a pharmaceutically acceptable

salt or stereoisomer thereof, wherein B is as described herein (e.g., any one of (bl)-(b43)). 

bi particular embodiments, one of formulas (IXa)-(lXd) is combined with a modified uracil (e.g., 

«any one of formulas (hl)-(b9), (b21)-(h23), and (b28)-(b31), such as formula (bl), (b8), (b28), (b29), 

or (b30)). In particular embodiments, one of Formulas (IXa )-(IXd) is combined with a modified 

cytosine (e.g., any one of formulas (bI0)-(bl4), (b24), (b25), and (b32)-(b36), such as formula (blO) 

or(b32)).

In particular embodiments, one of formulas (IXa)-(lXd) is combined with a modified guanine (e.g., 

any one of formulas (b15)-(bl7) and (b37)-(h40)).

In particular embodiments, one of formulas (IXa)-(lXd) is combined with a modified adenine (e.g., 

any one of formulas (hl X)-(h20) and (b41 )-(b43)).

|00167| In oLher embodiments, the building block molecule, which may be incorporated into

a polynucleotide has formula (LXe)-(lXg):

HO R2 (IXe), HO R2 (1X1), or

HO R2 (IXg), or a pharmaceutically acceptable salt or stereoisomer thereof,

wherein B is as described herein (e.g., any one of (bl)-(b43)).

[00168] In particular embodiments, one of Formulas (IXe)-(IXg) is combined with a modified 

uracil (e.g., any one of formulas (bl)-(b9), (b21)-(b23), and(b28)-(b31). such as formula (bl), (b8), 

(b28), (b29), or (b30)).
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[00169) In particular embodiments, one of Formulas (IXc)-(IXg) is combined with a modified 

cytosine (e.g., any one of formulas (b 10)-(bl4), (b24), (b25), and (b32)-(b36), such as formula (bl 0)

or(b32)),

[00170] In particular embodiments, one of Formulas (IXe)-(IXg) is combined with a modified 

guanine (e.g., any one of formulas (bl 5)-(bI 7) and (b37)-(b40)).

100171] In particular embodiments, one of Formulas (IXe)-(IXg) is combined with a modified 

adenine (e.g., any une of formulas (b 18)-(120) and (b41)-(b43)).

[00172] In other embodiments, the building block molecule, which may be incorporated into a 

polynucleotide has Formula (IXh)-(IXk):

HO OH (lXj), or HO OH(lXk), or a pharmaceutically

acceptable salt or stereoisomer thereof, wherein B is as described herein (c.g,, any one of (bl)- 

(b43)). In particular embodiments, one of Formulas (IXh)-(iXk) is combined with a modified uracil 

(c.g., anyone of formulas (bl)-(b9), (b21)-(b23), and (b28)-(b31), such as formula (hi), (b8),(b28), 

(b29), or (h30i). In particular embodiments, one of Formulas (IXh)-(IXk) is combined with a 

modified cytosine (c.g., any one of formulas (bl0)-(b!4), (b24), (b25), and (b32)-(b36), such as 

formula (b 10) or (b32)).

(00173] bi particular embodiments, one of Formulas (JXh)-(lXk) is combined with a modified 

guanine (e.g., any one of formulas (bl 5)-(bl7) and (b37)-(b40)). In particular embodiments, one of 

Formulas (lXh)-(IXk) is combined with a modified adenine (e.g., any one of formulas (bl 8)-(b2(J) 

and (b41)-(b43)).
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[00174) In ofhcr embodiments, the building block molecule, which may be incorporated into a 

polynucleotide has Formula (TXI)-(IXt):

HO OH(IXl), HO 0H(IXm),

HO OH(IXn), HO F(EXo),

H0 CI(IXp), HO Br(lXq), or

HO OCHjjpXj·) 01- a pharmaceutically acceptable salt or stereoisomer thereof 

wherein each rl and r2 is, independently, an integer from 0 to 5 (c.g,, from 0 to 3, from 1 to 3, or 

from I to 5) and B is as described herein (e.g., any one of (bl)-(b43)).

[00175) In particular embodiments, one of Formulas (IXl)-(lXr) is combined with a modified 

uracil (c.g., any one of formulas (bl)-(b9), (b21)-(b23), and(b28)-(b31), such as formula (bl), (bdf 

(b28), (b29), or(b30)).

[00176) In particular embodiments, one of Formulas (IXl)-(IXr) is combined with a modified 

cytosine (e.g., any one of formulas (blO)-(bld), (b2-1), (b25), and (b32)-(b36), such as formula (bi 0) 

or (b32)).

[00177) In particular embodiments, one of Formulas (JXl)-(FXr) is combined with a modified 

guanine (e.g., any one of formulas (bl 5)-(bl7) and (b37)-(b40)). In particular embodiments, one of
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Formulas (IXl)-(IXr) is combined with a modified adenine (e.g., any one of formulas (bl 8)-(b20) 

and (b41 )-(h43))_

[00178] In some embodiments, the building block molecule, which may be incorporated into a. 

polynucleotide can be selected from the group consisting of:

H0 0H (BB-1), HO OH (BB-2),

HO OH (BB- 5), HO OH (BB- 6),
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nh2

(BB- 8),

(BB- 9), HO OH (BB-10),

HO OH (BB-11), and HO OH (BB-12),ora

pharmaceutically acceptable salt or stereoisomer thereof, wherein each r is, independently, an integer 

from 0 to 5 (c.g., from 0 to 3, from 1 to 3, or from 1 to 5).

1(10179] In some embodiments, the building block molecule, which may be incorporated into a 

polynucleotide can be selected from the group consisting of:
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(BB- 16),

h'nA^o^x/^nh2

(BB- 18),

°V'°
r (BB- 19), and

HO OH (BB- 20), or a pharmaceutically acceptable salt or stereoisomer
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thereof, wherein each r is, independently, an integer from 0 to 5 (e.g., from 0 to 3, from 1 to 3, or 

from I to 5) and si is as described herein.

[00180] In some embodiments, the building block molecule, which may he incorporated into a 

nucleic acid (e.g., RNA, mRNA, polynucleotide), is a modi lied uridine (e.g., selected from the group

N "O

HO OH (BB- 23), 
O

N O

N

HO OH (BB-26), HO OH (BB- 27),
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ο
AΗ

HO OH

ΗΝ"\/Λ"Ν"0Η3 

Ο^ΓΓ O^'CF3

ΝΗ,

(ΒΒ- 37),

χη3

HO OH

π J Ο Ν Ο CF3

r

(ΒΒ- 39),

Υ ii' ΥΟ'^'Ν

(ΒΒ- 40),

ΟΗ

(ΒΒ-4Ι),

(ΒΒ- 42),

HO OCH3

ΗΟ ΟΗ

ΗΝ' Ν'^'>Υ
Λ Η D

ΟΗ

(ΒΒ-43)

(ΒΒ- 44),
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ο

ο
OFmoc
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HO OH (BB- 54), HO OH (BB- 55),

OMe

(BB-57),

-43-



20
17

21
35

03
 

10
 A

ug
 2

01
7

-44-



20
17

21
35

03
 

10
 A

ug
 2

01
7

HO OH (BB- 65),

OFmoc

(BB- 67),
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(BB- 68),

HO OH 

O

(BB- 69),

HO OCH3 (BB- 70),
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ο
Η3°'νΛνΧΗ3

HO OH (BB- 72),

(BB- 73),

HO OH

HO OH (BB- 76),
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(BB- 78)

HO OH (BB- 80),

O
HO OH (BB- 79), 

O

(BB- 82),

HO OH (BB- 83),
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ο ο

Ο
(BB- 87),

HO ! (BB-89),

(BB- 90).
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ο
Ο

HO 0ΟΗ3 (BB- 94), HO OH (BB- 95),

O
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-SO3H

H

υ
HN N'

(BB-102),

S03Fmoc

(BB- 103),HO OH

^^SO3H

(BB-104),
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ο

HO OH

Fmoc

(ΒΒ- 105),

Η

(ΒΒ- 106),

Fmoc

(ΒΒ- 107),

Ο

Ό

HO OH (ΒΒ- 108),
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HO OH (BB-111),
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(ΒΒ-Π2),

6 I_p_

(BB- 113),

(BB- 116),

HO OCH3 (BB-115),
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HO (BB- 119),

HO OCH3 (BB-121), 

0
Λ

HO OH (BB-124), and HO Ό (BB-125), or a

pharmaceutically acceptable salt or stereoisomer thereof, wherein Y!, Y\ Y4, Ys, and r are as 

described herein (e.g., each r is, independently, an integer from 0 to 5, such as from 0 to 3, from 1 to 

3, or from I to 5)).
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(00181) In some embodiments, the building block molecule, which may be incorporated into a 

polynucleotide is a modified cylidme (e g., selected from ihe group consisting of:

nh2 nh2
I X.. h3c.

N O

HO OH (BB-13()),

NH

HO OH (BB-132),

HO OH (BB-131), 

,CH3

N O

HO OH (BB- 133),
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HN
,ch3 H3CvnXH3
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HO Br (BB-146),

nh2

HO OH (BB- 147), 

NHAC

HO CH3 (BB- 148), HO OH (BB-149)
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NHAc

HO OCH3 (br. 150), HO OH (BB-151)

(BB- 153),
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NHFmoc

C02Fmoc

(BB- 158), and

HO OH (BB- 159), or a pharmaceutically acceptable salt or

stereoisomer thereof’, wherein Y1, Y\ Y4, Yfl, and r are as described herein (e.g., each r is, 

independently, an integer from 0 to 5, such as from 0 to 3, from 1 to 3, or from 1 to 5)). For 

example, the building block molecule, which may he incorporated inLo a polynucleotide can be:
O

HO OH (BB- 161), or a 

pharmaceutically acceptable sail or stereoisomer thereof, wherein each r is, independently, an integer 

from 0 to 5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5).

[00182] In some embodiments, the building block molecule, which may he incorporated into a 

polynucleotide is a modified adenosine (e.g., selected from the group consisting of:
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(BB- 163),

(BB- 165),

(BB- 167),

(BB- 169),
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(BB- 176),

(BB- 177),
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HO OHHO OH (BB- 184),

NH2

(BB- 185),

NH2

- 66 -



20
17

21
35

03
 

10
 A

ug
 2

01
7

(BB- 196), (BB-197),

(BB- 198),
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HO OH (BB- 200) or a pharmaceutically
acceptable salt or stereoisomer thereof, wherein Y1, Y\ Y4, Ύλ, and r are as described herein (e.g. 

each r is, independently, an integer from 0 to 5, such as from 0 to 3, from 1 to 3, or from 1 to 5)). 

|U0183J In some embodiments, the building block molecule, which may be incorporated into a 

polynucleotide, is a modified guanosine (e.g., selected from the group consisting of:

(BB- 201),
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HO Br (BB- 207),
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HO OCH3 (BB- 210),

HO OH

(BB-211),

(BB-212)
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HO Cl (BB-215),
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HO OH (BB- 224),
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HO OH (BB- 226)
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NH
Λ

N NH2

(BB- 229),

(BB- 230),

0

HO OH (BB- 232),
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HO OH (BB-233),

HO OH (BB- 234),

HQ OH (BB- 235),
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HO OH (BB- 237), or a pharmaceutically acceptable salt or

stereoisomer thereof, wherein Y1, Y3, Y4, Y6, and r are as described herein (e.g., each r is, 

independently, an integer from () to 5, such as from 0 to 3, from 1 to 3, or from 1 to 5)).

1U0184I In some embodiments, the major groove chemical modification can include replacement 

of C group at C-5 of the ring (e.g., for a pyrimidine nucleoside, such as cytosine or uracil) with N 

(e.g., replacement of the >CH group at C-5 with >NRn1 group, wherein RN1 is H or optionally 

substituted alkyl). For example, the building block molecule, which may be incorporated into a 

polynucleotide can be:
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HO OH (ΒΒ-240) or HO OH (ΒΒ-241),

or a pharmaceutically acceptable salt or stereoisomer thereof, wherein each r is, independently, an 

integer from 0 to 5 (c.g., from 0 to 3, from 1 to 3, or from 1 to 5).

[00185] In another embodiment, the major groove chemical modification can include replacement 

of the hydrogen at C-5 of cytosine with halo (e.g., Br, Cl, F, or I) or optionally substituted alkyl (e.g. 

methyl). For example, the huilding block molecule, which may be incorporated into a 

polynucleotide can be:
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TBDMS..

r

HO OH (BB-244)or HO OH (BB-245), or a

pharmaceutically acceptable salt or stereoisomer thereof, wherein each r is, independently, an integer 

irom 0 to 5 (e.g., irom 0 to 3, from 1 to 3, or from 1 to 5).

]00186( In yet a further embodiment, the major groove chemical modification can include a fused 

ring that is formed by the NIL· at the C-4 position and the carbon atom at the C-5 position, l'or 

example, the building block molecule, which maybe incorporated into a polynucleotide can be:

(BB- 246), or a pharmaceutically acceptable salt or stereoisomer 

thereof wherein each r is, independently, an integer from 0 to 5 (e.g., irom 0 to 3, Irom 1 to 3, or 

from I to 5).

Modifications on ihe Sugar
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[οοιβη The modified nucleosides and nucleotides (e g., building block molecules), which may be 

incorporated into a polynucleotide (e.g., RNA or mRNA, as described herein), can be modified on 

the sugar of the ribonucleic acid. For example, the 2' hydroxyl group (ΟΙΓ) can be modified or 

replaced with a number of different substituents. Fxemplary substitutions at Lhe 2'-position include, 

but are not limited to, H, halo, optionally substituted Cj_6 alkyl; optionally substituted alkoxy; 

optionally substituted C6_io aryloxy; optionally substituted C'3_s cycloalkyl; optionally substituted C3_E 

cycloalkoxy; optionally substituted Ckm aryloxy; optionally substituted CNio aryl-Ci.6 alkoxy, 

optionally substituted C1.12 (heterooyolyl)oxy; a sugar (e.g., ribose, pentose, or any described 

herein); a polyethyleneglycol (I’fG), -O(CHaCH2O)„CH2CH2OR, where R is H or optionally 

substituted alkyl, and n is an integer from 0 to 20 (e.g., from 0 to 4, from 0 to 8, from 0 to 10, from 0 

to 16, from 1 to 4, from 1 to 8, from 1 to 10, from 1 to 16, from 1 to 20, from 2 to 4, from 2 to 8, 

from 2 to 10, from 2 to 16, from 2 to 20, from 4 to 8, from 4 to 10, from 4 to 16, and from 4 to 20); 

“locked” nucleic acids (LNA) in which the 2'-hydroxyl is connected by a C-ι-ΰ alkylene or Ct^ 

heteroalkylene bridge to the 4’-carbon of the same ribose sugar, where exemplary bridges included 

methylene, propylene, etheT, or amino bridges; aminoalkyl, as defined herein; aminoalkoxy, as 

defined herein; amino as defined herein; and amino acid, as defined herein

[1)0188) Generally, RNA includes the sugar group ribose, which is a 5-membered ring having an 

oxygen, fxemplary, non-limiting modified nucleotides include replacement of the oxygen in ribose 

(e.g., with S, Se, or alkylene, such as methylene or ethylene); addition of a double bond (eg., to 

replace ribose with cyclopentenyl or cycloliexenyl); ring contraction of ribose (e.g., to form a 4- 

membered ring of cyclobutane or oxctanc), ring expansion of ribose (e.g., to form a 6- or 7- 

membered ring having an additional carbon or heteroatom, such as for anhydrohexitol, altritol, 

mannitol, eyclohcxanyl, cyclcihcxcnyl, and morpholino that also has a phosphoramidatc backbone); 

inulticyclic forms (e.g., tricycio; and “unlocked” forms, such as glycol nucleic acid (GNA) (e.g., R- 

GNA or S-GNA, where ribose is replaced by glycol units attached to phosphodiester bonds), threose 

nucleic acid (TNA, where ribose is replace with «-T-Lhreofuranosyl-(3'—>2')) , and peptide nucleic 

acid (PNA, where 2-amino-cthyl-glyeine linkages replace the ribose and phosphodiester backbone). 

The sugar group can also contain one or moTe carbons that possess the opposite stereochemical 

configuration than that of the corresponding carbon in ribose. Ibus, a polynucleotide molecule can 

include nucleotides containing, e.g., arabinose, as the sugar.
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Modifications on the Nucleobase

[00189] The present disclosure provides lor modified nucleosides and nucleotides. As described 

herein “nucleoside” is defined as a compound containing a sugar molecule (e.g., a pentose or ribose) 

or derivative Lhereof in combination with an organic base (e.g., a purine ot pyrimidine) or a 

derivative thereof (also referred to herein as “nucleobase”). As described herein, “nucleotide” is 

defined as a nucleoside including a phosphate group. In some embodiments, the nucleosides and 

nucleotides described herein ate generally chemically modified on the major groove face.

Exemplary non-limiting modifications include an amino group, a thiol group, an alkyl group, a halo 

group, or any described herein. The modified nucleotides may by synthesized by any usefiil method, 

as described herein (c.g., chemically, enzymatically, or rccombinantly to include one or more 

modified or non-natural nucleosides).

[(10190] The modified nucleotide base pairing encompasses not only the standard adcnosinc- 

thymine, adenosine-uracil, or guanosme-cytosine base pairs, but also base pairs formed between 

nucleotides and/or modified nucleotides comprising non-standard or modified bases, wherein Lhe 

arrangement of hydrogen bond donors and hydrogen bond acceptors pennits hydrogen bonding 

hetween a non-standard base and a standard base or between two complementary non-standard base 

structures. One example of such non-slandanl base pairing is the base pairing between the modified 

nucleotide inosine and adenine, cytosine or uracil.

[(10191] lhe modified nucleosides and nucleotides can include a modified nucleobase. Examples 

of nueleobases found in RNA include, but are not limited to, adenine, guanine, cytosine, and uracil. 

Examples of nucleobase found hl DNA include, but arc not limited to, adenine, guanine, cytosine, 

and thymine. These nueleobases can be modified or wholly replaced to provide polynucleotide 

molecules having enhanced properties, c.g., resistance to nucleases, stability, and these properties 

may manifest through disruption of the binding of a major groove binding partner. For example, the 

nucleosides and nucleotides described can be chemically modified on the major groove face. Tn 

some embodiments, the major groove chemical modifications can include an amino group, a thiol 

group, an alkyl group, or a halo group.

[00192] Table 1 below identifies the chemical faces of each canonical nucleotide. Circles identify 

the atoms comprising the respective chemical regions.
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Tabic 1

Mirror Groove 
Face

WalsonXrldc
Base-pairing

Face

Pyrimidines

Cytidine:

Uridine:

Major Groove 
Face

CIO· ΠΗΟΗ

Purines

[00193] In some embodiments, B is a modified uracil. Exemplary modified uracils include those 

having Fonnula (b 1) -(b 5):

V

N

,12a

■2'T
y

12c

r12c 312c

□io

,10
O

"-A
I

A?

"ΙΛΛΛΙ» 1
(b3),

Ίι
N,

i "J
.l-'Uv·

'N '0
ΑΛΛΛι" (b4), or

(h 5), or a pharmaceutically acceptable salt or stereoisomer thereof, wherein 

[00194[ is a single or double bond;

[00195] each of T1, T1 , T2 , and T2 is, independently, H, optionally subsLiLuted alkyl, optionally 

substituted alkoxy, ot optionally substituted thioalkoxy, or the combination of T1 and T* or the 

combination of T2 and T2 join together (e.g., as in T2) to form O (oxo), S (thio), or Se (seleno);
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[00196( each of V1 and V2 is, independently, O, S, N(Rxlj)nv, or C(RM,)nv, wherein nv is an integer 

from t) to 2 and each Rvb is, independently, TT, halo, optionally substituted amino acid, optionally 

substituted alkyl, optionally substituted haloalkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally 

substituted alkynyloxy, optionally substituted hydroxyalkyl, optionally substituted hydroxyalkenyl, 

optionally substituted hydroxyalkynyl, optionally substituted aminoalkyl (e.g., substituted with an N- 

protecling group, such as any described herein, e.g., trifluoroacetyl), optionally substituted 

aminoalkenyl, optionally substituted aminoalkynyl, optionally substituted acylaminoalkyl (e.g., 

substituted with an N-protecting group, such as any described herein, e.g, trifluoroacetyl), optionally 

substituted alkoxyearbonylalkyl, optionally substituted alkoxycarbonylalkcnyl, optionally substituted 

alkoxycarbonylalkynyl, or optionally substituted alkoxycarbonylalkoxy (e.g, optionally substituted 

with any substituent described herein, such as those selected flora (1)-(21) for alkyl);

[(11)197( R10 is IT, halo, optionally substituted amino acid, hydroxy, optionally substituted alkyl,

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted aminoalkyl, 

optionally substituted hydroxy  alkyl, optionally substituted hydroxyalkenyl, optionally substituted 

hydroxyalkynyl, optionally substituted aminoalkenyl, optionally substituted aminoalkynyl, 

optionally substituted alkoxy, optionally substituted alkoxyearbonylalkyl, optionally substituted 

alkoxyearbonylalkenyl, optionally substituted alkoxycarbonylalkynyl, optionally substituted 

alkoxycarbonylalkoxy, optionally substituted carboxy alkoxy, optionally substituted carboxyalkyl, or 

optionally substituted carbamoylalkyl;

[00198] R11 is H or optionally substituted alkyl;

[001991 R12a is H, optionally substituted alkyl, optionally substituted hydroxy alkyl, optionally 

substituted hydroxyalkenyl, optionally substituted hydroxyalkynyl, optionally substituted 

aminoalkyl, optionally substituted aminoalkenyl, or optionally substituted aminoalkynyl, optionally 

substituted caiboxyalkyl (e.g., optionally substituted with hydroxy), optionally substituted 

carboxyalkoxy, optionally substituted carboxyaminoalkyl, or optionally substituted carbamoylalkyl; 

and

[(10200] R12c isH, lialo, optionally substituted alkyl, optionally substituted alkoxy, optionally 

substituted thioalkoxy, optionally substituted amino, optionally substituted hydroxyalkyl, optionally 

substituted hydroxyalkenyl, optionally substituted hydroxyalkynyl, optionally substituted 

aminoalkyl, optionally substituted aminoalkenyl, or optionally substituted aminoalkynyl.
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[00201] Other exemplary modified uracils include those having Formula (66) (69):

pharmaceutically acceptable salt or stereoisomer thereof, wherein

[00202] is a single or double bond;

[00203] each of T1, T1 ,T2, and T2 is, independently, TI, opt ion ally substituted alkyl, optionally 

substituted alkoxy, or optionally substituted thioalkoxy, or the combination of T* and T1 join 

together (e g,, as in Tl) or the combination oi"l’2 and Tz join together (e.g., as in T2’) to form ()

(oxo), S (thio), or Se (seleno), or each T1 and T2 is, independently, 0 (oxo), S (thio), or Se (seleno);

100204] each of W1 and W2 is, independently, N(RWa)nw or C(RWa)nw, wherein nw is an integer 

from 0 to 2 and each Rw" is, independently, H, optionally substituted alkyl, or optionally substituted 

alkoxy;

100205] each V3 is, independently, O, S, N(RV!i)av, or C(RVa)ttv, wherein nv is an integer from 0 to 2 

and each Rva is, independently, II, halo, optionally substituted amino acid, optionally substituted 

alkyl, optionally substituted hydroxyalkyl, optionally substituted hydioxyalkenyl, optionally 

substituted hydroxyalkynyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted heterocyelyl, optionally substituted alkheleTocyclyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, nr optionally substituted alkynyloxy, optionally substituted 

aminoalkyl (e.g., substituted with an N-proLecting group, such as any described herein, e.g., 

trifluoroaeelyl, or sulfoalkyl), opLionally substituted aminoalkenyl, optionally substituted 

aminoalkynyl, optionally substituted acylaminoalkyl (e.g, substituted with an N-protecting group, 

such as any described herein, e.g., trifluoroacetyl), optionally substituted alkoxycarbonylalkyl, 

optionally substituted alkoxycaibonylalkenyl, optionally substituted alkoxyearbonylalkynyl, 

optionally substituted alkoxycarbonylacyl, optionally substituted alkoxycnrbonylalkoxy, optionally 

substituted carboxyalkyl (e.g., optionally substituted with hydroxy and/or an (^-protecting group), 

optionally substituted carboxyalkoxy, optionally substituted carboxyamhioalkyl, or optionally 

substituted earbamoylalkyl (e.g., optionally substituted with any substituent described herein, such 

as those selected from (1 )-(21) for alkyl), and wherein RVa and RI2c taken together with the carbon
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atoms to which they arc attached can form optionally substituted cycloalkyl, optionally substituted 

aryl, or optionally substituted heleroeyclyl (e.g., a 5- or 6-membered ring);

[00206] R12a is II, optionally substituted alkyl, optionally substituted hydroxyalkyl, optionally 

substituted hydroxyalkenyl, optionally substituted hydroxyalkynyl, optionally substituted 

aminoalkyl, optionally substituted aminoalkenyl, optionally substituted aminoalkynyl, optionally 

substituted earboxyalkyl (e.g., optionally substituted with hydroxy and/or an i7-prot.ee ting group), 

optionally substituted caiboxyalkoxy, optionally substituted caiboxyaminoalkyl, optionally 

substituted earbamoylalkyl, or absent;
]00207| R.121' is H, optionally substituted alkyl, optionally substituted alkenyl, optionally

substituted alkynyl, optionally substituted hydroxy alkyl, optionally substituted hydroxy  alkenyl, 

optionally substituted hydroxyalkynyl, optionally substituted aminoalkyl, optionally substituted 

aminoalkcnyl, optionally substituted aminoalkynyl, optionally substituted alkaiyl, optionally 

substituted heterocyclyl, optionally substituted alkheterocyclyl, optionally substituted amino acid, 

optionally substituted alkoxyearbonylacyl, optionally substituted alkoxycarbonyl alkoxy, optionally 

substituted alkoxyearbonylalkyl, optionally substituted alkoxycarbonyl alkenyl, optionally substituted 

alkoxyearhonylalkynyl, optionally substituted alkoxycarhony I alkoxy, optionally substituted 

earboxyalkyl (e.g., optionally substituted with hydroxy and/or an ()-protecting group), optionally 

substituted carboxyalkoxy, optionally substituted carboxy aminoalkyl, ot optionally substituted 

carb amoyl alkyl,

|00208| wherein the combination of R12b and I’1 or the combination ofRl2b and R12c can join 

together to form optionally substituted heterocyclyl; and

[00209] R12c is H, halo, optionally substituted alkyl, optionally substituted alkoxy, optionally 

substituted thioalkoxy, optionally substituted amino, optionally substituted aminoalkvl, optionally 

substituted aminoalkenyl, or optionally substituted aminoalkynyl.

[00210] ? urther exemplary modified uracils include those having Fonnula (h28)-(b31);
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12a

(h29),

12a

(h30), or

(1)31), or a pharmaceutically acceptable salt or stereoisomer thereof, wherein 

[00211) each of T1 and T2 is, independently, O (oxo), S (thio), or Sc (seleno);

[00212] each R76 and Rw is, independently, H, halo, optionally substituted amino acid, 

optionally substituted alkyl, optionally substituted haloalkyl, optionally substituted hydroxyalkyl, 

optionally substituted hydroxyalkenyl, optionally substituted hydToxyalkynyl, optionally substituted 

alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, optionally substituted 

alkenyloxy, optionally substituted alkynyloxy, optionally substituted aminoalkyl (e.g., substituted 

with an N-protecting group, such as any described herein, e.g., tri fluoroacetyl, or sultoalkyl), 

optionally substituted aminoalkenyl, optionally substituted aminoalkynyl, optionally substituted 

acylamino alkyl (e.g., substituted with ail N-protecting group, such as any described herein, e.g., 

trifluoroacctyl), optionally substituted alkoxycarbonylalkyl, optionally substituted 

alkoxycarbonylalkenyl, optionally substituted alkoxycarbonylalkynyl, optionally substituted 

alkoxycarbonylacyl, optionally substituted alkoxyearbonylalkoxy, optionally substituted 

carboxyalkyl (e.g,, optionally substituted with hydroxy and/or an O-protecting group), optionally 

substituted carlioxyalkoxy, optionally substituted carboxyaminoalkyl, or optionally substituted 

carbamoyl alkyl (e.g., optionally substituted with any substituent described herein, such as Lhose 

selected from (1 )-(21) for alkyl) (e.g., Rvb is optionally substituted alkyl, optionally substituted 

alkenyl, or optionally substituted aminoalkyl, e.g., substituted with an N-protecting group, such as 

any described herein, e.g., trifluoroacetyl, or sulfoalkyl);

[(10213] R12a is H, optionally substituted alkyl, optionally substituted carboxyaminoalkyl, 

optionally substituted ammoalkyl (e.g., e.g., substituted with an N-protecting group, such as any 

described herein, e.g., tri fluoro acetyl, or sulfoalkyl), optionally substituted aminoalkenyl, or 

optionally substituted aminoalkynyl; and
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[00214) R12” is H, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted hydroxyalky!, optionally substituted hydroxy alkenyl, 

optionally substituted hydroxyalkynyl, optionally substituted aminoalkyl, optionally substituted 

aminoalkenyl, optionally substituted ammoalkyny] (e.g., e.g., substituted with an N-protecting 

group, such as any described herein, e.g., tri fhtoio acetyl, or sulfoalkyl), optionally substituted 

alkoxycarbonylaeyl, optionally substituted alkoxycarbonylalkoxy, optionally substituted 

alkoxycarhonylalkyL optionally substituted alkoxyeaibonylalkenyL optionally substituted 

alkoxycarbonylalkynyl, optionally substituted alkoxycarbonylalkoxy, optionally substituted 

carboxyalkoxy, optionally substituted carboxyalkyl, or optionally substituted carbaraoylalkyl. 

[002151 In particular embodiments, T1 is O (oxo), and T2 is S (thio) or Sc (seleno). In other 

embodiments, Tl is S (thio), and T2 is O (oxo) or Se (seleno). In some embodiments, is H., 

optionally substituted alkyl, or optionally substituted alkoxy.

[00216] in other embodiments, each K.i2° and RI2b is, independently, IT, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substitutedalkynyl, or optionally substituted 

hydroxyalkyl. In particular embodiments, R12a is II. In other embodiments, both R12a and R12b are 

TT.

[00217) In some embodiments, each Rvb ol’Rl2b is, independently, optionally substituted 

aminoalkyl (e.g., substituted with an N-protecting group, such as any described herein, e.g., 

trilluoroacelyl, or sulfoalkyl), optionally substituted aminoalkenyl, optionally substituted 

aminoalkynyl, or optionally substituted acylaminoalkyl (e.g., substituted with an N-protecting group, 

such as any described herein, e.g., trifluoroacctyl). hi some embodiments, the amino and/or alkyl of 

the optionally substituted aminoalkyl is substituted with one or more of optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted sultoalkyl, optionally substituted carboxy (e.g., 

substituted with an O-protccting group), optionally substituted hydroxy (e.g., substituted with an O- 

protccting group), optionally substituted carboxyalkyl (e.g., substituted with an i?-p mice ling group), 

optionally substituted alkoxycarbonylalkyl (e.g., substituted with an D-protecting group), or/V- 

proleeting group. In some embodiments, optionally substituted aminoalkyl is substituted with an 

optionally substituted sulfoalkyl or optionally substituted alkenyl. In particular embodiments, R12a 

and Rvb” are both II. In particular embodiments, Ί'1 is O (oxo), and T2 is S (thio) ot Se (seleno). 

[00218) In some embodiments, R’1 is optionally substituted alkoxycarbonylalkyl or optionally 

substituted carbainoylalkyl.
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[00219] In particular embodiments, the optional substituent for R12”, R12tl, R!2l, or RVa is a 

polyethylene glycol group (e.g., -(CIl2)S2(OCll2ClT2)3l(CIl2)S3OR’, wheTein si is an integer from 1 lo 

10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 lo 4, from 0 to 6, from 1 lo 4, from 1 lo 6, or from I It) 10), and R’ is II ot Ci.20 alkyl); 

or an amino-polyethylene glycol group (e g.. -NR^S'CFfjACHiCHiOXitCHifriNR 1̂, wherein si is 

an integer I nun 1 to 10 (e.g., from 1 to 6 or from 1 Lo 4), each of s2 and s3, independently, is an 

integer from 0 lo 10 (e.g., from 0 to 4, from 0 lo 6, from 1 lo 4, from 1 to 6, or from 1 lo 10), and 
each RX1 is, independently, hydrogen or optionally substituted Ci.6 alkyl).

[00220] In some embodiments, B is a modified cytosine. Exemplary modified cytosines include 

compounds of Formula (b 10)-(b 14):

(bin,

,R

u
"N
A

N

13b

(bl2), (bl3), or

(bl 4), or a pharmaceutically acceptable salt or stereoisomer thereof wherein 

[00221] each of T3 and T3 is. independently, H, optionally substituted alkyl, optionally substituted 

alkoxy, or optionally substituted thioalkoxy, or the combination of f3 and T3 join together (e.g., as 

in T3) to form O (oxo), S (thio), or Sc (seleno);

[00222] each V4 is, independently, O, S, N(RVc)nv, or C(RVt)nv, wherein nv is an integer from 0 to 2 

and each RVc is, independently, H, halo, optionally substituted amino acid, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, optionally substituted hctcrocyclyl, optionally substituted 

alkheterocyclyl, or optionally substituted alkynyloxy (e.g., optionally substituted with any 

substituent described herein, such as those selected from (1)-(21) for alkyl), wherein the combination 

of R,3b and RVc can be taken together to form optionally substituted heterocyclyl;

(00223] each V is, independently, N(R )m, or C(R )nv, wherein nv is an integer from 0 to 2 and 

each RVil is, independently, II, halo, optionally substituted amino acid, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, optionally substituted hctcrocyclyl, optionally substituted
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alkhctcrocyclyl, or optionally substituted alkynyloxy (e.g., optionally substituted with any 

substituent described herein, such as those selecLed from (1)-(21) Γοτ alkyl) (e.g., Vs is -CTT orN); 

[00224] each of Rl1s and R13” is, independently, II, optionally substituted acyl, optionally 

substituted acyloxyalkyl, optionally substituted alkyl, or op lion ally substituted alkoxy, wherein the 

combination ofR13b and R14 can be taken together to form optionally substituted heterocyclyl; 

[00225] each R14 is, independently, 11, halo, hydroxy, thiol, optionally substituted acyl, optionally 

substituted amino acid, optionally substituted alkyl, optionally substituted haloalkyl, optionally 

substituted alkenyl, optionally substituted alky nyl, optionally substituted hydroxy  alkyl (e.g., 

substituted with an O-protecting group), optionally substituted hydroxyalkenyi, optionally 

substituted hydroxyalkynyl, optionally substituted alkoxy, optionally substituted alkcnyloxy, 

optionally substituted alkynyloxy, optionally substituted aminoalkoxy, optionally substituted 

alkoxyalkoxy, optionally substituted acyloxyalkyl, optionally substituted amino (e.g., -NIIR, 

wherein R is H, alkyl, aryl, or phosphoryl), azido, optionally substituted aryl, optionally substituted 

heterocyclyl, optionally substituted alkheterocyclyl, optionally substituted aminoalkyl, optionally 

substituted aminonlkenyl, or optionally substituted aminoalkynyl; and

[()()226] each ofR15 andR16 is, independently, IT, optionally substituted alkyl, optionally 

substituted alkenyl, or optionally substituted alkynyl.

[00227] Further exemplary modified cytosines include those having Formula (b32)-(b35):

(b35), or a pharmaceutically acceptable salt or stereoisomer thereof, wherein

|«0228| each of T1 and T3 is, independently, O (oxo), S (thio), or Se (seleno);

[00229] each of R13:1 and Rnb is, independently, H, optionally substituted acyl, optionally 

substituted acyloxyalkyl, optionally substituted alkyl, or optionally substituted alkoxy, wherein the 

combination of R13b and R14 can be taken together to foim optionally substituted heterocyclyl; 

[00230] each R14 is, independently, II, halo, hydroxy, thiol, optionally substituted acyl, optionally 

substituted amino acid, optionally substituted alkyl, optionally substituted haloalkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted hydroxy  alkyl (e.g., 

substituted with an G-prolecling group), optionally substituted hydroxyalkenyi, optionally
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substituted hydroxyalkynyl, optionally substituted alkoxy, optionally substituted alkcnyloxy, 

optionally substituted alkynyloxy, optionally substituted aminoalkoxy, optionally substituted 

alkoxyalkoxy, optionally substituted acyloxyalkyl, optionally substituted amino (e.g., -NHR, 

wherein R is IT, alkyl, aryl, or phosphoryl), azido, optionally substituted aryl, optionally substituted, 

heteroeyelyl, optionally substituted alkheterocyelyl, optionally substituted amuioalkyl (e.g., 

hydroxyalkyl, alkyl, alkenyl, or alkynyl). optionally substituted aminoalkenyl, or optionally

substituted aminoalkynyl; and
[0D231J each ofR15 and R16 is, independently, II, optionally substituted alkyl, optionally 

substituted alkenyl, or optionally substituted alkynyl (e g., RIS is H, and R16 is H or optionally 

substituted alkyl).

100232( In some embodiments, Rls is H, and R16 is H or optionally substituted alkyl. In particular 

embodiments, R14 is II, acyl, or hydroxyalkyl. In some embodiments, R14 is halo. In some 

embodiments, both R14 and R15 arc TI. In some embodiments, boLh R15 and Rle arc II. In some 

embodiments, each of R14 and R15 and R16 is II. In further embodiments, each of RBi and Rblb is 

independently, II or optionally substituted alkyl.

[(10233] Further non-limiting examples ο Γ modi tied cytosines include compounds of Formula

(b36) or a pharmaceutically acceptable salt or stereoisomer thereof, wherein 

100234 [ each Rm is, independently, H, optionally substituted acyl, optionally substituted 

acyloxyalkyl, optionally substituted alkyl, or optionally substituted alkoxy, wherein the combination 

of R131’ and R!4b ean be taken together to form optionally substituted heteroeyelyl;

[00235( each R,4“ and R141’ is, independently, H, halo, hydroxy, thiol, optionally substituted acyl, 

optionally substituted amino acid, optionally substituted alkyl, optionally substituted haloalkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted hydroxyalkyl 

(e.g., substituted with an O-protectmg group), optionally substituted hydroxy alkenyl, optionally 

substituted alkoxy, optionally substituted alkcnyloxy, optionally substituted alkynyloxy, optionally 

substituted aminoalkoxy, optionally substituted alkoxyalkoxy, optionally substituted acyloxyalkyl, 

optionally substituted amino (e.g., -NIIR, wherein R is II, alkyl, aryl, phosphoryl, optionally
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substituted aminoalkyl, or optionally substituted carboxyaminoalkyl), azido, optionally substituted 

aryl, optionally substituted heterocyelyl, optionally substituted alkheteTocyclyl, optionally 

substituted aminoalkyl, optionally substituted aminoalkenyl, or optionally substituted aminoalkynyl; 

and

101)236) each of R15 is, independently, H, optionally substituted alkyl, optionally substituted 

alkenyl, or optionally substituted alkynyl.

|00237| in particular embodiments, R1'11’ is an optionally substituted amino acid (e.g., optionally 

substituted lysine). In some embodiments, R14” is II.

[00238) In some embodiments, B is a modified guanine. Exemplary modified guanines include 

compounds of Formula (b 15)-(b 17):

or a pharmaceutically acceptable salt or stereoisomer thereof, wherein

[00239) Each of T4, T4, T5, T3, T6, and T6 is, independently, H, optionally substituted alkyl, or 

optionally substituted alkoxy, and wherein the combination of T1 and T1 (e.g., as in T4) or the 

combination of Ts and T5 (c.g., as in T5) or the combination of T6 and T*5 join together (c.g., as in 

T6) form O (oxo), S (thio), or Se (seleno);

[00240) each ol V5 and V6 is, independently, O, S, N(RVd)nv, or 0(1(^),^, wherein nv is an integer 

from 0 to 2 and each Rvd is, independently, II, halo, thiol, optionally substituted amino acid, cyano, 

amidine, optionally substituted aminoalkyl, optionally substituted aminoalkenyl, optionally 

substituted aminoalkynyl, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted alkoxy, optionally substituted alkenyloxy, optionally 

substituted alkynyloxy (c.g., optionally substituted with any substituent described herein, such as 

those selected from (1)-(21) for alkyl), optionally substituted thioalkoxy, or optionally substituted 

amino; and

[00241) each of R17, RIS, R’9a, R,%, R21, R22, R2\ and R24 is, independently, H, halo, thiol, 

optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted thioalkoxy, optionally substituted amino, or optionally substituted amino acid.

[00242) Exemplary modified guanosines include compounds ofFomiula (b37)-(b40):
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Ν Ν
v19a

//

•ΛΛΛΛΛ

Xnr,!
"Ν Ν..R19a

19Β
Ν Νι.

R

Τ4
ι1δ

”’Χ/Ν'ίι J

Ν'-

wherein

(637),
•ΊΛΛΛΛ

(b38), R190 (b39), οι

19a

k19b (640), or a pharmaceutically acceptable salt or stereoisomer thereof,

[00243] each of T4’ is, independently, H, optionally substituted alkyl, or optionally substituted 

alkoxy, and each T4 is, independently, O (oxo), S (thio), or Sc (seleno);

[00244] each of R1B, R1%, Riyt>, and R21 is, independently, IT, halo, thiol, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted 

thioalkoxy, optionally substituted amino, or optionally substituted amino acid.

[00245] In some embodiments, R1K is TI or optionally substituted alkyl. Tn further embodiments, 

T1 is oxo. In some embodiments, each of R1Sn and R19b is, independently, H or optionally 

substituted alkyl.

(00246] In some embodiments, B is a modified adenine. Exemplary modified adenines include 

compounds of Formula (bl8)-(b20):

or a pharmaceutically acceptable salt or stereoisomer thereof, wherein

[0024η each V7 is, independently, O, S, N(RVe)nv, or C(RVe)nv, wherein nv is an integer from 0 to 2 

and each RVfi is, independently, H, halo, optionally substituted amino acid, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted alkoxy, 

optionally substituted alkenyloxy, or optionally substituted alkynyloxy (e.g., optionally substituted 

with any substituent described herein, such as those selected from (1)-(21) for alkyl);
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)00248) each R25 is, independently, H, halo, thiol, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted thioalkoxy, or optionally 

substituted amino;

[00249] each ofRIifl and RZ6b is, independently, II, optionally substituted acyl, optionally 

substituted amino acid, optionally substituted carbamoylalkyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted hydroxyalkyl, 

optionally substituted hydroxyalkenyl, optionally substituted hydroxy alkynyl. optionally substituted 

alkoxy, or polyethylene glycol group (e.g., -(ϋΙΕΕζίϋ^ΕΟΙΕΙίΐίΕΙΕΕιΟΚ1, wherein si is an 

integer from 1 to 10 (e.g, fi'om 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer 

from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and R’ is H or 

Ci_2o alkyl); or an amino-polyethylene glycol group (e.g., -NRni(CH2)s2(CH2CH2O)si(CH2)33NRni, 

wherein si is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, 

independently, is an integer from U to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or 

from 1 to 10), and each RN1 is, independently, hydrogen or optionally substituted Ci_c alkyl);

[00250] each R27 is, independently, II, optionally substituted alkyl, optionally substituted alkenyl, 

optionally substituted alkynyl, optionally substituted alkoxy, optionally substituted thioalkoxy, or 

op Li on ally substituted amino;

[00251] each R28 is, independently, IT, optionally substituted alkyl, optionally substituted alkenyl, 

or optionally substituted alkynyl; and

100252 [ each R25 is, independently, H, optionally substituted acyl, optionally substituted amino 

acid, optionally substituted carbamoylalkyl, optionally substituted alkyl, optionally substituted 

alkenyl, optionally substituted alkynyl, optionally substituted hydroxyalkyl, optionally substituted 

hydroxyalkenyl, optionally substituted alkoxy, or optionally substituted amino.

[00253[ Exemplary modified adenines include compounds of Formula (t>41 )-(b43);
,26a ■,26b

(h41),
I

74

Ν'

N

,26 b

// i p<i J

(b42), or (h43), or a

pharmaceutically acceptable salt or stereoisomer thereof, wherein
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[00254) each R25 is, independently, H, halo, thiol, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted thioalkoxy, or optionally 

substituted amino;

[00255) each ofRIifl and RZ6b is, independently, II, optionally substituted acyl, optionally 

substituted amino acid, optionally substituted carbamoylalkyl, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted hydroxy  alkyl, 

optionally substituted hydroxyalkenyl, optionally substituted hydroxy alkynyl. optionally substituted 

alkoxy, or polyethylene glycol group (e.g., -(ClD^iOClFClFlsifClFlsjOR1, wherein si is an 

integer from 1 to 10 (e.g, from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer 

from 0 to 10 (c.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and R’ is H or 

Ci_2o alkyl); or an amino-polyethylene glycol group (e.g., -NR.ni(CH2)s2(CH2CH.2O)si(CH2)33NRni, 

wherein si is an integer from 1 to 10 (c.g., from 1 to 6 or from 1 to 4), each of s2 and s3, 

independently, is an integer from U to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or 

from 1 to 10), and each RN1 is, independently, hydrogen or optionally substituted Ci_c alkyl); and 

[A0256] each R27 is, independently, II, optionally substituted alkyl, optionally substituted alkenyl, 

optionally substituted alkynyl, optionally substituted alkoxy, optionally substituted thioalkoxy, or 

optionally substituted amino.

[00257] In some embodiments, is II, and R26b is optionally substituted alkyl, in some 

embodiments, each ofR2b“ and R26b is, independently, optionally substituted alkyl. In particular 

embodiments, R27 is optionally substituted alkyl, optionally substituted alkoxy, or optionally 

substituted di ioalkoxy. In oilier embodiments, R25 is optionally substituted alkvl, optionally 

substituted alkoxy, or optionally substituted thioalkoxy,

[00258] Tn particular embodiments, the optional substituent for RMa, R76\ or RM is a polyethylene 

glycol group (e.g., -(CHzLziOCtfrCbLhitCtyssOR’, wherein si is an integer from 1 to 10 (e.g., 

from 1 to 6 nr from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 

to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), andR1 is II or C,_2o alkyl); ot an amino

polyethylene glycol group (e.g., -NRN'fCIIzJ^CIhCI^OJjfrCIIj) e3NRh1, wherein si is an integer 

from I to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 

to 10 (e.g., from 0 to Ί, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RN1 is, 

independently, hydrogen ot optionally substituted Ci_s alkyl).

)00259) In some embodiments, B may have Formula (b21):
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(b21), wherein X12 is, independently, O, S, optionally substituted alkylene (e.g.,

methylene), ot optionally substituted heteroalkyl ene, xa is an integer Irani 0 to 3, and Rl2a and 12 are 

as described herein.

1002601 In some embodiments, 13 may have Formula (b22):

Ο λ1

(622), wherein R1() is, independently, optionally substituted alkyl,

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally 

substituted heterocyclyl, optionally substituted aminoalkyl, optionally substituted aminoalkenyl, 

optionally substituted aminoalkynyl, optionally substituted alkoxy, optionally substituted 

alkoxyearbonylalkyl, optionally substituted alkoxycarbonylalkenyl, optionally substituted 

alkoxycarbonylalkynyl, optionally substituted alkoxycarbonylalkoxy, optionally substituted 

carboxyalkoxy, optionally substituted carboxy alkyl, or optionally substituted carbamoylalkyl, and 

R1’, Rn\ T1, and T2 are as described herein.

[00261) In some embodiments, B may have Formula (b23):

I
(b23), wherein R10 is optionally substituted heterocyclyl (e.g., optionally

substituted furyl, optionally substituted thienyl, or optionally substituted pyrrolyl), optionally 

substituted aryl (e.g., optionally subs litu led phenyl or optionally substituted naphthyl), or any

substituent described Herein (e.g., for R10) ;and wherein R11 (e.g., II or any substituent described 

herein), R12a (e.g., T1 or any substituent described herein), T1 (e g., oxo or any substituent described 

herein), and T2 (e.g., oxo or any substituent described herein) are as described herein.

|4)U262[ in some embodiments, B may have Formula (b24):
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(b24), wherein R14 is, independently, optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, optionally substituted 

hctcrocyelyl, optionally substituted alkaiyl. optionally substituted alkhctcrocyelyl, optionally 

substituted aminoalkyl, optionally substituted aminoalkeiiyl, optionally substituted aminoalkynyl, 

optionally substituted alkoxy, optionally substituted alkoxyearbonylalkyl, optionally substituted 

alkoxycarbonylalkcnvl, optionally substituted alkoxycarbonylalkynyl, optionally substituted

alkoxycarbonylalkoxy, optionally substituted carboxyalkoxy, optionally substituted carboxyalkyl, or 

optionally substituted earbamoylalkyl, and R13a, 1ΐ.ΙΛ, R15, and Τ’ are as described herein.

[00263] In some embodiments, B may have Formula (b25);

(b25), wherein R1'1 is optionally substituted heterocyclyl (c.g., optionally 

substituted furyl, optionally substituted thienyl, or optionally substituted pyrrolyl), optionally 

substituted aryrl (c.g., optionally substituted phenyl or optionally substituted naphthyl), or any 

substituent described herein (e.g., for R14 or R14 ); and wherein R134 (e.g., H or any substituent 

described herein), RIib(c.g., H or any substituent described herein), R1S (c.g., H or any substituent 

described herein), and T3 (e.g., oxo or any substituent described herein) are as described herein. 

[002641 In some embodiments, B is a nueleobase selected from the group consisting of cytosine, 

guanine, adenine, and uracil. In some embodiments, B may be:

ΫΥ ΎΥ

< io YU

NH,

NI (b26)or Y (b27).

[00265] bi some embodiments, the modified nueleobase is a modified uracil. Exemplary

nueleobases and nucleosides having a modified uracil include pseudouridine (ψ), pyridin-d-one 

ribonucleoside, 5-aza-uridine, b-aza-uridine, 2-thio-5-aza-uridinc, 2-thio-uridinc (s2U), 4-thio-
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uridine (s4U), 4-thio-pscudouridinc, 2-thio-pscudouridine, 5-hydroxy-uridine (ho^U), 5-aminoalIyl- 

uridine, 5-halo-uridine (e.g., 5-iodo-uridineor 5-bromo-uridine), 3-methyl-uridine (m3tJ), 5- 

methoxy-uridine (mosU), uridine 5-oxyacetie acid (cmo’U), uridine 5-oxyaeetic acid methyl ester 

(memoslJ), 5-carboxy methyl-uridine (emsU), I -carboxymelhyl-pseudouridme, 5- 

earboxyhydroxy methyl-uridine (chnflJ), 5-cajboxyhydioxyinethyl-undine methyl ester (inohnTU), 

5-methoxy carbonyl methyl-Lind me (mem5U), 5-meihoxyearbonylmethy 1-2-thio-uridine (maiiVtl), 

5-aminotnethyl-2-tliio-uiidine (nmVU), 5-metbylaminomethyl-uridinc (train? U), 5- 

methylaminomelhyl-2-thio-uridine (mnm5s2U), 5-melhylaminomelhyl-2-seleno-uridine (mnmsse2U), 

5-carbamoyhiiethyl-nridme (ncm5U), 5-cai'boxyxnethylaminomethyl-iiridine (cmnra’U), 5- 

earboxyincthylammo mcthyl-2-thio-uridine (cmitmVU), 5-propynyl-uridinc, 1-propynyl- 

p seudoundine, 5-taurinomethyl -undine (rms U), 1 -taurinometliy 1- p seudouridine, 5 -taurihoinetltyl-2 - 

thio-uridinc(im5s2U), l-taurinomcthyl-4-thio-pscudouridinc, 5-incthyl-uridinc (iu5U, i.c., having die 

nucleobase deoxythymine), I-methyl-pseudouridine (ιη’ψ), 5-mcthyl-2-thio-uridine (m5s2U), I- 

me thy 1-4-thio-pseudouridine (m's\), 4-Lhio-l-methvl-pseudouridine, 3-methyl-pseudouridine 

(mJ\|/), 2-thio-l-methyl-pseudouridine, 1-me thy 1-1-deaza-p seudouridine, 2-thio-1 -methyl-1 -deaza- 

pseutlouridine, dihydro uridine (D), di hydro p seudouridine, 5,6-di hydro uridine, 5-meihvl- 

dihydro uridine (m5D), 2-thio-dihydro uridine, 2-thio-dihydTOpseudouridine, 2-methoxy-uridine, 2- 

meLhoxy-4-thio-uridine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudouridine, N1 -methyl- 

pseudouridine, 3-(3-amino-3-carboxypropy1)uridjne (acp3U), 1-methyl-3-(3-amino-3- 

carboxypiOpyl)pseudouridine (aep3 ψ), 5-(isopentenylaminomethyl)uridme (minsU), 5- 

(isopciitcnylaminomcthyl)-2-thio-uiidi]ie (inmss2U), a-thio-uridinc, 2'-O-mctliyl-uridinc (Uni), 5,2'- 

O-dimethyl-uridine (m'Um), 2'-O-methyl-p seudouridine (ψπι), 2-thio-2'-0-methyl-uiidine (s2Um), 

5-mcthoxycarbonylmcthyl-2'-O-methyl-uridinc (mcm’Um), 5-carbamoylmcthyl-2'-0-mcthyl-uridmc 

(ncm’Uin), 5-earboxymethylaminometliyl-2'-O-methyl-uridinc (cmnm5Um), 3,2'-O-dimethyl- 

uridine (m3Um), and 5-(isopcnlenyIaminomcthyl)-2'-0-mclhyI-uridine (inm5Um), 1-thio-uridine, 

dcoxythymidinc, 2'-F-aia-uridmc, 2’-F-uridine, 2'-OH-ara-uridinc, 5-(2-carbonic thoxyvinyl) uridine, 

and 5-(3-(1 -li-propenylamino)uridme.

(0026(1] In some embodiments, the modified nucleobase is a modified cytosine. P.xemplaty 

nucleobases and nucleosides having a modified cytosine include 5-aza-cytidine, 6-aza-cytidine, 

pseudoisoeytidine, 3-methyl-eytidine (m3C), N4-acetyl-cytidine (ac4C), 5-formyl-eytidine (t’C), N4- 

mcthyl-cytidinc (m4C), 5-mcthyl-eytidinc (m3C), 5-halo-cytidinc (e.g., 5-iodo-cytidine), 5-
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hydroxymcthyl-cytidinc (hm5C), 1-methyl-pscudoisocytidinc, pyrrolo-cytidinc, pyrrolo-

pseudoisocylidine, 2-thio-eylidine (s2C), 2-Lhio-5-melhyl-cylidine, 4-lhio-pseudoisoeylidine, 4-thio- 

1 -methyl-pseudo isocytidine, 4-thio-l -methyl- l-deaza-pseudoisocytidine, 1 -methyl-1 -deaza- 

pseudoisoeylidine, zebularine, 5-aza-zebularine, 5-melhyl-zebularine, 5-aza-2-Lhio-zebularine, 2- 

thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cy Lidine, 4-methoxy-pseudoisocylidine, 4- 

melhoxy-l-meLhyl-pseudoisocy Lidine, lysidine (kjC). u-Lhio-cylidine, 2 F-O-melhyl-cy Irdme (Cm), 

52'-O-dimelhyl-eylidme (m5Cm), N4-aeelyl-2'-O-methyl-ey lidine (ae'iCm), N4,2’-O-dimelhyl- 

cylidine (n?Cra), 5- formy I- 2 '-O- me thy 1-eylidine (f5 Cm), N 4 ,N 4,2 '-O- tnme thyl-eylidine (m42 Cm), 1 - 

Ihio-cytidine, 2'-F-ara-cytidine, 2'-F-cytidine, and 2'-OII-ara-cytidine.

[0026η In some embodiments, the modified nucleobase is a modified adenine. Exemplary 

nueleobases and nucleosides having a modified adenine include 2-amino-purine, 2, 6-diaminopurine, 

2-amino-6-lialo-purine (e.g., 2-amino-6-cliloio-piuine), G-halo-purine (e.g., 6-chloro-purine), 2- 

ammo-6-methyI-punne, 8-azido-adenosme, 7-deaza-adenme, 7-deaza-8-aza-adenine, 7-deaza-2- 

amino-purinc, 7-dcaza-8-aza-2-amino-purinc, 7-dcaza-2,6-diaminopurinc, 7-deaza-8-aza-2,6- 

diaminopurine, 1-mcthyl-adcnosinc (m'A), 2-mcthyl-adcnine (m2A), N6-mcthyl-adenosine (m6A), 

2-mcthylthio-N6-mcthyl-adcnosinc (ms2m6A), Nfi-isopentcnyl-adcnosmc (i6A), 2-mcthylthio-N6- 

isopentenyl-adenosine (ms2i6A), N6-(cis-hydroxyisopentenyl)adcnosme (io6A), 2-methylthio-N6- 

(cis-hydroxyisopcntcnyl)adenosine (ms2io6A), N 6-glycinyl carbamoyl-adenosine (g6A), N6- 

threonylcarbamoyl-adenosme (f'A), N6-methyl-N6-tlireonylcarbamoyl-adenosine (mf’t6A), 2- 

TnethylLhio-N6-threonylearbamoyl-adenosine (ms2g6A), N6,N6-dimethyl-adenosine (n/iA), N6- 

hydroxynorvalylearbamoyl-adenosine (hnfiA), 2-melhylLhio-N0-hydroxynorvalylcarbanioyl- 

adenosine (mszhn6A), N6-acetyl-adenosine (ac6A), 7-melhyl-adenine, 2-melhylthio-adenine, 2- 

methoxy-adenine, α-lliio-adenosine, 2’-O-inelhyl-adenosine (Am), N6,2'-0-dimethy1-adenosine 

(m6Am), N6,N6,2'-O-tnmelhyl-adenosine (msoAm), 1,2'-O-dimcthyl-adenosine (m’Am), 2-0- 

ribosyladenosine (phosphate) (Ar(p)), 2-amino-N6-methyEpurme, 1-thio-adenosine, 8-azido- 

adenosine, 2'-F-ai a-adenosine, 2'-F-adenosine, 2’-ΟΙΪ-aia-adenosine, and

N6 -(19 - amino-pen taox an onadeey 1) - adenos i ne.

[00268] In some cm b odimen Is, l.h c modi fied nucleobase is a modi find guanine. E x cm p 1 a ry 

nueleobases and nucleosides having a modified guanine include inosine (T), 1-mcthyl-inosine (m'l), 

wyosine (imG), methyl wyosine (mimG), 4-dcmcLhyl-wyosine (imG-14), isowyosinc (imG2), 

wybutosine (yW), peroxywybutosine (oiyW), hydroxywyhulosine (OITyW), undermodified
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hydroxywybutosine (OFIyW*), 7-dcaza-guano sine, qucuosinc (Q), cpoxyqueuosinc (oQ), galactosyl 

qucuosine (galQ), manna sy I-queuo sine (manQ), 7-eyano-7-deaz.a-guano sine (preQu), 7- 

aminoinethyl-7-deaza-guanosine (preQi), archaeosine (G), 7-deaza-8-aza-guanosine, 6-thio- 

guanosine, 6-lhio-7-dea/.a-guanosine, 6-lhio-7-deaza-8-aza-guanosine, 7-methyl-guanosine (m7G), 

6-thio-7-inethyl-guanosine, 7-inethyl-inosme, 6-methoxy-guanosine, 1 -methyl-guanosine (mRi), 

N2-methyl-guanosme (mzG), N2;N2-dimethyl-guanosine (m^G), N2,7-dimethyl-guanosine (mz,7G), 

N2. N2,7-dimethyl-guano5ine(iu2'2’7G), 8-oxo-guanosine, 7-methyl-8-oxo-guanosine, l-melliyl-b- 

thio-guanosine, N2-methyl-6-lhio-guanosine, N 2, N2-drme thy 1-6-thio-guanosine, a-thio-guanosine,

2'-O-methyl-guanosine (Gm), N2-methyl-2'-O-methyl-guanosine (m2Gm), N2,N2-dimethyl-2'-O- 

mcthyl-guano sine (mSCffi), l-mcthyl-2'-O-mcthyl-guanosmc (m'Gm), N2,7-dimcthyl-2'-Q-mcthyl- 

guanosine (m2’7Gm), 2'-O-methyl-mosine (bn), 1,2'-O-dimethyl-inosine (m'tm), 2'-O- 

libosylguanosine (phosphate) (Gr(p)), 1 -thio-guanosine, 06-methyl-guanosine, 2'-F-aia-guanosine, 

and 2'-I'-guanosme.

[00269] In some embodiments, the nucleotide can be modified on the major groove face. For 

example, such modifications include replacing hydrogen on C-5 of uracil or cytosine with alkyl (e.g. 

methyl) or halo.

100270) 'l’he nucleohasc of the nucleotide can be independently selected from a purine, a 

pyrimidine, a purine or pyrimidine analog. For example, the nueleobase can each be independently 

selected from adenine, cytosine, guanine, uracil, or hypoxanthinc. In another embodiment, the 

nueleobase can also include, tor example, naturally-occurring and synthetic derivatives of a base, 

including pyrazolo[3,4-d]pyrimidines, 5-mcthylcytosinc (5-mc-C), 5-hydroxynicthyl cytosine, 

xanthine, hypoxanthinc, 2-ami no adenine, 6-mcthyl and other alkyl derivatives of adenine and 

guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothyminc 

and 2-thiocvtosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil 

(pseudouracil), 4-thiouraeil, 8-hato (e.g., 8-bromo), 8-amino, K-thiol, 8-thioalkyI, 8-hydroxyl and 

other 8-suhstituted adenines and guanines, 5-halu particularly 5-broino, 5-trifluoroiiiethy! and other 

5-substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanme and 8- 

azaadenine, deazaguanine, 7-deazaguanine, 3-deazaguanine, deazaadenine, 7-deazaadenine, 3- 

deazaadenine, pyrazolo|3,4-d|pyrimidine, imidazo[ 1,5-a |1,3,5 triazinones, 9-deazapurmes, 

imidazo[4,5-dlpyrazines, thiazolo[4,5-d]pyrimidines, pyrazin-2-ones, 1,2,4-triazine, pyridazine; and 

1,3,5 triazinc. When the nucleotides are depicted using the shorthand A, G, C, T or U, each letter
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refers to the representative base and/or derivatives thereof, e.g., A includes adenine or adenine 

ana logs, e. g., 7-deaya a den ine).

[00271] In some embodiments, the modified nucleotide is a compound of Formula XI:

D A

XI

[00272] wherein:

[00273] X denotes a single ora douhle bond;

[002741 — denotes an optional single bond;

[00275( U is O, S, -NRa-, or -CRaRb- when X denotes a single bond, or U is -ClY- when X 

denotes a double bond;

[00276] Z is H, C]_i2 alkyl, or Ce_2o aryl, or Z is absent when X denotes a douhle bond; and 

[00277] Z can be -CRTi1’- and form a bond with A;

[00278] A is H, OH, NHR wherein R= alkyl or aryl or pliosphoiyl, sulfate, -NHj, Ns, azido, -SH, 

N an amino acid, or a peptide comprising 1 to 12 amino acids;

1002791 D is H, OH, NHR wherein R= alkyl or aryl or phosphoryl, -NH2, -SH, an amino acid, a 

peptide comprising 1 to 12 amino acids, or a group of Formula XII:

X

Xll

[00280] or A and D together with the carbon atoms to which they arc attached form a 5-mcmbcred 

ring;

[002811 XisOorS;

[00282] each of Y1 is independently selected from -OR’1, -NR^R61, and -SRa1;

[00283] each of Y2 and Ys are independently selected from O, -CRaRh-, NRC, S or a linker 

comprising one or more atoms selected from the group consisting of C, Ο, N, and S;

[00284] n is 0, 1,2, or 3;
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[00285] m is 0, 1, 2 or 3;

[00286] B is nucleohase;

[00287] Ra and Rb are each independently II, Ci_n alkyl, C2-12 alkenyl, C2-12 alkynyl, or C^o aiyl; 

[00288] Rc is II, Ci_i2 alkyl, C2_i2 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;

[00289] Ral and Rbl are each independently 11 or a counterion; and

|00290| OR1'1 is OH at a pH of about 1 or ORcl is O" at physiological pH;

[00291] provided that the ring encompassing the variables Λ, B, D, LI, L, and Y3 cannot be 

ribose.

[00292| In some embodiments, B is a nuclcobasc selected from the group consisting of cytosine, 

guanine, adenine, and uracil.

[00293] In some embodiments, the nuclcobasc is a pyrimidine or derivative thereof.

[00294] In some embodiments, the modified nucleotides are a compound of foimula Xl-a:

[00295] In some embodiments, the modified nucleotides arc a compound of Formula XI-b:

100296] In some embodiments, the modified nucleotides are a compound of Formula XI-cl, Xl-c2, 

orXI-c3:

HO A HO OH HO A .
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XI-cI XI-c2 XI-c3

[00297] Tn some embodiments, the modified nucleotides are a compound of Formula XI:

D A

XI

[00298] wherein:

[00299] denotes a single or a double bond;

[00300] —denotes an optional single bond;

[00301] LI is O, S, -NR”-, or -CR’R1’- when denotes a single bond, or U is -CR’- when 

denotes a double bond;

[00302] Z is 11, Όμι2 alkyl, ot C6_20 aryl, or Z is absent when denotes a double bond; and 

[00303) Z can be -CR’R1’- and form a bond with Λ;

[00304] Λ is TI, Oil, sulfate, -Nib, -STI, an amino acid, or a peptide comprising 1 to 12 amino 

acids;

(00305] D is H, OH, -NHj, -SH, an amino acid, a peptide comprising 1 to 12 amino acids, or a 

group of Fonnula XII:

XII

[00306] or A and D together with the carbon atoms to which they are attached form a 5-membered 

ring;

[00307] X is O or S,

|00308| each of Yl is independently selected from -OR’1, -NRalRbl, and -SRal;

[00309] each of Y2 and Y3 are independently selected from O, -CRaRb-, NKC, S or a linker 

comprising one or more atoms selected from the group consisting of C, Ο, N, and S;

[00310] n is 0, 1,2, or 3;

[00311] m is 0, 1, 2 or 3;

- 103-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00312) B is a nucleobase of Formula Xffl:

XI u

[00313) wherein:

[00314] V is N or positively charged NRC;

[00315] R3 is NRcRd, -OR", or -SR";

[00316] R4 is II or can optionally form a him cl with Y3;

[003ΐη Rs is II, -NRcRd, or -ORa;

]00318| R4 and Rb are each independently II, C1.12 alkyl, C2.12 alkenyl, C2-12 alkynyl, or C6.20 aryl; 

1003191 Rc is H, Cmj alkyl, C2_12 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;
|00320| Ral and Rbl are each independently H or a counterion; and

[00321] -ORcl is Oil at a pll of about I or -ORcl is O“ at physiological pH.

[00322] In some embodiments, B is:

N

100323] wherein R3 is OH,-SH, or 

[00324] In some embodiments, B is:

H

NH2

N

[00325] in some embodiments, B is:
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Λ/W

(«03261 hi some embodiments, the modified nucleotides are a compound of Formula 1-d:

R3

D A

100327( In some embodiments, the modified nucleotides are a compound selected from the group 

con sis ling of:

"NH

O O OII II II
θ O-P-O-P-O-R-C

0© 0© 0©

HO OH (BB- 247),

(BB- 248),

(BB- 249),
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ο ο ο
π II II II
©Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο 

Ο© Οθ Ο©

θ ri-D-
Ο
II

ΝΗ,

ΙΜ

HO ΟΗ

ο-ρ-ο-ρ-ο-ρ-ο
ό© όθ

II· II II
υ Ο-Ρ-Ο-Ρ-Ο-Ρ-ΟI I I , ~

ο© ΟΘ

11 11θ ο-ρ-ο-ρ-ο-
ό© όθ

(ΒΒ- 250),

(ΒΒ- 251),

HO ΟΗ

(ΒΒ- 252),

(ΒΒ- 253),

-CH,

(ΒΒ- 254)

- 106-



20
17

21
35

03
 

10
 A

ug
 2

01
7

Θ
Ο|[ ο

II
ο
II

Ο Ο Ο 
η, 11 11 11θ O-P-O-P-O-P-C

όο ό® ό®

HO ΟΗ (ΒΒ- 255),

Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο
0θ ό® ό°

ΗΟ ΟΗ (ΒΒ- 256),

ΘΙΙ II II

Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο 
όθ ό®

θ Π—Ρ—
Ο
II

(ΒΒ- 257), and

Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο 
Ο© όζ

(ΒΒ- 258), or □ phaimaceulitally acceptable salt

thereof.

1003281 in some embodiments, the modified nucleotides are a compound selected from the grottp

0 0 0 ~ It II tlΘ Q_p_Q_p_Q_p_Q
όθ ό® ό®

©

HO OH(BB- 259),

N'NX

(BB- 260),
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ο
IIO-P-O-
6©

ο
IIΡόΘ όθ

ο
IIΟ-Ρ-Ο ι

θίι
Ο-Ρ-Οό©

νη2 ο
yVΝ

<ζ Λ

HO ΟΗ (ΒΒ- 267),

(ΒΒ- 265),

(ΒΒ- 264),

(ΒΒ- 266),

(ΒΒ- 268),
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θ°
O-P-O

HO ΟΗ

ΟΟΟ
I! II IIΘ Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο 
Οθ όΘ όο

Ο
Oq-R-0

όθ

Θ

ΝΗ,

-''''Ό

Ύ<

HO ΟΗ

<1 ΝΗ
νΑ_

Ύ1ο. ο
τ·

Ο
ο-ρ-ο 

Ο©

(ΒΒ- 2(59),
/λ.

η.

ΝΗ,

CJ
r1

ΟΟΟ
©19 II II

Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο
όθ ό° ό©

(ΒΒ- 271).

// ,ΝΗ 
'νΆ,

(ΒΒ- 270),

Ο

If ΝΗ
ν-4

Υ

ΟΟΟ
ζ-, II II IIθ Ο-Ρ-Ο-Ρ-Ο-Ρ-Ο^ Λ ι

>© ΥΥΟ© οΘ Ο©

(ΒΒ- 272), 
Ο

<} ΝΗ
Ύ

\ /

ΗΟ ΟΗ (ΒΒ-273), and HO OH (ΒΒ-274), or a

phannaccutically acceptable salt thereof.

Modifications on the Intemucleoside Linkage

[00329] The modified nucleotides, which may he incorporated into a polynucleotide molecule, can 

be modified on the intemucleoside linkage (e.g., phosphate backbone). Herein, in the context of the 

polynucleotide backbone, the phrases “phosphate” and “phosphodiester” are used interchangeably. 

Backbone phospliate groups can be modified by replacing one or more of the oxygen atoms witli a 

different substituent. Further, die modified nucleosides and nucleotides can include the wholesale 

replacement of an unmodified phosphate moiety witli another intemucleoside linkage as described 

herein. Examples of modified phosphate groups include, but arc not limited to, phosphorothioatc,
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phosphorosclcnatcs, boranopho sphatcs, borano phosphate esters, hydrogen phosphonates, 

pho sphoramidales, pho sphorodi ami dates, alky! or aryl phosphonates, and pho sp ho iri esters. 

Phosphorodithioates have both non-linking oxygens replaced by sulfur. The phosphate linker can 

also be modified by the replacement of a linking oxygen with nitrogen (bridged phosphoramidates), 

sulfur (bridged phosphorothioates), and carbon (bridged methylene-pho sphonates).

[ll()33UJ I he «-thio substituted phosphate moiety is provided to confer stability to R.NA and DNA 

polymers through the unnatural phosphorolliioate backbone linkages. Phosphorolliioate DNA and 

RNA huve increased nuclease resistance and subsequently a longer half-life in a cellular 

environment. While not wishing to be bound by theory, phosphorothioate linked polynucleotide 

molecules arc expected to also reduce the innate immune response tlirough weaker 

binding/activation of cellular innate immune molecules.

[00331] In specific embodiments, a modified nucleoside includes an alpha-thio-nuclcosidc (e.g.,

5O-(1 -tliiophosphate)-adenosine, 5'-G-(l-thiophosphate)-cytidme (n-thio-cytidine), 5'-O-( 1- 

thiophosphate)-guanosine, 5-0-( 1-thiophosp hale)-uridine, or S'-O-(l-lhiophosphate)- 

pseudouridine).

[00332] Other internucleoside linkages that may he employed according to the present invention, 

including intcmucleosidc linkages which do not contain a phosphorous atom, arc described herein 

below.

Combinations of Modified Sugars, Nucleobases, and Intern ucleo side Linkages

[003331 The polynucleotides of the invention can include a combination of modifications to the 

sugar, the nuclcobase, and/or the inteinuclcesidc linkage. These combinations can include any one 

or more modifications described herein, For examples, any of the nucleotides described herein in 

Formulas (Ta), (Ia-1)-(Ia-3), (Ih)-(If), (ITa)-(lIp), (Ub-1), (IIb-2), (ITc-1)-(JIc-2), (lln-1), (IIn-2), 

(IVa)-(IVl), and (IXa)-(IXr) can be combined with any of the nucleobases described herein (e.g., in 

Formulas (bl )-(b43) or any olher described herein).

Synthesis of Polynucleotide Molecules
[00334] The polynucleotide molecules for use in accordance with the invention may be prepared 

according to any useful technique, as described herein. The modified nucleosides and nucleotides 

used in the synthesis oi polynucleotide molecules disclosed herein can be prepared from readily 

available starting materials using the following general methods and procedures. Where typical or 

preferred process conditions (e.g., reaction temperatures, limes, mole ratios of reactants, solvents,
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pressures, etc.) arc provided, a skilled artisan would bo able to optimize and develop additional 

process conditions. Optimum reaction conditions may vary with the particular reactants or solvent 

used, but such conditions can be determined by one skilled in the art by routine optimization 

procedures.

]011335 j 'Πιε processes described herein can be monitored according to any suitable method known 

in the art. For example, product formation can be monitored by spectroscopic means, such as 

nuclear magnetic resonance spectroscopy (e.g., ‘H or ,3C) infrared spectroscopy, spectrophotometry 

(e.g., UV-visible), or mass spectrometry, or by chromatography such as high performance liquid 

chromatography (HPLC) or thin layer chromatography.

[00356] Preparation of polynucleotide molecules of the present invention can involve the 

protection and deprotection of various chemical groups. The need for protection and deprotection, 

and the selection of appropriate protecting groups can be readily determined by one skilled in the ail 

The chemistry of protecting groups can be found, for example, in Ureene, et al., Protective Groups 

in Organic Synthesis, 2d. Ed., Wiley & Sons, 1991, which is incorporated herein by reference in its 

entirety.

[(1(1337] The reactions of Lhe processes described herein can be carried out in suitable solvents, 

which can be readily selected by one of skill in the art of organic synthesis. Suitable solvents can be 

substantially nonreactive with the starling materials (reactants), the intermediates, or products at the 

temperatures at which the reactions are carried out, i.e., temperatures which can range from the 

solvent’s freezing temperature to the solvent’s boiling temperature. Λ given reaction can be canned 

out in one solvent or a mixture of more than one solvent. Depending on the particular reaction step, 

suitable solvents for a particular reaction step can be selected.

[00338] Resolution of racemic mixtures of modified polynucleotides or nucleic acids (c.g., 

polynucleotides or modified inRNA molecules) can be carried out by any of numerous methods 

known in lhe art. An example method includes fractional recTystallizalion using a “chiral resolving 

acid” which is an optically active, salt-forming organic acid. Suitable resolving agents lor fractional 

recrystailization methods are, for example, optically active acids, such as the D and I. Conns of 

tartaric acid, di acetyl tartaric acid, dibenzoyl Lailarie acid, mandelic acid, malic acid, lactic acid or the 

various optically active eanrphorsul fonic acids. Resolution of racemic mixtures can also be carried 

out by elution on a column packed with an optically" active resolving agent (e.g.,
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dinitrobcnzoylphcnylglycinc). Suitable elution solvent composition can be determined by one 

skilled in the art.

[003391 Modified nucleosides and nucleotides (e.g., building block molecules) can be prepared 

according to the synthetic methods described in Ogata et ah, J. Org. Chem. 74:2585-2588 (2009); 

Punnal et ab, Nucl. Acids Res. 22(1): 72-78, (1994); Fukuliara el at, Biochemistry, 1(4): 563-568 

(1962); and Xu et al., Tetrahedron, 48(9); 1729-1740 (1992), each of which are incorporated by 

reference in their entirely.

[00340) l he polynucleotides of the invention may or may not be uniformly modified along the 

entire length of the molecule. For example, one or more or all types of nucleotide (eg., purine or 

pyrimidine, or any one or more or all of A, G, U, C) may or may not be uniformly modified in a 

polynucleotide of the invention, or in a given predetermined sequence region thereof. In some 

embodiments, all nucleotides X in a polynucleotide of the invention (or in a given sequence region 

thereof) are modified, wherein X may any one of nucleotides A, G, U, C, or any one of the 

combinations A+G, A+U, A+C, G+U, G+C, U+C, A+G+U, A+G+C, G+U+C or A+G+C.

[00341] Different sugar modifications, nucleotide modifications, and/or intemucleoside linkages 

(eg., backbone structures) may exist at various positions in the polynucleotide. One of ordinary 

skill in the art will appreciate that the nucleotide analogs or other modi li call on(s) may be located at 

any position(s) of a polynucleotide such that the function of the polynucleotide is not substantially 

decreased. A modification may also be a 5' or 3' terminal modification. lhe polynucleotide may 

contain from about 1 % to about 100% modified nucleotides (either in relation to overall nucleotide 

content, or in relation to one or more types of nucleotide, i.c. any one or more of A, G, U or C) or 

any intervening percentage (e.g., from 1% to 20%, from 1% to 25%, from 1% to 50%, from 1% to 

60%, from 1 % to 70%, from 1 % to 80%, from 1 % to 90%, from 1 % to 95%, from 10% to 20%, from 

10% to 25%, from 10% to 50%, from 10% to 60%, from 10% to 70%, from 10% to 80%, from 10% 

to 90%, from 10% lo 95%, from 10% lo 100%, from 20% ίο 25%, from 20% to 50%, from 20% lo 

60%, from 20% Lo 70%>, from 20% to 80%, from 20% to 90%, from 20% to 95%, from 20% to 

100%, from 50% to 60%, from 50% to 70%, from 50% to 80%, from 50% to 90%, from 50% to 

95%, from 50% to 100%, from 70% Lu 80%, from 70% to 90%, from 70% to 95%, from 70% lo 

100%, from 80% to 90%, from 80% Lo 95%, from 80% to 100%, from 90% to 95%, from 90% to 

100%, and from 95% to 100%).
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[00342) In some embodiments, the polynucleotide includes a modified pyrimidine {c.g., a modified 

uracil/uridine/U or modified cylosine/eytidine/C). In some embodiments, fhe uracil or uridine 

(generally: U) in the polynucleotide molecule may be replaced with from about 1% to about 100% of 

a modified uracil or modified uridine (e.g., from 1% to 20%, from 1% lo 25%, from 1% to 50%, 

from 1% to 60%, from 1% ίο 70%, from 1% to 80%, from 1% to 90%, from 1% to 95%, from 10% 

to 20%, from 10% lo 25%, from 10% lo 50%, from 10% lo 60%, from 10% to 70%, from 10% to 

80%, from 10% to 90%, from 10% to 95%, from 10% to 100%, from 20% to 25%, from 201¼ to 

50%, from 20% Lo 60%, from 20% lo 70%, from 20% to 80%, from 20% lo 90%, from 20% to 95%, 

from 20% to 100%, from 50% to 60%, from 50% to 70%, from 50% to 80%, firan 50% to 90%, 

from 50% to 95%, from 50% to 100%, from 70% to 80%, from 70% to 90%, from 70% to 95%, 

from 70% to 100%, from 80% to 90%, from 80% to 95%, from 80% to 100%, from 90% to 95%, 

from 90% to 100%, and from 95% to 100% of a modified uracil or modified uridine). The modified 

uracil or uridine can be replaced by a compound having a single unique structure or by a plurality of 

compounds having different structures (e.g., 2,3,4 or more unique structures, as described herein).

In some embodiments, the cytosine or eytidine (generally; C) in the polynucleotide molecule may be 

replaced with from about 1% Lo about. 100% of a modified cytosine or modified eytidine (eg., from 

1% lo 20%, from 1% to 25%, from 1% to 50%, from 1% to 60%, from 1% to 70%, from 1% lo 80%, 

from 1% to 90%, from !% to 95%, from 10% lo 20%, from 10% to 25%, from 10% lo 50%, from 

10% to 60%, from 10% to 70%, from 10% lo 80%, from 10% Lo 90%. from 10% to 95%, from 10% 

to 100%, from 201¼ to 25%, from 20% to 50%, from 20% to 60%, from 20% to 70%, from 20% to 

80%, from 20% to 90%, from 20% to 95%, from 20% to 100%, from 50% to 60%, from 50% to

70%, from 50% to 80%, from 50% to 90%, from 50% to 95%, from 50% to 100%, from 70% to

80%, from 70% to 90%, from 70% to 95%, from 70% to 100%, from 80% to 90%, from 80% to

95%, from 80% to 100%, from 90% to 95%, from 90% to 100%, and from 95% to 100% of a

modified cytosine or modified eytidine). The modified cytosine or eytidine can be replaced by a 

compound having a single unique structure ot by a plurality of compounds having different 

structures (e.g., 2,3, 4 or more unique structures, as described herein).

[00343) In some embodiments, the present disclosure provides methods ot synthesizing a 

polynucleoLide (e.g., the first region, first llanking region, or second Hanking region) including n 

number of linked nucleosides having Formula (la-1):

- 113-



20
17

21
35

03
 

10
 A

ug
 2

01
7

— — (la-1), comprising:

[00344| a) reacting a nucleotide of Formula (IV-1):

[00345J with a phosphoramidite compound ofFormula (V-l):

[003461 wherein Y9 is H, hydroxy, phosphoryl, pyrophosphate, sulfate, amino, thiol, optionally 

substituted amino acid, or a peptide (e.g., including from 2 to 12 amino acids); and each I’1, P2, and

P3 is, independently, a suitable protecting group; and ® denotes a solid support;

[00347J to provide a polynucleotide of Formula (VI-1):
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[00348( b) oxidizing or sulfurizing the polynucleotide of Formula (V) to yield a polynucleotide of 

Formula (VTl-l):

m’ (V1I-I), and

)00349) c) removing the protecting groups to yield the polynucleotide of Formula (la).

|00350| In some embodiments, steps a) and b) are repealed from 1 to about 10,000 limes, hi some 

embodiments, the methods further comprise a nucleotide selected from the group consisting of A, C, 

G and U adenosine, cytosine, guanosine, and uracil. In some embodiments, Lhe nucleohase may be a 

pyrimidine or derivative thereof. In some embodiments, the polynucleotide is translatable.

[00351] Other components of polynucleotides are optional, and are beneficial in some 

embodiments. For example, a 5' untranslated region (UTR) and/or a 3’UIR are provided, wherein 

either οτ both may independently contain one or more different nucleotide modi ficalions. In such 

embodiments, nucleotide modifications may also be present in the translatable region. Also 

provided are polynucleotides containing a Kozak sequence.

Co mb in a lions of Nucleotides

[1)0352] Further examples of modified nucleotides and modified nucleotide combinations are 

provided below in Table 2. These combinations of modified nucleotides can he used to form the 

polynucleotides of the invention. Unle ss otherwise noted, the modified nucleotides may be 

completely substituted for the natural nucleotides of the polynucleotides of the invention. As a non- 

limiting example, the natural nucleotide uridine maybe substituted with a modified nucleoside 

described herein. In another non-limiting example, the natural nucleotide uridine may be partially

disclosed herein.
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Tabic 2
Modified Nucleotide Modified Nucleotide Combination
u-thio-cy tidinc

ps eudo isocv tid in c

tt-lhio-ey lidine/5 -iodo- uridine
u-ih io-ey ti di n e/N 1 -meth γ 1 -pseudo- uridine
u-ihio-ey I ldi π e/α- ih ιο-undi ne 
a-thio-cytidine/5-methyl-uridine
a-thio-eytidine/ps cudo-uridin c
about 50% of the cytosines arc a-thio-cytidinc
ps eudo i socy tid in c/5 -iodo-ur i din e
pseudo isocytid inc/N 1 -mctbyl-pscudouridinc
ps eudo isocytid ine/a-tlii o-ur idine
pseudoisocytidine/5-methyI-uridine
ps e ud oisocy t id ine/pseudo undine
about 25% of cytosines are pseudoisocy (idine
pseudoisocytidine/about 50% of uridines are N1 -methyi-pseudouridine 
and about 50% of undines arc pscudouridine
pseudoisocytidine/about 25% of uridines areNl -methyi-pseudouridine
and about 25% of uridines arc pseudouridine
(e.g., 25% Nl-melhyl-pseudouridine/75% pseudouridine)

pyrro lo-ey tidinc

5-methy 1 -cyti dine

N4-aecty 1 -eytidin c

pyrmlo-cytidinc/5-iodo-uridine
pyrrolo-cy tidine/N 1 -methyl -pse udouridine
pyrrolo-ey tid ine/a-thio -uridine
pyrm lo-cylidine/5-methyl-uridine
pyrro I o-cy lid ine/pseudouridine
about 50% of the cytosines are pvrrolo-cytidine
5 -tnethyl-cytidine/5 -iodo-uridine
5-methyl-cy tidine/N 1 -methyl-pseudo uridine
5 -methyl-cytidine/ci-thio-uridine
5 -methy l-cyti di ne/5 -methyl -urid inc
5 -m ethy i -cytidine/pseudouri dine
about 25% of cytosines arc 5-rnc thy 1-cy tidinc 
about 50% of cytosines are 5-melbyl-cylidine
5-methyi-cytidine/5-metlioxy-uridine
5 -methyl-cytidine/5 -bromo-uridine
5-me(hyl-cyti dme/2-thio-undine
5-mcthyl-cytidine/about 50% of uridines arc 2-thio-uridinc
about 50% of uridines are 5-methyl-cytidine/ about 50% of uridines are 2- 
thio-undine
N4-aectyl-cytidinc /5-iodo-uridine
N4-acety 1-cytidine /N1 -methyi-pseudouridine
N f -accty 1-cytidine /a-thio-urid inc
N4-acety 1-cy tid ine /5-meth yl-uri dine
N4-aeety 1-cytid i ne /pseudouridine
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about 50% of cytosines are N4-aoetyl-cytidine 
about 25% of cytosines are N4-aectyl-cytidinc
N4-acely 1-cy tidine /5 -metho xy- uridine
N4- aeety 1-oytidine /5 -bronto-uridine
N4-acetyl-cyiidine /2-thio-uridine
about 50% of cytosines are N4-aeetyl-cytidine/ about 50% of uridines are 
2-thio-uridine

[(10353] Certain modi lied nucleotides and nucleotide combinations have been explored by the 

current inventors. These findings arc described in U.S. Provisional Application No 61/404,413, filed 

on October 1, 2010, entitled Engineered Nucleic Acids and Methods of'Use Thereof, U.S. Patent 

Application No 13/251,840, filed on October 3,2011, entitled Modified Nucleotides, and Nucleic 

Acids, and Uses Thereof, now abandoned, U.S. Patent Application No 13/481,127, filed on May 25, 

2012, entitled Modified Nucleotides, and Nucleic Acids, and Uses Thereof, International Patent 

Publication No WO2012045075, filed on October 3,2011, entitled Modified Nucleosides, 

Nucleotides, And Nucleic Acids, and Uses Thereof, U.S, Patent Publication No US20120237975 

filed on October 3,2011, entitled Engineered Nucleic Acids and Method of Use Thereof, and 

International Patent Publication No WO2012045082, which arc incorporated by reference in their 

entireties.

[00354] Further examples of modified nucleotide combinations are provided below in Table 3. 

These combinations of modified nucleotides can be used to form The polynucleotides of the 

invention.

Tublc 3

Modified Nucleotide Mollified Nucleotide Combination
modified cytidiue having one or more modified cytidine with {b 10)/pseudouridinc
nucleohases ol Formula {"bl0) modified cytidine with {blO)/Ni-inethyi-pseudoundine

modified cytidine with (blO/S-methoxy-uridine
modified cytidine with {blOyS-incthyl-uridine 
modified cytidine with (b 10 )/5-bromo-uridine 
modified cytidine with (bitty 2-thio-uridine 
about 50% of" cytidine substituted with modified cytidine

_________________________________ (blO)/ about 50% of undines are 2-thio-uridine________
modified cytidine having one or more modified cytidine with {b32)/pseudouridine
nuc tee bases of Formula (b32) modified cytidine wish {b3 2 )/ΝΊ-methyl-pseudo uridine

modified cytidine with (h32)/5-mcthnxy-iiridinc 
modified cytidine with (b32)/5-mcthyl-uridine 
modified cytidine with (b3 2 y5-bromo-uridine
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modified cytidine with (b3 2 )/2-thio-uridine
about 50% of cytidine substituted with modified cytidine 
(b32)/ about 50% of uridines are 2-thio-uridine

modified uridine having one or more modified uridine with (bl)/ N4-acctyt-oytidinc
nueleobases of Formula (bl) modified undine with (bl)/ 5-methyl-eyiidme
modified uridine having one or more modified uridine with (b8)/N4-acetyf-cytidine
nucieubases of Formula (bS) modified uridine with (b8)/ 5-methyl-cytidine
modified undme having one or more modified undine with (b28)/N4-acetyl-cylidine
nueleobases of Formula (b28) modified uridine with (b28)/ 5-mcthyl-cytidine
modified uridine having one or more modified uridine with (b29)/ N4-acety 1-eytidine
iiueteu bases of Formula (b29) modified uridine with (b29)/ 5-methyl-cytidine

modified uridine having one or more 
tiucfeobases of Formula (b3(l)

modified uridine with (b30)/N4-aeetyl-cytidine 
modified uridine with (b3 0)/ 5-metiiyl-oytidine

(00355J In some embodiments, at least 25% of the cytosines arc replaced by a compound of 

Formula (blO)-(bl4), (b24), (b25), or (b32)-(b35) (e.g,, at least about 30%, at least about 35%, at 

least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at 

least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%. at 

least about 90%, at least about 95%, or about 100% of, e.g., a compound of Formula (b 10) or 

(b32)),

[00356] In some embodiments, at least 25% of the uracils are replaced by a compound of Formula 

(bl )-(1)9), (b21 )-(b23), or (b28)-(b31) (e.g., at least about 30%, at least about 35%, at least about 

40%, at least about 45%, at least about 50%, at least about 55%, at least abouL 60%, at least about 

65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 

90%, at least about 95%, or about 100% of, e.g., a compound of Formula (bl), (b8), (b28), (b29), or 

(b30)).

[00357] hi some embodiments, at least 25% of the cytosines arc replaced by a compound of 

Formula (bl0)-(b 14), (b24), (b25), or (b32)-(b35) (e.g. Formula (bl0) or (b32)), and at least 25% of 

the uracils are replaced by a compound of Formula (bl )-(b9), (b21 )-(b23), or (1)28)-(1)31) (e.g. 

Formula (b 1), (b8), (b28), (b29), or (b30)) (e.g., at least about 30%, at least about 35%, at least about 

40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 

65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 

90%, at least about 95%, or about 100%).

Modifications including Linker and a Payload
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[00358) The nucleobase of the nucleotide can be covalently linked at any chemically appropriate 

position to a payload, e.g., detectable agent ot therapeutic agent. Tor example, the nucleohase can he 

deaza-adenosine or deaza-guanosine and the linker can be attached at the C-7 or C-8 positions of the 

deaza-adenosine or deaza-guanosine. In other embodiments, the nucleobase can be cytosine or 

uracil and the linker can he attached to [he N-3 or C-5 positions of cytosine or uracil. Scheme 1 

below depicts an exemplary modified nucleotide wheTem the nucleobase, adenine, is attached to a 

linker at the C-7 carbon of 7-deaza adenine. In addition. Scheme 1 depicts the modified nucleotide 

with the linker and payload, e.g., a delectable agent, incorporated onto the 3’ end of the mRNA. 

Disulfide cleavage and 1,2-add it ion of the thiol group onto the propargyl ester releases the detectable 

agent. The remaining structure (depicted, for example, as pApCSParg in Scheme 1) is tlic inhibitor. 

'Ilie rationale for the structure of the modified nucleotides is that the tethered inhibitor sterically 

interferes with the ability of the polymerase to incorporate a second base. Thus, it is critical that the 

tether be long enough to affect this function and that the inhibiter be in a stereochemical orientation 

that inhibits or prohibits second and follow on nucleotides into the growing polynucleotide strand.
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Linker

[00359] The term “linker” as used herein refers to a group of atoms, e.g., 10-1,000 atoms, and can 

be comprised οΓ the atoms or groups such as, but not limited to, carbon, amino, alkylamino, oxygen, 

sulfur, sulfoxide, sulfonyl, carbonyl, and imine. Ihe linker can be attached to a modified nucleoside 

or nucleotide on the nueleobase or sugar moiety at a Hist end, and to a payload, e.g., detectable ot 

therapeutic agent, at a second end. The linker is of sufficient length as to not interfere with 

incorporation into a nucleic acid sequence.

(003601 Examples of chemical groups that can be incorporated into the linker include, but are not 

limited to, an alkyl, alkene, an alkyne, an amido, an ether·, a thiocthcr, an or an ester group. The 

linker chain can also comprise pail of a saturated, unsaturated or aromatic ring, including polycyclic 

and hctcroaromatic rings wherein the hctcroaronaatic ring is an aryl group containing from one to 

four heteroatoms, N, C) or S. Specific examples of linkers include, but are not 1 united to, unsaturated 

alkanes, polyethylene glycols, and dextran polymers.

[60361( For example, the linker can include ethylene or propylene glycol monomeric units, e.g., 

diethylene glycol, dipropylene glycol, iriethylene glycol, tripropylene glycol, tetraethylene glycol, or 

tetraethylene glycol. In some embodiments, the linker can include a divalent alkyl, alkenyl, and/or 

alkynyl moiety. The linker ean include an ester, amide, or etheT moiety.

[0()362( Other examples include cleavable moieties within the linker, such as, for example, a 

disulfide bond (-S-S-) or an azo bond (-N=N-), which can be cleaved using a reducing agent or 

photolysis. A clcavablc bond incorporated into the linker and attached to a modified nucleotide, 

when cleaved, results in, for example, a short “scar” or chemical modification on the nucleotide. For 

example, after cleaving, the resulting scar on a nucleotide base, which formed part, of the modified 

nucleotide, and is incorporated into a polynucleotide strand, is unrcactive and does not need to be 

chemically neutralized. This increases Lhc case with which a subsequent nucleotide can be 

incorporated during sequencing of a nucleic acid polymer template. Tot example, conditions include 

the use of lris(2-carboxycthyl)phosphinc (TCFP), dilhiothTcitol (DTT) and/or other reducing agents 

for cleavage of a disulfide bond. A selectively severable bond that includes an amido bond can be 

cleaved tor example by the use oi TCFP or other reducing agents, and/or photolysis. A selectively 

severable bond that includes an ester bond can be cleaved for example by acidic or basic hydrolysis. 

Payload
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[00363) The methods and compositions described herein arc useful for delivering a payload to a 

biological target. The payload can he used, e.g., (ot labeling (e.g., a detectable agent such as a 

fluoraphore), or for therapeutic purposes (e.g., a eytotoxin or other therapeutic agent).

Payload: Therapeutic Agents

[00364( In some embodiments the payload is a therapeutic ugenL such as a eytotoxin, radioactive 

ion, chemotherapeutic, or other therapeutic agenL A eytotoxin or cytotoxic agent includes any agent 

that is detrimental to cells. Examples include taxed, cyloehalasin B, gramicidin D, elhidium 

bromide, emetine, mitomycin, eloposide, lenoposide, vincristine, vinblastine, colchicin, doxorubicin, 

daunorubicin, dihydroxv anthracin dione, mitoxantrone, inithramycin, actinomycin D, 1- 

dchydrotcstostcronc, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, 

maytansinoids, e.g., maytansinol (see U.S. Pat. No. 5,208,020), CC-1065 (see U.S. Pat. Nos. 

5,475,092, 5,585,499, 5,846,545) and analogs or homoiogs thereof. Radioactive ions include, but 

are not limited to iodine (e.g., iodine 125 or iodine 131), strontium 89, phosphorous, palladium, 

cesium, iridium, phosphate, cobalt, yttrium 90, Samarium 153 and praseodymium. Other therapeutic 

agents include, but are not limited to, antimetaboliles (e.g., methotrexate, 6-mercap top urine, 6- 

thioguanine, cytarahine, 5-fluoro uracil decarbazine), alkylating agents (e.g., mechlnrelhamiue, 

thioepa chlorambucil, CC-1065, melphalan, carmustine (BSNU) and lomustine (CCNU), 

eyclolhosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and eis-

dichlorodiamine platinum (11) (13DP) cisplatin), anlhracyclines (e.g., daunoTubicin (formerly 

dauncmycin) and doxoiubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 

mithramycin. and antluamycin (AMC)), and anti-mitotic agents (e.g., vincristine, vinblastine, taxol 

and maytan sino ids).

Payload .Detectable Agents

[00365( Examples of detectable substances include various organic small molecules, inorganic 

compounds, nanoparlicles, enzymes or enzyme substrates, fluorescent materials, luminescent 

materials, bioluminescenl materials, chemiluminescent materials, radioactive materials, and contrast 

agents. Such optically-deteetablc labels include for example, without limitation, 4-aectamido-4*- 

isothiocyanatostilbene-2,2'disultonic acid; acridine and derivatives: acridine, acridine 

isothiocyanate; 5-(2-aminoethvljaminonaphthalene-1 -sulfonic acid(EDANS); 4-amino-N-[3- 

viny Isul fonyl)phenyI)naphthaiimide-3,5 disulfonate; N-(4-an i lino-1 -naphthy I )mat eim i de; 

unth rani I amide; BODTPY; Brilliant Yellow; coumarin and derivatives; coumarin, 7-amino-4-
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methyleoumarin (AMC, Coumarin 120), 7-aminoA-trifluoromcthylcouluarin (Coumaran 151); 

cyanine dyes; cyanosine; 4',6-diaminidino-2-phenylindole (DAPI); 5' 5"-dibromopyTogallol- 

sulfonaphthalein (Bromopyrogallol Red); 7-diethylamino-3-(4'-isothiocyanatophenyl)-4- 

melhylcoumarin; di ethyl enelri amine pentaacetale; 4,4-diisothiocyanalodihydro-stilbene-2,2- 

disulfonic acid; 4,4’-diisolhiocyanalostilbene-2,2-disulfonic acid; 5-|dimethylamino]-naphthalcne-l- 

sulfonyl chloride (DNS, dansylehloride); 4-di me thyl ami nophenyl azopheny 1-4-isothiocyanate 

(DABITC); eosin and derivatives; eosin, eosin isotliiocyanate, erylhrosiii and derivatives; crylhrosin 

B, erythrosin, isothiocyanate; elhidium; fluorescein and derivatives; 5-carboxy fluorescein (FAM), 

5-(4,6-dielilorotriazin-2-yl)amrnofhioreseein (DTAF), 2 ',7 -dimethoxy-4'5'-dichloiO-6- 

carboxyfluorescein, fluorescein, fluorescein isothiocyanate, QFITC, (XRITC); fluorcscaminc;

1R144; 1R1446; Malachite Green isothiocyanate; 4-methylumbeUiferoneortho cresolphthalein; 

nitrotyrosinc, pararosanilinc; Phenol Red; B-phycocrythrin; o-plrthaldialdchydc; pyrene and 

derivatives; pyrene, pyrene butyrate, succinimidyl 1 -pyrene; butyrate quantum dots; Reactive Red 

4 (CibacronTM Brilliant Red 3B-A) rhodamine and derivatives: 6-carboxy-X-rhodainine (R.0X), 6- 

carboxyrhodamine (R6G), lissamine rhodamine B sulfonyl chloride fhodamine (Rhod), 

rhodamine B, rhodamine 123, rhodamine X isothiocyanate, sulfoThodamine B, sulforhodamine 101, 

sul fony 1 eh lori de deri vali ve of sal forhodamine 101 (Texas Red); N,N,N ',N'teflamethy 1 - 6- 

carboxyrhodamine (TAMRA); Leflamelhyl rhodamine; teflamelhyl rhodamine isothiocyanate 

(TRITC); riboflavin; rosolic acid; terbium chelate derivatives; Cyanine-3 (Cy3); Cyanine-5 (Cy5); 

Cyanine-5.5 (Cy5.5), Cyanine-7 (Cy7); 1KI) 700; 1RD 800; Alexa 647; La Jolta Blue; phtlialo 

cyanine; and naplithalo cyanine. In some embodiments, the detectable label is a fluorescent dye, 

such as Cy5 and Cy3.

[00366] Examples luminescent material includes luminol; examples of hiolumincscent materials 

include lueiferasc, luciferin, and acquorin.

[00367] Examples of suitable radioactive material include 1SE, 67 Gs, 8ImKr, 82Rb, ι11Ιη, 123I,133Xc, 

2O1T1, 12iT, 35S, l4C, or 3II, 9intTc (e.g., as pertechnetate (lechnetate(VII), TcO4') either directly or 

indirectly, or other radioisotope detectable by direct counting of radioemission or by scintillation 

counting.

[00368] In addition, contrast agents, e.g., contrast agents for MRI or NMR, for X-ray CT, Raman 

imaging, optical coherence tomography, absorption imaging, ultrasound imaging, or thermal 

imaging can be used. Exemplary contrast agents include gold (e.g., gold nanoparticles), gadolinium
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(e.g., chciatcd Gd), iron oxides (e.g., supcrparamagnctic iron oxide (SPIO), monocrystal line iron 

oxide nanoparticles (MIONs), and ullrasmall superparamagnelic iron oxide (USPTO)), manganese 

chelates (e.g., Mn-DPDP), barium sulfate, iodinated contrast media (iohexol), microbubbles, or 

perfluoro carbons can also be used.

[(10369] In some embodiments, the delectable agent is a ποπ-detectable pre-cursor that becomes 

detectable upon activation. Examples include tluorogenic tetrazine-lluorophore constructs (eg., 

letrazuie-BODIPY FL, telrazine-Oregon Green 488, or telrazine-BODlPY TMR-X) or enzyme 

aclivatable fluorogenie agents (e.g., PRO SENSE (VisEn Medical)).

[(103701 When the compounds are enzymatically labeled with, for example, horseradish 

peroxidase, alkaline phosphatase, or lucifcrasc, the enzymatic label is detected by determination of 

conversion of an appropriate substrate to product .

[00371] In vitro assays in which these compositions can be used include enzyme linked 

immunosorbent assays (ELlSAs), uumunoprecipitations, immunofluorescence, enzyme 

immunoassay (EIA), radioimmunoassay (RIA), and Western blot analysis.

[00372] Labels other than those described herein are contemplated by the present disclosure, 

including other optical ly-del eel able labels. 1 .abels can he attached, to Lhe modi fieri nucleotide o f the 

present disclosure at any position using standard chemistries such that the label can be removed from 

the incorporated base upon cleavage of the cleavable linker.

[00373] Payload:Cell Penetrating Payloads

|0l)374| In some embodiments, the modified nucleotides and modified nucleic acids can also 

include a payload that can be a cell penetrating moiety or agent that enhances intracellular delivery 

of the compositions. For example, the compositions can include a cell-penetrating peptide sequence 

that facilitates delivery to the intracellular space, e.g,, HIV-derived TAT peptide, pcnctratins, 

transportans, or hCT derived cell-penetrating peptides, see, e.g., Caron et a!., (2001) Mol Ther.

3(3):310-8; I,angel, Cell-Penetrating Peptides: Processes and Applications (CRC Press, Boca Raton 

TT, 2002); El-Andaloussi et al., (2005) Curr Pharm Des. 11(28):3597-611; and Deshayes et ah, 

(2005) Cell Mol Life Sci. 62(16): 18.39-49. The compositions can also be formulated to include a 

cell penetrating agent, e.g., liposomes, which enhance delivery of the compositions ίο (he 

intracellular space.

Payload .Biological Targets
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[00375) The modified nucleotides and modified nucleic acids described herein can be used to 

deliver a payload to any biological target Tor which a specific ligand exists or can he generated. The 

ligand can bind to the biological target either covalently or non-covalently.

[00376) Exemplary biological targets include biopolymers, e.g., antibodies, nucleic acids such as 

RNA and DNA, proteins, enzymes; exemplaiy proteins include enzymes, receptors, and ion 

channels. In some embodiments the target is a tissue- or cell-type specific marker, e.g., a protein 

that is expressed specifically on a selected tissue or cell type. In some embodiments, the target is a 

receptor, such as, but not limited to, plasma membrane receptors and nuclear receptors; more 

specific examples include G-protein-coupled receptors, cell pore proteins, transporter proteins, 

surface-expressed antibodies, HL A proteins, MHC proteins and growth factor receptors.

Synthesis of Modified Nucleotides

[00377] The modified nucleosides and nucleotides disclosed herein can be prepared from readily 

available starting materials using the following general methods and procedures. It is understood 

that where typical or preferred process conditions (i. e., reaction temperatures, times, mole ratios of 

reactants, solvents, pressures, etc.) are given; otheT process conditions can also be used unless 

otherwise stated. Optimum reaction conditions may vary with the particular reactants or solvent 

used, but such conditions can be determined by one skilled in the arL by routine optimization 

procedures.

[00378) Hie processes described herein can be monitored according to any suitable method known 

in the art. Lor example, product formation can be monitored by spectroscopic means, such as 

nuclear magnetic resonance spectroscopy (e.g., *H or i3C) infrared spectroscopy, spectrophotometry 

(e.g., UV-visible), or mass spectrometry, or by chromatography such as high performance liquid 

chromatography (HPLC) or thin layer chromatography

)00379) Preparation of modified nucleosides and nucleotides can involve the protection and 

dcprotcclion of various chemical groups. The need for protection and deprotection, and the selection 

of appropriate protecting groups can be readily determined by one skilled in the art. The chemistry 

of protecting groups can be found, for example, in Grccnc, cl al., Protective Groups in Organic 

Synthesis, 2d. Ed., Wiley & Sons, 1991, which is incorporated herein by reference in its entirety. 

)00380) I he reactions of the processes described herein can be carried out in suitable solvents, 

which can be readily selected by one of skill in tlie art of organic synthesis. Suitable solvents can be 

substantially nonreaclive with the starting materials (reactants), the intermediates, or products at the

- 125-



20
17

21
35

03
 

10
 A

ug
 2

01
7

temperatures at which the reactions arc carried out, i.e., temperatures which can range from the 

solvent’s freezing temperature to the solvent’s hciiling temperature. A given reaction can be carried 

out in one solvent or a mixture of more than one solvent. Depending on the particular reaction step, 

suitable solvents Tor a particular reaction step can be selected.

1003811 Resolution of racemic mixtures of modified nucleosides and nucleotides can be carried out 

by any of numerous methods known in the art. An example method includes fractional 

reeryslalhzatioii using a “chiral resolving acid” which is an optically active, salt-forming organic

acid. Suitable resolving agents for fractional recryslallizalion methods are, for example, optically 

active acids, such as the D and L forms of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid, 

mandclic acid, malic acid, lactic acid or the various optically active campliorsulfonic acids. 

Resolution of racemic mixtures can also be earned out by elution on a column packed with an 

optically active resolving agent (e.g., dinitrobcnzoylphcnylglycinc). Suitable elution solvent 

composition can be determined by one skilled in the art.

[00382] Exemplary syntheses of modified nucleotides, which are incorporated into a

polynucleotides, e.g., RNA or mRNA, are provided below in Scheme 2 Lhrough Scheme 12. Scheme 

2 provides a general method for phosphorylation of nucleosides, including modified nucleosides.

Scheme 2

2) Pyrophosphate

1>POC1,

OH OH

[00383J Various protecting gio ups may be used to control the reaction. For example, Scheme 3 

provides the use of multiple protecting and dcprotccting steps to promote phosphorylation at the 5' 

position of the sugar, rather than the 2' and 3' hydroxyl groups.

Scheme 3
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H;N
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100384( Modified nucleotides can be synthesized in any useful manner. Schemes 4, 5, and 8 

provide exemplary methods for synthesizing modified nucleotides having a modified purine 

nuclcobasc; and Schemes 6 and 7 provide exemplary methods for synthesizing modified nucleotides 

having a modified pscudouridinc or pscudoisocytidine, respectively.
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Scheme 5
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RBr/Heat
R = alkyl, alkenyl, 

allyl, and benzyl

Scheme 6
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NH,

OH OH

111) r/I leal-------------- >
R - alkyl, alkenyl, 

allyl, and benzyl
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Scheme 8

[00385[ Schemes 9 and 10 provide exemplary syntheses of modified nucleotides. Scheme 11

provides a non-limiting biocatalytic method for producing nucleotides.
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O-P-OH

2) Pyrophosphate

,°O-P-OH

HO>pJ
οΛOH

Scheme 11

OH OH

enzyme, ATP "θ'-ρ-'θ'

OH OH P2O7~‘

? yeast enzymes,

OH OH

[(10386] Scheme 12 provides an exemplary synthesis of a modified uracil, where the N1 position 

on the major groove face is modified with K12b, as provided elsewhere, and the 5’-position of ribose 

is phosphorylated, T1, T2, Rl2a, Rlzb, and r are as provided herein. This synthesis, as well as 

op Li mi zed versions thereof, can be used to modify the majoT groove face ofoLher pyrimidine 

nueleobases and purine uucleobases (see e.g., Formulas (bl )-(64-3)) and/or to install one or more 

phosphate groups (e.g., at the 5' position of the sugar). This alkylating reaction can also be used to 

include one or more optionally substituted alkyl group at any reactive group (e.g., amino group) in
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any nuclcobasc described herein (c.g., the amino groups in the Watson-Crick base-pairing face for 

cytosine, uracil, adenine, and guanine).

Scheme 12

)00387) Modified nucleosides and nucleotides can also be prepared according to the synthetic 

methods described in Ogata ct al. Journal of Organic Chemistry 74:2585-2588, 2009; Purnial ct al. 

Nucleic Acids Research 22(1): 72-78, 1994;Fukuhara etal. Biochemistry 1(4): 563-568, 1962; and 

Xuctai. Tetrahedron 1729-1740, 1992, each of which arc incorporated by reference in their 

entirety.

Modified Nucleic Acids

[00388j The present disclosure provides nucleic acids (or polynucleotides), including RNAs such 

as mRNAs that contain one or more modified nucleosides (termed “modified nucleic acids”) or 

nucleotides as described herein, which have useful properties including the lack of a substantial 

induction of the innate immune response of a cell into which the mRNA is introduced. Because 

these modified nucleic acids enhance the efficiency of protein production, in tracellular retention of 

nucleic acids, and viability of contacted cells, as well as possess reduced immunogenicity, these 

nucleic acids having these properties are also termed “enhanced nucleic acids” herein.

|00389| In addition, the present disclosure provides nucleic acids, which have decreased binding 

affinity to a major groove interacting, e.g. binding, partner. For example, the nucleic acids arc 

comprised of at least one nucleotide that has been chemically modified on the major groove face as 

described herein.

[00390) The term “nucleic acid,” in its broadest sense, includes any compound and/or substance 

that is or can be incorporated into an oligonucleotide chain. In this context, the term nucleic acid is 

used synonymously with polynucleotide. Exemplary nucleic acids for use in accordance with the 

present disclosure include, but are not limited to, one or more of DMA, RNA including messenger 

mRNA (mRNA), hybrids thereof, RNAi-inducing agents, RNAi agents, siRNAs, shRNAs, miRNAs,
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antisense RNAs, ribozymes, catalytic DNA, RNAs that induce triple helix formation, aptamers, 

vectors, etc., described in detail herein.

[00391] Provided are modified nucleic acids containing a translatable region and one, two, or more 

than two different, nucleoside modifications. In some embodiments, the modified nucleic acid 

exhibits reduced degradation in a cell into which Lhe nucleic acid is introduced, relative to a 

corresponding unmodified nucleic acid, lixemplary nucleic acids include ribonucleic acids (RNAs), 

deoxyribonucleic acids (DNAs), threose nucleic acids (TNAs), glycol nucleic acids (GN As), or a 

hybrid thereof In preferred embodiments, the modified nucleic acid includes messenger RNAs 

(mRNAs). As described herein, the nucleic acids of the present disclosure do not substantially 

induce an innate immune response of a cell into which the inRNA is introduced.

1003921 In certain embodiments, it is desirable to intracellulaily degrade a modified nucleic acid 

introduced into the cell, for example if precise timing of protein production is desired. Thus, the 

present disclosure provides a modified nucleic acid containing a degradation domain, which is 

capable of being acted on in a directed manner within a cell.

[00393] Other components ofnueleie acid are optional, and are beneficial in some embodiments. 

Tor example, a 5’ untranslated region (T JTR) an (for a 3’IITR aTe provided, wherein either or both 

may independently contain one or more difierent nucleoside modifications. In such embodiments, 

nucleoside modifications may also be present in the translatable region. Also provided are nucleic 

acids containing a Kozak sequence.

[003941 Additionally, provided are nucleic acids containing one or more intronic nucleotide 

sequences capable of being excised from tlic nucleic acid.

[003951 Further, provided are nucleic acids containing an internal ribosome entry site (IRES). An 

IRES may act as the sole ribosome binding site, or may serve as one of multiple ribosome hinding 

sites of an inRNA. An mRNA containing more than one functional ribosome binding site may 

encode several peptides or polypeptides that are translated independently by the ribosomes 

("multicis Ironic mRNA"). When nucleic acids are provided with an IRES, further optionally 

provided is a second translatable region. Examples of IRES sequences that can be used according to 

the present disclosure include without limitation, those from picomaviruses (e.g. FMDV), pest 

viruses (CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMV), foot-and-mouth disease 

viruses (FMDV), hepatitis C virases (HCV), classical swine fever viruses (CSFV), murine leukemia 

virus (MEV), simian immune deficiency viruses (SIV) or cricket paralysis viruses (CrPV).
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)00396) In another aspect, the present disclosure provides for nucleic acid sequences comprising at 

least two nucleotides., the nucleic acid sequence comprising a nucleotide that disrupts hinding of a 

major groove binding partner with the nucleic acid sequence, wherein the nucleotide has decreased 

binding af finity to the major groove binding partner.

)00397) In some embodiments, the nucleic acid is a compound of Formula Xl-a:

XII

Xl-a

!—γ’-ρ-χ 

OR01

)00398) wherein:

[00399) denotes an optional double bond;

[00400] —denotes an optional single bond;

[00401) U is O, S, -NR*-, or -CR"Rb- when denotes a single bond, or U is -CR"- when 

denotes a double bond;

[00402) Λ is FI, OH, phosphoryl, pyrophosphate, sulfate, -NH2, -SH, an amino acid, a peptide 

comprising 2 lo 12 amino acids;

[00403) XisOorS;

[00404] each of Yl is independently selected from -OR’1, -NRalR61, and -SRal;

100405) each of Y2 and Y3 are independently selected from O, -CRaRb-, NRC, S or a linker 

comprising one or more aloms selected Ifom the group consisting of C, Ο, N, and S;

)00406) R* and Rb arc each independently H, Ci_i2 alkyl, C2_i2 alkenyl, C2-12 alkynyl, or Ce_2o aiyl, 

[00407) RL is fl, C1.12 alkyl, C2.i2 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;
[00408) R51’ and Rbl are each independently H or a counterion;

[004091 ORcl is OH at a pH of about 1 or ORcl is O“ at physiological pH; and

[00410] B is nuelcobasc;

)004111 provided that the ring encompassing the variables Λ, B, D, U, Z, Y2 and Y1 cannot be 

ribose.
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[00412) In some embodiments, B is a nucleobase of Formula Xll-a, Xll b, or XH-c:

R2

Vx
JUW1

O
r'nXnh

Vo
JWV

A

/wv

Xll-a XB-b XB-c

[00413] wherein:

[00414] 'V denotes a single or double bond;

[00415] XisOorS;

[00416] U and W are each independently C or N;

10()417] V is (), S, C or N;

[00418] wherein when V is C then R1 is II, C|.e alkyl, Ci_s alkenyl, Ci.6 alkynyl, halo, or OR*", 

wherein Ci_2e alkyl, C2-20 alkenyl, C2.20 alkynyl are each optionally substituted with OH, -NRaRb, - 

SII, -C(O)Rc, -C(O)ORC, -NIIC(O)Rc, or -NIIC(O)0Rc;

[00419] and wherein when V is O, S, or N then R1 is absent;

[00420] R2 is II, -ORC, -SRC, -NRflRh, or halo;

[00421] or when V is C then R1 and R2 together with the carbon atoms to which they arc attached 

can form a 5- or 6-membered ring optionally substituted with 1-4 substituents selected from halo, - 

OH, -SH, -NRaRb, 0[-2u alkyl, C2_2u alkenyl, C2_26j alkynyl, alkoxy, or C^u thioalkyl;

[00422] R3 is II or C,.2O alkyl;

[00423] R4isHor Ci-20 alkyl, wherein when denotes a double bond then R is absent, or N-R 

taken together, forms a positively charged N substituted with C^q alkyl;

[00424] R” and Rb arc each independently H, Ci_20 alkyl, C2_2o alkenyl, C2-20 alkynyl, or C’^o aryl; 

and

[00425] Rc is H, Ci_2o alkyl, C2_20 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group.

[00426] In some embodiments, B is a nucleobase of Formula Xll-al, XIl-a2, XIl-a3, Xll-a4, or 

XII-a5:
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Xll-al XU-a2 XII-a3 XII-a4 XII-a5.

[00427) Tn some embodiments, the nucleobase is a pyrimidine or derivative thereof.

[0042SJ In some embodiments, the nucleic acid contains a plurality of structurally unique 

compounds of Formula Xl-a.

[00429) In some embodiments, at least 25% of the cytosines are replaced by a compound of 

Formula Xl-a (e.g., at least about 30%, at least about 35%, at least about 40%, at least about 45%, at 

least about 50%, at least about 55%, at least about 60%, at least about 65%, at leasl about 70%, at 

least about 75%, at leasl about 80%, at leasl about 85%, at leasl about 90%, at leasl about 95%, or 

about 100%).

[00430) In some embodiments, at least 25% of the uracils arc replaced by a compound of Formula 

Xl-a (e.g., at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least 

about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least 

about 75%, at least, about 80%, at least about 85%, at least about 90%, at least about 95%, or about 

100%).

[00431] In some embodiments, aL leasL 25% of the cytosines and 25% ol the uracils are replaced by 

a compound of Formula XT-a (e.g., at leas! about 30%, at least about 35%, at least about 40%, at 

least about 45%, at least about 50%, at least about 55%, at least about 60%, at leasl about 65%, at 

least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at 

least about 95%, or about 100%).

[U0432, In some embodiments, the nucleic acid is translatable.

[00433) In some embodiments, when the nucleic acid includes a nucleotide modified with a linker 

and payload, for example, as described herein, the nucleotide modified with a linker and payload is 

on the 3’ end of the nucleic acid.

Major Groove Interacting Partners

[01)434( A s described herein, the phrase “major groove interacting partner" refers RNA

recognition receptors Lhat detect and respond to RNA ligands through interactions, e.g. binding, with 

the major groove face of a nucleotide or nucleic acid. As such, RNA ligands comprising modified 

nucleotides or nucleic acids as described herein decrease interactions with major groove binding 

partners, and there hire decrease an innate immune response, or expression and secretion ofpro- 

inflammatoiy cytokines, or both.
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[00435] Example major groove interacting, e.g. binding, partners include, but arc not limited to the 

following nucleases and helieases. Within membranes, TT.Rs (To I l-Jike Receptors) 3, 7, and 8 can 

respond to single- and double-stranded RNAs. Within the cytoplasm, members of the superfamily 2 

class of DE3f(D/TI) helieases and ATPases can sense RNAs to initiate antiviral responses. These 

helieases include the RKi-1 (retinoic acid-inducible gene 1) and M13A5 (melanoma di ffeTen Li ati on - 

associated gene 5). Other examples include laboratory of genetics and physiology 2 (ΙΤΙΕΣ), 11 IN- 

200 domain containing proteins, or Heliease-domain containing proteins.

Prevention or reduction of innate ccUiihir immune response

]Ut)436] t he term "innate immune response" includes a cellular response to exogenous single 

stranded nucleic acids, generally of viral or bacterial origin, which involves the induction of cytokine 

expression and release, particularly the interferons, and cell death. Protein synthesis is also reduced 

during the innate cellular immune response. While it is advantageous to eliminate the innate immune 

response in a cell which is triggered by introduction of exogenous nucleic acids, the present 

disclosure provides modified nucleic acids such as mRNAs that substantially reduce [he immune 

response, including interferon signaling, without entirely eliminating such a Tespon.se. Tn some 

embodiments, the immune response is reduced by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 

90%, 95%, 99%, 99.9%, or greater than 99.9% as compared to the immune response induced by a 

corresponding unmodified nucleic acid. Such a reduction can be measured by expression or activity 

level of Type I interferons or the expression of interferon-regulated genes such as the toll-like 

receptors (e.g., TER7 and TER8). Reduction or lack of induction of innate immune response can 

also be measured by decreased cell death following one or more administr ations of modified RNAs 

to a cell population; e.g., cell death is 10%, 25%, 50%, 75%, 85%, 90%, 95%, or over 95% less than 

the celt death frequency observed with a corresponding unmodified nucleic acid. Moreover, cell 

death may affect fewer than 50%, 40%, 30%, 20%, 10%, 5%, 1%, 0.1%, 0.01% or fewer than 0.01% 

of cells contacted with the modified nucleic acids.

[0043η In some embodiments, the modified nucleic acids, including polynucleotides and/or 

mRNA molecules are modified in such a way as to not induce, or induce only minimally, an immune 

r esponse by the recipient cell or organism. Such evasion or avoidance of an immune response trigger 

or activation is a novel feature of the modified polynucleotides of the present invention.

[0043S] Tire present disclosure provides for the repeated introduction (e.g., transfection) of 

modified nucleic acids into a target cell population, e.g., in vitro, ex vivo, or in vivo. The step of
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contacting the cell population may be repeated one or more times (such as two, three, four, five or 

more Lhan five Limes). In some embodiments, ihe step of contacting the cell population with the 

modified nucleic acids is repeated a number of times sufficient such that a predetermined efficiency 

of protein translation in the cell population is achieved. Given the reduced cytotoxicity ol the taTgel 

cell population provided by the nucleic acid modifications, such repeated transfections are 

achievable in a diverse array oi cell types in vitro and/or in viva.

Polvncntidc variants

[00439] Provided are nucleic acids that encode variant polypeptides, which have a certain identity 

with a reference polypeptide sequence. Ihe term "identity" as known in the art, refers to a 

relationship between die sequences of two or more peptides, as determined by comparing the 

sequences, hi the art, "identity" also means die degree of sequence relatedness between peptides, as 

determined by the number of matches between strings of two or more amino acid residues. "Identity" 

measures the percent of identical matches between the smaller of two or more sequences with gap 

alignments (if any) addressed by a particular mathematical model or computer program (i.e., 

"algorithms"). Identity of Tel a ted peptides ean be readily calculated by known methods. Such 

methods include, hill are not limited to, those described in Computational Molecular Biology, l.esk, 

A. M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome 

Projects, Smith, D. W., ed., Academic Press, New York, 1993; CompuLeT Analysis of Sequence 

Data, Part 1, Griffin, Λ. M., and Griffin, II. G., eds., Humana Press, New Jersey, 1994; Sequence 

Analysis in Molecular Biology, voiiBernje, G., Academic Press, 19S7; Sequence Analysis Primer, 

Gribskov, M. andDcvcrcux, J„ eds., M. Stockton Press, New York, 1991; and Carillo ct al„ SIAM J. 

Applied Math. 48,1073 (1988).

[00440] In some embodiments, the polypeptide variant has the same or a similar activity as the 

reference polypeptide. Alternatively, tlie variant has an altered activity' (e.g., increased or decreased) 

relative to a reference polypeptide. Generally, variants of a particular polynucleotide or polypeptide 

of the present disclosure will have at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%i, 

85%), 90%, 91%, 92%, 93%, 94%, 95%), 96%, 97%, 98%, 99% or more sequence identity to that 

particular reference polynucleotide or polypeptide as determined by sequence alignment programs 

and parameters described herein and known to those skilled in the art.

[004411 As recognized by those skilled in the art, protein fragments, functional protein domains, 

and homologous proteins are also considered to be within the scope of this present disclosure, for
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example, provided herein is any protein fragment of a reference protein (meaning a polypeptide 

secpence at least one amino acid residue shorter than a reference polypeptide sequence hut otherwise 

identical) 10, 20, 30,40, 50, 60,70, 80,90,100 or greater than 100 amino acids in length In another 

example, any protein that includes a stretch οΓ about 20, about 30, about 40, about 50, or about 100 

amino acids which are about 40%, about 50%, about 60%, about 70%, abouL 80%, about 90%, about 

95%, or about 100% identical to any ol the sequences described herein can be utilized in accordance 

with the present disclosure. In certain embodiments, a protein sequence to be utilized in accordance 

with the present disclosure includes 2, 3,4, 5,6, 7, 8, 9, 10, or more mutations as shown in any of 

the sequences provided or referenced herein

Polypeptide libraries

|00442| Also provided are polynucleotide libraries containing nucleoside modifications, wherein 

the polynucleotides individually contain a first nucleic acid sequence encoding a polypeptide, such 

as an antibody, protein binding partner, scaffold protein, and other polypeptides known in the art. 

Preferably, the polynucleotides are mRNA in a form suitable for direct introduction into a target cell 

host, which in turn synthesizes the encoded polypeptide.

)(1(1443] Tn certain embodiments, multiple variants of a protein, each with different amino acid 

modilicalion(s), arc produced and tested to determine the best variant in terms of pharmacokinetics, 

stability, bioeompalibilily, and/or biological activity, or a biophysical property such as expression 

level. Such a library may contain 10, IO2, 10J, IO4, lOf 106, ldf 10s, 1D;, or over 109 possible 

var iants (including substitutions, deletions of one or more residues, and insertion of one or more 

residues).

Polypeptide iiucleic acid complexes

)()0444) Proper protein translation involves the physical aggregation of a number of polypeptides 

and nucleic acids associated with the mRNA. Provided by the present disclosure arc protein-nucleic 

acid complexes, containing a translatable mRNA having one or more nucleoside modifications (eg., 

al least two different nucleoside modifications) and one or more polypeptides bound to the mRNA. 

Generally, the proteins are provided in an amount effective to prevent or reduce an innaLc immune 

response of a cell into which the complex is introduced.

llntranslutable_riiodifie(l_niidci£acids

)00445) As described herein, provided are niRNAs having sequences that are substantially not 

translatable. Such mRNA is effective as a vaccine when administered to a mammalian subject.
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[004461 Also provided arc modified nucleic acids that contain one or more noncoding regions.

Such modified nucleic acids are generally no! translated, but are capable of binding to and 

sequestering one or more translational machinery component such as a ribosomal protein or a 

transfer RNA (tRNA), thereby elfeelively reducing protein expression in the cell. The modified 

nucleic acid may contain a small nucleolar RNA (sno-RNA), micro RNA (miRNA), small 

interfering RNA (siRNA) or Piwi-interacting RNA (piRNA).

Synthesis of Modified Nucleic Adds

[00447( Nucleic acids for use in accordance with the present disclosure may be prepared according 

to any available technique including, but not limited to chemical synthesis, enzymatic synthesis, 

which is generally termed in vitro transcription, enzymatic or chemical cleavage of a longer 

precursor, etc. Methods of synthesizing RNAs are known in the art (see, e.g., Gait, M J. (ed.) 

Oligonucleotide synthesis: a practical approach, Oxford [Oxfordshire], Washington, DC: ERL Press, 

1984; and PLerdewijn, P. (ed.) Oligonucleotide synthesis: methods and applications, Methods in 

Molecular Biology, v. 288 (Clifton, N.J.) Totowa, N.J.: Humana Press, 2005; both of which are 

incorporated herein by relerence).

[(11)448( Modified nucleic acids need not he uniformly modified along Lhe entire length of the 

molecule. Different nucleotide modifications and/οτ backbone structures may exisL at various 

positions in the nucleic acid. One of ordinary skill in the art -will appreciate that the nucleotide 

analogs or other modification(s) may be located at any position(s) of a nucleic acid such that the 

function of the nucleic acid is not substantially decreased. A modification may also be a 5’ or 3’ 

terminal modification. Die nucleic acids may contain at a minimum one and at maximum 100% 

modified nucleotides, or any intervening percentage, such as at least 5% modified nucleotides, at 

least 10% modified nucleotides, at least 25% modified nucleotides, at least 50% modified 

nucleotides, at least 80% modified nucleotides, or at least 90% modified nucleotides. For example, 

the nucleic acids may contain a modified pyrimidine such as uracil or cytosine, fn sonic 

embodiments, at least 5%, at least 10%, at least 25%, at least 50%, aL least 80%, at least 90% or 

100%) of the uracil in the nucleic acid is replaced writh a modified uracil. The modified uracil can be 

replaced by a compound having a single unique structure, or can he replaced by a plurality of 

compounds having different structures (e.g., 2,3,3 or more unique structures). In some 

embodiments, at least 5%, at least 10%, at least 25%, at least 50%, at least 80%, at least 90% or 

100% of the cytosine in the nucleic acid is replaced with a modified cytosine. The modified cytosine
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can be replaced by a compound having a single unique structure, or can be replaced by a plurality of 

compounds having different structures (e.g., 2, 3,4 or more unique structures).

[00449] Generally, the shortest length of a modified mRNA of the present disclosure can be the 

length of an mRNA sequence that is sufficient lo encode Jot a dipeptide. In another embodiment, 

the length of the mRNA sequence is sufficient Lo encode for a tripeplide. In another embodiment, 

the length ol an mRNA sequence is sufficient to encode fora tefrapepLide. In another embodiment, 

the length of an mRNA sequence is sufficient to encode for a pentapeptide, hi another embodiment, 

the length of an mRNA sequence is sufficient Lo encode for a hexapeptide. In another embodiment, 

the length of an mRNA sequence is sufficient to encode for a heptapeptide, in another embodiment, 

the length of an mRNA sequence is sufficient to encode for an octapcptidc. In another embodiment, 

the length of an mRNA sequence is sufficient to encode for a nonapeptide. In another embodiment, 

the length of an mRNA sequence is sufficient to encode for a dccapcptidc.

[(10450( Examples of dipeptides that the modified nucleic acid sequences can encode for include, 

but are not limited to, camosine and anserine.

[00451 ] In a further embodiment, the mRNA is greater than .30 nucleotides in length. In another 

embodiment, the RNA molecule is greater than 35 nucleotides in length, in another embodiment, the 

length is at least 40 nucleotides. In another embodiment, the length is al least 45 nucleotides. Γη 

another embodiment, the length is al least 55 nucleotides. In another embodiment, the length is at 

least 60 nucleotides. In another embodiment, the length is at leasL 60 nucleotides. In another 

embodiment, the length is at least 80 nucleotides.. In another embodiment, the length is at least 90 

nucleotides. In another embodiment, the length is at least 100 nucleotides, hi another embodiment, 

the length is at least 120 nucleotides. In another embodiment, the length is at least 140 nucleotides, 

in another embodiment, the length is at least 160 nucleotides. In another embodiment, the length is 

at least 180 nucleotides. In another embodiment, the length is at least 200 nucleotides. In another 

embodiment, the length is at least 250 nucleotides. In another embodiment, the length is at least 300 

nucleotides. In anoLheT embodiment, Lhe length is at least 350 nucleotides, in another embodiment, 

the length is at least 400 nucleotides, Tn another embodiment, the length is at least 450 nucleotides. 

In another embodiment, the length is al least 500 nucleotides. In another embodiment, the length is 

al least 600 nucleotides. In another embodiment, the length is at least 700 nucleotides. In another 

embodiment, the length is at least 800 nucleotides. In another embodiment, the length is at least 900 

nucleotides. In another embodiment, Lhe length is at least 1000 nucleotides. In another embodiment,
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the length is at least 1100 nucleotides. In another embodiment, the length is at least 1200 

nucleotides. Tn another embodiment, the length is a I least 1300 nucleotides. In another embodiment, 

the length is at least 1400 nucleotides. In another embodiment, the length is at least 1500 

nucleotides. In another embodiment, the length is at least 1600 nucleotides. In another embodiment, 

the length is at least 1800 nucleotides. In another embodiment, Lhe length is at least 2000 

nucleotides. In another embodiment, the length is at least 2500 nucleotides. In another embodiment, 

the length is at least 3000 nucleotides. In another embodiment, the length is at least 4000 

nucleotides, in another embodiment, the length is at least 5000 nucleotides, or greater than 5000 

nucleotides.

[00452( For example, the modified nucleic acids described herein can be prepared using methods 

that are known to those skilled in the ait of nucleic acid synthesis.

[00453( In some embodiments, the present disclosure provides methods, e.g., enzymatic, of 

preparing a nucleic acid sequence comprising a nucleotide that disnipts buidmg of a major groove 

binding partner with the nucleic acid sequence, wherein the nucleic acid sequence comprises a 

compound of Formula Xl-a:

_|_yt_p_y2

OR01
■Y3

ORc1

Xl-a

[01)454] wherein:

[00455] the nucleotide has decreased binding affinity to the major groove binding partner; 

[00456) % denotes an optional double bond;

[00457( - - - denotes an optional single bond;

1004581 U is O, S, -NRa-, or -CRaRb- when ''N· denotes a single bond, or U is -CRa- when ''N- 

denotes a double bond;

[00459) A is H, OH, phosphoryl, pyrophosphate, sulfate, -NH?, -SH, an amino acid, a peptide 

comprising 2 to 12 amino acids;

[00460) XisOorS;
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(00461) each of Y1 is independently selected from -OR1*1, -NR'^'R11, and -SR“';

[00462) each of Y2 and Y3 are independently selected from O, -CRaRb-, NRe, S or a linker 

comprising one or more atoms selected from the group consisting of C, Ο, N, and S;

[00463] R" and Rb are each independently II, Ci_12 alkyl, C2_i2 alkenyl, C2.i2 alkynyl, ot Cc.20 aryl 

)00464) Rc is H. Ci_12 alkyl, Qmi alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;

100465) !<*' and Rbl are each independenlly H or a counterion:

[00466) ORcl is Oil at a pll of about 1 or ORLl is O” at physiological pi I; and

[00467) B is nucleobase;

[00468) provided that the ring encompassing the variables A, B, D, U, Z, Y2 and Y3 cannot be 

ribose the method comprising reacting a compound of Formula XI11:

XIII

)00469) with an RNA polymerase, and a cDNA template,

)00470) In some embodiments, the reaction is repeated from 1 to about 7,000 times. 

)00471) In sonic embodiments, B is a nucleobase of Formula Xll-a, Xll-b, or Xll-c:

%An.k4

"■«Ax
ww

rVnh

Vo
ww

rSV

'A

Xll-a Xll-b XII-c

[00472) wherein:

[00473] denotes a single or double bond;

[00474] X is O or S;

)00475) U and W are each independently C or N;

[00476) VisO, S, CorN;

)00477) wherein when V is C then R1 is H, alkyl, Οιύ alkenyl, Cj.e alkynyl, halo, or -ORC, 

wherein Cj_2o alkyl, C2_20 alkenyl, C2-2o alkynyl are each optionally substituted with Oil, -NRaRb, 

SH, -C(O)Rc, -C(O)ORc, -NHC(O)Rc, or -NHC(O)ORc;
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(00478) and wherein when V is O, S, or N then R’ is absent;

[00479J R2 is TT, -ORC, -SRC, -NRaRb, or halo;

[00480] or when V is C then R! and R2 together with the carbon atoms to which they are attached 

can form a 5- or 6-membered ring optionally substituted with 1-4 substituents selected from halo, - 

OH, -SH, -NRdRb, Ci .jo alkyl, C2_2o alkenyl, C2_2O alkynyl, C(_2o alkoxy, or Ci_20 thioalkyl;

[00481) R3 is II or C,_20 alkyl;

[004821 R'* is H or C|_2r, alkyl; wherein when "''A denotes a double bond then R4 is absent, or N-R'1, 

taken together, forms a positively charged N substituted with Ci-20 alkyl;

[00483) R11 and Rb arc each independently H, (Χ_20 alkyl, C2_2o alkenyl, C2-zo alkynyl, or C6.20 aryl; 

and

[00484] Rc is H, Ci_20 alkyl, C2_20 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group.

[00485) In some embodiments, B is a nucleobase of Formula ΧΠ-al, XII-a2, XII-a3, XII-a4, or

XII-a5:

X
p1 LI p4

UWV

Xll-a

nAn-r4
Vo

Τ'

VI
K NOlrtA/

N
X

11 'NH

Xll-a2 Xll-a3 Xll-a5.Xll-a4

100486) In some embodiments, the methods further comprise a nucleotide selected fium the group 

consisting of adenosine, cytosine, guanosine, and uracil.

]00487| In some embodiments, the nucleobase is a pyrimidine or derivative thereof.

[00488) In another aspect, the present disclosure provides for methods of amplifying a nucleic acid 

sequence comprising a nucleotide that disrupts binding of a major groove binding partner with the 

nucleic acid sequence, the method comprising:

[00489) reacting a compound of Formula Xl-d:

XXXX 
Y1—P - Y2-P - Y2—P- Av3

ORd ORC1 ORG1

Y1 A

Xl-d

[00490] wherein:
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[00491) the nucleotide has decreased binding affinity to the major groove binding partner;

|00492| denotes a single or a double bond;

[00493] - - -denotes an optional single bond;

[00494J U is O, S, -NRa-, or -CRaRh- when denotes a single bond, or U is -CRa- when 

denotes a double bond;

[00495] Z is II, C1.12 alkyl, or Cr-20 aryl, or Z is absent when denotes a double bond; and 

[00496] Z can be -CRsRb- and form a bond with Λ:

]00497| A is B, OB, phosphoryl, pyrophosphate, sulfate, -NB2, -SB, an amino acid, or a peptide 

comprising 1 to 12 amino acids;

[00498) XisOorS;

[00499( each of Y1 is independently selected from OR’1, -NR^'R1’1, and SRa1;

[00500] each of Y2 and Ys arc independently selected from O, -CRaR1’-, NRC, S or a linker 

comprising one ot more atoms selected from the group consisting of C, Ο, N, and S;

[00501] n is 0, 1,2, or 3;

[00502] τη is 0, I, 2 ot 3;

[00503] B is nucleobase;

[00504] Rs and Rb are each independently II, C1.12 alkyl, C2.i2 alkenyl, C2-12 alkynyl, or C6.2o aryl; 

1005051 Rc is B, Ci_i2 alkyl, C2.u alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;
|00506| Ral and Rbl are each independently B or a counterion; and

[00507] -ORC| is Oil at a pi I of about 1 or -ORcl is O~ at physiological pi I;

[00508] provided that the ring encompassing the variables Λ, B, U, U, Z, Y2 and Y'1 cannot be 

ribose with a primer, a cDNA template, and an RNA polymerase,

[00509] In some embodiments, B is a nucleobase of Formula XH-a, ΧΠ-b, or XII-c:

XH-a ΧΙΙ-h XII-c

)00510) wherein:

[00511] '> denotes a single or double bond;
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[00512) XisOorS;

[00513] U and W are each independently C or N;

[00514] VisO, S, CorN;

[00515] wherein when V is C then R1 is II, C^; alkyl, C[_6 alkenyl, Cj.6 alkynyl, halo, or -ORC, 

wherein Ci_20 alkyl, C2_;oalkenyl, C2_2(i alkynyl are each optionally substituted with OH, -NRaRb, - 

SI I, -C(())RC, -C(O)OR\ -NIIC(O)R‘, or -Nl 1C(O)()RC;

|00516[ and wherein when V is O. S, or N then R? is absent;

100517] R2 is 11, -ORC, -SR12. -NRaRb, or halo;

[00518] or when V is C then R1 and R2 together with die carbon atoms to which they are attached 

can form a 5- or 6-mcinbcrcd ring optionally substituted with 1-4 substituents selected from halo, - 

OH, -SH, -NRBRb, Ci_2o alkyl, C2-20 alkenyl, (X20 alkynyl, C'1-20 alkoxy, or Ci_2o thioalkyl;

[00519] R3 isll or C1.20 alkyl;

[00520] R4 is II or C[_2o alkyl; wherein when denotes a double bond then R4 is absent, or N-R4 

taken together, forms a positively charged N substituted with Cj.20 alkyd;

[00521] R and R are each independently II, C1.20 alkyl, C2.2H alkenyl, C7.20 alkynyl, or aryl; 

and

100522] RcisH,C 1-20 alkyl, C2.20 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group.

[00523] In some embodiments, B is a nueleobasc of Formula Xll-al, Xll-a2, XIl-a3, Xll-a4, or

XII-a5:

VWV

R2

VWV

RVk, rV%h
R2

ϊι i

XII-al XU-a2 XII-a3 XII-a4 XII-a5.

7i X

[00524] In some embodiments, the methods further comprise a nucleotide selected from the group 

consisting of adenosine, cytosine, guanosine, and uracil.

[00525] In some embodiments, the nucleobase is a pyrimidine or derivative thereof

[00526] In some embodiments, the present disclosure provides lor methods of synthesizing a 

pharmaceutical nucleic acid, comprising the steps of:

)00527] a) providing a complementary deoxynhoimcleic acid (eDNA) that encodes a

pharmaceutical protein of interest;
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[00528) b) selecting a nucleotide that is known to disrupt a binding of a major groove binding 

partner with a nucleic acid, wherein lhe nucleotide has decreased binding affinity Lo Lhe major 

groove binding partner; and

[00529) e) contacting Lhe provided cDNA and the selected nucleotide with an RNA polymerase, 

under conditions such that the pharmaceutical nucleic acid is synthesized.

[(10530] In further embodiments, the pharmaceutical nucleic acid is a ribonucleic acid (RNA). 

100531( In still a further aspect of the present disclosure, the modified nucleic acids can be 

prepared using solid phase synthesis methods.

[00532) In some embodiments, the present disclosure provides methods of synthesizing a nucleic 

acid comprising a compound of Foimula Xl-a:

X
.γ1_ρ_γ2_,

ORc1

r
A

-4—vt-Y1-P=X 
ORc1
Xl-a

[00533] wherein:

J00534| denotes an optional double bond;

|00535[ —denotes an optional single bond;

[00536] U is O, S, -NR"-, or -CRaRb- when denotes a single bond, or U is -CRa- when

denotes a double bond;

[00537] A is ΤΙ, OT1, phosphoryl, pyrophosphate, sul late, -NIL, -SII, an amino acid, a peptide 

comprising 2 lo 12 amino acids;

[00538] X is O or S;
100539] each of Y1 is independently selected from OR’1, -NR’1 R1'1, and SR’1;

[00540] each of Yz and Y1 are independently selected from Q, -CR’R1’-, NRL, S or a linker 

comprising one or more atoms selected from the group consisting of C, O,N, and S;

[00541] R 3ηό R sre each independently Η, θι-12 sUcyl, ¢2-12 alkenyl, C^. 12 alkynyl, or C^-so 

|(JU542| Rc is H, Ci-12 alkyl, C2-12 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group;
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[00543] R*1 and Rbl arc each independently H or a counterion;

[00544] -ORcl is OTT at a pTT of about 1 or -ORcl is O at physiological pTT; and

[00545] B is nucleobase;
[00546] provided that the ring encompassing the variables A, B, U, 7., Y2 and YJ cannoL be ribose; 

|00547| comprising:

[00548] a) reacting a nucleotide of Formula XIII-a:

XBI-a

[00549] with a phosphuramidite compound of Formula Xlll-b:

r A-P2

R

ΧΧΠΙ-b

[00550] wherein: denotes a solid support; and

[00551] Ρ',Ρ2 and P3 are each independently suitable protecting groups;

)005521 to provide a nucleic acid of Formula XlV-a:

A.

r A-pI
r\

O-R
Xu. B

A'2 A-P2
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XTV-a and b) oxidizing or sulfurizing the nucleic acid of Formula XIV-a to yield a nucleic acid of 

Formula XTVh:
p1_v2 ·,

A-P2

XlV-b

1005531 and c) removing the protecting groups to yield the nucleic acid of Formula Xl-a.

(00554) In some embodiments, the methods further comprise a nucleotide selected from the group 

consisting of adenosine, cytosine, guanosinc, and uracil.

(00555J In some embodiments, B is a nueleobase of Formula Xlll:

N N Rs

ΧΙΠ

[00556] wherein:

[00557] V is N or positively charged NRC;

)00558] R3 is NRcRd, -OR3, or -SRa;

[00559] R4 is II or can optionally form a bond with Y3;

[00560] R5 is II, -NRcRd, or -ORa,

)00561] Ra and Rb are each independently II, C1.12 alkyl, C2-12 alkenyl, C2.ia alkynyl, or CWo aryl; 

and

100562] RcisH, C, .12 alkyl, C2.12 alkenyl, phenyl, benzyl, a polyethylene glycol group, or an 

amino-polyethylene glycol group.

)00563] In some embodiments, steps a) and b) are repeated from 1 to about 10,000 times.

Uses of Modified Nucleic Acids

Therapeutic Agents
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[00564) The modified nucleic acids described herein can be used as therapeutic agents. For 

example, a modi Pied nucleic acid described herein can he administered to an animal or subject, 

wherein the modified nucleic acid is translated in vivo to produce a therapeutic peptide hi the animal 

or subject. Accordingly, provided herein are compositions, methods, kits, and reagents tor treatment 

or prevention of disease or conditions in humans and other mammals. Ihe active therapeutic agents 

of Lhe present disclosure include modified nucleic acids, cells containing modified nucleic acids or 

polypeptides translated from the modified nucleic acids, polypeptides translated from modified 

nucleic acids, cells contacted with cells containing modified nucleic acids or polypeptides translated 

from the modified nucleic acids, tissues containing cells containing modified nucleic acids and 

organs containing tissues containing cells containing modified nucleic acids.

| «05651 Provided are methods of inducing translation of a synthetic or recombinant polynucleotide 

to produce a polypeptide in a cell population using the modified nucleic acids described herein.

Such translation can be in vivo, ex vivo, in culture, or in vitro. The cell population is contacted with 

an effective amount of a composition containing a nucleic acid that has at least one nucleoside 

modi fication, and a translatable region encoding the polypeptide. The population is contacted under 

conditions such that the nucleic acid is localized into one or more cells of the cell population and the 

recombinanL polypeptide is translated in lhe cell from the nucleic acid.

[00566] An effective amount of the composition is provided based, al least in part, on the target 

tissue, target cell type, means of administration, physical characteristics of the nucleic acid (e.g., 

size, and extent of modified nucleosides), and other determinants. In general, an effective amount of 

the composition provides efficient protein production in the cell, preferably more efficient than a 

composition containing a corresponding unmodified nucleic acid. Increased efficiency may be 

demonstrated by increased cell transfection (i.e., the percentage of cells transfected with the nucleic 

acid), increased protein translation from the nucleic acid, decreased nucleic acid degradation (as 

demonstrated, e.g., by increased duration of protein translation from a modified nucleic acid), ot 

reduced innate immune response of the host cell or improve therapeutic utility.

[00567] Aspects of the present disclosure are directed to methods of inducing in vivo translation of 

a recombinant polypeptide in a mammalian subject in need thereof. Therein, an effective amount of 

a composition containing a nucleic acid that has at least one nucleoside modification and a 

translatable region encoding the polypeptide is administered to the subject using the delivery 

methods described herein. The nucleic acid is provided in an amount and under other conditions
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such that the nucleic acid is localized into a cell or cells of the subject and the recombinant 

polypepLide is translated in the cell from the nucleic acid. The cell in which the nucleic acid is 

localized, or the tissue in which the cell is present, may be targeted with one or more than one 

rounds of nucleic acid administration.

1005681 Other aspects of the present disclosure relate to transplantation of cells containing 

modified nucleic acids to a mammalian subject. Administration of cells to mammalian subjects is 

known to those of ordinary skill in the ait, such as local implantation (e.g., topical or subcutaneous 

administration), organ delivery or systemic injection (e.g., intravenous injection or inhalation), as is 

the formulation of cells in pharmaceutically acceptable carrier Compositions containing modified 

nucleic acids arc formulated for administration intramuscularly, transartcrially, intrapcritoncally, 

intravenously, intranasally, subcutaneously, endoscopieally, transderma lly, or intratheeally. In some 

embodiments, the composition is formulated for extended release.

[01)569] The subject to whom the therapeutic agent is administered suffers from or is at risk of 

developing a disease, disorder, or deleterious condition. Provided are methods of identifying, 

diagnosing, and classifying subjects on these bases, which may include clinical diagnosis, biomarker 

levels, genome-wide association studies (GWAS), and other methods known in the art.

[00570] In certain embodiments, the administered modified nucleic acid directs production of one 

or more recombinanL polypeptides that provide n functional activity which is substantially absent in 

the cell in which the recombinant polypeptide is translated, f or example, the missing functional 

activity may be enzymatic, stiuctural, or gene regulatory in nature.

[00571] In other embodiments, the administered modified nucleic acid directs production of 011c or 

more recombinant polypeptides that replace a polypeptide (or multiple polypeptides) that is 

substantially absent in the cell in which the rccomhinant polypeptide is translated Such absence may 

be due to genetic mutation of the encoding gene or regulatory pathway thereof. In other 

embodiments, the administered modified nucleic acid directs production of one or more recombinant 

polypeptides to supplement the amount of polypeptide (ot multiple polypeptides) that is present in 

the cell in which the recombinant polypeptide is translated. Alternatively, the recombinant 

polypeptide functions to antagonize the activity of an endogenous protein present in, on the surface 

of, or secreted Irom the cell. Usually, the activity of the endogenous protein is deleterious to the 

subject, for example, due to mutation of the endogenous protein resulting in altered activity ot 

localization. Additionally, the recombinant polypeptide antagonizes, directly or indirectly, the
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activity of a biological moiety present in, on the surface of, or secreted from the cell. Examples of 

antagonized biological moieties include lipids (e.g., cholesterol), a lipoprotein (e.g., low density 

lipoprotein), a nucleic acid, a carbohydrate, or a small molecule toxin.

[00572] The recombinant proLeins described herein are engineered Tor localization within the cell, 

potentially within a specific compartment such as the nucleus, or are engineered for secretion from 

the cell or translocation to the plasma membrane of the cell.

100573] As described herein, a useful feature of tlie modified nucleic acids of tlie present 

disclosure is the capacity to reduce, evade, avoid or eliminate the innate immune response of a cell 

to an exogenous nucleic acid. Provided are methods for per forming the titration, reduction or 

elimination of the immune response in a cell or a population of cells. In some embodiments, the cell 

is contacted with a fust composition that contains a first dose of a first exogenous nucleic acid 

including a tr anslatable region and at least one nucleoside modification, and the level of the innate 

immune response of the cell to tire first exogenous nucleic aetd is determined. Subsequently, the cell 

is contaeled with a second composition, which includes a second dose of the first exogenous nucleic 

acid, the second dose containing a lesser amount of the Ιϊτκΐ exogenous nucleic acid as compared to 

the (Its! dose Alternatively, the cell is contacted with a first dose of a second exogenous nucleic 

acid. The second exogenous nucleic acid may contain one or more modified nucleosides, which 

may be the same ot different from the first exogenous nucleic acid or, alternatively, the second 

exogenous nucleic acid may not contain modified nucleosides. 'Die steps of contacting the cell with 

the first composition and/or the second composition may be repeated one or more times. 

Additionally, efficiency of protein production (e.g,, protein translation) in the cell is optionally 

determined, and the cell may be re-transfected with the first and/or second composition repeatedly 

until a target protein production efficiency is achieved.

Therapeutics for diseases and conditions

[005741 Provided are methods for treating or preventing a symptom of diseases characterized by 

missing or aberrant protein activity, by replacing the missing protein activity ot overcoming the 

aberrant protein activity. Because of the rapid initiation of protein production following introduction 

of modified mRNAs, as compared to viral DNA vectors, the compounds of the present disclosure are 

particularly advantageous in treating acute diseases such as sepsis, stroke, and myocardial infarction. 

Moreover, the lack of transcriptional regulation of the modified mRNAs of the present disclosure is 

advantageous in that accurate titration of protein production is achievable. Multiple diseases are

- 154-



20
17

21
35

03
 

10
 A

ug
 2

01
7

characterized by missing (or substantially diminished such that proper protein function docs not 

occur) protein activity. Such proteins may not be present, are present in very low quantities or are 

essentially non-functional. The present disclosure provides a method for treating such conditions or 

diseases in a subject by introducing nucleic acid ot cell-based therapeutics containing the modi lied 

nucleic acids provided herein, wherein the modified nucleic acids encode for a protein that replaces 

the protein activity missing Jfom the target cells of the subject.

1005751 Diseases characterized by dysfunctional or aberrant protein activity include, but not 

limited to, cancer and proliferative diseases, genetic diseases (e.g., cystic fibrosis), autoimmune 

diseases, diabetes, neurodegenerative diseases, cardiovascular diseases, and metabolic diseases, lhe 

present disclosure provides a method for treating such conditions or diseases in a subject by 

introducing nucleic acid or cell-based therapeutics containing die modified nucleic acids provided 

herein, wherein the modified nucleic acids encode for a protein that antagonizes or otherwise 

overcomes the abennnt protein activity present tn the cell of the subject.

[00576] Specific examples of a dysfunctional protein are the missense or nonsense mutation 

variants of the cystic fibrosis transmembrane conductance regulator (CTTR) gene, which produce a 

dysfunctional or non functional, respectively, protein variant of CTTR protein, which causes cystic 

fibrosis.

[00577j Thus, provided are methods of treating cystic fibrosis in a mammalian subject by 

contacting a cell of the subject with a modified nucleic acid having a translatable region that encodes 

a functional CFTR polypeptide, under conditions such that an effective amount of the CTFR 

polypeptide is present in the cell. Preferred target cells ate epithelial cells, such as the lung, and 

methods of administration are determined in view of the target tissue; i.e., for lung delivery, the 

RNA molecules are formulated for administration hy inhalation.

[00578[ In another embodiment, the present disclosure provides a method for treating

hyperlipidemia in a subject, by introducing into a cell population of the subject with a modified 

mRNA molecule encoding Sortilin, a protein recently characterized by genomic studies, thereby 

ameliorating the hyperlipidemia in a subject. The SORTl gene encodes a trans-Golgi network (TGN) 

transmembrane protein called Sortilin. Genetic studies have shown that one of live individuals has a 

single nucleotide polymorphism, rs!2740374, in the Ip 13 locus of the SORTl gene that predisposes 

them to having low levels oflow- density lipoprotein (I.DI.) and very-low-density lipoprotein 

(VTDT). Tach copy of the minor allele, present in about 30% of people, alters l.DI. cholesterol by 8
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mg/dL, while two copies of the minor allele, present in about 5% of the population, lowers LDL 

cholesterol 1 6 mg/dT.. Carriers of the minor allele have also been shown to have a 40% decreased 

risk of myocardial infarction. Functional in vivo studies in mice describes that overexpression of 

SORT/ in mouse liver tissue led to significantly lower 1.DI.-cholesterol levels, as much as 80% 

lower, and thaL silencing SOR.T1 increased LDL cholesterol approximately 200% (Musunuru K. et al. 

From noncoding variant to phenotype via SORT] at the 1 p 13 cholesterol locus. Nuture 2010; 466: 

714-721).

Methods of cellular nucleic acid delivery

[00579( Methods of the present disclosure enhance nucleic acid delivery into a cell population, in 

vivo, ex vivo, or in culture. For example, a cell culture containing a plurality of host cells (e.g., 

eukaryotic cells such as yeast or mammalian cells) is contacted with a composition that contains an 

enhanced nucleic acid having at least one nucleoside modification and, optionally, a translatable 

region. The composition also generally contains a transfection reagent or other compound that 

increases the efficiency of enhanced nucleic acid uptake into the host cells. The enhanced nucleic 

acid exhibits enhanced retention in the cell population, relative to a corresponding unmodified 

nucleic acid. The retention of the enhanced nucleic acid is greater than the retention of the 

unmodified nucleic acid. In some embodiments, it is at least about 50%, 75%, 90%, 95%, 100%,

150%, 200% or more than 200% greater than the retention of the unmodified nucleic acid. Such 

retention advantage may he achieved by one round of transfection with the enhanced nucleic acid, or 

may be obtained following repeated rounds of transfection.

[005801 In some embodiments, die enhanced nucleic acid is delivered to a target cell population 

with one or more additional nucleic acids. Such deliveiy may be at the same time, or the enhanced 

nucleic acid is delivered prior to delivery of the one or more additional nucleic acids. The additional 

one or more nucleic acids may be modified nucleic acids or unmodified nucleic acids. It is 

understood Lhat Lhc initial presence of Lhe enhanced nucleic acids does not substantially induce an 

innate immune response of the cell population and, moreover, that the innate immune response will 

not be activated by the later presence of the unmodified nucleic acids. In this regard, the enhanced 

nucleic acid may not itself contain a translatable region, if the protein desired to be present in the 

target cell population is translated from the unmodi tied nucleic acids.

Targeting Moieties
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(00581) In embodiments of the present disclosure, modified nucleic acids are provided to express a 

protein-bin ding partner nr a receptor on the surface of Lhe cell, which functions to target the cell to a 

specific tissue space or to interact with a specific moiety, either in vivo or in vitro. Suitable protein- 

binding partners include antibodies and functional fragments thereof, scaffold proteins, or peptides. 

Additionally, modified nucleic acids can be employed to direct the synthesis and extracellular 

localization ο ΙΊ1 pi ds, carbohydrates, or other biological moieties.

Permanent Gene Expression Silencing

[00582J Λ method for epigenetieally silencing gene expression in a mammalian subject, 

comprising a nucleic acid where the translatable region encodes a polypeptide or polypeptides 

capable of directing sequence-specific histone H3 methylation to initiate heterochromatin formation 

and reduce gene transcription around specific genes for the purpose of silencing the gene. For 

example, a gain-of-fijnetion mutation in the Janus Kinase 2 gene is responsible for the family of 

Myeloproliferative Diseases.

Delivery of a Detectable or Therapeutic Agent to a Biological Target

[00583] The modified nucleosides, modified nucleotides, and modified nucleic acids described 

herein can he used in a number ofdifferent scenarios in which delivery ofa substance (the 

‘‘payload”) to a biological target is desired, for example delivery of detectable substances for 

detection of the target, or delivery of a therapeutic agent. Detection methods can include both 

imaging in vitro and in vivo imaging methods, e.g., immunohistochemistry, bioluminescence 

imaging (BL1), Magnetic Resonance Imaging (MR1), positron emission tomography (PhT), electron 

microscopy. X-ray computed tomography, Raman imaging, optical coherence tomography, 

absorption imaging, thermal imaging, fluorescence reflectance imaging, fluorescence microscopy, 

fluorescence molecular tomographic imaging, nuclear magnetic resonance imaging, X-ray imaging, 

ultrasound imaging, photoacoustic imaging, lab assays, or in any situation where 

lagging/slaining/imaging is required.

[00584( For example, the modified nucleosides, modified nucleotides, and modified nucleic acids 

described herein can be used in reprogramming induced pluripotent stem celts (iPS cells), which can 

then be used to directly track cells that are trans lected compared to total cells in the cluster. In 

another example, a drug that is attached to Lhe modified nucleic acid via a linker and is lluorescently 

labeled can be used to track the drug in vivo, e.g. intracellularly. Other examples include the use ofa 

modified nucleic acid in reversible drag delivery into cells.
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[00585] The modified nucleosides, modified nucleotides, and modified nucleic acids described 

herein can be used in intracellular targeting of a payload, e g., detectable or therapeutic agent, to 

specific organelle. Exemplary intracellular targets can include the nuclear localization for advanced 

mRNA processing, or a nuclear localization sequence (NI.S) linked to Lhe mRNA containing an 

inhibitor.

[(1()586] In addition, Lhe modified nucleosides, modified nucleotides, and modified nucleic acids 

described herein can be used to deliver therapeutic agents lo cells or tissues, e.g., in living animals, 

l or example, the modified nucleosides, modified nucleotides, and modified nucleic acids described 

herein can be used to deliver highly polar chemotherapeutics agents to kill cancer cells, 'lhe 

modified nucleic acids attached to the therapeutic agent through a linker can facilitate member 

permeation allowing the therapeutic agent to travel into a cell to reach an intracellular target.

[00587( In another example, the modified nucleosides, modified nucleotides, and modified nucleic 

acids can be attached to a viral inhibitory peptide (Vll*) through a cleavable linker, lhe cleavable 

linker will release the VIP and dye into the cell. In another example, Lhe modified nucleosides, 

modi lied nucleotides, and modified nucleic acids can be attached through lhe linker to a ΑΌΡ- 

ribosylale, which is responsible for the actions of some bacterial toxins, such as cholera toxin, 

diphtheria toxin, and pertussis toxin. These Loxin proteins are ADP-rihosyllransferases Lhat modify 

taTget proLeins in human cells. For example, cholera toxin ADP-ribosylales G proteins, causing 

massive fluid secretion from the lining of the small intestine, resulting in life-threatening diairhea. 

Pharmaceutical Compositions

[00588] The present disclosure provides proteins generated from modified mRNAs.

Pharmaceutical compositions may optionally comprise one or more additional therapeutically active 

substances. In accordance with some embodiments, a method of administering pharmaceutical 

compositions comprising a modified nucleic acide encoding one or more proteins to be delivered to 

a subject in need thereo f is provided. In some embodiments, compositions are administered to 

humans. For the purposes of the present disclosure, the phrase “active ingredient” generally refers to 

a ρτοίοίη, protein encoding or protein-containing complex as described herein.

[(10589) Although the descriptions of pharmaceutical compositions provided herein are principally 

directed lo pharmaceutical compositions which are suitable for administration to humans, it will be 

understood by the skilled artisan that such compositions are generally suitable for administration to 

animals of all sorts. Modification of pharmaceutical compositions suitahfc Ι’οτ administration to
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humans in order to render the compositions suitable for administration to various animals is well 

understood, and the ordinarily skilled veterinary pharmacologist can design and/or perform such 

modification with merely ordinary, if any, experimentation. Subjects to which administration of the 

pharmaceutical compositions is contemplated include, but are not limited to, humans and/or otheT 

primates; mammals, including commercially relevant mammals such as cattle, pigs, horses, sheep, 

cals, dogs, mice, and/or rats; and/or birds, including commercially relevant birds such as chickens, 

ducks, geese, and/or turkeys.

[00590] Formulations of the pharmaceutical compositions described herein may be prepared by 

any method known or hereafter developed in the art of pharmacology. In general, such preparatory 

methods include the step of bringing tlic active ingredient into association with an excipient and/or 

one or more oilier accessory ingredients, and then, if necessary and/or desirable, shaping and/or 

packaging the product into a desired single- or multi-dose unit.

[(11)591] Λ phannaceutical composition in accordance with the present disclosure may be prepared, 

packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit doses. As 

used herein, a “unit dose” is discrete amount of the pharmaceutical composition comprising a 

predetermined amount of the active ingredient. The amount of the active ingredient is generally 

equal to the dosage of Lhe active ingredient which would be administered to a subject and/or a 

convenient fraction of such a dosage such as, for example, one-half or one-third of such a dosage. 

[00592] Relative amounts of the active ingredient, the pharmaceutically acceptable excipient, 

and/or any additional ingredients in a phannaceutical composition in accordance with the present 

disclosure will vary, depending upon tlic identity, size, and/or condition of tlic subject treated and 

further depending upon the route by which the composition is to be administered. By way of 

example, the composition may comprise between 0.1 % and 1 (10% (w/w) active ingredient.

[005931 Phannaceutical formulations may additionally comprise a pharmaceutically acceptable 

excipient, which, as used herein, includes any and all solvents, dispersion media, diluents, or other 

liquid vehicles, dispersion or suspension aids, surface active agents, isotonic agents, thickening or 

emulsifying agents, preservatives, solid binders, lubricants and Lhe like, as suited to the particular 

dosage form desired. Remington’s The Science and Practice oj Pharmacy, 21si Edition, A. R. 

Gennaro (Lippineolt, Williams & Wilkins, Baltimore, MD, 2006; incorporated herein by reference) 

discloses various excipients used in formulating phannaceutical compositions and known techniques 

for Lhe preparation thereof Except in so tin' as any conventional excipienL medium is incompatible
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with a substance or its derivatives, such as by producing any undesirable biological effect or 

otherwise interacting in a deleterious manner with any other componenl(s) of the pharmaceutical 

composition, its use is contemplated to be within the scope of this present disclosure.

[00594] In some embodiments, a pharmaceutically acceptable excipient is at leasl 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% pure. In some embodiments, an excipient is 

approved lor use in huinans and tor veterinary use. In some embodiments, an excipient is approved 

by United Slates Food and Drug Administration. In some embodiments, an excipient is 

pharmaceutical grade. In some embodiments, an excipient meets the standards of the United States 

Pharmacopoeia (LISP), tlie European Pharmacopoeia (EP), the British Pharmacopoeia, and/or the 

International Pharmacopoeia.

1005951 Pharmaceutically acceptable excipients used in the manufacture of pharmaceutical 

compositions include, but arc not limited to, inert diluents, dispersing and/or granulating agents, 

surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives, 

buffering agents, lubricating agents, and/or oils. Such excipients may optionally be included in 

pharmaceutical tormulations. Excipients such as cocoa butter and suppository waxes, coloring 

agents, coating agents, sweetening, flavoring, and/or perfuming agents can he present in the 

composition, according to the judgment of the ibrmulator.

[00596] Exemplary diluents include, but are not limited to, calcium carbonate, sodium carbonate, 

calcium phosphate, dicalcium phosphate, calcium sulfate, calcium hydrogen phosphate, sodium 

phosphate lactose, sucrose, cellulose, microerystalline cellulose, kaolin, mannitol, sorbitol, inositol, 

sodium chloride, dty starch, cornstarch, powdered sugar, etc., and/or combinations thereof.

[00597] Exemplary granulating and/or dispersing agents include, but are not limited to, potato 

starch, com starch, tapioca starch, sodium starch glvcolatc, clays, alginic acid, guar gum, citrus pulp, 

agar, bentonite, cellulose and wood products, natural sponge, cation-exchange resins, calcium 

carhonalc, silicates, sodium carbonate, cross-linkedpo1y(vinyl-pyrroIidone) (erospovidone), sodium 

carboxymethyl staroh (sodium starch glycoiate), caTboxymethyl cellulose, cross-linked sodium 

carboxymethyl cellulose (eroscarmellosc), methylcellulosc, prege latinized starch (starch 1500), 

microerystalline starch, water insoluble starch, calcium earboxymethyl cellulose, magnesium 

aluminum silicate (Veegum), sodium lauryl sulfate, quaternary ammonium compounds, ate., and/or 

combinations thereof.
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[00598[ Exemplary surface active agents and/or emulsifiers include, but arc not limited to, natural 

emulsifiers (e.g. acacia, agar, alginic acid, sodium alginate, tragacanlh, ehondrux, cholesterol, 

xanthan, pectin, gelatin, egg yolk, casein, wool fat, cholesterol, wax, and lecithin), colloidal clays 

(e.g. bentonite [aluminum silicate] and Veegum® [magnesium aluminum silicate]), long chain amino 

acid derivatives, high molecular weight alcohols (e.g. steaiyl alcohol, cetyl alcohol, oleyl alcohol, 

triacetin monostearale, ethylene glycol disteaTaLe, glyceryl monostearate, and propylene glycol 

monustearate, polyvinyl alcohol), carbomers (e.g. carboxy polymelhylene, polyacrylic acid, acrylic 

acid polymer, and carboxyvinyl polymer), carrageenan, cellulosic derivatives (e.g. 

carboxymethylcellulose sodium, powdered cellulose, hydroxymethyl cellulose, hydroxypropyl 

cellulose, hydroxypropyl mcthylccllulosc, mcthyiccllulosc), sorbitan fatty acid esters (e.g. 

polyoxyethylene sorbitan monolaurate |'l'ween®201, polyoxyethylene sorbitan ITween^OO ], 

polyoxyethylene sorbitan monoolcate [Tweenw80], sorbitan monopalmitatc [Span®40], sorbitan 

monostearate [Span®60], sorbitan tristearate [Span®65], glyceryl monoolcate, sorbitan monoolcate 

[Spanw80]), polyoxyethylene esters (e.g. polyoxyethylene mono stearate [Myrjw45], polyoxyethylene 

hydrogenaLed castor oil, poly ethoxy la ted castor oil, poly oxyme thy lene stearate, and Solulol®), 

sucrose fatly acid esteTs, polyethylene glycol fatty acid esLeis (eg. Cremophnr®), polyoxyethylene 

elheTs, (e.g. polyoxyethylene lauryl elheT [Brij^SO]), poly(vinyl-pyrrolidone), dicthylene glycol 

monolaurate, triethanolamine oleate, sodium oleate, potassium oleate, ethyl oleate, oleic acid, ethyl 

laurate, sodium lauryl sulfate, Pluronic*F 68, Poloxamer®188, eetrimonium bromide, 

cetylpyridinium chloride, benzalkonium chloride, docusate sodium, etc. and/or combinations thereof. 

[00599] Exemplary binding agents include, but arc not limited to, starch (e.g. cornstarch and starch 

paste); gelatin; sugars (e.g. sucrose, glucose, dextrose, dextrin, molasses, lactose, lactilol, mannitol,); 

natural and synthetic gums (e.g. acacia, sodium alginate, extract of Irish moss, panwar gum, ghatti 

gum, mucilage of isapol husks, carboxymethylcellulose, inethvlcellulose, ethylccllulose, 

hydroxyelhylecllulosc, hydroxypropyl cellulose, hydroxypropyl mcthylccllulosc, microeryslalline 

cellulose, cellulose acetate, poly (vinyl-pyrroli done), magnesium aluminum silicate (Veegum®), and 

larch arabogalaetan); alginates; polyethylene oxide; polyethylene glycol; inorganic calcium salts; 

silicic acid; polymethacrylates; waxes; water; alcohol; etc. ; and combinations thereof.

[¢1()60()] 1 ixemplary preservatives may include, but are not limited to, antioxidants, chelating

agents, antimicrobial preseivatives, antifungal preseivatives, alcohol preservatives, acidic 

preservatives, and/or other preservatives. Exemplary anLioxidants include, but arc not limited to,
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alpha tocopherol, ascorbic acid, acorbyl palmitate, butylatcd hydroxyanisolc, butylatcd

hydroxy toluene, monoth io glycerol, potassium metabisulfite, propionic acid, propyl gallate, sodium 

ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite. Exemplary chelating 

agents include ethylenediaminetetraaeetie acid (F;DTA), citric acid monohydrale, disodium edetate, 

dipotassium edetate, edelic acid, fumaric acid, malic acid, phosphoric acid, sodium edetale, tartaric 

acid, and/or trisodium edetate. Exemplary antimicrobial preservatives include, but are not limited to, 

benzalkonium chloride, benzelhonium chloride, benzyl alcohol, bronopol, cetrimide, 

celylpyridinium chloride, chlorhexidine, chlorobiilunol, chlorocresol, chloroxylenol, cresol, ethyl 

alcohol, glycerin, hexetidine, imidurea, phenol, phenoxyethanol, phenylethyl alcohol, 

phcnylmcrcuric nitrate, propylene glycol, and/or thimcrosal. Exemplary antifungal preservatives 

include, but are not limited to, butyl paraben, methyl paraben, ethyl paraben, propyl paraben, 

benzoic acid, hydroxybcnzoic acid, potassium benzoate, potassium sorbate, sodium benzoate, 

sodium propionate, and/or sorbic acid. Exemplary alcohol preservatives include, but are not limited 

to, ethanol, polyethylene glycol, phenol, phenolic compounds, bisphenol, chlorobutanol, 

hydroxy  benzoate, and/or phenylethyl alcohol. Exemplary acidic preservatives include, buL are not 

limited Io, vitamin A, vitamin C, vitamin E, beta-carotene, citric acid, acetic acid, dehydroacetic 

acid, ascorbic acid, sorbic acid, and/or phytic acid. Other preservatives include, buL are not limited 

to, tocopherol, tocopherol acetate, deteroxime mesylate, cetrimide, buly fated hydroxy an iso I (BIIA), 

butylatcd hydroxytoluened (HI IT), ethylenediamine, sodium lauryl sulfate (SES), sodium lauryl 

ether sulfate (SLES), sodium bisulfite, sodium metabisulfite, potassium sulfite, potassium 

metabisulfite, Glydant Plus®, Phcnonip®, mcthylparabcn. Gcrmall®115, Gerniabcn®II, Ncolonc”*, 

Kathon™, and/or Euxyl®.

[00601] Exemplary buffering agents include, but arc not limited to, citrate buffer solutions, acetate 

buffer solutions, phosphate buffer solutions, ammonium chloride, calcium carbonate, calcium 

chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium gluconate, d-gluconic 

acid, calcium glycerophosphate, calcium lactate, propanoic acid, calcium levulinate, pentanoic acid, 

dibasic calcium phosphate, phosphoric acid, tribasic calcium phosphate, calcium hydroxide 

phosphate, potassium acetate, potassium chloride, potassium gluconate, potassium mixtures, dibasic 

potassium phosphate, monobasic potassium phosphate, potassium phosphate mixtures, sodium 

acetate, sodium bicarbonate, sodium chloride, sodium citr ate, sodium lactate, dibasic sodium 

phosphate, monobasic sodium phosphate, sodium phosphate mixtures, tromethamine, magnesium
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hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water, isotonic saline, Ringer’s solution, 

ethyl alcohol, etc., and/or combinations thereof.

[00602] Exemplary lubricating agents include, but are not limited to, magnesium stearate, calcium 

stearate, sLearic acid, silica, talc, mall, glyceryl behanaLe, hydrogenated vegetable oils, polyethylene 

glycol, sodium benzoate, sodium acetate, sodium chloride, leucine, magnesium lauryl sulfaLe, 

sodium lauryl suliale, etc,, and combinations thereof

|00603| Exemplary oils include, but are not limited to, almond, apricot kernel, avocado, babassu, 

bergamot, black current seed, borage, cade, camomile, canola, caraway, camauba, castor, cinnamon, 

cocoa butter, coconut, cod liver, coffee, com, cotton seed, emu, eucalyptus, evening primrose, fish, 

flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl myristatc, jojoba, kukui nut, 

lavandin, lavender, lemon, litsea cubeba, macademia nut, mallow, mango seed, meadowfoam seed, 

mink, nutmeg, olive, orange, orange roughy, palm, palm kernel, peach kernel, peanut, poppy seed, 

pumpkin seed, rapeseed, rice bran, rosemary, safflower, sandalwood, sasquana, savoury, sea 

buckthorn, sesame, shea butter, silicone, soybean, sunflower, lea tree, thistle, tsubaki, veliver, 

walnut, and wheat germ oils. Exemplary oils include, but are not limiLed to, butyl stearate, caprylic 

triglyceride, capric Iriglyeeride, cyclomelhicone, diethyl sebacale, dimelhicone 360, isopropyl 

myristate, mineral oil, octyldodecanol, oleyl alcohol, silicone oil, an d'or combinations thereof. 

[00604] Liquid dosage forms for oral and parenteral administration include, but are not limited to, 

phanuaceutically acceptable emulsions, microeinulsions, solutions, suspensions, syrups, and/or 

elixirs, hi addition to active ingredients, liquid dosage forms may comprise inert diluents commonly 

used in the art such as, for example, wratcr or other solvents, solubilizing agents and emulsifiers such 

as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 

propylene glycol, 1,3-butylenc glycol, dimethyl formamidc, oils (in particular, cottonseed, groundnut, 

com, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols 

and fatty acid esters of sorbilan, and mixtures thereof Resides inert diluents, oral compositions can 

include adjuvants such as wetting agents, emulsi lying and suspending agents, sweetening, flavoring, 

and/or perfuming agents. In certain embodiments for parenteral administration, compositions are 

mixed with solubilizing agents such as Cremophor®, alcohols, oils, modified oils, glycols, 

poly sorbates, cyclodextrins, polymers, an dor combinations thereof.

[00605] Injectable preparations, for example, sterile injectable aqueous ot oleaginous suspensions 

may be formulated according to the known art using suitable dispersing agents, wetting agents,
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and/or suspending agents. Sterile injectable preparations may be sterile injectable solutions, 

suspensions, and/or emulsions in nontoxic pai'enlerally acceptable diluents and/or solvents, for 

example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be 

employed are water, Ringer's solution, U.S.P., and isotonic sodium chloride solution. Sterile, fixed 

oils are conventionally employed as a solvent or suspending medium. For this purpose any bland 

fixed oil can be employed including synthetic mono- or diglycerides. Fatty acids such as oleic acid 

can be used in the preparation ol' injeetables.

[00606J lnjeeluble formulations can be sterilized, for example, by filtration through a bacterial- 

retaining filter, and/or by incorporating sterilizing agents in the form of sterile solid compositions 

which can be dissolved or dispersed in sterile water or other sterile injectable medium prior to use.

100607| In order to prolong the effect of an active ingredient, it is often desirable to slow the 

absorption of the active ingredient from subcutaneous or intramuscular inj ection. This may be 

accomplished by the use of a liquid suspension of crystalline or amorphous material with poor water 

solubility. The rate of absorpLion of the drug then depends upon its rate of dissolution which, in 

turn, may depend upon crystal size and crystalline iorm. Alternatively, delayed absorption of a 

parenteral ly administered drug form is accomplished by dissolving or suspending the drug in an oil 

vehicle. Injectable depot forms are made by forming micro cncapsule matrices of the drug in 

biodegradable polymers such as polylactide-polyglvcolide. Depending upon the ratio of drug to 

polymer and the nature of the particular polymer employed, the rate of drug release can he 

controlled. Examples of other biodegradable polymers include poly(oifhoesters) and 

polyianhydridcs). Depot injectable formulations arc prepar ed by entrapping the drug in liposomes or 

micro emulsions which are compatible with body tissues.

[00608] Compositions for rectal or vaginal administration are typically suppositories which can he 

prepared by mixing compositions with suitable non-irritating excipients such as cocoa butter, 

polyethylene glycol or a suppository wax which arc solid at ambient temperature but liquid at body 

temperature and therefore melt in the rectum or vaginal cavity and release the active ingredient. 

[00609] Solid dosage forms for oral administration include capsules, tablets, pills, powders, and 

granules. In such solid dosage forms, an active ingredient is mixed with at least one inert, 

pharmaceutically acceptable excipient such as sodium citrate or dicalcium phosphaLe and/οτ fillers or 

extenders (e.g. starches, lactose, sucrose, glucose, mannitol, and silieic acid), binders (e.g. 

carboxymethylcellulosc, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia), humectants
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(e.g. glycerol), disintegrating agents (e.g. agar, calcium carbonate, potato or tapioca starch, alginic 

acid, certain silicates, and sodium carbonate), solution retarding agents (e.g. para (Tin), absorption 

accelerators (e.g. quaternary ammonium compounds), wetting agents (e.g. cetyl alcohol and glycerol 

monostearate), absorbents (e.g. kaolin and bentonite clay), and lubricants (e.g. talc, calcium stearate, 

magnesium stearate, solid polyethylene glycols, sodium lauiyl sulfate), and mixLures thereof. In the 

ease ol capsules, tablets and pills, the dosage form may comprise budenng agents.

1006101 Solid compositions of a similar type may be employed as fillers in soft and hard-filled 

gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight 

polyethylene glycols and the like. Solid dosage forms of tablets, dragees, capsules, pills, and 

granules can be prepared with coatings and shells such as enteric coatings and other coatings well 

known in the pharmaceutical formulating art. lliey may optionally comprise opacifying agents and 

can be of a composition that they release the active ingrcdicnt(s) only, or preferentially, in a certain 

part of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions 

w'hieh can be used include polymeric substances and waxes. Solid compositions of a similar type 

may be employed, as fillers in soli and hard-filled gelatin capsules using such excipients as lactose or 

milk sugar as well as high molecular weight polyethylene glycols and the like.

[00611] Dosage forms for Lopieal and/or bans dermal administration of a composition may include 

oinlmenLs, pastes, creams, loLions, gels, powders, solutions, sprays, inhalants and/or patches. 

Generally, an active ingredient is admixed under sterile conditions with a pharmaceutically 

acceptable excipient and/or any needed preservatives and/or buffers as may be required. 

Additionally, tlic present disclosure contemplates tlic use of tiansdermal patches, which often have 

the added advantage of providing controlled deliveiy of a compound to the body. Such dosage 

forms may be prepared, for example, by dissolving and/or dispensing the compound in the proper 

medium. Alternatively or additionally, rate may be controlled by either providing a rate controlling 

membrane and/or by dispersing the compound in a polymer matrix and/or gel.

[00612[ Suitable devices for use in delivering intradermal pharmaceutical compositions described, 

herein include short needle devices such as those described in U.S. Patents 4,886,499; 5,190,52 I; 

5,328,483, 5,527,288; 4,270,537; 5,015,235, 5,141,496; and 5,417,662. Intradermal compositions 

may be administered by devices which limit the effective penetration length of a needle into the skin, 

such as those described in PCT publication WO 99/34850 and functional equivalents thereof. Jet 

injection devices which deliver liquid compositions to the dermis via a liquid jet injector and/or via a
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needle which pierces the stratum comcum and produces a jet which reaches the dermis arc suitable. 

Jet injection devices are described, for example, in U S. Patents 5,480,381; 5,599,302; 5,334,144; 

5,993,412; 5,649,912; 5,569,189; 5,704,911; 5,383,851; 5,893,397; 5,466,220; 5,339,163;

5,312,335; 5,503,627; 5,064,413; 5,520,639; 4,596,556; 4,790,824; 4,941,880; 4,940,460; and PCT 

publications WO 97/37705 and WO 97/13537. Ballistic powder/p article delivery devices which use 

compressed gas lo accelerate vaccine in powder term through the ouleT layere of the skin to the 

dermis are suitable. Alternatively or additionally, conventional syringes may be used in the classical

mantoux method of intradermal administration.

)(1()613] Formulations suitable for topical administration include, but are not limited to, liquid 

and/or semi liquid preparations such as liniments, lotions, oil in water and/or water in oil emulsions 

such as creams, ointments and/or pastes, and/or solutions and/or suspensions. Topieally- 

administrablc formulations may, for example, comprise from about 1% to about 10% (w/w) active 

ingredient, although the concentration of active ingredient may be as high as the solubility limit of 

the active ingredient in the solvent. Formulations for topical administration may further comprise 

one or moTe of the additional ingredients described herein.

[60614] A pharmaceutical composition may he prepared, packaged, and/or sold in a formulation 

suitable for pulmonary administration via the buccal cavity. Such a formulation may comprise dry 

particles which comprise the active ingredient and which have a diameter in the range from about 

0.5 mu to about 7 nm or from about 1 run to about 6 nm. Such compositions are conveniently in the 

form of dry powders for administration using a device comprising a dry powder reservoir to which a 

stream of propellant may be directed to disperse the powder and/or using a self propelling 

solvent/powder dispensing container such as a device comprising the active ingredient dissolved 

and/or suspended in a low-boiling propellant in a sealed container. Such powders comprise particles 

wherein at least 98% of the particles by weight have a diameter greater than 0.5 nm and at least 95% 

of the particles by number have a diameter less than 7 nm. Alternatively, at least 95% of the 

particles by weight have a diameter greater than 1 nm and at least 90% of the particles by number 

have a diameter less than 6 nm. Dry powder compositions may include a solid fine powder diluent 

such as sugar and are conveniently provided in a unit dose form.

[00615) I ,ow boiling propellants generally include liquid propellants having a boiling point of 

below 65 °F at atmospheric pressure. Generally the propellant may constitute 50% to 99.9% (w/w) 

of the composition, and active ingredient may constitute 0.1 % to 20% (w/w) of the composition. A
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propellant may further comprise additional ingredients such as a liquid non-ionic and/or solid 

anionic surfactant and/or a solid diluent (which may have a particle size of Lhe same order as 

particles comprising the active ingredient).

[00616] Pharmaceutical compositions lormulaled for pulmonary delivery may provide an active 

ingredient in the form of droplets of a solution and/or suspension. Such formulations may he 

prepared, packaged, and/or sold as aqueous and/or dilute alcoholic solutions an Lot suspensions, 

optionally sterile, comprising active ingredient, and may conveniently be administered using any 

nebulizalion and/or atomization device. Such formulations may further comprise one or more 

additional ingredients including, but not limited to, a flavoring agent such as saccharin sodium, a 

volatile oil, a buffering agent, a surface active agent, and/or a preservative such as 

methylhydroxybenzoate. Droplets provided by this route of administration may have an average 

diameter in the range from about 0.1 nm to about 200 nm.

[(10617( Formulations described herein as being useful for pulmonary delivery are useful for 

intranasal delivery of a pharmaceutical composition. Another formulation suitable for intranasal 

administration is a coarse powder comprising the active ingredient and having an average particle 

from about 0.2 pm to 500 pm. Such a formulation is administered in the manner in which snuff is 

taken, i.e. by rapid inhalation through the nasal passage from a container of the powder held close to 

the nose.

[(10618( Formulations suitable for nasal administration may, for example, comprise from about as 

little as 0.1% (w/w) and as much as 100% (w/w) of active ingredient, and may comprise one ot more 

of the additional ingredients described herein. A pharmaceutical composition may be prepared, 

packaged, and/or sold in a formulation suitable for buccal administration. Such formulations may, 

for example, be in the form of tablets and/or lozenges made using conventional methods, and may, 

for example, 0.1% to 20% (w/w) active ingredient, the balance comprising an orally dissolvable 

and/or degradable composition and, optionally, one or more of the additional ingredients described 

herein. Alternately, formulations suitable for buccal administration may comprise a powder and/or 

an aerosolized and/or atomized solution and/or suspension comprising active ingredient. Such 

powdered, aerosolized, and/or aerosolized formula lions, when dispersed, may have an average 

particle and/or droplet size in the range from about 0.1 nm to about 200 nm, and may further 

comprise one or more of any additional ingredients described herein.
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[00619] A pharmaceutical composition may be prepared, packaged, and/or sold in a formulation 

suitable for ophthalmic administration. Such formulations may, for example, he in the form of eye 

drops including, for example, a 0.1/1.0% (w/w) solution and/or suspension of the active ingredient in 

an aqueous or oily liquid excipient. Such drops may further comprise bulfering agents, salts, and/οτ 

one or moTe other of any additional ingredients described herein. Other opthalmically-administrable 

formulations which are useful include those which comprise the active ingredient in micro crystal line 

form and/or in a liposomal preparation. Ear drops and/or eye drops are contemplated as being within 

the scope of this present disclosure.

)00620, General considerations in the formulation and/or manufacture of pharmaceutical agents 

may be found, for example, in Remington; The Science and Practice of Pharmacy 21st cd.,

Lippincott Williams & Wilkins, 2005 (incorporated herein by reference).

Administration

[(10621] The present disclosure provides methods comprising administering proteins or complexes 

in accordance with the present disclosure to a subject in need thereof. Proteins or complexes, or 

pharmaceutical, imaging, diagnostic, or prophylactic compositions thereof, may be administered to a 

suhjecl using any amount and any route of administration effective for preventing, treating, 

diagnosing, or imaging a disease, disorder, and/or condition (e.g., a disease, disorder, and/or 

condition relating to working memory deficits). The exact amount required will vary from subject to 

subjeef depending on the species, age, and general condition of the subject, the severity of the 

disease, tlie particular composition, its mode of administration, its mode of activity, and the like. 

Compositions in accordance with the present disclosure arc typically formulated in dosage unit form 

for ease of administration and uniformity of dosage. It will be understood, however, that the total 

daily usage of the compositions of the present disclosure will be decided by the attending physician 

within the scope of sound medical judgment. Tlie specific therapeutically effective, prophylactically 

effective, or appropriate imaging dose level Γοτ any particular patient will depend upon a variety of 

factors including the disorder being treated and the severity of the disorder; the activity of the 

specific compound employed; the specific composition employed; the age, body weight, general 

health, sex and diet of the patient; the time of administration, route ol’administration, and rate of 

excretion of the specific compound employed; the duration of the treatment; drugs used in 

combination or coincidental with tlie specific compound employed; and like factors well known in 

the medical arts.
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[00622) Proteins to be delivered and/or pharmaceutical, prophylactic, diagnostic, or imaging 

compositions thereof may be administered lo animals, such as mammals (e.g., humans, domesticated 

animals, cats, dogs, mice, rats, etc.). In some embodiments, pharmaceutical, prophylactic, 

diagnostic, or imaging compositions thereof are administered lo humans.

) 006231 Proteins lo he delivered and/or phaimaceutical, prophylactic, diagnostic, or imaging 

compositions thereof in accordance with lhe present disclosure may be administered by any roule.

In some embodiments, proteins and/or pharmaceutical, prophylactic, diagnostic, or imaging 

compositions thereof, are administered by one or more of a variety of routes, including oral, 

intravenous, intramuscular, intra-arterial, intramedullary, intrathecal, subcutaneous, intraventricular', 

transdcnnal, intcrdcrmal, rectal, intra vaginal, intrapcritoncal, topical (e.g. by powders, ointments, 

creams, gels, lotions, and/or drops), mucosal, nasal, buccal, enteral, vitreal, intraturnoral, sublingual; 

by intratracheal instillation, bronchial instillation, and/or inhalation; as an oral spray, nasal spray, 

and/or aerosol, and/or through a portal vein catheter. In some embodiments, proteins or complexes, 

and/or pharmaceutical, prophylactic, diagnostic, or imaging compositions thereof, are administered 

by systemic intravenous injection. In specific embodiments, proteins or complexes and/or 

pharmaceutical, prophylactic, diagnostic, or imaging compositions thereof may he administered 

intravenously and/or orally. In specific embodiments, proteins or complexes, and/or pharmaceutical, 

prophylactic, diagnostic, or imaging compositions thereof, may he administered in a way which 

allows the protein or complex to cross the blood-brain barrier, vascular barrier, or other epithelial 

barrier.

[00624] However, tlic present disclosure encompasses tlic delivery of proteins or complexes, 

and/or pharmaceutical, prophylactic, diagnostic, or imaging compositions thereof, by any 

appropriate route taking into consideration likely advances in the sciences of drug delivery.

[00625] In general the most appropriate route of administration will depend upon a variety of 

factors including the nature of the protein or complex comprising proteins associated with at least 

one agent to be delivered (e.g., its stability in the environment of the gastrointestinal tract, 

bloodstream, etc.), the condition of the patient (e.g., whether the patient is able to tolerate particular 

routes of administration), etc. The present disclosure encompasses the deliveiy of the 

pharmaceutical, prophylactic, diagnostic, or imaging compositions by any appropriate route taking 

into consideration likely advances in the sciences of drug deliveiy.
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[00626] In certain embodiments, compositions in accordance with the present disclosure may be 

administered at dosage levels sufficient to deliver from ahouL 0.0001 mg/kg lo about 100 mg/kg, 

from about 0.01 mg/kg to about 50 mg/kg, from about 0.1 mg/kg to about 40 mg/kg, from about 0.5 

mg/kg Lo abouL 30 mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg lo abouL 

10 mg/kg, oi bom about 1 mg/kg to about 25 mg/kg, of subject body weight per day, one or more 

times a day, to obtain the desired therapeutic, diagnostic, prophylactic, or imaging effect. The 

desired dosage may be delivered three times a day, two limes a day, once a day, every other day, 

every third day, every week, every two weeks, every three weeks, or every four weeks. In certain 

embodiments, the desired dosage may be delivered using multiple administrations (e.g., two, three, 

four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or more administrations).

1006271 Proteins or complexes may be used in combination with one or more other therapeutic, 

prophylactic, diagnostic, or imaging agents. By “in combination with,” it is not intended to imply 

that the agents must be administered at the same time and/or formulated for delivery together, 

although these methods of delivery are within the scope of the present disclosure. Compositions can 

be administered concurrently wiLh, prior lo, or subsequent to, one or more other desired therapeutics 

or medical procedures. Tn general, each agenL will he administered at a. dose and/or on a lime 

schedule determined ίοτ thaL agent. In some embodiments, the present disclosure encompasses the 

delivery of pharmaceutical, prophylactic, diagnostic, ot imaging compositions in combination with 

agents that improve their bioavailability, reduce and/or modify their metabolism, inhibit Lheir 

excretion, andzor modify their distribution within tire body.

[00628] It will further be appreciated dial therapeutically, prophylactically, diagnostically, or 

imaging active agents utilized in combination may be administered together in a single composition 

or administered separately in different compositions. In general, it is expected that agents utilized in 

combination witli be utilized at levels that do not exceed the levels at winch they are utilized 

individually. In some embodiments, the levels utilized in combination will be Iowct than those 

utilized individually.

[00629] The particular combination of therapies (therapeutics or procedures) to employ in a 

combination regimen will lake into account compatibility of the desired therapeutics and/or 

procedures and the desired therapeutic ef fect to be achieved. It will also be appreciated that the 

therapies employed may achieve a desired effect for the same disorder (for example, a composition 

usef ul for treating cancer in accordance with the present disclosure may be administered
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concurrently with a chemotherapeutic agent), or they may achieve different effects (e.g., control of 

any adverse e(Teels).

Kits

[0063(1] The present disclosure provides a variety of kits for conveniently and/or effectively 

carrying out methods of the present disclosure. T ypically kits will comprise sufficient amounts 

and/or numbers of components to allow a user to perform multiple treatments of a subjecl(s) and/or 

to perform multiple experiments.

100631] In one aspect, the disclosure provides kits for protein production, comprising a first 

isolated nucleic acid comprising a translatable region and a nucleic acid modification, wherein the 

nucleic acid is capable of evading or avoiding induction of an innate immune response of a cell into 

which the first isolated nucleic acid is introduced, and packaging and instructions.

[00632] In one aspect, the disclosure provides kits for protein production, comprising: a first 

isolated modified nucleic acid comprising a translatable region, provided in an amount effective to 

produce a desired amount of a prolein encoded by the translatable region when introduced into a 

target cell; a second nucleic acid comprising an inhibitory nucleic acid, provided in an amount 

effective to substantially inhibit the innate immune response of the cell; and packaging and 

instructions.

[00633] In one aspect, the disclosure provides kits for protein production, comprising a first 

isolated nucleic acid comprising a translatable region and a nucleoside modification, wherein the 

nucleic acid exhibits reduced degradation by a cellular nuclease, and packaging and instructions. 

[00634] In one aspect, die disclosure provides kits for protein production, comprising a first 

isolated nucleic acid comprising a translatable region and at least two different nucleoside 

modifications, wherein the nucleic acid exhibits reduced degradation by a cellular nuclease, and 

packaging and instructions.

[00635] In one aspect, the disclosure provides kits for prolein production, comprising a first 

isolated nucleic acid comprising a translalable region and at least one nucleoside modification, 

wherein the nucleic acid exhibits reduced degradation by a cellular nuclease; a second nucleic acid 

comprising an inhibitory nucleic acid; and packaging and instructions.

[00636] In some embodiments, the fiTst isolaLed nucleic acid comprises messenger RN A (mRNA). 

In some embodiments the mRNA comprises at least one nucleoside selected from the group 

consisting of pyridin-4-one ribonucleoside, 5-aza-uridine, 2-thio-5-aza-uridine, 2-thiouridine, 4-thio
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pseudouridine, 2-thio-pseudouridinc, 5-hydroxyuridinc, 3-mcthyluridinc, 5-carboxymcthyl-undtne, 

l-earboxymethyl-pseudouridine, 5-prop yny I-uridine, 1-propyny I-pseudouridine, 5- 

taurinomethyluridine, l-tauriuometliyl-pseudoundme, 5-taurinomethyl-2-thio-uridine, 1- 

taurinomelhyl-4-lhio-uridine, 5-melhyl-uridme, 1-meIhyI-pseudouridine, 4-Lhio-1-melhyl- 

pseuduuridine, 2-thio-l-methy l-pseudomidine, 1 -methyl-1-deaza-pseudouridine, 2-thio-1-methyl-1- 

deaza-pseudouridine, dihydro undine, dihydropseudoitridme, 2-thio-dihydrauridine, 2-thio- 

dihydropseudouridine, 2-inelhoxyuridine, 2-inelhoxy-4-lhiu-iuidine, 4-methoxy-pseuduuriduie. 4- 

methoxy-2-thio-pseudouridine or any disclosed herein.

1006371 In some embodiments, the mRNA comprises at least one nucleoside selected from the 

group consisting of 5-aza-cytidinc, pscudoisocytidine, 3-methyl-cytidinc, N4-acctylcytidinc, 5- 

fonnylcytidine, N4-methylcytidine, 5-hydroxyniethylcytidine, 1 -methyl-pseudoisocytidine, pynolo 

cytidinc, pyrrolo-pscudoisocytidine, 2-thio-cytidinc, 2-thio-5-mcthyl-cytidmc, 4-thio- 

pseudoisocytidine, 4-thio-l-methyl-pseudoisocytidine, 4-thio-l -methyl-1-deaza-pseudoisocytidine, 

1 -methyl- 1-deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5-melhyl-zebularine, 5-aza-2- 

thio-zebularine, 2-thio-zebularine, 2-methoxy-cylidine, 2-methoxy-5-melhyl-cytidine, 4-methoxy- 

pseudoisocytidine, 4-melhoxy-l-methyl-pseudoisocytidine or any disclosed herein.

[00638J Tn some embodiments, the mRNA comprises at least one nucleoside selected tram Lhe 

group consisting of2-aminopurine, 2, 6-di ami no purine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7- 

deaza- 2-ami nopurine, 7-deaz.a-K-aza-2-am inopurine, 7 - deaza- 2,6- di ami nop uri ne, 7-deaza- 8- a za- 2,6 

diaininopurme, I-methy(adenosine, Νό-methyladenosine, N6-isopentenyladenosine, N6-fcis- 

hydroxy  i sopcntcnyl) adeno sine, 2 -methy ltlii o-N6-(cis -hydroxyi so pcntcnyl) adeno sin c, N6- 

g lycinylcarbamoyladeno s ine, N 6 - threony lcarbamoyladenos ine, 2 -methylthio-N0-threony 1 

carbamoyladcnosinc,N6,N6-dimcthyladcTtosinc, 7-nicthyladcntne, 2-mcthylthio-adcninc, 2- 

inethoxy-adenine or any disclosed herein.

[00639) In some embodiments, the mRNA comprises at least one nucleoside selected from the 

group consisting ofinosine, 1 -methyl-inosine, wyosine, wyhutosine, 7-deaza-guanosrne, 7-deaza-8 

aza-guanosme, 6-thio-guano sine, 6-thio-7-deaza-guanosine, 6-thio-7-dcaza-8-a/a-guanosine, Ί- 

methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-melhoxy-guanosine, 1- 

melhylguanosme, N2-meLhylguanosine, N 2, N 2 -dimethyl guano sine, 8-oxo-guanosine, 7-methyl-8- 

oxo-guanosine, 1 -methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, N2,N2-dimethyl-6-thio- 

guanosinc or any disclosed herein.
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[00640( In another aspect, the disclosure provides compositions for protein production, comprising 

a first isolated nucleic acid comprising a translatable region and a nucleoside modification, wherein 

the nucleic acid exhibits reduced degradation by a cellular nuclease, and a mammalian cell suitable 

for translation of the translatable region of the first nucleic acid.

Definitions
[(10641 J At various places in Lhe present specification, substituents of compounds ol the present 

disclosure ate disclosed in groups or in ranges. It is specifically intended that the present disclosure 

include each and every individual subeombination of the members of such groups and ranges, bur 

example, the term “Ci^ alkyl” is specifically intended to individually disclose methyl, ethyl, Cj 

alkyl, C4 alkyl, Cs alkyd, and alkyl.

1006421 About: As used herein, the term “about” means 1 /-10% of the recited value.

[00643] Administered in combination: As used herein, the term “administered in combination” or 

“combined administration” means that two or more agents are administered to a subject at the same 

time or within an interv al such that there may be an overlap of an effect of each agent on the patient, 

in some embodiments, they are administered within about 60, 30, 15, 10, 5, or I minute of one 

another, in some embodiments, the administrations of the agents are spaced sufficiently closely 

together such that a combinatorial (e.g., a synergistic) ef fect is achieved.

[00644] Animal: As used herein, the Lerm “animal” refers to any member of the animal kingdom.

In some embodiments, “animal” refers to humans at any stage of development. In some 

embodiments, “animal” refers to non-human animals at any stage of development. In certain 

embodiments, the lion-liuman animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit, a monkey, 

a dog, a cat, a sheep, cattle, a primate, or a pig). I11 some embodiments, animals include, but are not 

limited to, mammals, birds, reptiles, amphibians, fish, and worms. In some embodiments, the animal 

is a transgenic animal, genetically-engineered animal, or a clone.

[(11)645] Antigens of interest or desired antigens: As used herein, Lhe Lcims “antigens of interest” or 

“desired antigens” include those proteins and other biomolecules provided herein that are 

immunospecifically hound by the antibodies and fragments, mutants, variants, and alterations thereof 

described herein. Examples of antigens of interest include, but are not limited to, insulin, insulin- 

like growth factor, hGII, LPA, cytokines, such as interleukins (IL), e.g., 11-1, IL-2, IL-3, IL-3, II^ 5, 

IL-ό, IL-7, IL-8, IL-9, Π,-10, Π-t 1, IL-12, Π,-13, IL-14, IT,-15, IL-16, IL-17, IL-18, interferon
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(IFN) alpha, EFN beta, IFN gamma, IFN omega or IFN tau, tumor necrosis factor (TNF), such as 

TNT alpha and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VLGF 

[00646] Approximately: As used herein, the term “approximately” or “about,” as applied to one or 

more values of interest, refers Lo a value lhat is similar to a stated, reference value. In certain 

embodiments, the term “approximately” or “about” refers to a range of values that fall within 25%, 

20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 

1%, or less in either direction (greater than or less than) of the stated reference value unless 

otherwise stated or otherwise evident from the context (except where such number would exceed 

100% of a possible value)

[0064η Associated with: As used herein, the terms “associated with,” “conjugated,” “linked,” 

“attached," and “tethered,” when used with respect to two or more moieties, means that the moieties 

arc physically associated or connected with one another, either directly or via one or more additional 

moieties that serves as a linking agent, to form a structure that is sufficiently stable so that the 

moieties remain physically associated under the conditions in which the structure is used, e.g., 

physiological conditions. An “association” need not be strictly through direct covalent chemical 

honding. Il may also suggest ionic or hydrogen bonding or a hybridization based connectivity 

sufficiently stable such that the “associated” entities remain physically associated.

[00648] Biocompelihle: As used herein, the term “bioeompatible" means compatible with living 

cells, tissues, organs or systems posing little to no risk of injury, toxicity or rejection by the immune 

system.

[00649] Biodegradable. As used herein, tile term “biodegradable” means capable of being broken 

down into innocuous products by the action of living things.

[00650] Biologically active: As used herein, the phrase “hiologtcally active” refers to a 

characteristic of any substance that has activity in a biological system and/or organism. For 

instance, a substance lhat, when administered to an organism, has a biological effect on lhat 

organism, is considered to be biologically active. In particular embodiments, a polynucleotide of the 

present invention may be considered biologically active if even a portion of the polynucleotide is 

biologically active or mimics an activity considered biologically relevant.

[110651] Chemical terms', lhe following provides the definition of various chemical terms from 

“acyl” to “thiol.”
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[00652] The term “acyl,” as used herein, represents a hydrogen or an alkyl group (e.g., a haloalkyl 

group), as defined herein, Lhal is attached to the parenL molecular group through a carbonyl group, as 

defined herein, and is exemplified by formyl (i.e., a carboxyaldehyde group), acetyl, trifluoroacetyl, 

propionyl, bulanoyl and the like. Exemplary unsubstituted acyl groups include from 1 to 7, from I 

to 11, ot from 1 to 21 carbons. In some embodiments, the alkyl group is further substituted with 1,

2, 3, or 4 substituents as described herein.

|00653| The term “acylamino,” as used herein, represents ail acyl group, as defined herein, 

attached to the parent molecular group though an amino group, as defined herein (i.e., N(Rn1)- 

C(O)-R, where R is H or an optionally substituted Ci_s, Cno, or Ci_2o alkyl group (e.g., haloalkyl) 

and Rni is as defined heroin). Exemplary unsubstituted acylamino groups include from 1 to 41 

carbons (eg., from 1 to 7, from 1 to 13, from 1 to 21, from 2 to 7, from 2 to 13, from 2 to 21, or from 

2 to 41 carbons). In some embodiments, lire alkyl group is further substituted with 1,2, 3, or 4 
substituents as described herein, and/or the ammo group is NH2 ot -NTIRn1} wherein RN1 is, 

independently, Oil, NO2[ NIL·, NRnz2, SO2ORN2, SO2Rn\ SORN2, alkyl, aryl, acyl (e.g., acetyl, 

trill uoToaeetyl, or others described herein), or alkoxy carbonyl alky I, and each RN2 can be II, alkyl, ot 

aryl.

[00654] The term “acvlaminoalkyl,” as used herein, represents an aevl group, as defined herein, 

attached to an amino group that is in Lum attached to the parent molecular group though an alkyl 

group, as defined herein (i.e., alkyl-N(Rwl)-C(O)-R, where R is II or an optionally substituted Cj.g, 

Ci-jo, or Cj-2o alkyl group (e.g., haloalkyl) and RK1 is as defined herein). Exemplary unsubstituted 

acylamino groups include from 1 to 41 carbons (e.g., from 1 to 7, from 1 to 13, from 1 to 21, from 2 

to 7, fr om 2 to 13, from 2 to 21, or from 2 to 41 carbons). In some embodiments, die alkyl group is 

further substituted with 1,2,3, or 4 substituents as described herein, and/or the amino group is -NH2 

or -NHRni, wherein RNI is, independently, OH, NO2, NH2, NR^z, SO2C)RN2, SO2RN2, SOR*2, alkyl, 

aryl, acyl (e g,, acetyl, trifluoroacetyl, or others described herein), or alkoxycarbonylalkyl, and each 

RNj can he TT, alkyl, or aryl.

[00655] The term “acyloxy,” as used heroin, represents an acyl group, as defined herein, attached 

to the parent molecular group though an oxygen atom (i.e., -O-C(O)-R, where R is H or an 

optionally substituted CV, Cl-io, or C^o alkyl group). Exemplary unsubstiLuted acyloxy groups 

include from 1 to 21 carbons (e.g., from 1 to 7 or from 1 to 11 carbons). In some embodiments, the 

alkyl group is further substituted with 1,2, 3, or 4 substituents as described herein.
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[00656( The term “acyloxyalkyl,” as used herein, represents an acyl group, as defined herein, 

attached to an oxygen atom that in turn is attached to the parent molecular group though an alkyl 

group (i.e., -alkyl-O-C(O)-R, where R is II or an optionally substituted Ci_e, or C1.20 alkyl 

group). Exemplary unsubstituted acyloxyalkyl groups include from 1 to 21 carbons (e.g., from I to 

7 or from 1 to 11 carbons). In some embodiments, the alkyl group is, independently, further 

substituted with 1, 2, 3, or 4 substituenLs as described herein.

|00657j The term “alkatyl,” as used herein, represents an aryl group, as defined herein, attached to 

the parent molecular group through an alkylene group, as defined herein. Exemplary unsubstituted 

alkaiyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or from 7 to 20 carbons, such as Cs_s alk- 

Ce.io aryl, C,.io alk-Cs.10 aryl, or Cj.jo alk-Caryl). In some embodiments, the alkylene and the 

aryl each can be further substituted with 1,2, 3, or 4 substituent groups as defined herein for the 

respective groups. Other groups preceded by the prefix “alk-” arc defined in tire same manner, 

where “alk” refers to a C]_s alkylene, unless otherwise noted, and the attached chemical structure is 

as defined herein.

[00658J The term “alkcycloalkyl” represents a cycloalkyl group, as defined herein, attached to the 

parent molecular group through an alkylene group, as defined herein (e g., an alkylene group of from 

1 to 4, from 1 to 6, from 1 to 10, or form 1 to 20 carbons). In some embodiments, the alkylene and 

the cycloalkyl each can be further substituted with 1,2, 3, or 4 suhstiluenL groups as defined herein 

for the respective group.

(00659( The term “alkenyl,” as used herein, represents monovalent straight or branched chain 

groups of, unless otherwise specified, from 2 to 20 carbons (e.g., from 2 to 6 01 from 2 to 10 

carbons) containing one or more carbon-carbon double bonds and is exemplified by ethenyl, 1- 

propcnyl, 2-propcnyl, 2-mcthyl-l-propcnyl, 1-butenyl, 2-butcnyi, and the like. Alkenyls include 

both cis and trans isomers. Alkenyl groups may be optionally substituted with 1,2,3, or 4 

substituent groups that arc selected, independently, from amino, aryl, cycloalkyl, or hclcrocyclyl 

(e.g., heteroaryl), as defined herein, or any of the exemplary alkyl substituent groups described 

herein.

[00660, The term “alkenyloxy” represents a chemical substituent of formula —OR, where R is a C2_ 

2a alkenyl group (e.g., C2_s or C2_i0 alkenyl), unless otherwise specified. Exemplary alkenyloxy 

groups include ethenyloxy, propenyloxy, and Ute like. In some embodiments, the alkenyl group can 

be further substituted with 1 , 2, 3, or 4 substituent groups as defined herein (e.g., a hydroxy group).
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[00661, The term “alkheteroaryl" refers to a heleroaryl group, as defined herein, attached to the 

parent molecular group through an alkylene group, as defined herein. Exemplary unsub sli luted 

alkheteroaryl groups are from 2 to 32 carbons (e.g., from 2 to 22, from 2 to 18, from 2 to 17, from 2 

to 16, from 3 to 15, from 2 to 14, from 2 to 13, ot from 2 Lo 12 carbons, such as Ci_6 alk-Ci_iZ 

heteroaryl, Cue alk-Cj_i2 heleroaryl, or Ci_2(1 alk-Cnz hetero aryl). In some embodiments, the 

alkylene and the heleroaryl each can be further substituted with 1,2, 3, ot 4 substituent groups as 

defined herein for the respective group. Alkheteroaryl groups are a subset of alkhelerocyelyl groups. 

[00662J The term “alkhelerocyelyl” represents a helerocyclyl group, as defined herein, attached to 

the parent molecular· group through an alkylene group, as defined herein. Exemplaiy unsubstitnted 

alkhelerocyelyl groups arc from 2 to 32 carbons (c.g., from 2 to 22, from 2 to 18, from 2 to 17, from 

2 to 16, from 3 to 15, from 2 to 14, from 2 to 13, or from 2 to 12 carbons, such as C[^ alk-Cbi2 

hctcrocyclyl, Cj_ir> alk-Cj.52 hcterocyclyl, or C1.20 alk-Ci.]2 hctcrocyclyl). In some embodiments, the 

alkylene and the heterocyclyl each can be further substituted with 1,2, 3, or 4 substituent groups as 

defined herein for (he respective group.

[00663] The term “alkoxy” represents a chemical substituent of formula OR, where R is a Cb2U 

alkyl group (e g., Gj (iirCi i0 alkyl), unless otherwise specified. Exemplary alkoxy groups include 

methoxy, ethoxy, propoxy (e.g., π-propoxy and isopropoxy), l-butoxy, and the like. In some 

embodiments, the alkyl group can be further substituted with I, 2, 3, or 4 substituent groups as 

defined herein (e.g., hydroxy or alkoxy).

,00664, The term “alkoxyalkoxy” represents an alkoxy group that is substituted with an alkoxy 

group. Exemplaiy unsubstituted alkoxyalkoxy groups include between 2 to 40 carbons (c.g., from 2 

to 12 or from 2 to 20 carbons, such as Cbl; alkoxy-Ct_e alkoxy, Cmo alkoxy-Cmo alkoxy, or C1-20 

alkoxy-Ci_2o alkoxy). In some embodiments, the each alkoxy group can be further substituted with 

1,2, 3, or 4 substituent groups as defined herein.

[00665, The term “alkoxyalkyl” represents an alkyl group that is substituted with an alkoxy group. 

Exemplary unsubstituted alkoxyalkyl groups include between 2 to 40 carbons (e.g., from 2 to 12 or 

from 2 to 20 carbons, such as Cb6 alkoxy-Cj_6 alkyl, Cbl0 alkoxy-Ci_i0 alkyl, or C4.20 alkoxy-Ci_Z0 

alkyl). In some embodiments, the alkyl and the alkoxy each can be further substituted with 1,2, 3, 

or Ί substituent groups as defined herein for the respective group.

[00666, Tlie teim “alkoxycarbonyl,” as used herein, represents an alkoxy, as defined herein, 

attached to the parent molecular group through a carbonyl atom (e.g., -C(0)-OR, where R is II or an
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optionally substituted Cn6, Ct_lu, or Ct_2ij alkyl group). Exemplary unsubstituted alkoxycarbonyl 

include from 1 to 21 carbons (e.g., from 1 to 11 or from 1 to 7 carbons). In some embodiments, the 

alkoxy group is further substituted with 1,2, 3, or 4 substituents as described herein.

[00667] The term “alkoxy carbonyl acyl,” as used herein, represents an acyl group, as defined 

herein, that is substituted with an alkoxycarbonyl group, as defined herein (e.g., -C(O) -alkyl-C(O)- 

OR, where R is an optionally substituted C Ciio, or Cmo alkyl group). Exemplary un sub stituted 

alkoxyearbonylaeyl include from 3 to 41 carbons (e.g., from 3 to 10, from 3 to 13, from 3 to 17, 

from 3 to 21, or from 3 to 31 carbons, such as Cns alkoxycarbonyl-Ci-e acyl, Cmo atkoxyearbonyl- 

Ci_io acyl, or Cmo alkoxycarbonyl-Cuo acyl). In some embodiments, each alkoxy and alkyl group 

is further independently substituted with 1,2, 3, or 4 substituents, as described herein (c.g., a 

hydroxy group) for each group.

[00668] The term “alkoxycarbonylalkoxy,” as used herein, represents an alkoxy group, as defined 

herein, that is substituted with an alkoxycarbonyl group, as defined herein (e g., -O-alkyl-C((_))-OR, 

where R is an optionally substituted Cm, Ci_io, or Ci_20 alkyl group). Exemplary unsubsliluled 

alkoxycarbonylalkoxy include from 3 Lo 4 1 carbons (e.g., from 3 to 10, Irom 3 to 13, from 3 to 17, 

from 3 to 21, οτ from 3 Lo 31 carbons, such as C4 G alkoxyearhonyl-Cj <, alkoxy^ 10

alkoxy carb onyl-C[_u) alkoxy, or Cmo alkoxycarbonyl-Cmo alkoxy). In some embodiments, each 

alkoxy group is further independently substituted with 1,2, 3, or 4 substituents, as described herein 

(e.g,. a hydroxy group).

)00669] The term “alkoxycarbonylalkyl,” as used herein, represents an alkyl group, as defined 

herein, that is substituted with an alkoxycarbonyl group, as defined herein (c.g., -alkyl-C(O)-OR, 

where R is an optionally substituted Cmo, Cmo, or Ci_e alkyl group). Exemplary un sub stituted 

alkoxycarbonylalkyl include front 3 to 41 carbons (c.g., from 3 to 10, from 3 to 13, from 3 to 17, 

from 3 to 21, or from 3 to 31 caibons, such as Cm alkoxycarbonyl-Ci_s alkyl, Cmo alkoxycaibonyl- 

Cmo alkyl, or Cmo alkoxycarbonyl-Ci_2o alkyl). In some embodiments, each alkyl and alkoxy group 

is further independently substituted with 1, 2, 3, οτ 4 substituents as described herein (e.g., a hydroxy 

group).

[110670] The term “alkoxy earbonylalkenyl,” as used herein, represents an alkenyl group, as defined 

herein, thaL is substituted with an alkoxycarbonyl group, as defined herein (e.g., -alkenyl-C(O)-OR, 

where R is an optionally substituted Cmo, Cmo, or Cns alkyl group). Exemplary un sub stituted 

alkoxycarbonylalkcnyl include from 4 to 41 carbons (e.g., from 4 Lo 10, from 4 to 13, Irom 4 lo 17,
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from 4 to 21, or from 4 to 31 carbons, such as Ci_<, alkoxycarbonyl-C2_& alkenyl, 0ΜΙ)

alkoxy earbonyl-C2_iu alkenyl, ot Cj_20 alkoxyearbonyl-C2_2() alkenyl). In some embodiments, each 

alkyl, alkenyl, and alkoxy group is further independently substituted with 1, 2, 3, or 4 substituents as 

described herein (e.g., a hydroxy group).

|00671| llie term “alkoxycarbonylalkynyl,” as used herein, represents an alkynyl group, as defined 

herein, that is substituted with an alkoxy carbonyl group, as defined herein (e.g., -alkynyl-C(O)-OR? 

where R is an optionally substituted Ci_2o, Cm», or Ci_6 alkyl group). Exemplary unsubslituted 

alkoxycarbonylalkynyl include from 4 to 41 carbons (e.g., from 4 to 10, from 4 to 13, from 4 to 17, 

from 4 to 21, or from 4 to 31 carbons, such as Cj.s nlkoxycarbonyl-Ci-s alkynyl, Cno

alkoxycarbonyl-Cj.m alkynyl, or CYo alkoxycarbonyl-Cj.jo alkynyl). hi some embodiments, each 

alkyl, alkynyl, and alkoxy group is further independently substituted with 1,2, 3, or 4 substituents as 

described herein (c.g., a hydroxy group).

(01)672( The term “alkyl,” as used herein, is inclusive of both straight chain and branched chain 

saturated groups from 1 to 20 carbons (e,g., from 1 to 10 or from 1 Lo 6), unless otherwise specified. 

Alkyl groups are exemplified by methyl, ethyl, n- and iso-propyl, η-, sec-, iso- and tert-butyl, 

neopentyl, and the like, and may he optionally substituted with one, two, three, ot, in the case of 

alkyl groups of two carbons or more, lour substituents independently selected from the group 

consisting of: (1) Ci_6 alkoxy; (2) C]_6 alkyl sulfinyl; (3) amino, as defined herein (e.g., unsubstiluled 

amino (i.e., -NITj) or a substituted amino (i.e., -N(RM)2, where RK1 is as defined lor amino); (4) CYm 

aiyl-C,^ alkoxy; (5) azido; (6) halo; (7) (C2_s heterocyclyi)oxy; (8) hydroxy, optionally substituted 

with an O-protecting group; (9) nitro; (10) oxo (e.g., caiboxyaldchydc or acyl); (11) Ci_7 spiro cyclyl; 

(12) thioalkoxy; (13) tliiol; (14) -CO2RA, optionally substituted with an O-protecting group and 

where RA’ is selected from the group consisting of (a) Ci_M alkyl (c.g., Ci^ alkyl), (b) C2.20 alkenyl 

(e.g., C2_6 alkenyl), (c) C6_l0 aryl, (d) hydrogen, (c) Ci_& alk-C^io aiyl, (f) amino-C^o alkyl, (g) 

polyethylene glycol af-(CH2%2(OCH2CH2)Bi(CH2)S3OR’, wherein si is an integer from 1 to 10 (e.g., 

from I to 6 or from I to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 

to 4, from 0 to 6, from I lo 4, from I to 6, or from I to 10), and R1 is TI or Ci_2o alkyl, and (h) amino- 

polyethylene glycol of-NRN1(CH2)s2(CH2CH20)SI(CH2)53NRNl, wherein si is an integer from I to 

10 (e.g., from 1 to 6 or from 1 to Ί), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RNI is, 

independently, hydrogen or optionally substituted Cj_6 alkyl; (15) -C(O)NRB Rc , where each of RB
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and Rc is, independently, selected from the group consisting of (a) hydrogen, (b) Cj _b alkyl, (c) C^u 

aryl, and (d) C1j6 alk-C 6_10 aryl; (16) -SO2RD , where RD is selected from the group consisting of (a) 

C'i-6 alkyl, (b) C^io aryl, (c) Ci_6 alk-C^io aryl, and (d) hydroxy; (17) -SO2NRK RF, where each of 

Re and R1 is, independently, selected from the group consisting of (a) hydrogen, (b) C]_6 alkyl, (c) 

f-e-io aryl and (d) Ci_6 alk-C^io aryl; (18) -C(O)RU , where RG is selected from the group consisting 

oi (a) C j-20 alkyl (e.g., Ci_^ alkyl), (b) C?-2o alkenyl (e.g., C2_s alkenyl), (c) C^-io aryl, (d) hydrogen, 

(e) Ci_6 alk-Ce-io aryl, (1) amino-Ci_i0 alkyl, (g) polyethylene glycol of -

(ClbMOCIIzCiysiiClhXsOR’, wherein si is un integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 

4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g, from 0 to 4, from 0 to 6, from 1 

to 4, from 1 to 6, or from 1 to 10), andR’ is H or Ct_2o alkyl, and (h) amino-polyethylene glycol of- 

NRn,(CH2)52(CH2CH2O)si(CH2)s3NRn1, wherein si is an integer from 1 to 10 (e.g., from 1 to 6 or 

from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 

6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RN1 is, independently, hydrogen or optionally 

substituted Cj_c alkyl; (19) -NRH C(Q)R', wherein RH is selected from the group consisting of (al) 

hydrogen and (bl) C!j6 alkyl, and R1 is selected from Lhe group consisting of (h2) C[_20 alkyl (e.g.,

Ci 6 alkyl), (h2) C2 20 alkenyl (e.g., C2 ϋ alkenyl), (c2) C6 10 aryl, (¢12) hydrogen, (e2) C[ 6 alk-C6 10 

aryl, (12) amino-C[_2o alkyl, (g2) polyethylene glycol of-lCIDsifOCILClDsitClD^OR’, wherein 

si is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 Lo 4), each of s2 and s.3, independently, is an 

integer from 0 lo 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from I to 10), and R’ 

is H or Ci_2o alkyl, and (h2) amino-polyethylene glycol of -NRNI(CfL2)S2(CHjCH2O)si(CH3)s2NRNl, 

wherein si is ail integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, 

independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or 
from I to 10), and each RN1 ts, independently, hydrogen or optionally substituted Ci_<; alkyl; (20) - 

NRJ C(O)ORK, wherein R1 is selected from the group consisting of(al) hydrogen and (bl) Ci.a 

alkyl, and RK is selected from the group consisting of (a2) Ci_2o alkyl (e.g., C].G alkyl), (b2) C2_2o 

alkenyl (e.g., C2jfi alkenyl), (c2) aryl, (d2) hydrogen, (e2) C^, alk-C6_)0 aryl, (12) arnino-C^o 

alkyl, (g2) polyethylene glycol of-(CITiJ^fOCIl2CTI2)si(ClI2)s3ORwherein si is an integer from I 

to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 lo 4, from 0 to 6, from 1 lo 1, from 1 to 6, or from 1 to 10), and R’ is II ot Ci_2o alkyl, 

and (h2) amino-polyethylene glycol of-NRN,(CH2)s2(CH2CH20)Bi(CH2)ssNRN’, wherein si is an 

integer from 1 to 10 (e.g., from 1 to 6 or from I to 4), each of s2 and s3, independently, is an integer
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from 0 to 10 (c.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RNI 

is, independently, hydrogen or optionally substituted C[_6 alkyl; and (21) amidine. In some 

embodiments, each of these groups can be further substituted as described herein. For example, the 

alkylene group of a Ci-alkaryl can be further substituted with an oxo group to afford Lhe respective 

aiykiyl substituent.

[(11)673] I he term “alkylene” and Lhe prefix “alk-,” as used herein, represent a saturated divalent 

hydrocarbon group derived from a straight or branched chain saturated hydrocarbon by the removal 

of two hydrogen atoms, and is exemplified by methylene, ethylene, isopropylene, and the like. The 

term “Cx.y alkylene” and the prefix l‘Cx.y alk-” represent alkylene groups having between x and y 

carbons. Exemplary values for x arc 1,2, 3,4, 5, and 6, and exemplary values for y arc 2, 3,4, 5, 6, 

7,8,9,10, 12, 14, 16,18, or 20 (e.g., Ci.6, Cmo, C2_20, C2.6, C2_io, or C2.2o alkylene). In some 

embodiments, the alkylene can be further substituted with 1, 2, 3, or 4 substituent groups as defined 

herein for an alkyl group.

[00674] The term “alkylsulfmyl,” as used herein, represents an alkyl group attached to the parent 

molecular group through an -S(O)- group. Exemplary unsubstituted alkylsullinyl groups are from 1 

to 6, from 1 to 10, or from 1 to 20 carbons. Tn some embodiments, the alkyl group can be further 

substituted with 1, 2, 3, or 4 substituent groups as defined herein.

[00675] The term “alky! sulfinylalkyl,” as used herein, represents an alkyl group, as defined herein, 

substituted by an alkylsulfinyl group. Exemplary un substituted alkylsulfinylalkyl groups are from 2 

to 12, from 2 to 20, or from 2 to 40 carbons. In some embodiments, each alkyl group can be further 

substituted with 1, 2, 3, or 4 substituent groups as defined herein.

[00676] The term “alkynyl,” as used herein, represents monovalent straight or branched chain 

groups from 2 to 20 carbon atoms (c.g., from 2 to 4, from 2 to 6, or from 2 to 10 carbons) containing 

a carbon-carbon triple bond and is exemplified by cthynyl, 1 -propynyl, and the like. Alkynyl groups 

may be optionally substituted with 1,2,3, or 4 substituent groups that are selected, independently, 

from aryl, cycloalkyl, or heterocyclyl (e.g., heteroaTyl), as defined heroin, or any of Lhe exemplary 

alkyl substituent groups described herein.

[(10677] The Leim “alkynyloxy” represents a chemical substituent of formula —OR, where R is a C2 

2a alkynyl group (e.g., C2_6 or C2-k> alkynyl), unless otherwise specified. Exemplary alkynyloxy 

groups include ethynyloxy, propynyloxy, and the like. Tn some embodiments, the alkynyl group can 

be further substituted with 1 , 2, 3, or 4 substituent groups as defined herein (e.g., a hydroxy group).
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[00678) The term “amidine,” as used herein, represents a -C(—NH)NTL group.

[()0679] The term “amino,” as used herein, represents —N(Rf'1)2, wherein each RN1 is,

independently, II, Oil, NO2, N(Rnz)2, SO2ORN2, SO2Rn\ SORN2, an N-protecting group, alkyl, 

alkenyl, alkynyl, alkoxy, aryl, alkaryl, cycloalkyl, alkcycloalkvl, carboxyalkyl (e.g., optionally 

substituted with an (^-protecting group, such as optionally substituted arylalkoxycarbonyl groups or 

any described herein), sulfoalkyl, acyl (e.g., acetyl, tri fluoroacetyl, or others described herein), 

alkoxycarbonylalkyl (e.g., optionally stibsliluled willi an O-protecting group, such as optionally 

substituted arylalkoxycarbonyl groups or any described herein), heterocyclyl (e.g., heteroaryl), or 

alkheterocyclyl (e.g., alkheteroaryl), wherein each of these recited RN1 groups can he optionally 

substituted, as defined herein for each group; or two RNI combine to form a hetero cyclyl or an N- 

protecting gio up, and wherein each RN2is, independently, H, alkyl, or aryl. Hie ammo groups of the 

invention can be an unsubstituted amino (i.c., -NII2) or a substituted amino (i.c., -N(RNl)2). In a 

preferred embodiment, amino is—NH2 ot -NTIRK1, wherein RK1 is, independently, OTI, NO2, NIL·, 

NRN22, SO2ORN2, SO2RN2, SORN2, alkyl, carboxyalkyl. sulfoalkyl, acyl (e.g., acetyl, Srifluoroacetyl, 

or others described herein), alkoxycarbonylalkyl (e.g., t-butoxy carbon ylalky I) or aryl, and eaehRNZ 

can be TT, Q 20 alkyl (e.g., C( 6 alkyl), orC6 m aryl.

[(10680) The term “amino acid,” as described herein, refers to a molecule having a side chain, an 

amino group, and an acid group (e.g., a carboxy group of-CO2TI or a sulfo group of —SO3TI), 

wherein the amino acid is attached to the parent molecular group by lhe side chain, amino group, or 

acid group (e.g., the side chain). In some embodiments, the amino acid is attached to the parent 

molecular group by a carbonyl group, where the side chain or amino group is attached to the 

carbonyl group. Exemplary side chains include an optionally substituted alkyl, aryl, heterocyclyl, 

alkaryl, alkheterocyclyl, aminoalkyl, carbainoylalkyl, and carboxyalkyl. Exemplary amino acids 

include alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, 

histidine, hydroxynorvalinc, isoleucine, leucine, lysine, methionine, norvaline, ornithine, 

phenylalanine, proline, pyrrolysine, selenocysleine, serine, taurine, threonine, tryptophan, tyrosine, 

and valine. Amino acid groups may be optionally substituted with one, two, three, or, in the ease of 

amino acid groups ul" two eaibons or more, four substituents independently selected from the group 

consisting of: (1) Ci_6 alkoxy; (2) Cj_6 alkyl sulfinyl; (3) amino, as defined herein (e.g., unsuhstituted 

amino (i.e., -NH2) or a substituted amino (i.e., -N(Rn1)2, where RN1 is as defined for amino); (4) Cs.io 

aryl-C]_6 alkoxy; (5) azido; (6) halo; (7) (C2_9 hclcrocyelyl)oxy; (8) hydroxy; (9) nitro; (10) oxo (e.g.,
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carhoxyatdchydc or acyl); (11) Cry spirocyclyl; (12) thioalkoxy; (13) thiol; (14) -CO2RA , where RA 

is selected from the group consisting of (a) alkyl (e.g., Cj.j alkyl), (b) C^-zo alkenyl (eg-, C2j6 

alkenyl), (c) Cc_io aryl, (d) hydrogen, (e) Cj_6 alk-C^io aryl, (f) amino-Ci_2o alkyd, (g) polyethylene 

glycol of-(Cn2)S2(OCll2CTT2)5i(CIl2)S3ORr, wherein si is an integer Ifom 1 to 10 (e.g., from I to 6 

or from I to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 

to 6, Irom I to 4, ifom 1 to 6, or Ifom 1 to 10), and R’ is 11 or ϋμζο alkyl, and (h) amino- 

polyethylene glycol of-NRni(CH2)B2(CH2CH2OXi(CH2)b3NRn', wherein si is an integer from 1 to 

10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 0, or from 1 to 10), and each RN1 is, 

independently, hydrogen or optionally substituted Cj.6 alkyl; (15) -C(O)NRr Rc , where each of R® 

and Rc is, independently, selected from the group consisting of (a) hydrogen, (b) Ci_g alkyl, (c) C6_io 

aryl, and (d) alk-C^-io aryl; (16) -SO2Rn, where RD is selected from the group consisting of (a)

Ci_6 alkyl, (b) C^o aryl, (c) C]_6 alk-C^o aryl, and (d) hydroxy; (17) -SO2NRE RF , where each of 

Rh and Rh is, independently, selected from the group consisting of (a) hydrogen, (b) C]_s alkyl, (c) 

C6_lo aryl and (d) alk-C6_lu aryl; (18) -C(O)R° , where R° is selected from the group consisting 

of (a) Cj 20 alkyl (e.g., Ci 6 alkyl), (h) C2 20 alkenyl (e g., Ct, e alkeny l), (c) Cfi i0 aryl, (d) hydrogen, 

(c) alk-C^m aryl, (1) amino-Ci_2o alkyl, (g) polyethylene glycol of-

(CITjhziOCTTiCIIaJadCHsh^OR’, wherein si is an integer from I to 10 (e.g., from I lo 6 or from I to 

4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 lo 6, from 1 

to 4, fr om I to 6, or from 1 to 10), and 1C is H or Ci_2o alkyl, and (h) amino-polyethylene glycol of - 

NRN1(CH2)S2(CH2CH2O)si(CHi)sjNRN1, wherein si is an integer from 1 to 10 (c.g., from 1 to 6 or 

from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 (e.g., from 0 to 4, from 0 to 

6, from 1 to 4, from 1 to 6, or from 1 to 10), and each RN1 is, independently, hydrogen or optionally 

substituted Cj-(5 alkyl; (19) -NRH C(O)R*, wherein RH is selected from the group consisting of (al) 

hydrogen and (bl) Ci_6 alkyl, and R1 is selected from Lhc group consisting of (a2) C[.2o alkyl (e.g., 

C,_6 alkyl), (b2) Cz_2o alkenyl (e.g., C2j6 alkenyl), (c2) aTyl, (d2) hydrogen, (e2) C,.& alk-C6_10 

aryl, (12) ammo-Ci_20 alkyl, (g2) polyethylene glycol of-(CII2)S2(OCII2Cll2)si(Cir2)S30RI, wherein 

si is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an 

integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, ot from 1 to 10), and R1 

is H or C,_M alkyl, and(h2) amino-polyethvlene glycol of-NRn1(CH2)S2(CH2CH2O)>;,(CKj)k3Wni, 

wherein si is an integer from 1 to 10 (e.g., irom 1 to 6 or from 1 to 4), each of s2 and s3,
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independently, is an integer from 0 to 10 (c.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or 

from I to 10), and each RNl is, independently, hydrogen or optionally substituted Cb6 alkyl; (20) - 

NRJC(O)ORK , wherein R1 is selected from the group consisting of (a 1) hydrogen and (bl) Ci.g 

alkyl, and RK is selected from Lhe group consisting of (al) Cj.jo alkyl (e.g., Cj_s alkyl), (b2) C2-20 

alkenyl (e.g., C2^ alkenyl), (c2) C^io aryl, (d2) hydrogen, (e2) C|_6 alk-Cs_i(, aryl, (f2) amino-C|_2o 

alkyl, (g2) polyethylene glycol ol -(CI U)s2(()CI [2C1 I2)si(Cl I2)s3OR’, wherein si is an integer horn 1 

lo 10 (e.g., front 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer from 0 to 10 

(e.g., from 0 lo 4, from 0 lo 6, from 1 lo 4, from 1 lo 6, or from 1 lo 10), and R’ is II or Ci^ alkyl, 

and (h2) amino-polyethylene glycol of -NRN1(CH2)S2(CHiCHiO)5|(CH2)S3NRN1, wherein si is an 

integer from 1 lo 10 (c.g., from 1 to 6 or from 1 to 4), each of s2 and s3, independently, is an integer 

from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and each 1<WI 

is, independently, hydrogen or optionally substituted C|.s alkyl; and (21) amidine. In some 

embodiments, each of these groups can be further substituted as described herein.

[00681] The term “aminoalkoxy,” as used herein, represents an alkoxy group, as defined herein, 

substituted by an amino group, as defined herein. The alkyl and amino each can be further 

substituted with 1, 2, 3, nr 4 substituent groups as described herein for the respective group (e.g., 

CO2RA , where RA is selected from the group consisting of (a) Cj.fi alkyl, (h) aryl, (e) 

hydrogen, and (d) alk-C^o aryl, e.g., carboxy).

)0()6821 The term “aminoalkyl,” as used herein, represents an alkyl group, as defined herein, 

substituted by an amino group, as defined herein. The alkyl and amino each can be farther 

substituted with 1, 2, 3, or 4 substituent groups as described herein for the respective group (e.g., 

CO2RA, where RA is selected from the group consisting of (a) Ci_g alkyl, (b) Cs_io aryl, (c) 

hydrogen, and (d) Ci_s alk-Ce_)0 aryl, e.g., carboxy, and/or an jV-protecting group)

[00683] The term “aminoalkenyl,” as used herein, represents an alkenyl group, as defined herein, 

substituted by an amino group, as defined herein. The alkenyl and amino each can be further 

substituted with 1, 2, 3, or 4 substituent groups as described herein for the respective group (e.g., 

CO2RA , where RA is selected from the group consisting of (a) Cfrg alkyl, (b) C6.lu aryl, (c) 

hydrogen, and (d) Ci_g alk-C6_i0 aryl, e.g., carboxy, and/or an Af-proteeting group).

[00684] The term “aminoalkynyl,” as used herein, represents an alkynyl group, as defined herein, 

substituted by an amino group, as defined herein. The alkynyl and amino each can be farther 

substituted with 1, 2, 3, or 4 substituent groups as described herein lor the respective group (e.g.,
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CO2RA , where RA is selected from the group consisting of (a) Ci_6 alkyl, (b) C6_l0 aryl, (c) 

hydrogen, and (d) Cj^ alk-C^m aryl, e.g., carboxy, and/or an /V-pra tec ting group)

[00685) The term “aryl,” as used herein, represents a mono-, hicyclic, or multicyclic carbocyclic 

ring system having one or two aromatic rings and is exemplified by phenyl, naphthyl, 1,2- 

dihydronaphthyl, 1,2,3,4-lebahydro naphthyl, an thracenyl, phenanthrenyl, iluorenyl, indanyl, 

indenyl, and the like, and may be optionally substituted with 1,2, 3,4, or 5 substituents 

independently selected from the group consisting of; (1) Co? acyl (e.g., carboxyaldehyde); (2) Ci_2o 

alkyl (e.g., Ci-e alkyl, Cu, alkoxy-Ci^ alkyl, Ci.s alkylsullmyl-Ci.s alkyl, amino-Ci.s alkyl, azido-Ci. 

ή alkyl, (carboxyaldehyde)-Ci_6 alkyl, halo-Ci^ alkyl (e.g, perfluoro alkyl), hydroxy-Ci_s alkyl, nitro- 

C]_s alkyl, or C,.s thioalkoxy-Ci.^ alkyl); (3) C’t.jo alkoxy (e.g., Ci.6 alkoxy, such as 

perfluoroalkoxy); (4) Ci_s alkylsulfmyl; (5) C^io aryl; (6) amino; (7) C^ alk-C<j_io aiyl; (8) azido; (9) 

C.i-8 cycloalkyl; (10) C]^ alk-Cj.R cycloalkyl; (11) halo; (12) C'mj hctcrocyclyl (e.g., Cj.i2 

heteroaryl); (13) (Cu? hclerocyclyl)oxy; (14) hydroxy; (15) nitro; (16) thioalkoxy (e.g., C]_6 

thioalkoxy); (17) -(CII2)qCO2RA, where q is an integer from zero to four, and RA is selected from 

the group consisting of (a) alkyl, (b) aryl, (c) hydrogen, and (d) CR alk-C^y aryl; (18) — 

(CTT2)qCONRB Rc , where q is an integer from zero to four and where RB andRc are independently 

selected from the group consisting ol (a) hydrogen, (b) Ci_6 alkyl, (c) CG_iU aryl, and (d) alk-C^m 

aryl; (19) -(CII2)qSO2RD , where q is an integer from zero to four and where RD is selected from the 

group consisting of (a) alkyl, (b) Cg-to aryl, and (c) alk-C^io aryl; (20) (CI TjkjSOjNR1· R1', where q 

is an integer from zero to four' and where each of RE and RF is, independently, selected from die 

group consisting of (a) hydrogen, (b) Ci_s alkyl, (c) Cs_m aryl, and (d) Ci_« alk-CYio aryl; (21) thiol; 

(22) Cfi.10 aryloxy; (23) C_vs cycloalkoxy; (24) C^m aryl-Ci.6 alkoxy; (25) Ct_6 alk-Ci_]2 heterocyclyl 

(e g., Ci-s alk-Cna hcteroaryl); (26) C2_2o alkenyl; and (27) Cs-an alkynyl. In some embodiments, 

each of these groups can be further substituted as described herein. For example, the alkylene group 

of a Ci-alkaryl or a Cj-alkhctcrocyclyl can be further substituted with an oxo group to afford the 

respective aryloyl and (heterocyclyl)oyl substituent group.

[00686) The term “arylalkoxy," as used herein, represents an alkaryl group, as defined herein, 

attached to the parent molecular group through an oxygen atom. Exemplary unsubslituted 

arylalkoxy groups include from 7 to 30 carbons (e.g., from 7 to 16 or from 7 Lo 20 carbons, such as 

C«_sc aiyl-Ci-s alkoxy, aryl-Cmo alkoxy, or C^.m aiyl-Ci_2o alkoxy). In some embodiments, the

arylalkoxy group can be substituted with 1,2,3, or 4 substituents as defined herein
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[00687) The term “aiylalkoxycarbonyl,” as used herein, represents an aryialkoxy group, as defined 

herein, attached ίο the parent molecular group through a carbonyl (e.g., -C(O)-O-alkyl-aryl). 

Exemplary unsubstituted aryialkoxy groups include from 8 to 31 carbons (e.g., from 8 to 17 or from 

8 to 21 carbons, such as Ci_10 aryl-C^e alkoxy-carbonyl, Cs_l0 aryl-Ci.io alkoxy-carbonyl, or <Α]0 

aiyl-Ci_jo alkoxy-carbonyl). In some embodiments, the aryialkoxy carbonyl group can be substituted 

with 1,2, 3, or 4 substituents as defined herein.

100688) The lenn “aryloxy” represents a chemical substituent of formula OR', where R' is an aryl 

group of 6 lo 18 carbons, unless otherwise specified. In some embodiments, the aryl group can be 

substituted with 1, 2, 3, or 4 substituents as defined herein.

[00689) The term “aryloyl,” as used herein, represents an aryl group, as defined herein, that is 

attached to the parent molecular group tlirough a carbonyl group. Exemplary unsubstituted aryloyl 

groups are of 7 to 11 carbons. In some embodiments, the aryl group can be substituted with 1,2,3, 

or 4 substituents as defined herein.

[00690) The term "azido” represents an —N3 group, which can also be represented as —N=N=N. 

[00691) The term “bicyclic,” as used herein, refer to a structure having two rings, which may be 

aromatic or non-aromatic. Dicyclic structures include spirocyclyl groups, as defined herein, and two 

rings that share one or more bridges, where such bridges can include one atom or a chain including 

two, three, or more atoms. Exemplary bicyclic groups include a bicyclic carboeyclyl group, where 

the first and second rings arc carboeyclyl groups, as defined herein; a bicyclic aryl groups, where the 

first and second rings arc aiyl groups, as defined herein; bicyclic heterocyclyl groups, where the first 

ring is a heterocyclyl group and the second ring is a carboeyclyl (c.g., aryl) or hctcrocyclyl (e.g., 

heteroaryl) group; and bicyclic heteroaryl groups, where the first ring is a heteroaryl group and the 

second ring is a carboeyclyl (e.g., aryl) or heterocyclyl (e.g., heteroaryl) group. In some 

embodiments, the bicyclic group can be substituted with 1,2,3, or 4 substituents as defined herein 

for cycloalkyl, heterocyclyl, and aiyl groups.

[00692) The term “boranyl,” as used herein, represents -B(Rni)3, where each Rri is,

independently, selected from the group consisting of II and optionally substituted alkyl. In some 

embodiments, the boranyl group can be substituted with 1,2, 3, or 4 substituents as defined herein 

for alkyl.

)00693( The terms “carbocyclic” and “carboeyclyl,” as used herein, refer to an optionally 

substituted C3.12 monocyclic, bicyclic, or bicyclic structure in which tlic rings, which may be
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aromatic or non-aromatic, arc formed by carbon atoms. Carbocyclic structures include cycloalkyl, 

cycloalkenyl, and aryl groups.

[00694] The term “carbamoyl,” as used herein, represents -C(O)-N(Rni)2> where the meaning of 

each Rni is found in the definition ol “amino” provided herein.

)00695 j 'Hie term “caibamoylalkyl,” as used herein, represents an alkyl group, as defined herein, 

substituted by a carbamoyl group, as defined herein. Ihe alkyl group can be further substituted with 

1,2,3, or 4 substituent groups as described herein.

[00696] Hie term “carbamyl," as used herein, refers lo a carbamate group having the structure 

-NRniC(=O)OR or -OC(=O)N(Rni)2, where the meaning of each RN1 is found in the definition of 

“amino" provided herein, and R is alkyl, cycloaikyl, alkcycloalkyl, aryl, alkaryl, hctcrocyelyl (c.g., 

heteroaryl), or alkbeterocyclyl (e.g., alklieteroaryl), as defined herein.

[00697] The term “carbonyl,” as used herein, represents a C(O) group, which can also be 

represented as C=O.

[00698] The term “carboxyaldehyde” represents an acyl group having the structure -ClfO,

[00699] The term “carboxy,” as used herein, means CO2II.

[00700] The term “caThoxyalkoxy,” as used herein, represents an alkoxy group: as defined herein, 

substituted by a carboxy group, as defined herein. The alkoxy group can be further substituted with

1.2, 3, or 4 substituent groups as described herein for the alkyl group, and the carboxy group can be 

optionally substituted with one or more O- pro tec ting groups.

|00701| Hie term “carboxy alky I,” as used herein, represents an alkyl group, as defined herein, 

substituted by a carboxy group, as defined herein. The alkyl group can be further substituted witli 1,

2.3, or 4 substituent groups as described herein, and the carboxy group can be optionally substituted 

with one or more O-protecting groups.

[007021 The term “carboxyaminoalkyl,” as used herein, represents an aminoalkyl group, as defined 

herein, substituted by a carboxy, as defined herein. The carboxy, alkyl, and amino each can be 

further substituted with 1,2, 3, or 4 substituent groups as described herein for the respective group 

(e.g., CO2RA , where RA is selected from the group consisting of (a) Ci_6 alkyl, (b) CTm aryl, (c) 

hydrogen, and (d) Ci_g alk-C6_i0 aryl, e.g., carboxy, and/or an Λ^-pratecting group, and/or an O- 

pro tec ting group).

[00703] The teim “cyano,” as used herein, represents an CN group.
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[00704) The term “cycloalkoxy” represents a chemical substituent of formula -OR, where R is a 

C3_g eycloalkyl group, as defined herein, unless otherwise specified. The cycloalkyl group can he 

further substituted with 1, 2,3, or 4 substituent groups as described herein. Exemplary unsubstituted 

cycloalkoxy groups are from 3 to 8 carbons. In some embodiment, the cycloalkyl group can be 

further substituted with 1, 2, 3, or 4 substituent groups as described herein.

[00705J I he term “eycloalkyl,” as used herein represents a monovalent saturated or unsaturaled 

non-aromalic cyclic hydrocarbon group from three to eight carbons, unless otherwise specified, and 

is exemplified by cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cvcloheplyl, bicycle heptyl, and 

the like. When the cycloalkyl group includes one carbon-carbon double bond, the cycloalkyl group 

can be referred to as a “cycloalkcnyl” group. Exemplary cycloalkcnyl groups include cyclop cntcnyl, 

cycloliexenyh and the like. T he eycloalkyl gr oups of this invention can be optionally substituted 

with: (1) Ci_7 acyl (e.g., carboxy aldehyde); (2) C]_2o alkyl (c.g„ Cj.^ alkyl, Ci_s alkoxy-C μ s alkyl, Cj. 

e alkylsulfinyl-C  ̂alkyl, amino-Ci_s alkyl, azido-Cj^ alkyl, (carboxya1dchyde)-Ci.(; alkyl, halo-C^g 

alkyl (e.g., perfluoroalkyl), hydroxy-Ci.e alkyl, nitro-Ci_G alkyl, or Ci_e thfoalkoxy-Ci.s alkyl); (3) Ci. 

2o alkoxy (e.g., alkoxy, such as perfluoroalkoxy); (4) C]_(l alkylsullmyl; (5) Ce_10 aryl; (6) amino; 

(7) Ci 6 alk-Ce io aryl; (8) azido; (9) C3,g eycloalkyl; (10) Q 6 alk-C3 s eycloalkyl; (11) halo; (12) C.'i 

12 heierocyclyl (e.g., Cj_i2 heteToaryl); (13) (C|_]2 heLeroeyclyl)oxy; (14) hydroxy; (15) nitro; (16) Ct_ 

20 thioalkoxy (e.g., C|_6 thioalkoxy); (17) —(CII2)qCO2RA , where q is an integer from zero to four, 

and Ra is selected from Lhe group consisting of (a) C,_6 alkyl, (b) CYio aryl, (c) hydrogen, and (d) 

Cos alk-CYm aryl; (18) (CHaJqCONK15 Rc, where q is an integer fiom zero to four and wher e RB 

and R arc independently selected from the group consistuig of (a) hydrogen, (b) CTio alkyl, (c) CY 

io aiyl, and (d) Ci r, alk-Cs_m aryl; (19) (CHilqSOjR13, where q is an integer from zero to four and 

where Rn’ is selected from the group consisting of (a) CYm alkyl, (li) CYifl aryl, and (c) CTc alk-C^m 

aryl; (20) —(CH2)qSO2NRF RF, where q is an integer from zero to four and where each of RB and RF 

is, independently, selected from the group consisting of (a) hydrogen, (b) CY1W alkyl, (c) TYi0 aryl, 

and (d) Cb6 alk-C^u, aryl; (21) thiol; (22) C6_l() aiyloxy; (23) C^ cycloalkoxy; (24) Cf,_w aryl-C,_6 

alkoxy; (25) Ci.6 alk-Ci_i2 heierocyclyl (e.g., Ci.s alk-C).^ hcteroaryl); (26) oxo; (27) C2_2U alkenyl; 

and (28) C2_2i> alkynyl. In some embodiments, each of these groups can be further substituted as 

described herein. For example, the alkylene group of a Ci-alkaryl ot a Cj-alkheteroeyelyl can be 

further substituted with an oxo group to afford the respective aryloyl and (heterocyclyl)oyl 

substituent group.
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[00706( The term “diastcrcomcr,” as used herein means stereoisomers that arc not minor images of 

one another and are non-superimposable on one another

[00707) The term “effective amount” of an agent, as used herein, is that amount sufficient to effect 

beneficial or desired results, for example, clinical resulLs, and, as such, an “elfeetive amount” 

depends upon the context in which it is being applied. Tor example, in the contexL of administering 

an agent that treats cancer, an elfeetive amount ol an agent is, tor example, an amount sufficient to 

achieve treatment, as defined herein, of cancer, as compared lo the response obtained without 

administration of the agent.

[00708( Tlie term “enantiomer,” as used herein, means each individual optically active form of a 

compound of the invention, having an optical purity or enantiomeric excess (as determined by 

methods standard in the art) of at least 80% (i.e., at least 90% of one enantiomer and at most 10% of 

the other enantiomer), preferably at least 90% and more preferably at least 98%.

[(10709( l he tenn “halo,” as used herein, represents a halogen selected from bromine, chlorine, 

iodine, or fluorine.

[00710] The tenn “haloalkoxy,” as used herein, represents an alkoxy group, as defined herein, 

substituted by a halogen group (i.e., F, Cl, Rr, or T). A haloalkoxy may he substituted with (me, two, 

three, or, in the ease of alkyl groups of two carbons ot more, four halogens. Haloalkoxy groups 

include peril uoroalkoxys (e.g., -00%), -OCIIF2, -OCTET, -OCCI3, -OCTTCTIjRt, -

OClfjCI I(CIIiCI-yirJClR, and -OCHICII3. In some embodiments, the haloalkoxy group can he 

further substituted with 1,2,3, or 4 substituent groups as described herein for alkyl groups.

[007111 The term “haloalkyl,” as used herein, represents an alkyl group, as defined herein, 

substituted by a halogen group (i.e., F, Cl, Br, or I). A haloalkyl may be substituted with one, two, 

three, or, in the case of alkyl groups of two carbons or more, four halogens. Haloalkyl groups 

include pcrfluoroalkyls (e.g., -CF3), -CHF2, -CH2F, -CC13, -CH2CH2Br, -CH2CH(CH2CH2Br)CH3, 

and -CHICHj. In some embodiments, the haloalkyl group can he further substituted with 1,2, 3, or 

4 substituent groups as described herein for alkyl groups.

[00712] The term “hctcroalkylcnc,” as used herein, refers to an alkylene group, as defined herein, 

in which one or two of the constituent carbon atoms have each been replaced by nitrogen, oxygen, or 

sulfur. In some embodiments, the heteroalkylene group can be further substituted with 1,2, 3, or 4 

substituent groups as described herein for alkylene groups.

- 189-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00713] The term “hetero ary I,” as used herein, represents that subset of heteroeyclyls, as defined 

herein, which are aromatic: i.e., they contain 4wH-2 pi electrons within the mono- or multicyclic ring 

system. Exemplary unsubstituted heteroaryl groups are of 1 to 12 (e.g., 1 to 11, 1 to 10, 1 to 9, 2 to 

12, 2 to 1 1,2 to 10, or 2 to 9) carbons. In some embodiment, the heteroaryl is substituted with 1,2, 

3, or 4 substituents groups as defined for a heteroeyelyl group.

[(10714] I he term “heteroeyelyl,” as used herein represents a 5-, 6- ot 7-membered ring, unless

otherwise specified, containing one, two, three, or four heteroatoms independently selected Horn the 

group consisting of nitrogen, oxygen, and sulfur. The 5-membered ring has zero to two double 

bonds, and die 6- and 7-membered rings have zero to three double bonds. Exemplary unsubstituted 

heteroeyelyl groups arc of 1 to 12 (e.g., 1 to 11, 1 to 10,1 to 9,2 to 12, 2 to 11, 2 to 10, or 2 to 9) 

carbons. Ihe tenn “heteroeyelyl” also represents a heterocyclic compound having a bridged 

multicyclic structure in which one or more carbons and/or heteroatoms bridges two non-adjaccnt 

members of a monocyclic ring, e.g., a quinuchdinyl group. The term “heteroeyelyl” includes 

bicyclic, tri cyclic, and tetracyclic groups in which any of the above heterocyclic rings is fused to 

one, two, or three carboeyclic rings, e.g., an aryl ring, a cyclohexane Ting, a cyclohexene ring, a 

cyclopenlnne ring, a cyclopentene ring, or anolher monocyclic heterocyclic ring, such as indolyl, 

quinolyl, isoquinolyl, tetTahydroquinolyl, benzofuryl, benzothienyl and the like. Examples ol' fused 

heteroeyclyls include tropanes and 1,2,3,5,8,8a-hexahydroindolizine. IleteTocyclies include 

pyrrolyl, pyrrolinyl, pyrrol idinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinvl, 

imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinvl, piperazinyl, pyiimidinyl, 

pyridazinyl, oxazolyl, oxazolidmvl, isoxazolyl, isoxazolidiniyl, morpholinyl. tliiomorpholinyl, 

thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, indolyl, indazolyl, quinolyl, isoquinolyl, 

quinoxalinyl, dihydroquinoxaiinyl, quinazolinyl, cinnolinyl, phthalazinyl, bcnzimidazolyl, 

bcnzothiazolyl, benzoxazolyl, bcnzothiadiazolyl, furyl, thienyl, thiazolidinyl, isothiazolyl, triazolyl, 

tctrazolyl, oxadiazolyl (e.g., 1,2,3-oxadiazoIyl)., purinyl, thiadia/nlyl (e.g., 1,2,3-thiadiaz.olyl), 

tetrahydro furanyl, di hydro furanyl, Lelrahydrolhienyl, dihydrothienyl, dihydroindolyl,

dihydroquinolyl, tetTahydroquinolyl, tetrahydroisoquinolyl, dihydroisoquinolyl, pyranvl,

dihydropyianyl, dithiazolyl, benzoluranyl, isobenzoiuranyl, benzothienyl, and the like, including 

dihydro and LeLrahydro forms thereof, where one or more double bonds are reduced and replaced 

with hydrogens. Still other exemplary heteroeyclyls include: 2,3,4,5-tetrahydro-2-oxo-oxazolyl;

2,3-dihydro-2-oxo-1 Il-imidazolyl; 2,3,4,5-tetrahydro-5-oxo-1 II-pyrazolyl (e.g., 2,3,4,5-tetrahydro-2-
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phenyl- 5-oxo- lH-pyrazolyl); 2,3,4,5-tctrahydro-2,4-dioxo-lH-imidazolyl (e.g., 2,3,4,5-tctrahydro-

2.4- dioxo-5-Tnelhyl-5-phenyl-Hl-imidazolyl); 2,3-dihydro-2-lhioxo-1,3,4-oxadiazolyl (e.g., 2,3- 

dihydro-2-thioxo-5-phenyl-1,3,4-oxadiazolyl); 4,5-drhydro-5-oxo-l//-triazolyI (e.g., 4,5-dihydro-3- 

methyI-4-amino 5-oxo-l//-triazolyI); 1,2,3,4-Lelrahydro-2,4-dioxopyridinyI (e.g., 1,2,3,4-telrahydro-

2.4- dioxo-3,3-dielhylpyridinyl); 2,6-dioxo-piperidinyl (e.g., 2,6-dioxo-3-elhyl-3-phenylpiperidinyl); 

1,6-dihydro-6-oxopyndimmyl; l,fi-dihydro-4-oxopyrmndiny! (e.g., 2-(methylthio)-I,6-dihydro-4- 

oxo-5-inethylpyrimidm-I-yl); 1,2,3,4-letrahydro-2,4-dioxGpyrimidinyl (e.g., l,2,3,4-lefraliydio-2,4- 

dioxo-3-ethylpyrimidmyl); 1,6-dihydro-6-oxo-pyridazinyl (e.g., 1,6-dihydro-6-oxo-3- 

ethylpyridazinyl); l,0-dihydro-6-oxo-l,2,4-triazinyl (e.g., l,6-dihydro-5-isopropyl-6-oxo-I,2,4- 

triazinyl); 2,3-dihydro-2-oxo-l//-indolyl (c.g„ 3,3-dmiclhyl-2,3-diliydro-2-oxo-l//-mdolyl and 2,3- 

dihydro-2-oxo-3,3'-spiropropane-l//-indol- 1-yl); 1,3-diliydro-l -oxo-2/7-iso-indolyl; 1,3-dilrydro-

1,3 -dioxo- 277-i so-indo tyl; 1II- b cnzopyrazoly 1 (e.g., 1 - (ethoxy carbony 1)- 1 77-bcnzopyrazoIy 1); 2,3 - 

dihydro-2-oxo-l//-benzimidazoiyl (e.g., 3-ethyl-2,3-dihydro-2-oxo-lH-benzumdazolyl); 2,3- 

dihydro-2-oxo-benzoxazolyl (e.g., 5-chloro-2,3-dihydro-2-oxo-benzoxazolyl); 2,3-dihydro-2-oxo- 

benzoxazolyl; 2-oxo-2H-benzopyranyl; 1,4-benz.odioxanyl; 1,3-benzodioxanyl; 2,3-dihydro-3- 

ox(k47/-1.3-ben/othinzinyh 3,4-tlihydT«-4-nxo-37/-quiTiaznliiiyI (e.g., 2-methyl-3,4-dihydro-4-oxn- 

3//-quinazolinyl); 1,2,3,4-letnihydro-2,4-dioxo-37/-quinazx)lyl (e.g., l-ethyl-l ,2,3,4-telrahydro-2,4- 

dioxo-3/7-quinazolyl); l,2,3,6-Letrahydro-2,6-dioxo-77/-purinyI (e.g., 1,2,3,6-tetrahydro-1,3- 

dimethyl-2,6-dioxo-7 //-purinyl); 1,23,6-tetrirhydro-2,6-dioxo-1 II purinyl (e.g., 1,2,3,6- 

tetiahydro-3,7-dimethyl-2,6-dioxo-l H-purinyl); 2-oxobenz[c,i/|indolyl; l,l-dioxo-2H-naphth|l,8- 

c.r/jisothiazolyl; and 1,8-naplitliylcncdicarboxamido. Additional hetcrocyclics include 3.3a,4,5,6,6a- 

hexahydro-pyrrolo["3,4-h]pyrrol-(2H)-yl, and 2,5-diazabicyclo["2.2.1"|lieptan-2-yl, homopiperazinyl 

(ordiazepanyl), totrahydtopytanyl, dithiazolyl, benzo turanyl, hcnzothicnyl, oxepanyl, thicpanyl, 

azocanyl, oxecanyl, and thiocanyl. Heterocyclic groups also include groups of the formula

, where

[00715] E' is selected from the group consisting of-N- and -C1I-; F' is selected from the group 

consisting of-N CII-, -NII-CIE-, -NIl-C(O)-, -Nil-, -CIHN-, -CIE-NII-, -C(O)-NII-, -CI1 C1I-, - 

CH2-, -CH2CH2-, -CHjO-, -OCH2-, -O-, and -S-; and G' is selected from the gr oup consisting of - 

Cil- and -N-. Any of the heterocyelyl groups mentioned herein may be optionally substituted with 

one, two, tliree, four or five substituents independently selected from the group consisting of: (1) C(
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γ acyl (e.g., carboxyaldchydc ); (2) Ci ^c alkyl (e.g., alkyl, Ci_6 atkoxy-Ci_& alkyl, CJ3, 

alkylsulfinyl-C^ alkyl, aniino-Cj^ alkyl, azido-C^ alkyl, (carboxyaldehyde)-Cj^ alkyl, balo-C^ 

alkyl (e.g., perfluoroalkyl), hydroxy-Ci_6 alkyl, nitro-(3μ<, alkyl, or Ci_g thioalkoxy-Cj.e alkyl); (3) C;_ 

20 alkoxy (e.g., alkoxy, such as perlluoroalkoxy); (4) alkylsulliny 1; (5) Ce_i0 aryl; (6) amino; 

(7) k-i-6 atk436_[Q aryl, (8) azido; (9) C3_g cycloalkyl; (10) CL_S a1k-C3_8 cycloalkyl; (11) halo; (12) Cj_ 

!2 heterocyclyl (e_g_, C2_12 heLeToaryl); (13) (C|_L2 heleroeyelyl)oxy; (14) hydroxy; (15) nitro; (16) Ct_ 

so Ihioalkoxy (e.g., C! 6 ihioalkoxy); (17) -(CH2)qCO2RA, where q is ail integer from zero to four, 

and Ra is selected from the group consisting of (a) Ci_6 alkyl, (b) Cfr.io aryl, (c) hydrogen, and (d) 

Ci_s alk-Cfuo aryl; (18) -(CHnjqCONR0 Rc, where q is an integer from zero to four and where RB 

and Rc arc independently selected from the group consisting of (a) hydrogen, (b) Cfr.d alkyl, (c) C^io 

aryl, and (d) Ci.e alk-Ce-io aryl; (19) -(C^jqSOjR15, where q is an integer from zero to four’ and 

where RD is selected from the group consisting of (a) alkyl, (b) C^io ‘"nyl, and (c) Ci_s alk-CYio 

aryl; (29) -(CHiJqSOjNRE RF, where q is an integer from zero to four and where each of RE and RF 

is, independently, selected from the group consisting of (a) hydrogen, (b) Ci_s alkyl, (c) Cs-io aryl, 

and (d) alk-Cfrl!) aryl; (21) thiol; (22) C6_[0 aryloxy; (23) C3_s cycloalkoxy; (24) arylalkoxy; (25) 

Ci 6 alk-Ci.i2 heterocyclyl (e.g., Cj 6 alk-C! J2 heleroaryl); (26) oxo; (27) (Ci i2 heterocyclyl)imino; 

(28) C2.20 alkenyl; and (29) C2-20 alkynyl. In some embodiments, each of these groups can be further 

substituted as described herein. Γοτ example, the alkylene group of a Ci-alkaryl ot a Cj- 

alkhelerocyclyl can be further substituted with an oxo group to afford the respective aiyloyt and 

(heterocyclyl)oyl substituent group.

[00716J The term “(licterocyclyl) imino,” as used herein, represents a heterocyclyl group, as 

defined herein, attached to the parent molecular group through an imino group. In some 

embodiments, the heterocyclyl group can be substituted with 1, 2, 3, or 4 substituent groups as 

defined herein.

[flO7iη The term ‘‘(heterocyelyl)oxy," as used herein, represents a heterocyclyl group, as defined 

herein, attached to the parent molecular group through an oxygen atom. In some embodiments, the 

heterocyclyl group can be substituted with 1,2, 3, or 4 substituent groups as defined herein.

[00718) The leim “(heterocyclyl)oyl,” as used herein, represents a heterocyclyl group, as defined 

herein, attached to the parent molecular group through a carbonyl group. In some embodiments, the 

heterocyclyl group can he substituted with 1,2,3, or 4 substituent groups as defined herein.
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[00719, The term “hydrocarbon,” as used herein, represents a group consisting only of carbon and 

hydrogen atoms.

[00720] The term “hydroxy,” as used herein, represents an -Oil group. In some embodiments, the 

hydroxy group can be substituted with 1,2, 3, or 4 substituent groups (e.g., (7-protecling groups) as 

defined herein for an alkyl.

,00721, I he term “hydroxyalkenyl,” as used herein, represents an alkenyl group, as defined herein, 

substituted by one to three hydroxy groups, with llie pro viso tltal no more than one hydroxy group 

may be attached to a single carbon atom of the alkyl group, and is exemplified by

dihydroxypropenyl, hydroxyisopentenyl, anti the like. In some embodiments, the liydroxyalkenyl 

group can be substituted with 1,2, 3, or 4 substituent groups (e.g., O-protccting groups) as defined 

herein for an alkyl.

[00722, The term “hydroxyalkyl” as used herein, represents an alkyl group, as defined herein, 

substituted by one to three hydroxy groups, with the proviso that no more than one hydroxy group 

may be attached Lo a single carbon a Loin of lhe alkyl group, and is exemplified by hydroxymethyl, 

dihydroxypropyl, and the like. In some embodiments, the hydroxyalkyl group can be substituted 

with 1,2, 3, ot 4 substituent groups (e.g., (9-pro tec ting groups) as defined herein for an alkyl.

,00723, The term “hydroxyalkynyl,” as used heroin, represents an alkynyl group, as defined 

herein, substituted by one lo three hydroxy groups, with the proviso Lhat no more than one hydroxy 

group may be attached to a single carbon atom of the alkyl group. In some embodiments, the 

hydroxyalkynyl group can be substituted with 1, 2, 3, or 4 substituent groups (e.g., O-protecting 

groups) as defined herein for an alkyl.

,007241 The term “isomer,” as used herein, means any tautomer, stereoisomer, enantiomer, or 

diastereomcr of any compound of the invention. It is recognized that the compounds of the 

invention can have one or more chiral centers and/or double bonds and, therefore, exist as 

stereoisomers, such as double-bond isomers (i.e,, geometric E/Z isomers) or diastereomers (e g., 

enantiomers (i.e., (I) or (-)) or cis/trans isomers). According to the invention, the chemical 

structures depicted heroin, and therefore the compounds of the invention, encompass all of the 

corresponding stereoisomers, Lhat is, both the steieomerically pure form (e.g., geometrically pure, 

enantiomerically pure, or diasLereomerieally pure) and enantiomeric and stereoisomeric mixtures, 

e.g., racemates. Enantiomeric and stereoisomeric mixtures of compounds of the invention can 

typically be resolved into their component enantiomers or stereoisomers by well-known methods,
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such as chiral-phasc gas chromatography, chiral-phasc high performance liquid chromatography, 

crystallizing the compound as a chiral sail complex, or crystallizing the compound in a chiral 

solvent. Enantiomers and stereoisomers can also be obtained from stereomerically or 

enantiomerically pure intermediates, reagents, and catalysts by well-known asymmetric synthetic 

methods.

[(11)725] l he term “JV-prolected amino,” as used herein, relers to an amino group, as defined herein, 

to which is attached one or two Λ'-piotectmg groups, as defined herein.

[00726] lhe term ‘W-protecling group,” as used herein, represents those groups intended to protect 

an amino group against undesirable reactions during synthetic procedures. Commonly used N- 

protccting groups arc disclosed in Greene, “Protective Groups in Organic Synthesis,” 3li! Edition 

(John Wiley & Sons, New York, 1999), which is incorporated herein by reference. N-protecting 

groups include acyl, aryloyl, or carbamyl groups such as formyl, acetyl, propionyl, pivaloyl, t- 

butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, phthalyl, o- 

nilrophenoxyacetyl, u-chlorobutyryl, benzoyl, 4-chforobenzoyl, 4-bromobenzoyi, 4-niLrobenzoyl, 

and chiral auxiliaries such as protected or unprotected Ώ, E or D, E-amino acids such as alanine, 

leucine, phenylalanine, and the like; sulfonyl-containing groups such as hen/enesulfonyl, p- 

toluencsulfonyl, and the like; carbamate forming groups such as ben/.yloxycarhonyl, p- 

chloro ben zyloxy carbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenz.yloxycarbonyl, 2- 

n itrobenzy 1 oxy c arbony 1, p -b romobenzyl oxy carb on y 1, 3,4- d i metho xyben zy I o xy carbonyl,

3,5 - dimethoxyb enzy loxycar bonyl ,2,4- dimethoxybenzy foxycarbo ny 1,4-methoxy benzyloxy carb ony 1, 

2-ii ilro-4,5 -diincthoxyben zy 1 oxycai bonyl. 3,4,5 -ti imctlioxybenzy loxy c arbony 1, 1 - (p- b iplie ny lyl)-1 - 

methylethoxycarbonyl, a,a-diniethyl-3,5-dimethoxybenzyloxycarbonyl, benzhydryloxy carbonyl, t- 

butyloxycarbonyl, diisopropylmcthoxycarbonyl, isopropyloxycarbonyl, cthoxycarbonyl, 

methoxy carbonyl, allyloxycarbonyl, 2,2,2,-triclilorocfhoxycarbonyl, phenoxycarbonyl, 4- 

nitrophenoxy carbonyl, fluoreny I-9 -methoxy car bonyl, cyclopcnlyloxycarhonyl,

adamantyloxycarbonyl, cyclohexy loxy carbonyl, phenyl thio carbonyl, and the like, atkaryl groups 

such as benzyl, triphcnylincthyl, benzyloxymelhyl, and the like and silyl groups, such as 

triiiielhylsilyl, and the like. Preferred iV-pro tec ting groups are formyl, acetyl, benzoyl, pivaloyl, l- 

butylacelyl, alanyl, phenylsulfonyl, benzyl, t-butylcxycarbonyl (Boc), and benzyloxycarbonyl (Cbz). 

[00727] The tenn “nitro,” as used herein, represents an NOj group.
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[00728] The term “O-protccting group,” as used herein, represents those groups intended to protect 

an oxygen containing (e.g., phenol, hydroxyl, ot caihonyl) group against undesirable reactions 

during synthetic procedures. Commonly used Ο-protecting groups are disclosed in Greene, 

“Protective Groups in Organic Synthesis,” 3rd Edition (John Wiley & Sons, New York, 1999), which 

is incorporated herein by reference. Exemplary O-protecting groups include acyl, aryloyl, or 

carbamyl groups, such as lormyl, acetyl, propionyl, pivaloyl, t-butylaeetyl, 2-chloroacetyl, 2- 

bromoacetyl, trifluoroaeetyk iriehloroacetyl, phtlialyl, o-nitrophenoxyacetyl, u-dilorobutyiyl, 

benzoyl, 4-chIorobenzoyl, 4-bromobenzoyl, /-butyl dimelhylsilyl. tn /io-propylsilyloxymethyl, 4,4'- 

dimethoxytrityl, isobutyryl, phenoxyacetyl, 4-isopropylpehenoxyacetyl, dimethyl formamidino, and 

4-nitrobcnzoyl; alkylcarbonyl groups, such as acyl, acetyl, propionyl, pivaloyl, and the like; 

optionally substituted arylcarbonyl groups, such as benzoyl; silyl groups, such as trimethylsiiyl 

(TMS), tcrt-butyldimcthylsilyl (TBDMS), tri-iso-propylsilyloxymcthvl (TOM), triisopropyl silyl 

(TIES), and the like; ether-forming groups with the hydroxyl, such methyl, methoxymethyl, 

Letrahydropyranyl, benzyl, p-melhoxybenzyl, trityl, and the like; alkoxy carbonyls, such as 

methoxy carbonyl, ethoxycarbonyl, isopropoxycarbonyl, n-isopropoxycarbonyl, n-butyloxy carbonyl, 

iso hulyloxy carbonyl, sec-bulyloxycarhonyl, l-buty foxy carbonyl, 2-elhylhexyloxycarbonyl, 

cyclohexyl oxycarbonyl, melhyloxycarhonyl, and the like; alkoxyalkoxycarbonyl groups, such as 

meLhoxymethoxycarbonyl, elhoxymeth oxycarbonyl, 2-methoxyethoxycarbonyl, 2- 

elhoxy ethoxy carbonyl, 2-buioxyethoxycarbonyl, 2-methoxyethoxymethoxycarbonyI, 

allyloxycaibonyl, propargyloxycarbonyl, 2-butenoxycarbonyl, 3-methyl-2-butenoxycarbonyl, and 

the like; lialoalkoxycaibonyls. such as 2-ehlorocthoxycarbonyl, 2-chioroethoxycaibonyl, 2,2,2- 

trichloroethoxycarbony), and the like; optionally substituted arylalkoxycarbonyl groups, such as 

bcnzyloxycarbonyl, p-methyl bcnzyloxycarbonyl, p-mcthoxybcnzyloxycarbonyl, p- 

nitrabenzyloxyearbonyl, 2,4-dini troli enzyloxy carbonyl, 3,5-dimethylbcnzyloxycarbonyl, p- 

chlombcnzyloxycarbonyl, p-bromoben/.yloxy-carhonyl, fluorcnylmethyloxycarbonyl, and the like; 

and optionally substituted aryloxycaibonyl groups, such as ph eno xy carbonyl, p-

nilrophcnoxycarbonyl, o-nitrophcnoxycarbonyl, 2,4-dinii.rophenoxyearbonyl, p-mcthyl-

phenoxy  carbonyl, m-niethylphenoxycarbonyl, u-bromophenoxycaibonyl, 3,5-

dimethylphenoxycarbonyl, p-chlorophenoxycarbonyl, 2-chloro--1-nitrophenoxy-carbonyl, and the 

like); substituted alkyl, aryl, and alkaiyl etheix (e.g., trityl; methyl thiomethyl; methoxymethyl; 

benyyloxymethyl; siloxymethyl; 2,2,2,-trichloroethoxymcthyl; tctrahydmpyranyl; tctrahydrofuranyl;
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cthoxycthyl; l-[2-(trimcthylsilyl)cthoxy]cthyl; 2-trimcfhylsilylcthyl; f butyl ether; p-chlorophcnyl, 

p-melhoxypheny I, p-nilrophenyl. benzyl, p-methoxy benzyl, and nitrobenzyl); silyl ethers (e.g., 

trimethylsilyl; iriethylsilyl; triisopropylsilyl; dimethylisopropylsilyl; t-butyldimethylsilyl; t- 

buLyldiphenylsilyl; tribenzylsilyl; tnphenylsilyl; and diphenymelhylsilyl); carbonates (e.g., methyl, 

methoxy methyl, 9-fluorenyl methyl; ethyl; 2,2,2-trichloroethyl; 2-(trimethy1silyI)ethyl; vinyl, allyl, 

nilrophenyl; benzyl; methoxybenzyl; 3,4-dimethoxybenzyl; and nttrobenzyl); carbonyl-protecting 

groups (e.g., acetal and ketal groups, such as dimethyl acetal, 1,3-dioxolane, and llie like; aeylal 

groups; and dilhiane groups, such as 1,3-dilhianes, 1,3-dilhiolane, and the like); carboxylic acid- 

protecting groups (e.g., ester groups, such as methyl ester, benzyl ester, t-butyl ester; orthoesters, and 

the like; and oxazolinc groups.

1007291 The term “oxo” as used herein, represents =O.

[00730] The term “pcrfluoroalkyl,” as used herein, represents an alkyl group, as defined herein, 

where each hydrogen radical bound to the alkyl group has been replaced by a fluoride radical. 

Perfluoroalkyl groups are exemplified by tritluoromeLhyl, pen la fluoroethyl, and the like.

[00731] The term “perlluoroalkoxy,” as used herein, represents an alkoxy group, as defined herein, 

where each hydrogen radical bound Lo the alkoxy group has been replaced by a fluoride radical. 

Perlluoroalkoxy groups are exemplified by Iriiluoromethoxy, penlailuoToethoxy, and the like.

[00732j The term “spirocyclyl,” as used herein, represents a C2_7 alkylene diradical, both ends of 

which are bonded to the same carbon atom of the parent group to form a spirocyclic group, and also 

a Cm; heteroalkylene diradicai, both ends of winch are bonded to tlie same atom. "The heteroalkylene 

radical forming the spirocyclyl group can containing one, two, three, or four hetcroatoms 

independently selected fr om tlie group consisting of nitrogen, oxygen, and sulfur. In some 

embodiments, the spirocyclyl group includes one to seven carbons, excluding the carbon atom to 

which the diradicai is attached. Tlie spirocyclyl groups of the invention may be optionally 

substituted with 1, 2, 3, or 4 substituents provided herein as optional substituents for cycloalkyl 

and/or helerocyclyl groups.

[00733] The term “stereoisomer,” as used herein, refers to all possible different isomeric as well as 

conformational forms which a compound may possess (e.g., a compound ol any formula described 

herein), in particular all possible stereo chemically and con formation ally isomeric forms, all 

diastereomers, enantiomers and/or contbrmers of the basic molecular structure. Some compounds of
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the present invention may exist in different tautomeric forms, all of the latter being included within 

the scope of the present invention.

[00734] The term “sulfoalkyl,” as used herein, represents an alkyl group, as defined herein, 

substituted by a sulfo group of-SOjTL In some embodiments, the alkyl group can be further 

substituted with 1.2,3, or 4 substituent groups as described herein, and the sulfo group can be 

further substituted with one ot more fJ-pra tec ling groups (eg,, as described herein).

|00735| The term “sulfonyl,” as used herein, represents an -S(0)2- group,

[0()736( The term “thioalkaiyl," as used herein, represents a chemical substituent of formula SR, 

where R is an alkaryl group. In some embodiments, the alkaiyl group can be further substituted with 

1,2, 3, or 4 substituent groups as described herein.

1007371 Ihe term “thioalkheterocvclyl,” as used herein, represents a chemical substituent of 

formula -SR, where R is an alkheterocyclyl group. In some embodiments, the alkheterocyclyl group 

can be further substituted with 1,2, 3, or 4 substituent groups as described herein.

[007381 The term “thioalkoxy," as used herein, represents a chemical substituent of formula -SR, 

where R is an alkyl group, as defined herein. In some embodiments, the alkyl group can he further 

substituted with 1, 2, 3, or 4 substituent groups as described herein.

[00739( Compound: As used herein, the term “compound,” is meant Lo include all stereoisomers, 

geometric isomers, tautomers, and isotopes of the structures depicted.

[00740( Ihe compounds described herein can be asymmetric (eg, having one or more 

stereocenters). All stereoisomers, such as enantiomers and diastereomers, are intended unless 

otherwise indicated. Compounds of tlic present disclosure tliat contain asymmetrically substituted 

carbon atoms can be isolated in optically active or racemic forms. Methods on how to prepare 

optically active forms from optically active starting materials arc known in the art, such as by 

resolution of racemic mixtures or by stereoselective synthesis. Many geometric isomers of olefins,

C N double bonds, and the like can also be present in the compounds described herein, and all such 

sLable isomers are contemplated in Lhe present disclosure. Cis and bans geometric isomers of the 

compounds of the present disclosure arc described and may be isolated as a mixture of isomcTS or as 

separated isomeric forms.

[00741( Compounds of the present disclosure also include tautomeric forms. Tautomeric forms 

result from the swapping of a single bond with an adjacent double bond and the concomitant 

migration of a proton. Tautomeric forms include proto tropic tautomers which are isomeric
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proto nation states having the same empirical formula and total charge. Examples prototropic 

tautomers include ketone — enol paiTS. amide — imitiie acid pairs, lactam — laetim pairs, amide — 

imidic acid pairs, enamine — imine pairs, and annular forms where a proton can occupy two or more 

positions of a heterocyclic system, such as, HI- and 311-imidazole, III-, 2IT- and 4TI- 1,2,4-lriazole, 

1H- and 2H- isoindole, and 1H- and 2H-pyrazole. Tautomeric forms can be in equilibrium or 

steneally locked into one lorrnby appropriate substitution.

100742 [ Compounds of tire present disclosure also include all of llie isotopes of the atoms 

occurring in the intermediate or final compounds. “Isotopes” refers to atoms having the same atomic 

number but differ ent mass numbers resulting from a different number· of neutrons in the nuclei. For 

example, isotopes of hydrogen include tritium and deuterium.

1007431 The compounds and salts of the present disclosure can be prepared m combination with 

solvent or water molecules to form solvates and hydrates by routine methods.

[00744] Conserved'. As used herein, the teim “conserved” refers to nucleotides or ammo aetd 

residues of a polynucleotide sequence or polypeptide sequence, respectively, that are those that 

occur unaltered in the same position of two or more sequences being compared. Nucleotides or 

amino acids that are relatively conserved aTe those that are conserved amongst moTe related 

sequences than nucleotides or amino acids appearing elsewhere in the sequences.

[00745] In some embodiments, two or more sequences are said Lo be “completely conserved” if 

they are 100% identical to one another. In some embodiments, two or more sequences are said to be 

“highly conserved” if they are at least 70% identical, at least 80% identical, at least 90% identical, or 

at least 95% identical to one another. In some embodiments, two or mote sequences are said to be 

“highly eon sewed” if they are about 70% identical, about 80% identical, about 90% identical, about 

95%, about 98%, or about 99% identical to one another. In some embodiments, two or more 

sequences arc said to be “conserved” if they are at least 30% identical, at least 40% identical, at least 

50% identical, at least 60% identical, at least 70% identical, at least 80% identical, at least 90% 

identical, or at least 95% identical to one another. Tn some embodiments, two or more sequences are 

said to be “conserved” if they are about 30% identical, about 40% identical, about 50% identical, 

about 60% identical, about 70% identical, about 80% identical, about 90% identical, about 95% 

identical, about 98% identical, or about 99% identical to one another. Conservation of sequence may 

apply to the entire length of an oligonucleotide or polypeptide or may apply to a portion, region or 

feature thereof.
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[00746( Cyclic or Cyclized: As used herein, the term “cyclic” refers to the presence of a 

continuous loop. Cyclic molecules need not he circular, only joined io form an unbroken chain of 

subunits. Cyclic molecules such as the mRNA of the present invention may be single units or 

mullimers or comprise one or more components of a complex or higher order structure.

|00747| Cytostatic. As used herein, “cytostatic” refers to inhibiting, reducing, suppressing the 

growth, division, or multiplication ol a cell (e.g.r a mammalian cell (e.g., a human cell)), bacterium, 

virus, fungus, protozoan, parasite, prion, or a combination thereof.

[00748( Cytotoxic: As used herein, “cytotoxic” refers lo killing or causing injurious, toxic, or 

deadly effect on a cell (e.g,, a mammalian cell (e.g., a human cell)), bacterium, virus, fungus, 

protozoan, parasite, prion, or a combination thereof.

|00749| Delivery: As used herein, “delivery” refers to the act or manner of delivering a compound, 

substance, entity, moiety, cargo or payload.

[00750J Delivery Agent: As used herein, “delivery agent” refers to any substance which facilitates, 

at least in part, the in vivo delivery of a polynucleotide to targeted cells.

[00751) Destabilized; As used herein, the term “destable,” “destabilize,” or “destabilizing region” 

means a region or molecule that is less slahle than a starling, wild-type or native form of Lhe same 

region or molecule.

[00752J Detectable label; As used herein, “detectable label” refers lo one or more markers, signals, 

or moieties which are attached, incorporated ot associated with another entity that is readily detected 

by methods known in tire art including radiography, fluorescence, chemiluminescence, enzymatic 

activity, absorbance and tlic like. Detectable labels include radioisotopes, fluorophorcs,

chromophores, enzymes, dyes, metal ions, ligands such as biotin, avidin, streptavidin and haptens, 

quantum dots, and the like. Detectable labels may be located at any position in the peptides or 

proteins disclosed herein. They may be within the amino acids, the peptides, or proteins, or located 

at the N- or C- termini

[00753J Digest: As used herein, the term “digest’’ means to break apart into smaller pieces or 

components. When referring to polypeptides or proteins, digestion results in the production of 

peptides.

[00754( Distal: As used herein, the term “distal” means situated away from the eenter or away 

from a point or region of interest.
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(00755) Encoded protein cleavage signal: As used herein, “encoded protein cleavage signal” refers 

to the nucleotide sequence which encodes a protein cleavage signal.

[00756] Engineered: As used herein, embodiments of the invention are “engineered” when they 

are designed to have a feature or property, whether structural or chemical, that varies from a starting 

point, wild type or native molecule.

[(11)757( Expression: As used herein, “expression” ol a nucleic acid sequence Telers lo one ot more 

of the following events: (1) production of an RNA template Horn a DNA sequence (e.g., by 

transcription); (2) processing of an RNA transcript (e.g., by splicing, editing, 5' cap formation, 

and/or 3' end processing); (3) translation of an RNA into a polypeptide ot protein; and (4) post- 

translational modification of a polypeptide or protein.

(007581 Feature: As used herein, a “feature” refers to a characteristic, a property, or a distinctive 

element.

[00759( Formulation: As used herein, a “formulation” includes at least a polynucleotide and a 

delivery agent.

[00760( Fragment: A “fragment,” as used herein, refers to a portion. For example, fragments of 

proteins may comprise polypeptides obtained by digesting full-length protein isolated from culLined 

cells.

[00761] Functional: As used herein, a “functional” biological molecule is a biological molecule in 

a form in which it exhibits a properly and/or activity by which it is characterized.

(00762( Homology: As used herein, the term “homology” refers to the overall relatedness between 

polymeric molecules, e.g. between nucleic acid molecules (e.g. DNA molecules and/or RNA 

molecules) and/or between polypeptide molecules. In some embodiments, polymeric molecules are 

considered to be “homologous” to one another if their sequences arc at least 25%, 30%, 35%, 40%, 

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% identical or similar·. The 

term “homologous” necessarily refers lo a comparison between at least two sequences 

(polynucleotide or polypeptide sequences). In accordance with the invention, two polynucleotide 

sequences arc considered to be homologous if the polypeptides they encode arc at least about 50%, 

60%, 70%, 80%, 90%, 95%, or even 99% for at least one stretch of at least about 20 amino acids. In 

some embodiments, homologous polynucleotide sequences are characterized by the ability lo encode 

a stretch of at least 4 5 uniquely specified amino acids. For polynucleotide sequences less than 60 

nucleotides in length, homology is determined by the ability to encode a stretch of at least 4 5
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uniquely specified amino acids. In accordance witli the invention, two protein sequences arc 

considered to he homologous if the proteins are at least about 50%, 60%, 70%, 80%, or 90% 

identical for at least one stretch of at least about 20 amino acids.

[00763] Identity. As used herein, the term “identity” refers to the overall relatedness between 

polymeric molecules, e.g., between oligonucleotide molecules (e.g. DNA molecules and/or RNA 

molecules) and/or between polypeptide molecules. Calculation of the percent identity of two 

polynucleotide sequences, for example, can be performed by aligning Use two sequences for optimal 

comparison purposes (e.g., gaps can be introduced in one or both of a first and a second nucleic acid 

sequences for optimal alignment and non-identical sequences can be disregarded for comparison 

purposes). In certain embodiments, the length of a sequence aligned for comparison purposes is at 

least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 

95%, or 100% of the length of the reference sequence. The nucleotides at corresponding nucleotide 

positions are then compared. When a position in the first sequence is occupied by the same 

nucleotide as the corresponding posilion in the second sequence, then lhe molecules are identical at 

that position. The percent identity between the two sequences is a function of lhe number of 

identical positions shared hy the sequences, taking into account the numher of gaps, and the length 

of each gap, which needs to be introduced for optimal alignment of the two sequences. The 

comparison of sequences and determination of percent identity between two sequences can be 

accomplished using a math etna lical algorithm, for example, the percent identity between two 

nucleotide sequences can be determined using methods such as those described in Computational 

Molecular Biology, Lcsk. A. M., cd., Oxford University Press, New York, 1988; Bio computing; 

Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993; Sequence 

Analysis in Molecular Biology, von Hcinjc, G., Academic Press, 1987; Computer Analysis of 

Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994; and 

Sequence Analysis Primer, Grihskov, M. and Dcvcrcux, J., cds., M Stockton Press, New York, 1991; 

each of which is incorporated herein hy reference. Tor example, the percent identity between two 

nucleotide sequences can be determined using the algorithm of Meyers and Miller (CABIOS, 1989, 

4:11-17), which has been incorporated into the ALIGN program (version 2.0) using a ΡΑΜΙ 20 

weight residue table, a gap length penally ol 12 and a gap penalty of 4. "lhe percent identity between 

two nucleotide sequences can, alternatively, he determined using the GAP program in the GCG 

software package using an NWSgapdna.CMP matrix. Methods commonly employed to determine
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percent identity between sequences include, but arc not limited to those disclosed in Carillo, H., and 

T.ipman, Ώ., SIAM J Applied Math., 48:1073 (1988); incorporated herein by reference. Techniques 

for determining identity are codified in publicly available computer programs. Exemplary computer 

software Lo determine homology between two sequences include, but are not limited Lo, GCG 

program package, Devereux, J., el ai., Nucleic Acids Research, 12(1), 3X7 (1984)), BEAST!*, 

HEASTN, and EASTA Allschul, S. h. el cd, J. Mode. died, 215, 403 (1990)).

100764] Inhibit expression of a sene: As used herein, the pftrase “inhibit expression of a gene” 

means lo cause a reduction in the amount of an expression product of the gene, 'Ihe expression 

product can be an 1ENA trail scribed from the gene (e.g., an mIENA) or a polypeptide translated from 

an niRNA transcribed from the gene. Typically a reduction in the level of an mRNA results in a 

reduction in the level of a polypeptide translated therefrom. Ihe level of expression may be 

detennined using standard techniques for measuring mRNA or protein.

[00765] In vitro'. As used herein, the term “/» vitro" refers to events that occur in an artificial 

environment, e.g., in a test tube or reaction vessel, in cell culture, in a Petri dish, etc., rather than 

within an organism (e.g., animal, plant, or microbe).

[00766] In vivo: As used herein, the term “in vivo" refers to events that occur within an organism 

(e.g., animal, plant, or microbe or cell or tissue Lhereoi).

[00767] Isolated: As used herein, the term “isolated” refers to a substance or entity thaL has been 

separated from at least some of the components with which it was associated (whether in nature or in 

an experimental setting). Isolated substances may have varying levels of purity in reference to the 

substances from which they have been associated. Isolated substances and/or entities may be 

separated from at least about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 

70%, about 80%, about 90%, or more of the other components with which they were initially 

associated, fit some embodiments, isolated agents are more than about 80%, about 85%, about 90%, 

ahout 91 %, about 92%, about 93%, about 94%, about 95%, ahout 96%, about 97%, about 98%, 

about 99%, or more than about 99% pure. As used herein, a substance is “pure” if it is substantially 

free of other components. Substantially isolated: By “substantially isolated” is meant that the 

compound is substantially separated from the environment in which it was formed or detected.

Partial separation can include, for example, a composition enriched in the compound of the present 

disclosure. Substantial separation can include compositions containing at least about 50%, at least 

about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 95%, at least
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about 97%, or at least about 99% by weight of the compound of the present disclosure, or salt 

thereof Methods for isolating compounds and their salts are routine in lhe arL 

[00768, Linker: As used herein, a linker refers to a group of atoms, e.g., 10-1,000 atoms, and can 

be comprised οΓ Lhe atoms or groups such as, but not limited to, caTbon, amino, alkylamino, oxygen, 

sulfur, sulfoxide, sulfonyl, carbonyl, and imine. The linker can be attached to a modified nucleoside 

or nucleotide on the nucleobase or sugar moiety at a I list end, and lo a payload, e.g., a deteclahle or 

therapeutic agent, at a second end. Hie linker may be of sufficient length as to not interfere with 

incorporation into a nucleic acid sequence, 'lhe linker can be used for any useful purpose, such as to 

form mnltimers (e.g., through linkage of two or more polynucleotides) or conjugates, as well as to 

administer a payload, as described herein. Examples of chemical groups that can be incorporated 

into the linker include, but are not limited to, alkyl, alkenyl, alkynyl, amido, amino, ether, thioether, 

ester, alkylene, hctcroalkylcnc, aryl, or hctcrocyclyl, each of which can be optionally substituted, as 

described herein. Examples of linkers include, but are not limited to, unsaturated alkanes, 

polyethylene glycols (e.g., ethylene or propylene glycol monomeric units, e.g., diethylene glycol, 

dipropylene glycol, trielhylene glycol, tripropylene glycol, Letmethylene glycol, or tetraethylene 

glycol), and dextran polymers, Other examples include, hut are not limited to, cleavable moieLies 

wiLhin Lhe linker, such as, for example, a disulfide bond (-S-S-) or an azo bond (-N N-), which can 

be cleaved using a reducing agent or photolysis. Non-limiting examples of a selectively cleavable 

bond include an amido bond can be cleaved for example by the use of tris(2-carboxyethyl)phosphine 

(TCEP), or other reducing agents, and/or photolysis, as well as an ester bond can be cleaved for 

example by acidic or basic hydrolysis.

[00769, Modified: As used herein “modified” refers to a changed state or structure of a molecule 

of the invention. Molecules may he modified in many ways including chemically, structurally, and 

functionally. In one embodiment, the mRNA molecules of the present invention are modified by the 

introduction ofnon-natural nucleosides and/or nucleotides, eg., as it relates to the natural 

ribonucleotides A, U, G, and C. Noncanonical nucleotides such as the cap structures are not 

considered “modified” although they differ from the chemical structure of the A, C, G, U 

ribonucleotides.

,00770, Naturally occurring: As used herein, “naturally occurring” means existing in nature 

without artificial aid.

- 203-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00771) Non-human vertebrate: As used herein, a “non human vertebrate” includes all vertebrates 

except TTomn sapiens, including wild and domeslicaled species. Examples of non-human vertebrates 

include, but are not limited to, mammals, such as alpaca, banteng, bison, camel, cat, cattle, deer, dog, 

donkey, gayal, goal, guinea pig, horse, llama, mule, pig, rabbit, reindeer, sheep water buffalo, and 

yak.

[00772J OJJ-target: As used herein, “off target” refers to any unintended effect on any one or more 

target, gene, or cellular transcript.

[00773) Open readingframe: As used herein, “open reading frame” or “ORl·’” refers to a sequence 

which does not contain a stop codon in a given reading frame.

[(10774) Operably linked: As used herein, the phrase “operably linked” refers to a functional 

connection between two ormore molecules, constructs, transcripts, entities, moieties or the like. 

[00775J Paratope: As used herein, a “paratope” refers to the antigen-binding site of an antibody. 

[00776J Patient: As used herein, “patient” refers to a subject who may seek or be in need of 

treatment, requires treatment, is receiving treatment, will receive treatment, or a subject who is under 

care by a trained professional for a particular disease or condition.

[00777] Optionally substituted: Herein a phrase of the form “optionally substituted X” (eg., 

optionally substituted alkyl) is intended to be equivalent to “X, wherein X is optionally substituted” 

(e.g·, “alkyl, wherein said alkyl is optionally substituted”). It is not intended Lo mean that the 

feature “X” (e.g. alkyl) perse is optional.

]007781 Peptide: As used herein, “peptide” is less than or equal to 50 amino acids long, e.g., about 

5,10,15,20, 25, 30, 35,40,45, or 50 amino acids long.

[00779) Pharmaceutically acceptable: The phrase “pharmaceutically acceptable” is employed 

herein to refer to those compounds, materials, compositions, and/or dosage forms which arc, within 

the scope of sound medical judgment, suitable for use in contact with the tissues of human beings 

and animals without excessive toxicity, irritation, allergic response, or other problem or 

complication, commensurate with a reasonable benefit/risk ratio.

[00780) Pharmaceutically acceptable excipients: The phrase “pharmaceutically acceptable 

excipient,” as used herein, refers any ingredient other than the compounds described herein (for 

example, a vehicle capable of suspending or dissolving the active compound) and having the 

properties of being substantially nontoxic and non-intlammatory in a patient. Excipients may 

include, for example: anti adherents, antioxidants, binders, coatings, compression aids, disintcgranls,
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dyes (colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors, fragrances, 

glidanls (flow enhancers), lubricants, preservatives, printing inks, sorhents, suspensing or dispersing 

agents, sweeteners, and waters of hydration. Exemplary excipients include, but are not limited to: 

buLylaled hydroxytoluene (BUT), calcium carbonate, calcium phosphate (dibasic), calcium stearate, 

eroscannellose, crosslinked polyvinyl pynolidone. citric acid, crospovidone, cysteine, ethyl cel In lose, 

gelatin, hydroxypropyl cellulose, hydroxypropyl methylcellulose, lactose, magnesium stearate, 

inallitol, mannitol, methionine, melhyleelhilose, methyl parabeii, raieroeryslalline cellulose, 

polyethylene glycol, polyvinyl pyrrolidone, povidone, pregelatinized starch, propyl paraben, relinyl 

palmitate, shellac, silicon dioxide, sodium carboxymetliyl cellulose, sodium citrate, sodium starch 

glycolatc, sorbitol, starch (com), stearic acid, sucrose, talc, titanium dioxide, vitamin A, vitamin E, 

vitamin C, and xylitol.

[(10781] Pharmaceutically acceptable salts: The present disclosure also includes pharmaceutically 

acceptable salts of the compounds described herein, As used herein, “pharmaceutically acceptable 

salts" refers to derivatives of the disclosed compounds whereui the parenL compound is modified by 

converting an existing acid or base moiety Lo its salt form (e.g., by reacting the free base group wiLh 

a suitable organic acid). Examples of pharmaceutically acceplahle salts include, but πτε not limited 

to, mineral ot organic acid salts of basic residues such as amines; alkali or organic salts of acidic 

residues such as carboxylic acids; and the like. Representative acid addition salts include acetate, 

adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bi sulfate, borate, butyrate, 

camphorate, camphorsulfonate, citrate, cyclop entanepropionate, digluconate, dodecylsulfate, 

ethane sulfonate, fiimaiatc, glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoatc, 

hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, lauiate, 

lanryl sulfate, malate, maleate, malonatc, mcthancsulfonatc, 2-naphthalcncsulfonate, nicotinate, 

nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenyipropionate, phosphate, 

pierale, pivalatc, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, tolucncsulfonatc, 

rmdecanoate, valerate salLs, and the like. Representative alkali or alkaline earth metal salts include 

sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxie ammonium, 

quaternary ammonium, and amine cations, including, but not limited to ammonium,

tetramethyl ammonium, tetraethylammonium, methylamine, di methyl amine, Lrimelhylamine, 

triethylamine, ethylamine, and the like. The pharmaceutically acceptable salts of the present 

disclosure include the conventional non-toxic salts of Lhe parent compound ibrmed, for example,
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from non-toxic inorganic or organic acids. The pharmaceutically acceptable salts of the present 

disclosure can he synthesized from the parent compound which contains a basic or acidic moiety by 

conventional chemical methods. Generally, such salts can be prepared by reacting tire free acid or 

base fonns ot these compounds with a stoichiometric amount of the appropriate base or acid in water 

or in an organic solvent, or in a mixture of the two; generally, nonaqueous media like ether, ethyl 

acetate, eLhanol, isopropanol, or acetonitrile are prelerred. lasts ot suitable salLs are found in 

Remington 3 Pharmaceutical Sciences, 17lh ed.. Mack Publishing Company, Easton, Pa., 1985, p. 

1418, Pharmaceutical Salts: Properties, Selection, and Use, PTE Stahl and C.G. Wermuth (eds.), 

Wiley-VCH, 2008, and Beige et at, Journal ofPharmaceutical Science, 66,1-19 (1977), each of 

which is incorporated herein by reference in its entirety.

|U07S2| Pharmacokinetic: As used herein, “pharmacokinetic” refers to any one or more properties 

of a molecule or compound as it relates to tlic determination of the fate of substances administered to 

a living organism. Pharmacokinetics is divided into several areas including the extent and rate of 

absorption, distribution, metabolism and excretion. This is commonly referred to as ADME where: 

(A) Absorption is the process of a substance entering the blood circulation; (D) Distribution is Lhe 

dispersion or dissemination of substances throughout, the fluids and tissues of the body; (M) 

Metabolism (or Bio trans forma lion) is the irreversible transformation of parent compounds into 

daughter metabolites; and (E) Excretion (ot Elimination) refers to Lhe elimination of the substances 

from the body. In rare cases, some dings irreversibly accumulate in body tissue.

(00783( Pharmaceutically acceptable solvate: The term “pharmaceutically acceptable solvate,” as 

used herein. means a compound of tlic invention wherein molecules of a suitable solvent are 

incorporated in the crystal lattice. A suitable solvent is physiologically tolerable at the dosage 

administered. For example, solvates may be prepared by crystallization, recrystallization, or 

precipitation from a solution tliat includes organic solvents, water, or a mixture thereof. Examples of 

suilablc solvents arc ethanol, water (for example, mono-, di-, and tri-hydrates), IV- 

methylpyrrolidinone (NMP), dimethyl sulfoxide (DMSO), /V,Ar'-dimethyHormamide (DME), N,N'- 

dimc thy I acetamide (DMAC), I,3-dimcthyl-2-imidazolidinonc (DMEU), l,3-dimethyl-3,4,5,6- 

tetrahydro-2-(lH)-pyrimidinone (DMPU), acetonitrile (ACN), propylene glycol, ethyl acetate, 

benzyl alcohol, 2-pyrrolidone, benz.y! benzoate, and the like. When water is the solvent, the solvate 

is referred to as a "hydrate.”
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[00784) Physicochemical: As used herein, “physicochemical” means of or relating to a physical 

and/or chemical properly.

[00785) Preventing: As used herein, the term “‘preventing” refers to partially or completely 

delaying onset of an infection, disease, disorder and/or condition; partially ot completely delaying 

onset of one or more symptoms, features, or clinical manife.stations ofa particular infection, disease, 

disorder, and/or condition; partially or completely delaying onset of one ormofe symptoms, features, 

or manifestations of a particular infection, disease, disorder, and/or condition; partially or completely 

delaying progression from an infection, a particular disease, disorder and/or condition; and/or 

decreasing the risk of developing pathology associated with the infection, the disease, disorder, 

and/or condition.

)00786) Prodrug: llie present disclosure also includes prodrugs of tire compounds described 

herein. As used herein, “prodrugs” refer to any substance, molecule or entity wdiich is in a form 

predicate for that substance, molecule or entity to act as a therapeutic upon chemical or physical 

altera Lion. Prodrugs may by covalently bonded or sequestered in some way and which release or are 

converted inLo the active drug moiety prior to, upon or after administered to a mammalian subject. 

Prodrugs can be prepared hy modifying functional groups present in the compounds in such a way 

that the modifications are cleaved, either in routine manipulation ot in viva, to the parent 

compounds. Prodrugs include compounds wheTein hydroxyl, amino, sulfhydryl, ot carboxyl groups 

are bonded to any group that, when administered to a mammalian subject, cleaves to form a free 

hydroxyl, amino, sulfhydryl, or carboxyl group respectively. Preparation and use of prodrugs is 

discussed in T. Higuchi and V. Stella. “Pro-drugs asNovcl Delivery Systems,” Vol. 14 of the A.C.S. 

Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American 

Pharmaceutical Association and Pcrgamon Press, 1987, both of which arc hereby incorporated by 

reference in their entirety.

[(10787| Proliferate: As used herein, the term ‘“proliferate” means to grow, expand or increase or 

cause to grow, expand or increase rapidly. “Proliferative” means having the ability to proliferate. 

“Anti-proliferative” means having properties counter to or inapposite to proliferative properties. 

[(10788) Protein cleavage site: As used herein, “protein cleavage site” refers to a site where 

controlled cleavage of the amino acid chain can be accomplished by chemical, enzymatic or 

photochemical means.
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[00789) Protein cleavage signal: As used herein “protein cleavage signal” refers to at least one 

amino acid Lhat flags or marks a polypeptide for cleavage.

[00790] Protein of interest: As used herein, the terms “proteins of interest” or “desired proteins” 

include those provided herein and fragments, mutants, varianLs, and alterations thereof .

[007911 Proximal: As used herein, the term “proximal” means situaLed nearer Lo the center ot to a 

point or region of interest.

100792[ Purified: As used herein, “puniy,” “purified,” “purification” means to make substantially 

pure or clear from unwanted components, material defilement, admixture or imperfection.

[007931 Sample: As used herein, the term “sample” or “biological sample” refer s to a subset of its 

tissues, cells or component parts (c.g. body fluids, including but not limited to blood, mucus, 

lymphatic fluid, synovial fluid, cerebrospinal fluid, saliva, amniotic fluid, amniotic cord blood, 

uiinc, vaginal fluid and semen). A sample further may include a homogenate, lysate or extract 

prepared from a whole organism or a subset of its tissues, cells or component parts, or a fraction or 

portion thereof, including but not limited to, for example, plasma, serum, spinal fluid, lymph fluid, 

the external sections ol Lhe skin, respiratory, intestinal, and genitourinary tracts, Lears, saliva, milk, 

blood cells, tumors, organs. A sample further refers to a medium, such as a nutrient broth or gel, 

which may contain cellular components, such as proteins or nucleic acid molecule.

[00794J Signal Sequences: As used herein, the phrase “signal sequences” refers Lo a sequence 

which can direct the transport or localization of a protein.

[01)795( Significant or Significantly: As used herein, the terms “significant” or “significantly” are 

used synonymously with the term “substantially.”

[00796( Single unit dose: As used herein, a “single unit dose” is a dose of any therapeutic 

administed in one dose/at one time/single route/singlc point of contact, i.c., single administration 

event.

[0079η Similarity: As used herein, the term “similarity” refers Lo the overall relatedness between 

polymeric molecules, e.g. between polynucleotide molecules (e.g. DNA molecules and/or RNA 

molecules) and/or between polypeptide molecules. Calculation of pereent similarity of polymeric 

molecules to one another can be performed in the same manner as a calculation of’ percent identity, 

except that calculation ol percent similarity takes into account conservative substitutions as is 

understood in the ait.
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[00798] Split dose'. As used herein, a “split dose” is the division of single unit dose or total daily 

dose into two or more doses.

[00799] Stable: As used herein “stable” refers to a compound that is sufficiently robust to survive 

isolation In a useful degree of purity Tram a reaction mixture, and preferably capable ol formulation 

into an efficacious therapeutic agent.

|(ll)8(l(l| Stabilized: As used herein, the term “stabilize”, “stabilized,” “stabilized region” means to 

make or become stable.

[00801] Subject: As used herein, the term “subject” or “patient” refers to any organism to which a 

composition in accordance with the invention may be administered, a.g., for experimental, 

diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects include animals (e.g., 

mammals such as mice, rats, rabbits, non-human primates, and humans) and/or plants.

[00802] Substantially: As used herein, the term “substantially” refers to tire qualitative condition 

of exhibiting total or near-total extent or degree of a characteristic or property of interest. One of 

ordinary skill in Lhe biological arts will understand that biological and chemical phenomena rarely, if 

ever, go to completion and/or proceed to completeness or achieve or avoid an absolute result. The 

term “substantially” is therefore user! herein Io capture the potential lack of completeness inherent in 

many biological and chemical phenomena.

[00803] Substantially equal: As used herein as it Telates to time differences between doses, the 

term means plus/minus 2%

1008041 Substantially simultaneously: As used herein and as it relates to plurality of doses, the 

term means within 2 seconds.

[00805] Suffering from: An individual who is ‘'suffering from" a disease, disorder, and/or 

condition has been diagnosed with or displays one or more symptoms of a disease, disorder, and/or 

condition.

[00806) Susceptible to: An individual who is “susceptible to” a disease, disorder, and/or condition 

has not been diagnosed with and/or may not exhibit symptoms of the disease, disorder, and/or 

condition but harbors a propensity to develop a disease or its symptoms. In some embodiments, an 

individual who is susceptible to a disease, disorder, and/or condition (for example, cancer) may be 

characterized by one or more of the following: (I) a genetic mutation associated with development 

of the disease, disorder, and/or condition; (2) a genetic polymoipliism associated with development 

of the disease, disorder, and/or condition; (3) increased and/or decreased expression and/or activity
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of a protein and/or nucleic acid associated with the disease, disorder, and/or condition; (4) habits 

and/or lifestyles associated with development of lhe disease, disorder, and/or condition; (5) a family 

history of the disease, disorder, and/or condition; and (6) exposure to and/or infection with a microbe 

associated with development of the disease, disorder, and/οτ condition. In some embodiments, an 

individual who is susceptible to a disease, disorder, and/or condition will develop the disease, 

disorder, and/or condition. In some embodiments, an individual who is susceptible lo a disease, 

disorder, and/or condition will not develop the disease, disorder, and/or condition.

[00807( Synthetic: The term “synthetic” means produced, prepared, and/or manufactured by the 

hand of man. Synthesis of polynucleotides or polypeptides or other molecules of the present 

invention may be chemical or enzymatic.

1008081 Targeted Cells: As used herein, “targeted cells” refers to any one or more cells of interest. 

The cells may be found in vitro, in vivo, in situ or in the tissue or organ of an organism. Tlic 

organism may be an animal, preferably a mammal, more preferably a human and most preferably a 

patient.

[00809j Therapeutic Agent: The term “therapeutic agent” refers to any agent that, when 

administered to a subject, has a therapeutic, diagnostic, and/or prophylactic effect and/or elicits a 

desired biological and/or pharmacological effect.

)(11)81 (I | Therapeutically effective amount: As used herein, the Lenn “therapeutically effective 

amount” means an amount of an agent to be delivered (e.g., nucleic acid, drug, therapeutic agent, 

diagnostic agent, prophylactic agent, etc.) that is sufficient, when administered to a subject suffering 

from or susceptible to an infection, disease, disorder, and/or condition, to heat, improve symptoms 

of, diagnose, prevent, and/or delay the onset of the infection, disease, disorder', and/or condition. 

[00811 ] Therapeutically effective outcome: As used herein, the term “therapeutically effective 

outcome” means an outcome that is sufficient in a subject suffering from or susceptible to an 

infection, disease, disorder, and/or condition, lo treat, improve symptoms of, diagnose, prevent, 

and/or delay the onset of’lhe in lection, disease, disorder, and/or condition.

[00812) Total daily dose: As used herein, a “total daily dose” is an amount given or prescribed in 

24 hr period. It may be administered as a single unit dose.

[00813) 7 ranscription factor: As used herein, the term “transcription factor” refers to a DNA-

b in di ng protein that regulates transcription of DNA into RNA, for example, by activation or 

repression of transcription. Some transcription factors effect regulation ol transcription alone, while
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others act in concert with other proteins. Some transcription factor can both activate and repress 

transcription under certain conditions. In general, transcription factors hind a specific target 

sequence or sequences highly similar to a specific consensus sequence in a regulatory region of a 

taTgel gene. Transcription factors may regulate transcription of a Larget gene alone or in a complex 

wiLh other molecules.

[(10814] Treating·. As used herein, the Lenn “treating” refers to partially or completely alleviating, 

ameliorating, improving, relieving, delaying onset of, inhibiting progression of, reducing severity of, 

and/or reducing incidence of one or more symptoms or features of a particular infection, disease, 

disorder, and/or condition. Tor example, “treating” cancer may refer to inhibiting survival, growth, 

and/or spread of a tumor. Treatment may be administered to a subject who docs not exhibit signs of 

a disease, disorder, and/or condition and/or to a subject who exhibits only early signs of a disease, 

dis older, and/or condition for the purpose of decreasing the risk of developing pathology associated 

with the disease, disorder, and/or condition.

[00815] Unmodified'. As used herein, “unmodified” refers to any substance, compound or 

molecule ρποτ to being changed in any way. Unmodilied may, hut does not always, reier to the wild 

type or native form of a biomolecule. Molecules may undergo a series of modifications whereby 

each modified molecule may serve as the “unmodified” starting molecule Iot a subsequent 

modification.

Equivalents and Scope

100816] Those skilled in the art will recognize, or be able to ascertain usmg no more than routine 

experimentation, many equivalents to the specific embodiments in accordance with the invention 

described herein. The scope of the present invention is not intended to be limited to the above 

Description, hut rather is as set forth in the appended claims.

(οοβιη In the claims, articles such as “a,” “an,” and LIthe” may mean one or more than one unless 

indicated to the contrary or otherwise evident from the context. Claims or descriptions that include 

“or” between one or more members ol a group are considered satisfied if one, more than one, or all 

of the group members are present in, employed in, or otherwise relevant to a given product or 

process unless indicated to the contrary or otherwise evident from the context The invention 

includes embodiments in which exactly one member of the group is present in, employed in, or 

otherwise relevant to a given product or process. Die invention includes embodiments in which
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more than one, or all of the group members arc present in, employed in, or otherwise relevant to a 

given product or process.

[00818) It is also noted that the tenu “comprising1· is intended to be open and permits but does not 

require the inclusion of additional elements or steps. When the term “comprising” is used herein, the 

term “consisting of1 is thus also encumpassed and disclosed.

[(11)819| Where ranges are given, endpoints are included. Furthermore, it is to be understood that 

unless otherwise indicated or otherwise evident from lhe context and understanding of one of 

ordinary skill in the art, values that are expressed as ranges can assume any specific value or 

subrange within the stated ranges in different embodiments of the invention, to the tenth of the unit 

of the lower limit of die range, unless the context dearly dictates otherwise.

11)1)82() | In addition, it is to be understood that any particular embodiment of die present invention 

that falls within the prior art may be explicitly excluded from any one or more of the claims. Since 

such embodiments are deemed to be known to one of ordinary skill in the art, they may be excluded 

even if the exclusion is not set forth explicitly herein. Any particular embodiment of the 

compositions of the invention (e.g., any nucleic acid or protein encoded Lhereby; any method of 

production; any method of use; etc} can he excluded from any one or more claims, for any reason, 

whether or not related to the existence of prior art.

[00821] All cited sources, for example, references, publications, databases, database entries, and 

art cited herein, are incoiporaled into this application by reference, even if not expressly stated in the 

citation, hi case of conflicting statements of a cited source and the instant application, the statement 

in the instant application shall control.

EXAMPLES

[00822] The present disclosure is further described in the following examples, which do not limit 

the scope of the disclosure described in the claims.

Example 1. Modified niRNA/« F/tru Transcription

A, Materials and Methods
[00823] Modified rnRNAs according Lo the invention arc made using standard laboratory methods 

and materials for in vitro transcription with the exception that the nucleotide mix contains modified 

nucleotides. lhe open reading frame (ORlj ol the gene of interest is Hanked by a 5' untranslated 

region (UTR) containing a strong Kozak translational initiation signal and an alpha-globin 3' UTR 

terminating with an oligo(dT) sequence lor letup luted addition of apolyA tail lormRNAs not
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incorporating adenosine analogs. Adenosine-containing mRNAs arc synthesized without an oligo 

(dT) sequence to allow Γοτ post-lranscrtplion poly (A) polymerase poly-(A) tailing.

[00824] The modified mRNAs may he modified to reduce the cellular innate immune response. 

The modifications to reduce the cellular response may include pseudouridine (ψ) and 5-melhyI- 

cytidine (5meC, 5inc ornFC). (See, Kariko K et ah Immunity 2.3:165-75 (2005), Kariko K etal. Mol 

Iher 16:1833-40 (2008), Anderson HR et al. NAR (2010); herein incorporated by reference).

100825) The ORF may also include various upstream or downstream additions (such as, but not 

limited lo, β-globin, lags, etc.) may be ordered from an optimization service such as, but limited lo, 

DNA2.0 (Menlo Park, CA) and may contain multiple cloning sites which may have Xbal 

recognition. Upon receipt of the construct, it may be reconstituted and transformed into chemically 

competent A. coli.

[00826] For the present invention, NEB DII5-alpha Competent E. coli arc used. Transformations 

are performed according to NFB instructions using 100 ng of plasmid. The protocol is as follows: 

[00827] Thaw a tube of NEB 5-alpha Competent E. coli cells on ice for 10 minutes.

[00828] Add 1-5 μΐ containing 1 pg-100 ng of plasmid DNA to the cell mixture. Carefully flick the 

tube 4-5 times to mix cells and DNA. Do not vortex.

[008291 Place the mixture on ice lor 30 minutes. Do not mix.

[00830] Heal shock al 42 6C for exacLly 30 seconds. Do not mix.

[008311 Place on ice for 5 minutes. Do not mix.

[00832) Pipette 950 μΐ of room temperature SOC into the mixture.

[00833) Place at 37°C for 60 minutes. Shake vigorously (250 rpm) or rotate.

[00834] Warm selection plates to 37OC.

[00835] Mix the cells thoroughly by flicking the tube and inverting.

)00836] Spread 50-100 μΐ of each dilution onto a selection plate and incubate overnight at 37°C. 

Alternatively, incubate at 3(1°C for 24-36 hours nr25°C for 48 hours.

[00837] A single colony is then used to inoculaLe 5 ml of l.B growth media using the appropriate 

antibiotic and then allowed to grow (250 RPM, 37° C) for 5 hours. This is then used to inoculaLe a 

200 ml culture medium and allowed lo grow overnight under the same conditions.

100838] T o isolate the plasmid (up to 850 gg), a maxi prep is performed using the lnvitrogen 

PUREL1NK™ HiPure Maxiprep Kit (Carlshad, CA), following the manufacturer’s instructions.

- 213-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00839, In order to generate eDNA for In Vitm Transcription (IVT), the plasmid (an Example of 

which is shown in Figure 3) is first linearized usings restriction enzyme such as Xbal. A typical 

restriction digest with Xbal will comprise the following: Plasmid 1.0 pg; lOx Duffer 1.0 μΐ; Xbal 1.5 

μΙ; dIFO up lo 10 μΐ; incubated at 37° C for I hr. If performing at lab scale (< 5pg), Lhe reaction is 

cleaned up using Invitrogen’s PURELINK.™ PCR Micro Kit (Carlsbad, CA) pel manufacturer’s 

instructions. Larger scale purifications may need to be done with a product that has a largeT load 

capacity such as Invitrogen’s standard PURELINK™ PCR Kit (Carlsbad, CA). Following the 

cleanup, the linearized vector is quantified using the NanoDrop and analyzed to confirm 

linearization using agarose gel electrophoresis.

II. Agarose Gel Electrophoresis of’modified mRNA

,00840, Individual modified mRNAs (200-400 ng in a 20 μΐ volume) are loaded into a well on a 

non-denaturing 1.2% Agarose E-Gel (Invitrogcn, Carlsbad, CA) and run for 12-15 minutes 

according to the manufacturer protocol.

C. Agarose Gel Electrophoresis of RT-PCR products

[00841] Individual reverse Iran scribed-PCR products (200-400ng) are loaded into a well of anon- 

denaturing 1.2% Agarose E-Gel (Tnvitrogen, Carlsbad, CA) and run for 12-15 minutes according to 

the manufacturer protocol.

D. Nanodrop modified mRNA quantification and UV spectral data

[00842, Modified mRNAs in TE buffer (1 μΐ) are used for Nanodrop UV absorbance readings to 

quantitate the yield of each modified mRNA from an in vitro transcription reaction (U V absorbance 

traces arc not shown).

Example 2. Modified mRNA Transfection

A. Reverse Transfection

,00843, For experiments performed in a 24-well collagen-coated tissue culture plate, Keratinoeytes 

arc seeded at a cell density of 1 x 10s. For ex penmen is performed in a 96-weIl co Hagen-coated 

tissue culture plate, Keratinoeytes are seeded at a cell density ol"0.5 x 10s. For each modified 

mRNA to be transfected, modified mRNA: RNAIMAX™ arc prepared as described and mixed with 

the cells in the multi-well plate within 6 hours ol cell seeding before cells had adhered lo the tissue 

culture plate.

B. Forward Transfection
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[00844) Ina 24-wcl! collagen-coated tissue culture plate, Kcratinocytcs arc seeded at a cell 

density οΓ0.7 x 10s. For experiments performed in a 96-well collagen-coaled tissue culture plate, 

Keratinocytes are seeded at a cell density of 0.3 x 105. Keratinocytes are then grown to a confluency 

of >70% for over 24 hours. For each modified mRNA lo be transfected, modified mRNA:

RN Α1ΜΛΧ™ aTe prepared as described and transfected onto the cells in the multi-well plate over 24 

hours afteT cell seeding and adherence to the tissue culture plate.

€. Modified mRNA Translation Screen: G-CSF ELISA

[00845) Keratinocytes are grown in EpiLife medium with Supplement S7 from Invilrogen at a 

confluence of >70%. Keratinocytes are reverse transfected with 300 ng of die indicated chemically 

modified mRNA complcxcd with RNAIMAX™ from Invitrogcn. Alternatively, keratinocytes arc 

forward transfected with 300 ng modified mRNA complexed will) RNAIMAX™ from lnvitrogen. 

The RNA: RNAIMAX™ complex is formed by first incubating the RNA with Supplement-free 

EPILIFE® media in a 5X volumetric dilution for 10 minutes at room temperature.

[00846) In a second vial, RNAIMAX™ reagent is incubated with Supplement-free EPILIFL·® 

Media in a 10X volumetric dilution for 10 minutes at room temperature. The RNA vial is then 

mixed with the RNAIMAX™ vial and incubated for 20-30 at room temperature before being added 

to the cells in a drop-wise fashion. Secreted huG-CSF concentration in the culture medium is 

measured at 1 8 hours post-trans tec bon for each of the chemically modi lied mRNA s in triplicate. 

Secretion of Human Granulocyte-Colony Stimulating Factor (G-CSF) from transfected human 

keratinocytes is quantified using an ELISA kit from lnvitrogen or R&D Systems (Minneapolis, MN) 

following the manufacturers recommended instructions.

D. Modified mRNA Dose and Duration: G-CSF ELISA

[0()847) Keratinocytes arc grown in ΕΡΠ IFF® medium with Supplement S7 from Invitrogcn at a 

confluence of >70%. Keratinocytes are reverse transfected with Ong, 46.875ng, 93.75ng, 187.5ng, 

375ng. 750ng, or 1500ng modified mRNA complexed with RNATMAX™ from Invitrogcn. The 

modi lied mRNA: RNAIMAX™ complex is formed as described. Secreted huG-CST concentration 

in the culture medium is measured at 0, 6, 12, 24, and 48 hours post-trans faction for each 

concentration of each modified mRNA in triplicate. Secretion of Human Granulocyte-Colony 

Stimulating factor (G-CSF) from transfected human keratinocytes is quantified using an ELISA kit 

from lnvitrogen or R&D Systems following the manufacturers recommended instructions.
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Example 3. Cellular Innate Immune Response to Modified Nucleic Acids: IFN-beta ELISA and

TNF-alpha ELISA

[00848) An enzyme-linked immunosorbent assay (ELISA) for Human Tumor Necrosis Factor-a 

(TNF-a), Human Inlerleron-β (IFN-β) and Human Granulocyte-Colony Stimulating Factor (G-CSF) 

secreted from in v//ro-transfected Human Keratinocyle cells is tested for Lhe detection of a cellular 

innate immune response.

100849) Keralinoeytes are grown in EP1L1EE® medium with Human Keralinocyle Growth 

Supplement in the absence of hydrocortisone from lnvitrogen at a confluence of >70%.

Keratmocytes are reverse transfected with Ong, 93.75ng, 187.5ng, 375ng, 750ng, 150Ong or 3000ng 

of the indicated chemically modified mRNA complcxcd with RNAIMAX™ firm lnvitrogen as 

described in triplicate. Secreted TNE-a in the culture medium is measured 24 hours post- 

transfcction for each of the chemically modified rnRNAs using an ELISA kit from lnvitrogen 

according to the manufacturer protocols.

[00850] Secreted ΙΓΝ-β is measured 24 hours post-transfection lor each of the chemically 

modified mRNAs using an ELISA kit from InvitTogen according to the manufacturer protocols. 

Secreted hu-G-CSF concentration is measured at 24 hours post-transfection for each of the 

chemically modified mRNAs. Secretion of Human Granulocyte-Colony Stimulating Factor (G- 

CSF) from transfected human keralinoeytes is quantified using an ET.IS A kit from lnvitrogen or 

R&D Systems (Minneapolis, MN) following the manufacturers recommended instructions. These 

data indicate which modified mRNA are capable eliciting a reduced cellular innate immune response 

in comparison to natural and other chemically modified polynucleotides or reference compounds by 

measuring exemplary type 1 cytokines TNF-alpha and IFN-beta.

Example 4. Human Graimlocyte-Co lony Stimulating Factor-modified niRNA-intluced Cell

Proliferation Assay

[(10851] Human keralinoeytes are grown in EPJLTFE® medium with Supplement S7 from 

lnvitrogen at a confluence of >70% in a 24-well collagen-coated TRANSWELT.® (Coming, Lowell, 

MA) co-culture tissue culture plate. Keralinoeytes arc reverse transfccLcd with 75Ong of the 

indicated chemically modified niRNA complexed with RNAIMAX™ from lnvitrogen as described 

in triplicate, ihe modified mRNA: RNAIMAX™ complex is formed as described. Keratinocyle 

media is exchanged 6-8 hours post-transfection. 42-hours post-transfection, the 24-well
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TRANSWELL® plate insert with a 0.4pm-porc semi-permeable polyester membrane is placed into 

the hu-G-CSF modified mRNA-transfecled keTalinocyte containing culture plate.

[00852] Human myeloblast cells, Kasumi-1 cells or KG-1 (0.2 x IO5 cells), are seeded into the 

insert well and cell proliferation is quantified 42 hours post-co-culture initiation using the CyQuanl 

Direct Cell Proliferation Assay (Invitrogen) in a 100-120 μΐ volume in a 96-well plate, modified 

mRN A-eneodmg hu-G-CSF-induced myeloblast cell proliferation is expressed as a percent cell 

proliferation normalized to unlraiisfecled keratinocyte/myeloblast co-culture control wells. Secreted 

hu-G-CST concentration in both the keratinocyle and myeloblast insert co-culture wells is measured 

at 42 hours post-co-culture initiation for each modified mRNA in duplicate. Secretion of Human 

Granulocyte-Colony Stimulating Factor (G-CSF) is quantified using an ELISA kit from Invitrogen 

following the manufacturers recommended instructions.

[00853] Transfected hu-G-CST modified mRNA in human keratinocytc feeder cells and 

untransfected human myeloblast cells are detected by RT-l’CR. Total RNA from sample cells is 

extracted and lysed using RNAEASY® kit (Qiagen, Valencia, CA) according lo ihe manufacturer 

instructions. Extracted total RNA is submitted lo RT-PCR for specific amplification of modified 

mRN A-G-CST using PRGTOSCR1PT® M-Mul V Taq RT-PCR kit (New England BioT nhs, 

Ipswich, MA) according to the manufacturer instructions with hu-G-CSF-specilic primers. RT-PCR 

products are visualized by 1.2% agarose gel electrophoresis.

Example 5. Cytotoxicity and Apoptosis

|UU854| This experiment demonstrates cellular viability, cytotoxity and apoptosis for distinct 

modified mRNA-in vitro transfected Human Keratinocytc cells. Kcratinocytcs arc grown in 

EPILIEE® medium with Human Keratinocyte Growth Supplement in the absence of hydrocortisone 

from Invitrogen at a confluence of >70%. Kcratinocytcs arc reverse transfected with Ong, 46.875ng, 

93.75ng, 187.5ng, 375ng, 750ng, ISOOng, 3000ng, or 6000ng of modified mRNA complcxcd with 

RNATMAX™ from Invitrogen. The modified mRNA: RNA1MAX™ complex is formed. Secreted 

huG-CSF concentration in the culture medium is measured at 0, 6, 12, 24, and 48 hours post- 

transfection for each concentration of each modi fi cd mRNA in triplicate. Secretion of Human 

Granulocyte-Colony Stimulating Factor (G-CSF) from transfected human keialinocytes is quantified 

using an ELISA kit from Invitrogen or R&D Systems following the manufacturers recommended 

instructions. Cellular viability, cytotoxicity and apoptosis is measured at 0, 12,48, 96, and 192
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hours post-transfection using the APQTOX-GLO™ kit from Promega (Madison, WI) according to 

■manufacturer instructions.

Example 6. Co-Culture Environment

[00855( The modified mRNA comprised ol chemically-dis Li net modified nucleotides encoding 

human Granulocyte-Colony Stimulating Factor (G-CSF) may stimulate the cellular proliferation of a 

transfection incompetent cell in co-cullure environment. The co-culture includes a highly 

transfeclablc cell type such as a human keiatinocyte and a transfection incompetent cell type such as 

a white blood cell (WBC). ihe modified mRNA encoding G-CS11' may be transfected into the 

highly transfectable cell allowing for the production and secretion of G-CSF protein mto the 

extracellular environment where G-CSF acts in a paracrine-like manner to stimulate the white blood 

cell expressing the G-CSF receptor to proliferate. The expanded WBC population may be used to 

treat immunc-compromiscd patients or partially reconstitute the WBC population of an

immunosuppressed patient and thus reduce the risk of opportunistic infections.

[00856( In another example, a highly transfectable cell such as a fibroblast are transfected with 

certain growth factors Lo support and simulate the growth, maintenance, or differentiation of poorly 

IransfecL'ihle embryonic stem cells ot induced pluripotent stem cells.

Example 7. 5’-Guanosinc Capping on Modified Nucleic Acids (modified mRNAs)

A. Materials and Methods

[00857( Ihe cloning, gene synthesis and vector sequencing was performed by DNA2.0 Inc.

(Menlo Park, CA). Ihe ORF was restriction digested using Xbal and used for cDNA synthesis using 

tailed-or tail-lcss-PCR. The tailcd-PCR cDNA product was used as tlie template for tlie modified 

mRNA synthesis reaction using 25mM each modified nucleotide mix (all modified nucleotides were 

custom synthesized or purchased from TriEink Biotech, San Diego, CA except pyrrolo-C 

triphosphate purchased from Glen Research, Sterling VA; unmodifed nucleotides were purchased 

from Epicenter Biotechnologies, Madison, WT) and CcIlSeripl MEGASCRIPT™ (Epicenter 

Biotechnologies, Madison, WI) complete mRNA synthesis kit. The in vitro transcription reaction 

was run for 4 hours at 37°C. Modified mRNAs incorporating adenosine analogs were poly (A) 

tailed using yeast Poly (A) Polymerase (Allymetrix, Santa Clara, CA). PCR reaction used HiFi PCR 

2X MASTER MIX™ (Xapa Biosystems, Woburn, MA). Modified mRNAs were posi

tron script tonally capped using recombinant Vaccinia Vims Capping Enzyme (New England 

RioLahs, Ipswich, ΜΛ) and a recombinant 2’-o-Tnethyltransferase (Epicenter Biotechnologies,
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Madison, WT) to generate the 5’-guanosine Capl structure. Cap 2 structure and Cap 2 structures 

may be generated using additional 2’-o-melhy I transferases. The In vitro transcribed mRNA product 

was run on an agarose gel and visualized. Modified mRNA was purified with Ambion/Applied 

Biosystems (Austin, TX) MEGACIear RNA™ purification kit. PCR used PTJRELINK™ PCR 

purification kit (Invilrogen, Carlsbad, CA). The product was quantified on NANODROP™ UV 

Absorbance (Ihermol'isher, Waltham, MA). Quality, IJV absorbance quality and visualization of 

the product was performed on an 1.2% agarose gel. llie product was resuspended in IE buffer,

li. S’ Capping Modified Nucleic Acid (mRNA) Structure

[00858] 5’ -capping of modified mRNA may be completed concomitantly during the in vitro-

tran scrip tion reaction using the following chemical RNA cap analogs to generate the 5’-guanosine 

cap structure according to manufacturer protocols: 3'-0-Me-m7G(5')ppp(5')G (the ARCA cap); 

G(5')ppp(5')A; G(5')ppp(5')G; m7G(5’)ppp(5')A; m7G(5’)ppp(5’)G (New England BioLabs, Ipswich, 

MA). 5 '-capping of modified mRNA may be completed post-transcnptionally using a Vaccinia 

Virus Capping Enzyme Lo generate the “Cap 0” structure: m7G(5')ppp(5,)G (New England BioLabs, 

Ipswich, MA). Cap 1 structure may be generated using both Vaccinia Virus Capping Enzyme and a 

2’-O methyl-transferase to generate: m7G(5')ppp(5')G-2’-f)-methyl. Cap 2 structure may he 

generated from LbeCap 1 structure folio wed by the 2’-o-metbylation of the 5’-antepenultimate 

nucleotide using a 2’-O methy I-transferase. Cap 3 structure may be generated from the Cap 2 

structure followed by the 2’-o-metbylalion of the 5’-preanlepenultimate nucleotide using a 2’-O 

methyl-transferase. Enzymes are preferably derived fr om a recombinant source.

[00859] When transfected into mammalian cells, tlic modified inRNAs have a stability of 12-18 

hour’s or more than 18 hours, e.g., 24, 36,48, 60,72 or greater than 72 hours.

Example 8. Synthesis of N4-inethyl cytidine (compound 1) and N4-methyl CTP (NTP of said

compound)

- 219-



20
17

21
35

03
 

10
 A

ug
 2

01
7

ο

TBDWISCi

imidazole

MeNH2
40% aq. solution

MeCN

compound 1
N4-methyl cySdine 

CwHigNjOj
Md. Wt: 257.24

1) P(O)(OMe)3
2) POCIj

3) TBAPP
4) TEAS

1,2,4-triazole 
POCI3. □ C

Et3N, MeCN

N4-H6-CTP

[00860J Uridine was silylated to provide a trisilylated compound, which was purified by column, 

activated with re-distilled POCh/triazoIe under anhydrous condition, and then followed by 

nucleophilic substitution with 40% mefhylamine aqueous solution. N4-Methyl-2’,3’,5’-tri-O- 

TBDMS-cytidinc was thus obtained after chromatographic purification, lhe resultant product was 

deprotected with TBAF and then purified with an ethanol-ethyl acetate (3:1) solvent system to obtain 

compound 1. The final product was characterized by NMR (in DMSO); MS: 258 (M + ΓΓ)+, 280 (M 

+ Na)+, and 296 (M + K)+; and IIPLC: purity, 99.35% (FIGS. 1A-1D). IIPLC, purity 98% (FIG. 2). 

Example 9. Synthesis of 2’-OMe-N,N-di-Me-cytidiiie (compound 2) and 2' OMe di Me

CTF (NTP of said ctimronnd)
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“BDMSCI

Me GN

imidazole

Me2NH-HCI
ElaN TBAF/H2O

THF

compound 2
N4, N4,2'-tri-O-rrie1hyicytidine 

Ci2H1aN3O5 
Mol. Wt: 285.30

1) P(O)[OMe)3
2) POCIa
3) 1 BAHR
4) TEAB

2'-OMe-N ,N-d i -Me-CTP

purified by ion-exchange column, lyophilized 
purifed by reverse phase comlumn, lyophilized

[00861] 2’ -O-M ethyl uridine was silylaled to give the di-silylaled compound. Purified 2’-O-

metliyl-3’,5’-di-O-TBDMS uridine was activated with re-distilled POCfi and imidazole under 

anhydrous condition, followed by Llie nucleophilic substitution with dimethyl amine hydrochloride 

under tnetliylamuie environment to trap HCl. Intermediate compound N4,N4,2’-tri-O-metliyl-3’,5’- 

bis-O-TBI)MS uridine was purified by flash chromatography and obtained as a white foam. Ihe 

resultant compound was de-protccted with TBAF and then purified to provide -400 mg final product 

compound 2 as white foam. ES MS: m/z 308 (M + Na)+, 386 (M + H)+; HPEC: purity, 99.49% 

(FIGS. 3A-3C).

[00862] To synthesize the corresponding NTP, 70 mg of nucleoside compound 2 provided 23 mg 

of 2’-OMe-N,N-di-Me-CTP after purification via ion-exchange and reverse phase columns. IiPI.C: 

purity, 95% (FIG. 4).
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Example 10. Synthesis of 5-mcthoxye.arbonylmcthoxy uridine (compound 3) and 5-

methoxycarbonylmethoxy-UTP (NTP of said compound)

3-3 ϊ-b 3-c

o

acetone
2,2-dinrteiboicy
propane
acid

3-g
□

3-»

compound 3 
S-melhoxy&arboryl 

methoxy uridine

O O
2} POCI3 II 31

O P O P
3) TBAPP
4} TEAS

1
0- 0-

4 Et^NH

5-MeQCOCHaO-UTP

100863 [ Undine 3-a in water was treated with excess amount of bromine and then flushed with air 

to remove bromine. The reaction mixture was treated with pyridine at a controlled speed and 

temperature. During the reaction, unstable bromo-intermediate 3-b gradually converted to di

hydroxyl intermediate 3-c, which presumably dehydrated to the stable 5-hydroxyuridme 3-d. Then, 

the 5-hydiOxyuridinc was protected with a 2’,3’-isopropylidcnc group to provide compound 3-g. 

Reaction with compound 3-f provided compound 3.

[(10864] 60-70 mg of the nucleoside provided >21 mg of the desired triphosphate after two HPEC

column purification and two lyophilization steps. HPTC: purity, 98% (TIG. 5).

Example 11. Synthesis of 3-methyl pseiidouridine (compound 4) and 3-methyl pseudo-IJTP

(NTP of said compound)
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DMF-DMA

com pound 4
4-d 3-rnethyl pseudoundine

t)P(0)(0Me)3
2) POCI3

3) TBAPP
4) TEAB

4 Et3NH+

3-M0-pseudo-UTP

[00865] Pscudouridinc 4-a was reacted with Ac2O to provide acctyl-protcctcd pscudouridinc 4-b. 

Then, N1 was selectively protected with POM to provide compound 4-e. Methylation of N3, 

fol lowed by deprotected, provided compound 4 (-400 mg). Molecular formula: C101114N2O6, 

molecular weight: 258.23g/mol; appearance: white solid; storage conditions: store at 25 °C; IIPLC: 

purity,98.51%; 'H NMR (I)MSO-rf,): S 11.17(4 1H,,/=3.() Hz), 7.56(d, 1H,./ = 3.6 Hz). 4.91 (d,

1H, ./= 3.6 Hz), 4.79 (t, 1H, ./= 4.2Hz), 4.70 (d, lH,./= 4.2Hz), 4.49 (d, 1H, ./= 3.0Hz), 3.82-3.88 

(m, 211), 3.66-3.67 (m, III), 3.57-3.61 (m, III), 3.40-3.47 (m, III), 3.09 (s, 311); MS: 281 (M + Nap 

(FIGS. 6A and 6B).

(00866( Alternative routes could be applied to obtain compound 4. For example, pseudoundine 

could be reacted with an (/-protecting group (e.g., as described herein, such as IMS) and reacted 

with an A-piotecting group (e.g., as described herein, such as acetyl at N1). Then, N3 of the 

nucleobase could Ire reacted with an alkylating agent (e g., dimethylamine/dimethoxymethyl) to 

provide compound 4 having N- and (/-protecting groups. Finally, the resultant compound would be 

dcprotcctcd (e.g., under basic conditions, such as NH/MeOH) to provide compound 4.
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Example 12. Synthesis of N-Ac, 5-Ac-OCHz-cytidinc (compound 5)
0

0

5-i

[(10867] Uridine 5-a was protected to obtain isopropylidcnc compound 5-b, which was reacted with 

(CHCO)„. Acetic acid with catalyst amount of TFA wa s employed to obtain the desired selectively 

acylated compound 5-1'(30% yield). Further trilylalion of the 5’-OTT group resulted in the desired 

orthogonally protected compound 5-g.

[00868] Compound 5-g was treated with POCI3 and Lriazole to provide compound 5-h together 

with de-acylated compound 5-i. Acetylation of these two compounds provided di-acylated, fully 

protected compound 5-j. Deproteclion of compound 5-j with acetic acid under healing condition 

resulted in tliree products, one of which was compound 5.

[00869] I o obtain the corresponding N I P, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from ElOII).

100870] Alternative routes could be applied to obtain compound 5, such as by beginning with 

cytidinc as the starting material. In such methods, the 5-position could he reacted with a halogen or 

a halogenation agent (e.g., any described herein, such as 12/ meta-chloroperoxybenzoic acid), which
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can be displaced with an alkylating agent. Further, such methods could include the use of one or 

more Λ- ot O-protecling groups (e.g., any described herein, such as silylation or acetylation) to 

protect the amino group of cytidine and/or hydroxyl groups of the sugar moiety.

Example 13. Synthesis of 5-TBPMS-OCII;-cytidnie (compound 6)
o

H
6’-a

- (HCHD^ 
H^O, 95 C

t 3 days

HO'

HMDS. huaL

B'-c

O
ANH

H
6'-t>. 20 g

TBDMS-CI
POCI3

trEazoEe

β'-e 5g,7S%

AcO OAc

G‘‘f

NH-j-tiioxane NHrMeOH
NTP

[00871( Λ 5-hydroxyuracil compound ’-b was glycosylated to obtain compound 6’-d (28% yield), 

which was silylated to provide compound 6’-e. Ac tivation of the protected undine provided the 

desired compound 6 after further amination and deprotection (800 mg of the final compound). 

Molecular formula: C16H29N3O6Si; molecular· weight: 387.50 g/inol; appearance: white solid; 

storage conditions: store at 25 °C; HPLC: purity. 97.57%;.’HNMR (CDCh): d 7.81 (s, 1H), 7.40 

(bs, 1H), 6.49 (bs, 1H), 5.79 (d, 1H,7=2.4 Hz), 5.3--5.32 (m, 1H), 5.00 5.07 (m, 2H), 4.30 4.45 

(m, 2H), .3.90-3.94 (m, 2H), 3.80-3.83 (m, 1H), 3.50-3.70 (m, 2H), 0.87 (s, 9H), 0.05 (S, 6H); MS:

388 (M i Ilf, 410 (M i Na.f) (FIGS. 7A-7C).

[00872( To obtain the corresponding NTP, a triphosphate reaction can be conducted (c.g., any 

described herein). Optionally, (lie NTP can be purified (e.g., using a Sephadex DFAE-A25 column), 

lyophilized, or evaporated (c.g., from ElGH).

Ex a mule 14. Synthesis of 5-trifluorometbvl evtidine (c.nmnoiind 7)
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foC
οκ.

1
'N

Η

7-A

NH 1) HMDS, heal 
ΐ 2JTMSOT1, 

dichloroettiane
heiat_ CteOAc 
Aco yjf 

AcO OAc

O
1JTP5C1, DMAP, 
MeCN, 21:2£ h_. 
2) N ly-K'cdi l ’ 
(overnight)

7-B

NH2

compound 7

[00873) Compound 7-A was glycosylated to provide compound 7-B, which was treated with 2,4,6- 

biisopropylbenzene sulfonyl chloride (TPSC1) lo activate the carbonyl group and to promote 

reductive amination. Deprotection provided compound 7. Alternative activating agents could be 

used instead ofTPSCl, such as 2,4,6-trimethylbenzene sulfonyl chloride.

)00874) To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can he purified (e.g., using a Scphadcx DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOII).

Example 15. Synthesis of 5-trifluoromethyl uridine (compound 8)

0
f3c

8-A

0
f3c.. A

NH
''N^O

H

1) HMDS, heat,
2) IMSOlf 
dichloroettiane, 
heat
AcCt

^O'^-OAc 

AcO OAc

AcO I NH

AcO OAc 
8-B

NH3-MbOH
overnight

HO OH 

compound 8

[00875) 5-Trilluoromethyluracil 8-A was glycosylated with Lelra-O-acety] ribose, and the desired 

triproiecled 5-triiluoromethyluridine 8-B was obtained in good yield. Further deprotection gave 

desired compound 8, which was characterized witli NMR, MS and HPLC results. MS: 313 (Μ i 

H)', 335 (Μ i Na)*; HPLC: purity, 98.87%, ((TIGS 8A-8C).

)00876) To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can he purified (e.g., using a Scphadcx DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).

Example 16. Synthesis of 5Amethoxvearbonyl)methyl uridine (compound 9)
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AC2O

V-
$

Λ—oΓ \
DBU. THF

50%

AcO

O
A,

oX

AcO OAc

9-b

ρΛ1 

AcO- O’ N

AcO OAc

9-e

Bl2, ACZO

AcOH
eo%

AcO,

MeOH. heat 
Dcavex-50 (H')

HN

oX

y

y

AcO CAc

9-c

HO

DHAP, Et3N AcO

o o

xj
Ο N

AeO OAc

9-d

ΧύAr1 °
HN

och3

OH OH

compound 9
5-(Meth oxyc arbonyl)methyl uridine 

(MCM5U)

NTP

[00877J Uridine 9-a was protected to provide compound 9-b (98% yield). This compound was 

brominated with excess bromine in the presence of acetic anhydride and acetic acid. The 5-bromo 

analog 9-c was obtained (60% yield) and further benzoylated to provide desired compound 9-d (64%

yield). 5-Πτοιηο compound 9-d was condensed with dimethyl malonate under basic condition to 

give the aryiated malonate and the fully protected diester 9-e (50% yield). After de-caiboxylation 

and deprotection, compound 9 was obtained veri lied by NMR (FIG. 9).

[00878J To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (c.g., using a Scphadcx DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).
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AcO CL
Me

o o

SMe

10-C

ago a. Me
10-d10-a 10-b

AcQ O-. Me
ID-e

MeOH, heat 
Dowex-50 (H*J

Na-OMe

O

5-(M eth oxy ca rbony I) methyl -2'-O - 
Methyl uridine (2-OMe-MCMEU>

compound 10

[00879( Similar strategy to the synthesis of compound 9 above, 2’-O-methyluiidine 10-a was 

acylated and brominatedto obtain compound 10-c. further benzoyiation provided 5-bromo analog 

10-d, which was condensed with dimethyl malonatc provide the desired product 10-c (45% yield). 

Decarboxylation and dcprotcction provided compound 10.

[0088(11 To ohlain the corresponding NTP, a Lriphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from ElOIT).
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Example 18. Synthesis of 5-trifluoroacctyI-ammomcthyl-2-tliiouridiMC (compound 11)
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5-7 FA-amin omethyl-2-lh lourkl Ine

compound 11

[00881, Glycosylation of 2-thiouracil 11-a provided compound 11 -c, wliich can be deproteeted 

with any useful dcprotcction reagent. In particular, LiOII provided desired product 11-d (80-90% 

yield). Isopropylidene protection provided compound 11-e (90% yield), f urther 5-

hydroxylmcthylation provided compound 11 -f. Chlorination, azidation, and further reduction 

provided methylamine compound 11 -i, which was acetylated to provided compound 11.

[00882] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from ElOH).
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Example 19. Synthesis of5-mcthylamiiiomcfhyl-2-iiridinc (compound 12)
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TsOH (HCHO)b ο’>~'ΝΓ"'
Undine---------► 12-b-------------- υ |

12^ WaOH : —° --
heat

ό^Ό

JL /x TMSCI 
HM' j OH 5eq.,heat

H?NMe
excess HO,

w'-p' pj
cAnx H

\±J

20%AcOHftwBt

<An
rOH

HO.„ O'A
HN'^V ’"Ct

OH OH 

12-9
UH UH

12-f

(H)

AcQ,

HyNMe

HT /V *
2. i h

HC< °V -Ρ

ΟΗ OH 

compound 12

O
™jy

o'- pr 
/

0
„J. z*-·, .-CKy 

HNV N

aJ H

kD'
i

AcO OAc 
12H

yy
OH OH 

compound 12

[00883) Compound 12 can be obtained by any useful method (e.g., sec schemes (i) and (it) above). 

For example, pmleeted uracil can be glycosylated and subsequently aminated to provide compound 

12. Additional protecting, dcprotecting, and activating steps can be conducted as needed. To obtain 

the corresponding NTP, a triphosphate reaction can be conducted (e.g., any described herein). 

Optionally, the NTP can be purified (e.g., using a Sephadex ΌΠΑΒ-Α25 column), lyophilized, or 

evaporated (e.g., lrom ElOlI).
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Example 20. Synthesis of 5-TFA-mcthylaminomcthyl-2-nridinc (compound 13)
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.A
HO. ° N

H OH 

13-a

HO.

A

°x°

(HCHO)n HO,

NaOH
heat

13-b

/J

°x°
13-c

TMSCI
5eq
heat

H^NMe

11N lTI J H

o o
X

13-e

0..,0 
X 13-f

OH OH
compound 13

[(10884) Uridine 13-a was protected with isopropylidene lo provide compound 13-h and then 5- 

hydroxymelhylated to provide compound 13-e. Chlorination and subsequent amination provided 

compound 13-c, which can be protected to provided 13-f. Subsequent deprotection provided 

compound 1.3.

[00885) To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, Lire NTP can be purified (e.g., using a Sephadex DFAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).
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Example 21, Synthesis of S-carboxymcthylaminomcthyl uridine {compound 14)
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OH OH 
compound 14

[00886) Uridine 14-a was protected with i sop ropy li dene to provide compound 14-b and then 5- 

ammoalkylated with the Mannich reaction to provide compound 14-c. Methylation provided 

quatemaiy amine 14-d. Subsequent amination and deprotection steps can be used to provide 

compound 14. To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (c.g., from EtOH).

Example 22. Alternative synthesis of 5-methylaiiiiaomethyl-2-uridine (compound 12) and 5-

carl)osyinethvlaniiuoiiietliyl-2-uiidine (compound 141
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compound id

compound 12

[00887] In addition to those strategies provided above for compounds 12 and 14, the loMowing 

strategy can also be implemented. 5-Mcthyluridinc Λ can be silylated to provide compound B.

After radical monobromination, the resultant intermediate bromide C can be used for the preparation 

of compound 12 and compound 14 analogs. Subsequent alkylamination of bromide compound C 

could provide compounds D and E, which can be dcprotectcd to provide compounds 14 and 12, 

respectively. To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e g., from EtOH).

Example 23, Synthesis of dimcthyl-pscudourtdinc (compound 15) and dimethyl-pseud o-UTP

(NTP of said compound)
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dimethyl pseudouridine 

compound 15

2) POC13

3j TBAPP 
4) ΊΈΛΒ

[00888, Nucleosides can be phosphorylaled by any useful method. For example, as shown above, 

nucleosides can be reacted with phosphorus oxychloride and subsequently treated with a 

monophosphate inteimediate with bis(lributylaniinonium)pyTophosphale (TBAPP) to give the

triphosphate.

Example 24. Synthesis of 2’-C-methyl adenosine (compound 16) and 2’ C-methyl ATP (NTP

of said compound)
BzO, BzO

Ϋ0®Dess-Martin periodane OBz

OBz nu 
16-1

OBz teo'. OBz BzO
--0--.1 Mi»MgCl?TiCI4

1 \ “
OH OBz OBz

1S-3 18-4
OBz O 
16-2

NG-pr/aloyl 
adenine K 
DSUr BzO" 
TM5-triflafce. 
CH.iCN

NHBz

λ-Λ\ I d
Μ' N NHQ

MeOH HO'

OBz OBz 
16-5

OH OH
compound 1€

NH?
(/ j | ™ 1) Pv, croton sconce

21TMP, pqci, Ho 
3) tribLtytammonium 
pyrophosphate 

Bu^N, TEAB

OH OH OH
i xO. ,0.1,0 p p p
II d '5o o o

OH OH 
NTP of compound 16

NH? 
N—Λ-κi
«'“'Ν'

[00889, About 5g of compound 16-2 was prepared from 5g of compound 16-1 via a Dess-Marlin 

periodane reaction. Compound 16-2 was reacted with MeMgFTiC14/-78“C to provide compound 

16-3, and ciude compound 16-3 (6g) was directly reacted with benzylcliloiide to prepare compound 

16-4. Reaction with die nucleobase and deprotection provided compound 16 (0.56g).

Example 25. Synthesis of 2’-C-[netliyl-cytidiiie isomers (compound 17 and compound 18) and

2’-C-incthyl UTP (NTP of said compounds)
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HQ.

$ΙΗ>
An
Lx.

(X
oh oh

17—T

MeMgl

Step 4

Nl Ij/MeOf I

71% 
step &

DMF HCk N

NHBa
0L

TIDPSCh

mi Be

0L

St^a 1

O/
TIOPS.

NH,
A

N O

OH OH

17 2

DMF 

Step 2
TIDPS..,

f'H
SS. I I .

DMSO. TFAA

O OH

17-3

TEA

Step3
v'VS

H’S. 1 Π

NH8z
λ
ίΑό

OH

17-Sa

“Vi
OH ‘

compound 17

Q
’N '0

’•'i in
17-5

Nik

N O

OH OH 

compound 16

TSAF

ACOH

Step 5

NIlDiz

. AN ~

ΝΗ0Ϊ

an
'^An

HO'V-O-J
1 ΓΌΗ OH '

1) Py, p rotor sponge
2) TMP. POCI3
3) tributytemmonium
pymfihrwphflte 

BujN, TEAS 

Step 7

ho"Vq

17-ββ
Oh Oh 

17-6b

NHa
h Λ

N O

3 r,*i
OH -

ftfTP of compound 17

NHj
ίϊ
'N ’Ό

OH OH
NTP of compound Ifl

P P P 
Ο Ο Q 0 o 0

[00890) About 17.4g of compound 17-3 was prepared from 20g of compound 17-1. Then, 2’- 

oxidation and alkylation with MeMgl provided 300mg of compound 17-5a and 80mg of compound 

17-5b. About 9g of compound 17-5a (about 90% pure) and 2.1 g of compound 17-5b (pure) were 

prepared from 17.4g of compound 17-3 in 2 batches. N- and O-depielection provided compounds 

17 and 18.

Example 26. Synthesis of 2’-C-metliyl guanosine (compound 19) and Z’-C-methyl GTP (NTP

of said compound)

OB’ dte 0H OH

compound 1S

MeMgCI/TiCl,Bz0> . ore szcl OB2'<< - Y°s. ^1. y-°-$

OBz OH 
19-3

ore ore

o
NHj 1)Py, proto sponge

= „0.9^93, νΛλΝ

0 o d
OH OH 

NTP of compound 19

3) tfbul^lemmonium
pyrophosphate 
BiijN, TEAS

[00891J 2‘ -Oxidation of protected ribose 19-1 and subsequent alkylation with McMgCl provided 

compound 19-3. The resultant compound was further protected to provided compound 19-4, and 

I .56g of compound 19-5a was prepared from 3.1 g of compound 19-4. Subsequent oidation and 

deprotection provided compound 19 (about 90% pure, 50 mg).
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[00892( To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, Lhe NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).

Example 27. Synthesis of 2’-C-methyl uridine (compound 20) and 2’-C-mcthyl UTP (NTP of

said compound!

BzO. Λ „ OBz■Q-. I Dess-Martin
Bz0·- OBz 

L-O-.
BzO,

MeMgCl/TiCIi
periodane

OBz OH

NHY,
MeOH ριθ''1

OBz O 
20-2

O

Ό1
OH UH

compound 20

NH
1) Py. proton sponge 

"N o 2)TMP, P0CI3

3) tributylanimonium 
pyrophosphate 
Bu3N, TEAB

V7
OBz OH 

20-3

OBz
BzO

BzO. OBz

OH OH OH 
HO.. . O ■ Ο. i ,O-P P P

OBz OBz 
20-4

i-

O O O
OH OH

N i P ot compound 2U

|«0893I 2’ -Oxidation of protected ribose 20-1 and subsequent alkylation with McMgCl provided 

compound 20-3. lhe resultant compound was further protected to provide compound 20-4.

Reaction with uracil and deprotcetion provided pure compound 20 (50nrg).

[«0894] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, Lhe NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).

Example 28. Synthesis of (Sf-l’-C-methvI adenosine (compound 21) and (Sf-I’-C-mcthyl ATP

(NTP of saiil compound)
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HCL

P>] I

O'·
)

ΝΗ·

OH OH

21-1

MeMgl

O 21-3b

TBAF

TlDPS^r

1) Py, proton sponge
2) TMP, POClT

3) bibutytanimonrum 
pyrapho^hatp. 
Bu3N,TEAB

Step 7

21-4a

[00895] Compound 21 -1 (5g) was protected to form compound 21-2a, and chromium oxidation 

provided compound 21-3a. Alkylation via route |i| (5eq. MeMgl in ether at -50‘’C) provided 

compound 21-4. Optionally, yield could be improved via route |ii | by protecting the amino group to 

provide compound 21-3b and then alkylating at the 2’-C position to provide compound 21-4a. 

Compound 21-3a was alkylated to provide crude compound 21-4 (3g, 20% of compound 3a in this 

crude product), where the product can he optionally purified. Deproteclion of compound 21-4 

afforded compound 21 (50% yield).

[00896] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOII).

Example 29. Synthesis of (S)-2’-C-mcthvl giiamisinc (compound 221 and (St-2’-methyl GTP

(jNTPof said compound)
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χ t1 'N HH, mo3

OH on

22-1

TIDPSCI,

TiDPa
AS
pa ij

Me.SiCI We3SiO
VS

□

V^n^nh..

Me^SiO O5iMe:i 
22-1a

< II Γ
n^n'S

^O OH 

22-3

O
IfN^-Sju<' 1 I

Ν'^ίΧ'ίιι

Dess-Martin periodane

TEA

uIH
Me3SIO^ Ifl 'hi^'NHSz

BzCI U-O·

0

HO Ν^·ν-·"^Β£
deprotect 1 ^.Q.^

' w
OH OH

•vs
tidps r Π

□
N-^x^€C« N

Me^SiO OSiMea 

22-2e

NHxl MeMgl
■^‘NHBz -------

N----NHaiMBOH
HCi'1 .,-0-.J ” H0'l ,q

W-OK S-^0H
OH = OH Ξ

<A

22 -B compound 22

1) Pyh proton sponge

2) tributyjammocium 
pyrophosphate 
B(daN, TEAS

O
N

[01)897( About 30g of compound 22-1 was silylated to provide compound 22-2 in three steps. 

Further protection provided compound 22-3, and Dess-Martin periodane oxidation provided 

compound 22-4 (1.6g) in two batches. 2’-C alkylation (5eq. MeMgl in ether, -50°C to RF) provided 

compound 22-5, and further deprotection steps provided compound 22.

[0()898) To obtain the corresponding N'I’P, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadcx DEAE-A25 column), 

lyophilized, or evaporated (e.g., fiom EtOH).

Example 31). Synthesis of (S)-2’-C-methyl iiridine (compound 23) and of (S )-2’-C-methyl LI P

(NTP of said compound)
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Νϊα.
°ΗΟΖ <

P"
TIPDS.

ΟΗ

ΟΗ

23-1

23 4

NH
Λ,

CH

TipDsa,
TIPDS...

Ο

ηΝ
23-2

ΜΗ
rAo

,A„

NQ depratect HO '1 ,.-0-.,
ho” Aoh 

compound 23

Dess-Mar Sn
periodane TfPDS

NH
fj-^Q MeMgBr

o
23-3

1) Py, proton sponge

o "3) tributylarnmonlum 
pyrophosphate 
Bu:!N, TEAB

NH
' AN

OOO
OH =

NTP of compound 23

OH

[00899) Uridine 23-1 (2.0g) was protected with TlPUSCl2 (l ,3-dichlora-I J ,3,3-

tctraisopropyldi siloxane) to provide compound 23-2. Oxidation provided compound 23-3, and 2’-C 

alkylation provided compound 23-4, which can he optionally purified with Prep-TIPLC ριίοτ to Lhe 

next step. Then, deprotection provided desired compound 23.

[00900) To obtain the corresponding NTP, a triphosphate reaction can he conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., Irom EtOII).

Example 31. Synthesis rif 4’-C-methyl adenosine (co inn on π d 24! and 4’-C-mcthvl ATP (NTP

of said co mpound)
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Βηοσ:χ
tnbutyltm
hydride

AIBN
ΒηΟ

ΒηΟ-

ΒζΟ.

24-7
ΒηΟΒηΟ 24-8

.0..

' Ό"

24-11

24-9

χχ
„ J ΗΟ °
ΒηΟ

24-10

Ο-,.,ιΟΗ

ΌΗ
AO:,. BzCI ΒζΟ

ΒζΟ

Ο-..,,ΟΒζ

'"ΟΒζ

Λ Ο-,,.ιθ
κα. .Χ —

ΒζΟ

ΒζΟ
24-13

compound 24

1t Py, proton sponge
2) TMP. POCI3 ----- - -- - - -- - - *-
3) trbutylammonium 
pyrophosphate 
Bu3N, TEAB

24-14

[00901] 1,2:5,6-Di-0-isopropylideiie-a-D-glucofuranose 24-1 was converted via sequential

oxidation, reduction, and protection steps lo provide compound 24-4. The first oxidation step to 

provide compound 24-2 can be implemented with any useful reagents, such as 0.75 eq. pyridinium

diehromate (PDC) with I eq. Ac?O or 1.2 eq. of Dess-Martin periodane. Subsequent deprotection, 

fonnylation, and reduction provided compound 24-7. which was followed with protection and 

deoxygenation steps lo provide compound 24-10. About 0.4g of compound 24-14 was prepared 

from Ig of compound 24-10 via sequential protection and deprotection steps. Addition of N6- 

benzoyladenine and subsequent deproteetion provided compound 24.

|U0902| 1 o obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any

described herein). Optionally, the NTP can be purified (c.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).
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Example 32. Synthesis of 4’-C-mcthyl cytidinc (compound 25) and 4’-C-methyl CTP (NTP of

said compound)
ΟΛ /θ'τ'^Ζ PCC ΟΛ jP'-rA/ MaRH, 9Ά Αί Α/ BnCS
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.ΰ , „ HQ D-,..Ό ,
-X —H0^V'.0X

Bn<5 25-5

NalO4 
■ —>

MaOH

O ,O (rlbutyltin
z V hydride 

A1BN
aoc X 3hs:>e :x XC X

BnC3 BnO 25_s BnO 25-3
26-7

.0 . BzCI

.- υ Hff Ό 'Cnh HUBnO 
25-10

Yr® w

25-11

'λ ,Ο-η.,ΌΒζ

,-. 0--, .Ό,BzoAp.A

BzO
26-12

HC!

NHBz

A
4-NHBZ-C BzO^ qSA0 NW0H~

BzO '"OH

zj1 !»!Cl r_vHJ3 _ ,-
3) trlbUylarnmonlum 
pyrophosphate 
Bl3N. TEAB

BzO
"0B? DBU 

oc <1,1 TMS-triflate 25·14 CHaCN

-p-^-p
It It II
Ο Ο O y

OH OH
NTP of compound 25

OBz OBz 
25-15

NHj 

SN

[00903] Similar to the strategy provided above for compound 24, compound 25-14 was produced 

with compound 25-1. Addition of cytidinc and subsequent dcprotcction provided compound 25. 

[00904] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e g., from EtOH),

Example 33. Synthesis of 4,-C-inethyl guanosine (compound 26) and 4’-C-mcthyl GTP (NTP

of said compound)
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26-1 26-2

AcOH

HO
HO

BnBr BnO
HO

BnO
26-7

,Ο^,.ιΟ

BnO
26-10

Ρ^.,ΟΗ

BnO
Ό

35-5

NalO, HCHO

MeOH .· "o NaOH
BnO 26-6

BnOoO::°x
26-9

tributyitin
hydride

AIBN
BnO

BzO
-XI

BzO
'"'OH

26-13

O

NsH
BnO

Ό
26-8

BzO 26-12

BzO

26-14 TMS-Triflale 
CH3CN

Ο-,,ρ
HCl

Cl

<z J X
--, I?

NH3
I” I MeOH

Ν 'N

OH OH
compound 2fi

NH,

1) Fy, proton sponge
?L™p,poci?._ oh oh oh 
3) tiftiutylamnwilum HO, ^,0,^0,
pyrophosphate 
Bu,N, TEAB

OBz OBz 
20-15

0

\\ XnHj 
N

OOP
Oh oh

NTP of compound 28

|(ll)9(lh| Similar to the strategy provided above for compound 24, compound 26-14 was produced 

with compound 26-1. Addition of 2-amino-6-chloropurine, subsequent oxidation, and then 

depro lee lion provided compound 26.

[00906] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadcx DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).
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Example 34. Synthesis of 4’-C-mcthyl uridine (compound 27) and 4,-C-mcthyl I I P (NTP of

said compound'!
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HCHO

MaOH

HO'
HO-

T°>Z Acoh A /5Ί','°ν' Mal°4*HO y W IMH*

BnO
27-7

'0
Brtd 27-8

BnO
I

BnO 27-6

Bn0' 27-9

tributyhtin
hydride

A1BN

>0:::°><^οΟ0,'°χ κο>Ο:::χ

—‘ «O' =,(5
HCI

BzCI BzOBzO

BnO
27-10

,,, Ο^,.,ΟΗ

"OH

2) TMP, P0CI3
- ►

3) tributylammonium 
pyrophosphate 
Bu3N, TEAB

27-11

a, 0-,.,-OBz

BzO MeOH

uracii
DBU
TMS-Tril
CH3CN

0-,..,-0

[(10907] Similar I» Ihe strategy provided above for compound 24, compound 27-14 was produced 

with compound 27-1. Addition of uracil and subsequent deproteelion provided compound 27, 

[00908] To obtain the corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).

- 243-



Example 35, Synthesis of 2,-O,4,-C-mcthylcnc adenosine (compound 28) and 2’0,4’^C-
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- - ---I-,------ -------------- ----- ---  T - - ---- -
methylene ATP (NTP of said compound I

ΑΆ PDC ΟΆ NiNaBHi AVA'l'A/ BnCI ._°A ζ Ί Xf
τ-tf ν-Ά - r<3

O HO
28-2

Q"\ z°vV"he' y^""oi·'

HO

-Ϊ22- κεΧΧχAcOH

Βηό

MsO,
i ri-O--MsO-^Zl^

OBn 'o.-i 
28-8

MsO..

? ^™MSO

CA
O N^N

N- y ή 
H HN-'/ MsO

28-3

MsCI/pyridine

28-7

'0
Βηό 2B-4

MsO^
Ur0^ L·oac
y------<OH AcjO/pyridine MsO—-'Y f
OBn OH 30% 0Br1 OAtOBn QH 

28-9
OAc

ZB-10

> - Ν'

BzJ-EN

N
XN ' ' N LiOH/THF/H^O

NHBzI
C J 4W’ X*.»'-

lEQAc
70%

BSA.TMSOTTpMeCN, 88% msq ____
°Qn OAc 28-11 

NHj
<"ϊ5"

NH^OHfMeNHj “ | Q I* N ^ΟΗ^/ΗΟΟΟΝΗ^θΊρ^
---------- <5~f EtOH/HjO, 90% '
MeOH, 60% /"-O

BnO
compound 28

HO

MsO-, Ν' XN" NaOB£/DMF
<w ----------- -

/''O 
BnO 2B-12

Bz° , *

NHBz 
^'ΤΓ^'Ν
,1NY

80% t "Ό 
BnO 23-13

nh3 
N κι< 1 7

o o oU U U 
HO-P-O-P-O-P-O· 

’* OH OH OH

nh3

o 7
’ V

όριό
NTP of compound 28

[00909] Similar to the sLrategy provided above for compound 24, compound 28-7 was produced 

with compound 28-1. Subsequent mesylation, deprotection, and acetylation provided compound 28 

10, which was followed by addition of N6-bcnzoyladeninc and subsequent internal cyclization. 

Various protection and deprotection steps provided compound 28.
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Example 36. Synthesis of 5-m ethyl-2’-0,4’-C-mc thy leue cytidinc (compound 29) and 5-
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methvl-2’-O'4’-C-iuethylene CTP (NTP of said compound)
ϋ

|U091U| Aldofuranose compound 29-1 was reacted via various protection steps, and then 5- 

mcthyluracil was added to provide compound 29-5. Subsequent internal cyclization, dcprotcction, 

protection, and amination steps provided compound 29.
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Example 37. Synthesis of 2,-O,4,-C-mcthylcnc guanosinc (compound 30) and 2’-O,4’-C-
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methylene GTP (NTP of said compound)
Hex MaCk

HO_
An„ L ' - - ΛΒ" -/

ΜεΟ.
AcgO/pyridrre [VfeQ· 

30% 
steps

ΙεΟν

Aa-i 1.
30-1

οη step 1
TFA, &2% MbO 

Step2
οκη ali

30-2 30-3

,-P-O-P-O-F-O-i Ν ’Ν 'ΝΗ; I 1 1 <v_OH CH OH .,Ss

NTP of compound 30

09ί _ 

30-4

S£tt&
StepB

00MH
A.

(110911J Similar to the strategy provided above for compound 29, aldofuranosc compound 30-1 

was reacted via various protection steps, and then 2-ammo-6-cliloropurine was added to provide 

compound 30-5. Subsequent internal cyclization, amination, and deprotection steps provided 

compound 30.

(01)912 J 1 o obtain the corresponding NTP, a triphosphate reaction can be conducted (c,g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., from EtOH).
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Example 38. Synthesis of 2,-O,4,-C-nicthyknc uridine (compound 31) and 2’-O,4’-C-

methylene UTP (NTP of said compound 1
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MsO.
HCHO MsCVpyridine

MsO-
AeDH. VrV /°H‘V HOA/W

HO^A,_JofrA
Qnfi 31-5

MeOs

TFA, 60% MsO

MeOH
Bn0 31-6

MsO.

NaOH

^OAc

OBn
BflO 31-7

y NH„X.A„
O N '•O HOH A&OJpyidine MsO— >----- <

OBn o( j OBn OAc BSA.TMSOTf.DCE, 75% Ms0
31-3 31-10

HOAc
55%

o
A.
y..A.

Ann 1 .

•S Λ N 
I 0., 1

°'l
31-6 1

o
A.,NH

&
1 OAc 

31-11

, MsO

z^oBrO
31-12

I X ■
A ° NaOSz/DMF BzO~ N °

BnO
/ "-6

31-13

HO

PdfC/HCOmiWIeOH HO

Ste p 6

u
NH

/ '"O 
HO
compound 31

No reference 
Step <3

O O O
•I II 11

HO P Ο· P O F O
OH OH CH

O
.ANH

N Ai

BnO 31-14
O

Λ
II NH

nA

oTto 
NTP of compound 31

[(10913] Similar to the sLralegy provided above for compound 24, compound 31-7 was produced 

with compound .31 -1. Subsequent mesylation, deprotection, and acetylation provided compound .30 

10. Addition of uracil and subsequent internal cyclization provided compound 31-12, and various 

protection and deproteclion steps provided compound 31. A subsequent triphosphate reaction (e.g., 

as described herein) provided the NTP of compound 31, which can be optionally punlied {e.g., with 

Hl’LC).
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Example 39. Synthesis of 2’-chloro adenosine (compound 32) and Z’-chloro ATP (NTP of said

compound)
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NH,

OH

32-1

I iCI/DMF

90% 
Step 3

iniidaiute
1,3 Dichloro-1.1,3,3- 
tetraisopropy Id is ilox 
ane/DMF, 95%

Step 1
'PrZ \Pr
32-2

N^-A

DMAPnqO
DCIW7O%

Step 2

NHL

N

'Pr- -, 
!p<'

Οη VN" N
s)

TBAFOF HO—i

p/
EjjO Cl

Pr 32-4

ao% 

Step 4
a

<'Ύ7
N "Ν'

OH Cl

compound 32
NH,

o o o 
HO P Ο P Ο P O

OH OH OH AStep5 OH Cl
NTP of compound 32

[00914( Arabinoadenosine 32-1 was protected via steps 1 and 2 and then chlorinated to provide

compound 32-4. Subsequent deprotection provided compound 32, and Lhe triphosphate reaction 

provided the NTP of compound 32.
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Example 40. Synthesis of 2,-iodo adenosine (compound 33) and 2’-iodo ATP (NTP of said
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compound)
NH,

HO
-O'

OH

33-1

nh,
νΆd)

N hl
OH

imida^uie

1,3 Dichloro-1.1,3,3- 
tetrat3opropykJ is ilox 
ane/DMF, 95%

Step 1
A V
33-2

A

□MAP/rf2O
□CMT0%

Step 2

HMPT, 11

Step 3

iPr' -. 
!Pr"'

IBAFTHF

'p/
S° 1 

<Pr 33-4

00% 

Step 4

nh2

m
η ή

X

OH I

compound 33
NH-

N N

Οη V
ΐ ΨΨ N

o o o 
HO P Ο P Ο P O

OH OH OH

Step5 OH
NTP of compound 33

[00915] Arabinoadenosine 33-1 was protected via steps 1 and 2 and then iodinated to provide 

compound 33-4. Subsequent deprotection provided compound 33, and Lhe triphosphate reaction in

DMF jnovided die NTP of compound 33.
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Example 41. Synthesis of 2?-bromo cytidinc {compound 34) and 2’-bromo CTP (NTP of said
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couipoundl

E^N/OMAP/TfyQ

DCIW70% 
Step 2

1.HMPTtLiBr

34-2a 34-3a

34-3 :
t

34-3b

2.CH3OH/NH3

34-4

O D O 
HO P O P O P o

0h 0H 6h

OH Br

ΝΓΡ of compound 34

NH.

[|\
-nV

|00916[ Arabiirocytidine 34-1 was protected under various conditions and then brominated lo 

provide compound 34A. Optionally, the reaction can provide compound 34-4 via compound 3A3a 

under any useful protection reactions, such as (i) 1.5 eq. EfeN, 1 eq. DMAP, 1.2 eq. TfCl, in DCM 

(lOmL); (ii) 3 eq. DMAP, 1.2 eq. TfCl in DCM (15mL); or (iii) 15 cq. DMAP, 1.5 eq. Tf2O, in 

DCM (15mL) at -10”C to 0°C for 2 hour, hr particular, 55nig of compound 34-3a was obtained 

from reaction condition (iii). Subsequent deprotection provided compound 34, and the triphosphate 

reaction in BMP provided the N I P of compound 34. Crude product 34 could be optionally purified 

prior to phosphorylation.
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Example 42. Synthesis of 2’-chloro guanostne (compound 35) and 2’-chloro GTP (NTP of said

compound!
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λΑη <;Λ

// 7 i Ο ο i N«-'ί imidazole A Ln I
HO I » N ’NH, „ .Si

n I I

OH OH

35-1

HMPTNaOAc

46%
Steps

:s

Pr 'Pr

NH

1,3 DicFioto-1,1,3,3- 
raeoprop 
^OMFf9 

Step 1

teijaeopropyldiatox /(aii^OMFf95% 'Pr '

’ΡΓ-ά<L„ -

35-6

'Pf
/ '1

-^jO OH
Pr

35-2

rtf
Λ}_ fr 'NH,

Pr 35-4

Step 6

bLjN/UMAP/rtjO

DCM/64%
Step 2

O-l ) 
A,
ο. AT,sr ,/ \

«Ά"

Slept R %O

'Pf Or 35-5

.. 'Pr-

<? A

N'n nh,

'S,O Clto/i 35-7
pr =* o

<XA"

Step 7

<Ah
n^n nh.

Step 5

OH Cl

35-3

compound 35

o o o
.......................................- HO-P-O-P-O-P-O-
(nBu-NH^iP-O^)  ̂ 0H OH OH

step 8 oh cj
NTP of compound 35

N NH-

N Ntow,

/ \

o

ΗΟ-η " 'N^NH-

[0091 η Guano sine 35-1 was protected under various conditions and then acety luted to provide 

compound 3 5-4. The reaction from compound 35-2 to compound 35-3 was conducted with 2 eq. 

DMAP, 2 eq. Et3N, 3 eq. Tf2O in 1,2-dichloroethane (lOrnl.) at 40°C for 4 hours. About 55mg of 

compound 35-3 was obtained alter lhe purification.

]00918[ Desired compound 35 can be obtained by any useful method. Tor example, as shown 

above, compound 35-4 can he treated with subsequent protection, chlorination, and deprotection 

steps to provide compound 35. To obtain the corresponding N I P, a triphosphate reaction can he 

conducted (e.g., any described herein). Optionally, tire NTP can be purified (e.g., using a Scphadcx 

DEAE-A25 column), lyophilized, or evaporated (e.g., from EtOH).
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Example 43. Synthesis of Z’-iodo uridine (compound 36) and 2’-iodo UTP (NTP of said

compound)
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[00919] O2,2'-Cyclourtdinc 36-1 was protected to provide compound 36-2. Subsequent 

iodinalion, optionally mediated with selenium, provided compound 36. A triphosphate reaction was 

conducted to provide the NTP of compound 36. Optionally, the NTP can be purified (e.g., using a 

Sephadex DEAE-A25 column), lyophilized, or evaporated (c.g., from ElOil).
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Example 44. Synthesis of 2,-O,4,-C-nicthyknc adenosine (compound 37) and 2,-O,4,-C·-

methylene ATP (NTP of said compound 1
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AeOH
HO—\7θ~Τ''°\Ζ MsClfpyritflne

------------- ■NalP^ _ °\ HCH°
MrOH NaQH

BnO 37-6

,"XlX

BrcO 37-5 BnO 37-7

NH,OH/MeNH?
MeQH, 60% OH

[00920( Similar to the strategy provided above for compound 24, compound 37-7 was produced 

with compound 37-1. Subsequent mcsylation, deprotection, and acetylation provided compound 37- 

10. Addition of uracil and subsequent internal cyclization provided compound 37-12. Various 

protection and dcprotcction steps provided compound 37,

[00921] To obtain tlic corresponding NTP, a triphosphate reaction can be conducted (e.g., any 

described herein). Optionally, the NTP can be purified (e.g., using a Sephadex DEAE-A25 column), 

lyophilized, or evaporated (e.g., lrom ElOTI).
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Example 45. Synthesis of cyclopcnteuc diol cy tiding (compound 38) and cyclopcntcnc diol
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CEP (NTP of said compound)

er a(Wf¥t J V.

* TBDMSCl.itTiXJaxute
Ομ· fcH2£4ilmeeioxyprof»ne J '0 85%

D-rlbo*. 9™ X 38-2

"OH

θ'χΧ0 97%
38-5

NaiO4 V _f

melhyllrlphenyl
phosphonltirbromide

Ο O NaH, DMSO
/\ 38-6 B6%

M09r 10H
rK —O - O
Λ 38-3

’ grubbs catalyst

X 38-7 D3%

A''QH
0 .0 35%
X 38 4

ff pyntefnium dichromate

C\ ,,0 mctecularstev«MxOH.DCM 
A 38-8

a°
'X

38-9

X/X

97% A, O. "
- d y\
A C°A 38-11/-.38-10 ‘

Yr
■
λ z<38·14

0>-Nyo"A

°c 
Ο, .N.O

33%

step 6

snrilun lefrahydrchnrate,
O r"\ cerfuin(lllj chlsrid# In methanol

Y y
38-12

ammonia in methanol

Z £> 38-15 skrp7

nh2
όN
A)

An
γτγ

,_ /νΝχίί °·^''- NHjfflWCN \ ;■ I .A W-l 7 (teuaNHHPjOjHs)

a R a
Λ 38-16 Zy8 17

pop 
OH P Ο P 0 P O

OH OH OH

NHy
X'A'w
l.A„

A
^10 NTP of °HOH 

compound 38
OH OH

compound 38

[00922] D-ribosc was protected and then allylatcd to provide compound 38-4, which was 

subsequently cyciizcd and reduced to provide compound 38-7. Olefin metathesis and subsequent 

oxidation provided compound 38-9, and further reduction reactions and addition of N-bcnzoyluracil 

provided compound 38-14. Additional deproteclion and protection reactions provided compound 

38, and triphosphate reaction (e.g,. with any useful reaction condition, such as those described herein

or in U.S. Pat. No, 7,893,227, incorporated herein by reference) provided the NTP of compound 38.
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Example 46. Synthesis of 21-methyl uridine (compound 39) and 2’-methyl UTP (NTP of said
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com pound!

NTP of compound 39
compound 35

[00923] Uridine 39-1 was protected and then oxidized with 2 cq. of Dess-Martin periodane to 

provide compound 39-3. Subsequent Willig reaction, hydrogenation, and deprotcetion steps 

provided compound 39.
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Example 47. Synthesis of 2’-methyl eytidine (compound 40) and 2’-mcthvl CTP (NTP of said

compound!
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step 1

p\o 
Pre '

NH2
A

N Ό\θ-, 'N“n3 pr\o >
-si ______ dcm__ __ _Pri.-5i V0·^

nh2
6,

step 2 Pri Si 
Pri

o'- Y

40-3

Pri Si.0< 
Pri

OH

40-2

NH,
J.

NH2

Γϊ

-. vs
Y"/ ..

<5 ch3

40-5

TBAF

step 5

NH2

HONn
'-'N
., Ά

HO" 'CHg 

compound 40

step 6

NTP of compound 40

[00924] Cytidinc 40-1 was protected and then oxidized to provide compound 40-3. Subsequent 

Wittig reaction, hydrogenation, and deprotection steps provided compound 40.

Example 48- Synthesis of N-acctyl eytidine (compound 41) and.N-acetyl CTP (NTP <rf said

compound!

hlHAc

compound 41

1. Trfmethyl phoeptists
2. Proton Sponge 

3-FOClj

Ci.|Hl9NjDfc 
Exact Wlaea - 2&5Ί ft

NHAc

14

4.BlijN

6. Sbitrlbi^ytammonikm) 
pyropliGsptete

9 9 9
ΗΟ-Ρ-Ο-Ρ-β-Ρ-Ο 

QH QH QH

NHA 
6

e. 0.2 M TEAB buffer OH OH
NTP of compound 41

CiiHiftNjOtePa 
Exact Maasi 52G.ro

]00925| Λ solution ofN-acetyl-cytidine (compound 41) (103.0 mg, 0.36 mmol) was added to 

proton sponge (115.72mg, 0.54 mmol, 1.50 equiv) in 1,0 mL trimethylphosphale (TMP) and 1.0 mL 

of anhydrous tetrahydrofuran (THE). llie solution was stirred for 10 minutes at 0°C. Phosphorous
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oxychloride (POC13) {67.2 ul, 0.72 mmol, 2.0 cqiv.) was added dropwise to the solution before being 

kept stirring for 2 hours under N2 atmosphere. After 2 hours the solution was Teacled with a mixture 

ofbistributylammonium pyrophosphate (TRAPP or (n-BusNIIhlErMA) (1.28 g, 2.34 mmol, 6.5 

cqiv.) and tributylamine (350.0 ul, 1.45 mmol, 4.0 cquiv.) in 2.5 ml of dimcthylfonnamide. After 

approximately 15 minutes, Lhe reaction was quenched with 24.0 ml of0.2M tricthylammonium 

bicarbonate (TEAB) and the clear solution was stirred at room temperature for an hour. The 

reaction mixture was lyophilized overnight and the crude reaction mixture was purified by IIPLC 

(Shimadzu, Kyoto Japan, Phcnomencx ClR preparative column, 250 x 21.20 mm, 10.0 micron; 

gradient: 100 % A for 3.0 min, then 1% B/min, A — 100 mM TEAB buffer, B — ACN; How rale:

10.0 ml ./min; retention time: 16.81-17.80 min). Fractions containing the desired compound were 

pooled and lyophilized lo produce the NTP ol’compound 41. The triphosphoiylation reactions were 

carried out in a two-neck flask flame-dried under Nj atmosphere. Nucleosides and the protein 

sponge were dried over P2O5 under vacuum overnight prior to use. lhe formation of

monophosphates was monitored by I ,CM S.

Example 49. Synthesis of 5-inethoxv uridine (compound 42) and 5-mefhoxy LH P (NTP of said
compound)

O0

1. Trimethyl phosphate
2. Proton Sponge 

3. POCh

compound 42

Exact M£66: 274.08

H-.CO

o
Cl P o 

Cl

"N'^O

OH OH

16

4. BUjN GOO
-------------------------*■ HO - £ -O-^-O-^-O-
5. DisltribLltyUnirtuiiiuni} OH OH OH
DyroDhceohaK 
6. 0.2 M TEAB buffer

»Ao

OH OH
NTP of compound 42

Exact Mass: 513.98

V7

(1)0926) A solution of 5-melhoxy uridine (compound 42) (69.0 mg, 0.25 mmol, plus heat to make it 

soluble) was added to proton sponge (80.36 mg, 0.375 mmol, 1.50 equiv.) in 0.7 ml, 

trimethylphosphate (TMP) and was stirred for 10 minutes at 0°C. Phosphorous oxychloride (POCI3) 

(46.7 ul, 0.50 mmol, 2.0 equiv.) was added dropwise to the solution before being kept stilling for 2 

hours under Ni atmosphere. Aider 2 hours the solution was reacted with a mixture of 

bistributylammonium pyrophosphate (TRAPP or (n-BibNTI^IEPiO?) (894.60 mg, 1.63 mmol, 6.50 

equiv.) and Lributylamine (243.0 ul, 1.00 mmol, 4.0 equiv.) in 2.0 ml of dimethyl fonnamide. After 

approximately 15 minutes, Lhe reaction was quenched with 17.0 ml of 0.2M trie thy lammom urn 

bicarbonate (TEAB) and the cleaT solution was stirred at room temperature for an hour. The 

reaction mixture was lyophilized overnight and the crude reaction mixture was purified by IIPLC
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(Shimadzu, Kyoto Japan, Phcnomcncx C18 preparative column, 250 x 21.20 mm, 10.0 micron; 

gradient: 100 % A Jot 3.0 min, then 1 % Tl/min, A — 100 mM TEAR buffeT, B — ACN; How rate: 

10.0 mL/min; retention time: 16.57-17.51 min). Fractions containing the desired compound were 

pooled and lyophilized to produce the NTP of compound 42. The triphosphorylalion reactions were 

carried out in a two-neck flask flame-dried under N2 atmosphere. Nucleosides and the protein 

sponge were dried over P2O5 under vacuum overnight ρτΐοτ to use. Ihe formation of 

monophosphates was monitored by LCMS.

Example 50, Synthesis of 5-formvl cvtidinc (compound 43) and 5-formvl CTP (NTP of said

compound)

0HCv%

no

OH OH 3- 
compound 43

Exact Maas;27fJ)0

1. Trlrrratfty I phoap hate
2. Proton Sponge

OH OH

10

4. Bu3N

5. BiMfributytammenium} 
pyrephesphate

6.0.2 M TEAB buffer

? ff 9
HO-P-O-R-O-P-O 

6h 6h oh

OH OH
NTP of compound 43

CiijHiefGQisP-i 
Exact Mass: 510.9B

[00927] A solution of 5-formyl cytidine (compound 43)) (48.4 mg, 0.18 mmol, plus heat to make 

it soluble) was added to proton sponge (57.86 mg, 0.27 mmol, 1.50 cquiv.) in 0.7 mL 

trimethylphosphate (TMP) and was stirred for 10 minutes at 0°C. Phosphorous oxychloride (POCh) 

(33.6 ul, 0.36 mmol, 2.0 cquiv.) was added diopwise to the solution before being kept stirring for 2 

hours under N- atmosphere. After 2 hours the solution was reacted with a mixture of 

bistributylammonium pyrophosphate ( I’BAPP or (n-BujNHfaHjPiO?) (642.0 mg, 1.17 mmol, 6.50 

cquiv.) and tributylaruine (175.0 ul, 0.72 mmol, 4.0 equiv.) in 1.7 ml ordimethylfonuamide. After 

approximately 15 minutes, the reaction was quenched with 12.0 ml of 0.2M triethylammonium 

bicarbonate (TEAB) and the clear solution was stilled at room temperature for an hour. Die 

reaction mixture was lyophilized overnight and the crude reaction mixture was purified by HPLC 

(Shimadzu, Kyoto Japan, Phenomenex C18 preparative column, 250 x 21.20 mm, 10.0 micron; 

gradient: 100 % A for 3.0 min, then 1% B/rain, A = 100 mM TEAB buffer, B = ACN; flow rate:

10.0 ml ,/min; rcl.cnl.ion time: 17.04-17.87 min). Fractions containing the desired compound were 

pooled, and lyophilized to provide the NTP of compound 43. The triphosphorylation reactions were 

carried out in a two-neck llask flame-dried under Nz atmosphere. Nucleosides and the protein
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sponge were dried over P2O5 under vacuum overnight prior to use. The formation of 

monophosphates was monitored by T.CMS.

Example 51. Synthesis of 3-methyl uridine (compound 44) and 3-methvl UTP {NTP of said

compound)

o
c*

O

4, BujN

5. Bte^tributyhrnmonium) 
pyrophosphate 
fi.DJZMTEAB buffer

A^mo

•M 1. Trimethyl phosphate
2. Proiorr Sponge

OH OH S.POCIj 
compound 44

0

GOO 
HO-P-O-0-D-0-O

OH OH OH

NTP of compound 44

Exact Mass: 497.30
C-ioH^hJjOg 

Exact Mass: 2£&J&

[00928( A solution of 3-methyl uridine (compound 44) (45.80 mg, 0.18 mmol) was added to 

proton sponge (57.86 mg, 0.27 mmol, 1.50 equiv.) in 0.5 ml. trimelhy(phosphate (TMP) and was 

sLiiTed for If) minutes at 0°C. Phosphorous oxychloride (POC13) (33.6 ul, 0.36 mmol, 2.0 equiv.) 

was added dropwise to the solution before being kepL stirring for 2 hours under N2 atmosphere.

After 2 hours the solution was reacted with a mixture of bistributyl ammonium pyrophosphate 

(TBAI’P or (n-IiujNI 1)2I I2P2O7) (652.0 mg, 1.19 mmol, 6.60 equiv.) and Lribulylamine (175.0 ul, 

0.72 mmol, 4.0 equiv.) in 1.3 ml of dimelhyltonnamide. Alter approximately 15 minutes, the 

reaction was quenched with 12.0 ml of 0.2M triethylanunonium bicarbonate (TEAS) and the clear 

solution was stirred at room temperature lor an hour. The reaction mixture wras lyophilized 

overnight and die crude reaction mixture was purified by HPLC (Shiraadzu. Kyoto Japan, 

Phenomenex Cl 8 preparative column, 250 x 21.20 mm, 10.0 micron; gradient: 100 % Λ for 3.0 min 

then 1% B/min, A = 100111M ΊΈΛΒ buffer, B = ACN; flow rate: 10 0 mL/min; retention time: 

18.52-19.57 min). Fractions containing tire desired compound were pooled and lyophilized to 

provide the N l'P of compound 44. The triphosphorylation reactions were earned out in a two-neck 

flask flame-dried under Ni atmosphere. Nucleosides and tire protein sponge were dried over P2O5 

under vacuum ovemighL prior lo use. lhe formation of monophosphates was monitored by LCMS. 

Example 52. Synthesis of Nl-methvl pseudo uridine (compound 45) and Nl-methvl

pseudoUIP (N l'P of said compound)
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hA**

3» POCIa

compound 45

Exact Mass; 256.0$

1. Trftnothyl phosphate
2. Proton Sponge

Exact Macs: 437.96

[00929| Λ solution of N1-methyl pseudouridine (compound 45) (96.6 mg, 0.374 mmol, plus heat 

to make it soluble) was added to proton sponge (120.0 mg, 0.56 mmol, 1.50 equiv.) in 0.8 ml, 

trimethylphosphate (TMP) and was stirred for 10 minutes at 0°C. Phosphorous oxychloride (POCfi) 

(70.0 ill, 0.75 mmol, 2.0 equiv.) was added drop wise lo the solution before being kept stirring for 2 

horn’s under N? atmosphere. After 2 hours the solution was reacted with a mixture of 

bistribotylammonium pyrophosphate (TBAPP or (n-Bu3NH)2HzP2O7) (1.36g, 2.47 mmol, 6.60 

equiv.) and tribulylaminc (362.0 til, 1.5 mmol, 4.0 equiv.) in 2.5 ml of dimethylformamide. After 

approximately 15 minutes, the reaction was quenched with 17.0 ml of 0.2M tricthylammonium 

bicarbonate (ΊΈΑΒ) and the clear solution was stirred at room temperature for an hour, 'llie 

reaction mixture was lyophilized overnight and the crude reaction mixture was purified by HPLC 

(Shimadzu,Kyoto Japan, Phenomenex CIS preparative column, 250 x 21.20 mm, 10.0 micron; 

gradient: 100 % A for 3.0 min, then 1% B/min, A = 100 mM TEAB buffer, B = ACN; flow rate:

10.0 mL/min; retention tune: 15.91-17.01 rain), Tractions containing the desired compound were 

pooled and lyophilized was subjected lo a Lriphosphorylation reaction Lo provide the NTP of 

compound45. 'Ihe triphosphorylation reactions were earned out in a two-neck flask llame-dried 

under N2 atmosphere. Nucleosides and the protein sponge were dried over P2OS under vacuum 

overnight prior to use. 'llie formation of monophosphates was monitored by LCMS.
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OH OH 
compound 46

Cl
Exact Mafcfi: 228.09

1. Tririttthyl phosphate
2. Proton Sponga
3. POCla

NTP of compound 46 
C-iiHi&HjOtTfS

Exact Must 56733

o o

|0l)930| Λ solution of 5-methoxycarbonyletlienyl uridine (compound46) (102.0 mg, 0.31 mmol) 

was added to proton sponge (99.65 mg. 0.46 mmol. 1.50 cquiv.) in 0.8 mL tiimcthylphosphate 

(IMP) and was stirred for 10 minutes at()”C. Phosphorous oxychloride (POCIj) (57.8 ul, 0.62 

mmol, 2.0 cquiv) was added dropwisc to the solution before being kept stirring for 2 hours under N2 

atmosphere. After 2 hours the solution was reacted with a mixture oPbistributylammoniiim 

pyrophosphate (ΤΒΛΡΡ or (η-ΒιιΝΗΕΗτΙΜ-Ε) (1.12g, 2.05 mol, 6.60 equiv.) and tributylamine 

(300.0 ul, 1.24 mmol, 4.0 cquiv.) in 2.5 ml of dimethylformamidc. After approximately 15 minutes, 

the reaction was quenched with 20.0 ml of U.2M tnethylaiumonium bicarbonate (IE AB) and the 

clear solution was stirred at room temperature for an hour. The reaction mixture was lyophilized 

overnight and the crude reaction mixture was purified by 11P1.C (Shimadzu, Kyoto Japan, 

Phenomenex Cl 8 preparative column, 250 x 21,20 mm, 10.0 micron; gradient: 100 % A for 3.0 min 

then l%B/min, A = 100 mM TEAR buffer, B = ACN; (low rate: 10.0 ml./min; retention time: 

21.56-23.21 min). Fractions containing the desired compound were pooled and lyophilized lo 

provide the NTP of compound 46. The Lriphosphorvlation reactions were carried out in a two-neck 

flask flame-dried under N2 atmosphere. Nucleosides and tlie protein sponge were dried over P2OS 

under vacuum ovemighL prior to use. lhe formation of monophosphates was monitored by ECMS.
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fXlPof said compound!

o
'NHT7A

oh oh a· POCtj 
piot&cled compound 47

Exact Mass:

coo 
HO-^-O-P-O-f-O

OH OH OH

QH OH
NTP of compound 47

1. Trim ethyl phosphate
2. Proton sponge

4, Bu3hl
5. BSsftrfruly Ammonium) 
pyrephoepherte
6.0.2 M TEAB buffer

Exact Mass: 535.01

NH2

ΝΗ,ΟΗ O 0 0
HQ-P-O-fl-O-P-O

OH QH QH

4 9

OH OH 

25

Exact Maser E345&

NHTFA

O
'v, Z^,

[00931 j 5-Ammopropenyl uridine 47 was protected and a solution of protected compound 47 (86.0 

mg, 0.22 mmol) was added to proton sponge (70.7 mg, 0.33 mmol, 1.50 cquiv.) in 0.7 mL 

trimcthylphosphate (TMP) and was stirred for ID minutes at fl°C Phosphorous oxychloride (POC13) 

(41.1 ul, 0.44 mmol, 2.0 cquiv.) was added dropwisc to the solution before being kept stirring for 2 

hours under N2 atmosphere. Alter 2 hours the solution was reacted with a mixture of 

bistributylammonium pyrophosphate (TBAPP or (n-BusNifhHiPjO?) (784.6 mg, 1.43 mmol, 6.50 

cquiv.) and Lribulylamine (213.0 ul, 0.88 mmol, 4.0 cquiv.) in 1.6 ml of dime thy Iformartiidc. After 

approximately 15 minutes, the reaction was quenched with 15.0 ml of 0.2M triethylammuniurn 

bicarbonate (TEAB) and the elcaT solution was stimed at room temperature for an hour. 18.0 ml of 

concentrated ammonium hydroxide was added to the reaction mixture to remove the trifluoroacetyl 

group. It was then stored stirring overnight. The reaction mixture was lyophilized overnight and the 

crude reaction mixture was purified by HPLC (Shimadzu, Kyoto Japan, Phenomenex CIS 

preparative column, 250 x 21.20 mm, 10.0 micron; gradient: 100 % Λ for 3.0 min, then 1% B/min,

Λ = 100 mM TEAB buffer, B = ACN; flow rate; 10.0 mL/min; retention time: 16.14-17.02 mm). 

Fractions containing the desired compound were pooled and lyophilized to provide the NTP of 

compound 47. The triphosphorylation reactions were carried out in a two-neck flask flame-dried 

under N2 atmosphere. Nucleosides and the protein sponge were dried over PA f under vacuum 

overnight prior to use. The formation of monophosphates was monitored by I .CMS.
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Example 55. Synthesis of N-PEC adenosine (compound 48) and N-FEG ATP (NTP of said
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r1

OH OH
protected compound 43

1. Trimerth^l phosphate

2. Proton Sponge-

^NHTFA a.FOCEs

CuKuFiHsO^ 
Exact Maes: $54.2$

NTP of compound 43

Exact Mass: 799 JO

27

4. BU3N
5. Bifi<tributyiamn»nium) 
pyrephatphate
6,0.2 W TEAS huff or

2$
C2aH44F^NBOiaP3 

Exact Maae: 894.18

100932J N-PEG adenosine 48 was protected and a solution of the protected compound 48 (100.0 

mg, 0.15 mmol) was added to proton sponge (49.3 mg, 0.23 mmol, 1.50 equiv.) in 0.65 mL 

trimcthylphosphatc (TMP) and was stirred for 10 minutes at ()"C. Phosphorous oxychloride (POC13) 

(28.0 ul, 0.3 mmol, 2.0 equiv.) was added dropwisc to the solution before being kept stirring for 2 

hours under N2 atmosphere A tier 2 hours the solution was reacted with a mixture of 

bistributylaminonium pyrophosphate (I'BAPP or (n-BibNIIfrlL^Oy) (537.7 mg, 0.98 mmol, 6.50 

equiv.) and tributylamine (146.0 ul, 0.6 mmol, 4.0 equiv.) in 1.2 ml of dimethyl fcrmamidc. After 

approximately 15 minutes, the reaction was quenched willi 10.0 ml of 0.2M tricfhylammonium 

bicarbonate (TEAB) and the clear solution was stirred at room temperature for an hour. 18.0 ml of 

concentrated ammonium hydroxide was added lo the reaction mixture to remove the triiluoroacetyl 

group. It was then stored stirring overnight. The reaction mixture was lyophilized overnight and the 

crude reaction mixture was purified by IIPLC (Shimadzu, Kyoto Japan, Phenoiuenex Cl 8 

preparative column, 250 x 21.20 mm, 10.0 micron; gradient: 100 % A Ιοτ 3.0 min, then 1% B/min,

A — 100 mM TEAB buffer, B - ACN; How rate: 10.0 mL/nun; retention lime: 24.5-25.5 min), 

fractions containing the desired compound were pooled and lyophilized to provide the NTP of 

compound 48. The tripho sphoiylati on reactions were carried out in a two-neck flask flame-dried
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under Nz atmosphere. Nucleosides and the protein sponge were dried over P2O5 under vacuum 

overnight prior to use. The formation of monophosphates was monitored by T.CMS.

Example 56. Synthesis of N-mcthyl adenosine (compound 49) and N-mcthyl ATP (NTP of said

compound)

NHMc

OH OH
compound 49 

G^.l-U^o^

3. FOCJj

&xact Mas: 2s1.11

1. Trim ethyl phosphate
2. Proton Sponge

Ol· OH 

30

4. BiijN
--------------*■ HO-P-O-P-O-P-O—j Λ
5. Bts|lr1butyhinmontiJir]) y
pyrophosphate η f
6.02 M TEAB buffer OH OH

NTP of compound 49 
C-1H«NSDilPj

Exact Mass: £214)1

(009331 Λ solution of N-methyl adenosine (compound 49) (70.0 mg, 0.25 mmol) was added to 

proton sponge (79.29 mg, 0.37 mmol, 1.50 equiv.) in 0.7 mL trimethylphosphate (TMP) and was 

stored for 10 minutes at 0“C. Phosphorous oxychloride (POC12) (46.66 ul, 0.50 mmol. 2.0 equiv.) 

was added dropwise to the solution before being kept stirring for 2 hour s under N2 atmosphere.

After 2 hours the solution was reacted with a mixture of bistributylammonium pyrophosphate 

(TBAPP or(n-Bu3NH)2H3P200 ¢888.85 mg, 1.62 mmol, 6.50 equiv.) and Iribulylamine (241.0 ul,

1.0 mmol, 4.0 equiv.) in 1.3 ml of dimethylfoimarnide. After approximately 15 minutes, the reaction 

was quenched with 16.0 ml of 0.2 M triethylammonium bicarbonate (TEAB) and the clear solution 

was stirred at room temperature for ail hour. The reaction mixture was lyophilized overnight and 

the crude reaction mixture was purified by HPLC (Shimadzu, Kyoto Japan, Phenomenex C18 

preparative column, 250 x 21.20 mm, 10.0 micron; gradient: 100 % A for 3.0 min, then 1% B/min,

A — 100 mM TEAB buffer, B — ACN; flow rate: 10.0 ml,/min; retention time: 19.62-20.14 min). 

Fractions containing the desired curripound were pooled and lyophilized to provide tlie NTP of 

compound 49. The Lriphosphorylution reactions were carried out in a two-neck flask llame-dned 

under N2 atmosphere. Nucleosides and the protein sponge were dried over P3O5 under vacuum 

overnight prior to use. The formation of monophosphates was moniLoTed by T.CMS.
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(NTP of said compound)

3yy
OH OH 

compound 50

Exact Mass: 311.12

ί A
N N Ma-.
1. THfnethy I ph oephate
2. Proton Sponge

3. POCJj

o
Cl P o 

Ci d
OH OH

32

JL &N N NM02
4. BuaN OII

HO P
5· Bteltrlbutylammonlum) 
pyropifiospliacB 
6.0-2 Μ TEAB buffer

OOO |II tl II
P O P O P O i Q 
OH OH OH \ z

G

00NK
ΛN NMo;

OH OH 
NTP of compound 50

Exact Matt; 551.D2

|00934| Λ solution of Ν,Ν-dmiethyl guanosine (compound 50) (65.8 mg, 0.21 mmol) was added to 

proton sponge (68.58 mg, 0.32 minol, 1.50 equiv) in 0.7 inL trimcthylphosphalc (TMP) and was 

stirred for 10 minutes at 0°C. Phosphorous oxychloride (POC13) (39.20 ul, 0.42 mmol, 2.0 equiv.) 

was added dropwise to the solution hefoTe heing kept stirring for 2 hours under N3 atmosphere.

After 2 hours the solution was reacted with a mixture of bistributy,ammonium pyrophosphate 

(ΤΒΛΡΡ or (n-Bu3NH)2H2P2O7) (751.67 mg, 1.37 mmol, 6.50 equiv.) and tributylammc (204.0 ul, 

0.84mmol,4.0 equiv.) in 1.5 ml of dimethylformamide. After approximately 15 minutes, the 

reaction was quenched with 14.0 ml of 0.2 M tricthylammonium bicarbonate (TEAB) and the clear 

solution was stirred at room temperature for an hour. The reaction mixture was lyophilized 

overnight and the crude reaction mixture was purified by I1PLC (Shimadzu, Kyoto Japan, 

Phenomenex Cl 8 preparative column, 250 x 21.20 mm, 10.0 micron; gradient: 100 % A lor 3.0 min, 

then 1% Β/mm, A = 100 mM ΤΕΛΒ buffer, B = ACN; flow rale: 10,0 mL/min; retention time: 

19.27-19.95 min). Fractions containing lhe desired compound were pooled and lyophilized lo 

provide lhe N IP of compound 50. lfte triphosphorylatioii reactions were carried out in a two-neck 

flask flame-dned under N2 atmosphere. Nucleosides and the protein sponge were dried over P2O5 

under vacuum overnight prior lo use. The formation of monophosphates was monitored by LCMS.
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|00935j The nucleoside i can be phosphoiylatcd by any useful method to provide a triphosphate 

compound if For example, the nucleoside can be added to proton sponge and trimethylphosphatc 

( IMP) and cooled (c.g., to -4O'‘C). Phosphorous oxychloride (POCF) can be added dropwisc before 

reacting with bistributylammonium pyrophosphate (TBAl’P or (η-ΒιΐιΝΗΙϊΗτΡίΟγ) and 

tributylamine. The reaction can then be quickly quenched with triethylammonium bicarbonate 

(TEAB). Exemplary conditions are provided in U.S. Pat. No. 7,893,227, which is incorporated 

herein by reference.

[00936( After the phosphorylation reaction, the reaction mixture can be optionally lyophilized, 

purified (e.g., by ion-exchange chromatography and/or HPI.C), or converted to a sodium salt (c.g., 

by dissolving in McOH and adding sodium perchlorate in acetone).

Example 59: PCR for eDNA Production

[00937) PCR procedures for lhe preparation of eDNA are performed using 2x ΚΑΡΑ ΙΙΙΓΙ™ 

IlotStart ReadyMix by Kapa Bio systems (Woburn, MA). This system includes 2x ΚΑΡΑ 

ReadyMixl2.5 μΐ; Forward Primer (10 uM) 0.75 μΐ; Reverse Primer (10 uM) 0.75 μΐ; Template 

eDNA 100 ng; and dIl20 diluted to 25.0 μΐ. lhe reaction conditions are at 95“ C for 5 min. and 25 

cycles of 98° C for 20 sec, then 58’ C for 15 sec, then 72° C for 45 see, then 72° C for 5 min. then 4° 

C to tennination.

[00938) The reverse primer of the instant invention incorporates a poly-li20 for a poly-Ai2n in the 

mRNA. Other reverse primers with longer or shorter poly-T tracts can be used to adjust the length 

of the poly-A tell in the mRNA.

[00939J Ihe reaction is cleaned up using Invitrogen’s PUREL1NK™ PCR Micro Kit (Carlsbad, 

CA) per manufacturer’s instructions (up to 5 pg). Larger reactions will require a cleanup using a 

product with a larger capacity. Following the cleanup, the eDNA is quantified using theNanoDrop 

and analyzed by agarose gel electrophoresis to confinn the eDNA is the expected size. The eDNA is 

then submitted for sequencing analysis before proceeding lo lhe in vitro transcription reaction.
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Example 60. In vitro Transcription (IVT)

[00940] The in vitro transcription reaction generates mRNA containing modified nucleotides or 

modified RNA. The input nucleotide triphosphate (NTP) mix is made in-house using natural and un 

natural NTPs.

[009411 Λ typical in vitro transcription reaction includes the following:

Template cDNA 1 -0 pg
1 Ox transcription buffer (400 mM Tris-TICl pH 2.0 pi
8.0,190 mM MgCI2, 50 mM DTT, 10 mM
Spermidine)
Custom NTPs (25mM each 7.2 pi
RNase Inhibitor 20 U
T7 RNA polymerase 3000 U
dTI2O up to 20.0 pi

[00942] Incubation at 37° C lor 3 hr-5 hrs.

[00943] The et ude IVT mix may he stored at 4° C overnight tor cleanup the next day. I U of 

RNase-free DNase is then used to digest the original template. Alter 15 minutes of incubation at 37' 

C, the mRNA is purified using Ambion’s MEGACTEAR™ Kit (Austin, TX) following die 

manufacturer’s instructions. This kit can purify up to 500 pg of RNA. Following the cleanup, the 

RNA is quantified using the NanoDrop and analyzed by agarose gel electrophoresis to confirm Ute 

RNA is die proper size and that no degradation of tlic RNA has occurred.

[009441 'lhe T7 RNA polymerase may be selected from, T7 RNA polymerase, T3 RNA 

polymerase and mutant polymerases such as, but not limited lo, the novel polymerases able lo 

incorporate modified NTPs as well as those polymerases described by Liu (Esvclt eta!. (Nature 

(2011) 472(7344):499-503 and U.S. Publication No. 20110177495) which recognize alternate 

promoters, Ellington (Chellisenykattil and Ellington, Nature Biotechnology (2004) 22(9):1155- 

1160) describing a T7 RNA polymerase variant lo transcribe 2’-O-methyl RNA and Sousa (Padilla 

and Sousa, Nucleic Acids Research (2002) 30(24). el 28) describing a T7 RNA polymerase double 

mutant; herein incorporated by reference in their entireties.

Example 61. Enzymatic Capping of mRNA

|00945] Capping of die mRNA is performed as follows where the mixture includes: IVT RNA 60 

pg-l 80pg and dH20 up to 72 pi. Ihc mixture is incubated at 65” C for 5 minutes to denature RNA, 

and then is transferred immediately to ice.

[00946] lhe protocol then involves the mixing of I Ox Capping Buffer (0.5 M Tris-HCl (pH 8.0), 

60 mM KC1, 12.5 ruM MgCf) (10.0 pi); 20 raM GTP (5.0 pi); 20 niM S-Adenosyl Methionine (2.5
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μΐ); RNase Inhibitor (100 U); 2'-O-Methyltransferase (400U); Vaccinia capping enzyme (Guanylyl 

transferase) (40 U); dT I20 (Tip to 28 μ I); and incubation at 37° C for 30 minuLes for 60 pg RNA or up 

to 2 hours for 180 μg of RNA.

[00947] The mRNA is then purified using Ambion’s MEGAC1.F.AR™ Kit (Austin, TX) following 

the manufacturer’s instinct ions, hollowing the cleanup, the RNA is quantified using the 

NANODROP™ (TheTmol’isher, Waltham, MA) and analyzed by agarose gel electrophoresis lo 

cunluin the RNA is the proper size and that nu degradation uf the RNA has occurred. ’Hie RNA 

product may also be sequenced by running a reverse-Iran scrip lion-PCR to generate the cDNA for 

sequencing

Example 62. Poly A Tailing Reaction

[009481 Without a poly-T in the cDNA, a poly-A tailing reaction must be performed before 

cleaning the final product. This is done by mixing Capped IVT RNA (100 μΐ); RNase Inhibitor 

(20 U); lOx failing Buffer (0.5 M Tns-HCl (pH 8.0), 2.5 M NaCl, 100 mM MgCl2)( 12.0 μΐ); 20 

mM ATP (6,0 μΙ); Poly-A Polymerase (20 U); dlfiO up to 123.5 μΐ and incubation at 37° C lor 30 

min. If the poly-A tail is already in the transcript, then the tailing reaction may be skipped and 

proceed directly to cleanup with Ambion’s MEGAGTEAR™ kit (Austin, TX) (up lo 500 jig). Poly- 

A Polymerase is preferably a recombinant enzyme expressed in yeast.

[00949J For studies performed and described herein, the poly-A tail is encoded in the IVT template 

lo comprise! 60 nucleotides in length. However, it should he understood that the processivity or 

integrity of the poiy-Λ tailing reaction may not always result in exactly 160 nucleotides. Hence poly- 

A tails of approximately 1 GO nucleotides, c.g, about 150-165, 155, 156, 157, 158, 159,160, 161,

162,163,164 or 165 are within the scope of file invention.

Example 63. Method of Screening for Protein Expression

A. Elcctrospiny Ionization

[00950J A biological sample which may contain proteins encoded hy modified RNA administered 

to the subject is prepared and analyzed according to the manufacturer protocol for eleclrospray 

ionization (ESI) using 1,2, 3 or 4 mass analyzers. A biologic sample may also be analyzed using a 

tandem ESI mass spectrometry system.

[01)951( Patterns of protein fragments, or whole proteins, are compared to known controls for a 

given protein and identity is determined by comparison.

B. Matrix-Assisted Laser Desorption/Ioniz.ation
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[00952( A biological sample which may contain proteins encoded by modified RNA administered 

to lhe subject is prepared and analyzed according to the manufacturer protocol for matrix-assisted 

laser desorption/ionization (MALDI).

[00953] Patterns of protein fragments, or whole proteins, are compared to known controls for a 

given protein and identity is determined by comparison.

C. liquid Chromatography-Mass spcctrometry-Mass spectrometry 

100954] Λ biological sample, which may contain proteins encoded by modified RNA, may be 

treated with a trypsin enzyme to digest the proteins contained within, lhe resulting peptides are 

analyzed by liquid chromatography-mass spectrometry-mass spectrometry (LC/MS/MS) 'llie 

peptides arc fragmented in the mass spectrometer to yield diagnostic patterns that can be matched to 

protein sequence databases via computer algorithms, lhe digested sample may be diluted to achieve 

1 ng or less starting material for a given protein. Biological samples containing a simple buffer 

background (e g. water or volatile salts) are amenable to direct in-solution digest; more complex 

backgrounds (e.g. detergent, non-volatile sails, glycerol) require an additional clean-up step to 

facilitate the sample analysis.

[(10955] Patterns of protein fragments, or whole proteins, are compared to known controls for a 

given protein and identity is determined by comparison.

Exsim|ilei>4-_^^okirreStiid^2T3MC

A. I’ll VIC isolation and Culture

[01)956] 50 niL of human blood from two donors was received from Research Blood Components

(lots KP30928 and KP30931) in sodium heparin tubes. For each donor, die blood was pooled and 

diluted to 70 mL widi DPBS (SAFC Bioscience 59331C, lot 071M8408) and split evenly between 

two 50 ml. conical tubes. 10 ml, of Ficoll Paquc (GF, Healthcare 17-5442-03, lot 10074400) was 

gently dispensed below die blood layer. The tubes were centrifuged at 2000 rpm for 30 minutes with 

low acceleration and braking. The tubes were removed and the buffy coaL PBMC layers were gently 

trans!erred to a fresh 50 mT, conical and washed with DPBS. The tubes were centrifuged at 1450 

rpm for 10 minutes.

[(10957] The supernatant was aspirated and the PBMC pellets were resuspended and washed in 50 

mL of DPBS. The tubes were centrifuged at 1250 rpm for 10 minutes. This wash step was repeated, 

and the PBMC pellets were resuspended in 19 ml, of Optimem I (Gibco 11058, lot 1072088) and 

counted. The cell suspensions were adjusted to a concentration of 3.0 x 10Λ6 cells / mL live cells.
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[00958] These cells were then plated on five 96 well tissue culture treated round bottom plates 

(Costar 3799) per donor at 50 ul. per well. Within 30 minutes, transfection mixtures were added to 

each well at a volume of 50 uL per well. After 4 hours post transfection, the media was 

supplemented with 10 ul, of Fetal Bovine Serum (Gibco 10082, lot 1012368)

B. Transfection Preparation

[()0959] Modified mRNA encoding human G-CSl· (mRNA sequence shown in SEQ ID NO: 1; 

polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap. Cap!) (containing either 

(1) natural NlPs, (2) 100% substitution with 5-methyl cytidine and pseudouridine, or (3) 100% 

substitution with 5-methy] cytidine and N1-methyl pseudouridine; mRNA encoding luciferase (1VT 

cDNA sequence shown in SEQ ID NO: 2; mRNA sequence shown in SEQ ID NO: 3, polyA tail of 

approximately 360 nucleotides not shown in sequence, 5’cap, Capl, fully modified with 5- 

mcthylcytosinc at each cytosine and pscudouridine replacement at each uridine site) (containing 

either (1) natural N IPs or (2) 100% substitution with 5-methyl cytidine and pseudo urid ine) and TLR 

agonist RS48 (Invivogen tlrl-r848) were diluted to 38.4 ng / uL in a final volume of 2500 uL 

OpLimem 1.

[()()96()] Separately, 110 ul, nf T.ipofeclamine 2000 (Tnvitrogen 11668-027, lot 1070962) was 

diluted with 6.76 ml, Optimem 1. In a 96 well plate nine aliquots of 1 35 ul, ol each mRNA, positive 

control (R-848) or negative control (Optimem 1) was added to 135 ul. of the diluted I.ipofectamine 

2000. Ihe plate containing the material lo be transfected was incubated for 20 minutes. Ihe 

transfection mixtures were then transferred to each of the human I’BMC plates at 50 uL per well.

The plates were then incubated at 37°C. At 2,4, 8,20, and 44 hours each plate was removed from 

the incubator, and llie supernatants were frozen.

[00961] After the last plate was removed, the supernatants were assayed using a human G-CSF 

ELISA kit (Invilrogen KHC2032) and human IFN-alpha ELISA kit (Thermo Scientific 41105-2). 

Each condition was done in duplicate.

C. Protein and Innate Immune Response Analysis
[00962] The ability of unmodified and modified mRNA to produce the encoded protein was 

assessed (G-CSF production) over time as was the ability of the mRNA to trigger innate immune 

recognition as measured by interleron-alpha production. Use of in vitro PBMC cultures is an 

accepted way to measure the immunostimulatoiy potential of oligonucleotides (Robbins et al.,

Ol i gon uele o ti dcs 2009 19:89-102).

- 270-



20
17

21
35

03
 

10
 A

ug
 2

01
7

[00963) Results were interpolated against the standard curve of each ELISA plate using a four 

parameter logistic curve fit. Shown in Tables 4 and 5 are the average from 3 separate PBMC donors 

of the G-CSE, interferon-alpha (IFN-alpha) and tumor necrosis factor alpha (TNF-alpha) production 

over Lime as measured by specific ELISA.

] 110964 [ In the G-CSF ELISA, background signal from the I.ipofectamine 2000 (I.F2000) untreated 

condition was subtracted at each time point. Ihe data demonstrated specific production of human G- 

CSF protein by human peripheral blood mononuclear is seen with G-CSF mRNA containing natural 

NTPs, 100% substitution with 5-methyl eylidine and pseudouridine, or 100% substitution with 5- 

methyl cytidine and N1 -methyl pseudouridine. Production of G-CSF was significantly increased 

through the use of 5-mcthyI cytidine and Nl-methyl pseudouridine modified mRNA relative to 5- 

methyl cytidine and pseudouridine modified mRNA.

[00965] With regards to innate immune recognition, while both modified mRNA chemistries 

largely prevented IFN-alpha and TNF-alpha production relative to positive controls (R848, 

p(I)p(C)), significant differences did exist between the chemistries. 5-methyl cytidine and 

pseudouridine modified mRNA resulted in low but detectable levels oi IFN-alpha and TNF-alpha 

production, while 5-melhyl cytidine and Nl-methyl pseudouridine modified mRNA resulted in no 

detectable IFN-alpha and TNF-alpha production.

[00966J Consequently, iL has been determined thaL, in addition lo the need Lo review more than one 

cytokine marker of the activation of the innate immune response, it has surprisingly been found that 

combinations of modifications provide differing levels of cellular' response (protein production and 

immune activation). The modification, Nl-methyl pseudouridine, in this study has been shown to 

convey added protection over the standard combination of 5-methyl cytidine/pseudouridine explored 

by others resulting in twice as much protein and almost 150 fold reduction in immune activation 

(TNF-alpha).

[0096η Given LhaL PBMC contain a large array of innate immune RNA recognition sensors and are 

also capable of protein translation, it oilers a useful system to test the interdependency of these two 

pathways. It is known that mRNA translation can be negatively affected by activation of such innate 

immune pathways (Kariko et al. Immunity (2005) 23:165-175; Warren el al. Cell Stem Cell (2010) 

7:618-630). Using PBMC as an in vitro assay system it is possible to establish a correlation between 

translation (in this case G-CSF protein production) and cytokine production (in this case exemplified 

by IFN-alpha and TNF-alpha protein production). BeLtcr protein production is correlated with lower
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induction of innate immune activation pathway, and new chemistries can he judged favorably based 

on this ratio (Table 6).

[00968] In this study, the PC Ratio for the two chemical modifications, pseudouridine andNl- 

methyl pseudouridine, both with 5-rneLhy cytosine was 4742/141—34 as compared to 9944/1—9944 

for tlie cytokine IFN-alpha. For the cytokine, TNF-alpha, the two chemistries had PC Ratios of 153 

and 1243, respectively suggesting that tor either cytokine, the N1 -melhylpseudoundine is the 

superior modification. In fables 4 and 5, “NT' means not tested.

Table 4. G-CSF

G-CSF: 3 Donor Average (pg/ml)
G-CSF

5-methyl cytosine/ 
pseudo uridine

4742

G-CSI·
5-metkyleytosine/

N 3 -mcthylpseudouridinc

9944

Lucifcrasc 18
T.F2000 16

Table 5. IFN-alplia and TNF-alpha

Cj-CSF
5-mcthyl cytosine/ pscudouridinc

IFN nlpha: 3 Donor 
Average (pg/ml)

141

TNF-alpha: 3 Donor 
Average (pg/ml)

31

G-CSF 1 8
5 -methy Icy tosinc/
N1 -methy Ipse udoun dine

P(I)P(C) 1104 NT
11.-848 NT 1477

LF2000 17 25

Table 6. G-CSF to Cytokine Ratios

G-CSF/ IFN alpha (ratio) i G-CSF/TNF alpha (ratio)
5-methyl
cytosine/

pscudouridinc

5-methylcvtosine/ [ 
N1-

mctliy Ipse udo uridine i

5-methyl
cytosine/

pscudouridinc

5-methylcytosine/
Nl-

methylpscudoundine
PC Ratio 34 9944 1 153 1243

Example 65. Chemical Modification Ranges of Modified mRNA
[00969] Modified nucleosides such as, but not limited to, Lhc chemical modifications 5- 

inetliylcytosine and pseudouridine have been shown to lower the innate immune response and
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increase expression of RNA in mammalian cells. Surprisingly and not previously known, the effects 

manifested by these chemical modificalions can he titrated when Lhe amount of chemical 

modification of a particular nucleotide is less than J 00%. Previously, it was believed that the benefit 

of chemical modification could be derived using less than complete replacement of a modified 

nucleoside and published reports suggest no loss ofbenefit uiiLil the level of substitution with a 

modified nucleoside is less than 50% (Kanko el al., Immunity (2005) 23:165-175).

1009701 However, it has now been shown that die benefits of chemical modification are directly 

correlated with the degree of chemical modification and must be considered in view of more than a 

single measure of immune response. Such benefits include enhanced protein production or mJEN A 

translation and reduced or avoidance of stimulating the innate immune response as measured by 

cytokine profiles and metrics of immune response triggers.

[00971J Enhanced mRNA translation and reduced or lack of innate immune stimulation arc seen 

with 100% substitution with a modified nucleoside. Lesser percentages of substitution result in less 

mRNA translation and more innate immune stimulation, with unmodified mRNA showing the 

lowest translation and the highest innate immune stimulation.

In Vitm PRMC Studies: Percent modification

[00972] 480 ng of G-CSF mRNA modified with 5-methyl cytosine (5mC) and pseudoundine 

(pseudoU) or unmodified G-CSF mRNA was transfected with 0.4 uF of Lipofectamine 2000 into 

peripheral blood mononuclear cells (PHMC) from three normal blood donors (DI, D2, and D3). lhe 

G-CSF mRNA (SEQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown in sequence; 

5’cap, Capl) was completely modified with 5inC and pseudo (100% modification), not modified 

with 5mC and pseudo (0% modification) or was partially modified with 5mC and pseudoU so the 

mRNA would contain 75% modification, 50% modification or 25% modification. A control sample 

of Luciferase (mRNA sequence shown in SEQ ID NO: 3; polyA tail of approximately 160 

nucleotides not shown in sequence; 5’cap, Capl; fully modified 5meC and pseudoU) wras also 

analyzed lor G-CSF expression. For TNF-alpha and IFN-alpha control samples of

Lipofectaminc2000, EPS, R-848, T.ueiferase (mRNA sequence shown in SEQ ID NO: 3; polyA tail 

of approximately 160 nucleotides not shown in sequence; 5’cap, Capl; fully modified 5mC and 

pseudo), and P(I)P(C) wrere also analyzed, lhe supernatant was harvested and run by ELISA 22 

hours after transfection to determine the protein expression. The expression of G-CSF is shown in 

Table 7 and the expression of IFN-alpha and TNF-alpha is shown in Table 8. The expression of
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IFN-alpha and TNF-alpha may be a secondary effect from the transfection of the G-CSF mRNA. 

Tables 7, 8 and FIG. 10 show that the amount of chemical modification of G-CSF, inLerferon alpha 

(IFN-alpha) and tumor necrosis factor-alpha (TNF-alpha) is titratable when the mRNA is not fully 

modi lied and the lilratable trend is not the same tin· each target.

|00973| As mentioned above, using PBMC as an in vitro assay system it is possible Lo establish a 

correlation between translation (in this ease G-CSF protein production) and cytokine production (in 

this ease exemplified by IFN-alpha protein production). Better protein production is correlated with 

lower induction of innate immune activation pathway, and the percentage modification of a 

chemistry can be judged favorably based on this ratio ( Table 9). As calculated from Tables 7 and S 

and shown in Table 9, full modification with 5-mcthylcytidinc and pscudouridinc shows a much 

better' ratio of protein/cytokine production than without any modification (natural G-CSF mRNA) 

(100-fold for IFN-alpha and 27-fold for TNF-alpha). Partial modification shows a linear relationship 

with increasingly less modification resulting in a lower protein/cytokine ratio.

Table 7, G-CSF Expression

100% modification

G-CSF Expression (pg/ml)
IN
1968.9

1)2
2595.6

D3
2835.7

75% modification 566.7 631.4 659.5
50% modification 188.9 187.2 191.9
25% modification 139.3 126.9 102.0
0% modification 194.8 182.0 183.3
Luciferase 90.2 0.0 22.1

Table 8, IFN-alpha and TNF-alpha Expression

IFN-alpha Expression (pg/ml) TNF-alpha Expression (pg/ml)
1)1 D2 115 1)1 D2 1)5

100% modification 336.5 78.0 46.4 115.0 15.0 11.1
75% modi fication 339.6 107.6 160.9 107.4 21.7 11.8
50% modification 478.9 261.1 389.7 49.6 24.1 10.4
25% modi fication 564.3 400.4 670.7 85.6 26.6 19.8
0% modification 1421.6 810.5 1260.5 154.6 96.8 45.9
UPS 0.0 0.6 0.0 0.0 12.6 4.3
R-848 0.5 3.0 14.1 655.2 989.9 420.4
F(I)P(C) 130.8 297.1 585.2 765.8 2362.7 1874.4
Lipid only 1952.2 866.6 855.8 248.5 82.0 60.7

Table 9. PC Ratio and Effect of Percentage of Modification
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% Modification Average
G-CSF
(pg/ml)

Average
IFN-a

(pg/mD

Average
TNF a 
(pg/ml)

CCSFZ TFN- 
alpha 

(PC ratio)

"G-CSF/TNF- ’ 
alpha 

(PC ratio)
100 2466 153 47 16 52
75 619 202 47 3.1 13
50 189 376 28 0.5 6.8
25 122 545 44 0.2 2 8
0 186 1164 99 0.16 1.9

Example 66. Modified RNA tinnsfccicd in PBMC

1009741 500 ng of G-CSF mRNA modified with 5-methylcytosine (5mC) and pseudouridine 

(pseudoU) or unmodified G-CSF mRNA was transfected with 0.4 uL of Lipofeetamine 2000 into 

peripheral blood mononuclear cells (PBMC) from three normal blood donors (DI, D2, and D3). Die 

G-CSF mRNA (SEQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown in sequence; 

5’cap, Cap I) was completely modified with 5mC and pseudo (100% modification), not modified 

with 5mC and pseudo (0% modification) or was partially modified with 5mC and pseudoU so the 

mRNA would contain 50% modification, 25% modification, 10% modification, %5 modification,

1% modification or 0.1% modification. A control sample of niChcrry (mRNA sequence shown in 

SEQ ID NO: 6; polyA tail of approximately 160 nucleotides noL shown in sequence; 5’cap, Capl; 

fully modified 5meC and pscudouridinc) and G-CSF fully modified with 5-methylcytosine and 

pseudouridine (Control G-CSF) was also analyzed for G-CSF expression. For tumor necrosis factor- 

alpha (TNF-alpha) and interferon-alpha (IFN-alpha) control samples of'T,ipofectamine2000, EPS, R- 

848, Luciferase (mRNA sequence shown in SEQ ID NO: 3; polyA tail of approximately 160 

nucleotides not shown in sequence; 5’cap, Cap], fully modified 5mC and pseudo), and P(1)P(C) 

were also analyzed. The supernatant was harvested 6 hours and 18 hours after transfection and run 

by ELISA to determine the protein expression. The expression of G-CSF, IFN-alpha, and TNF-alpha 

for Donor 1 is shown in fable 10, Donor 2 is shown in fable 11 and Donor 3 is shown in fable 12. 

(00975( Full 100% modification with S-mcthylcytidine and pscudouridinc resulted in the most 

protein translation (G-CSF) and the least amount of cytokine produced across all three human 

PBMC donors. Decreasing amounts of modification results in more cytokine production (IFN-alpha 

and TNF-alpha), thus thither highlighting the importance of fully modification to reduce cytokines 

and Lo improve protein translation (as evidenced here by G-CST production).

Table 10. Donor 1

j | G-CSF (pg/ml·) 1 TFN-alpha (pg/iiil.) | TNF-alpha (pg/niE) j
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6 hours 18 hours 6 hours 18 hours 6 hours 18 hours
100% Mod 1815 2224 1 13 0 0
75% Mod 591 614 0 89 0 0
50% Mod 172 147 0 193 0 0
25% Mod 111 92 2 219 0 0
10% Mod 138 138 7 536 18 0
l%Mod 199 214 9 660 18 3
0.1% Mod 222 208 10 597 0 6
0 % Mod 273 299 10 501 10 0
Control G-CSF 957 1274 3 123 18633 1620
mCheny 0 0 0 10 0 0
Untreated N/A N/A 0 0 1 1

fable 11. Donor 2

G-CSF (pu/rnl.) TFNulpha (pg/mT.) TNF-alpha (pg/mL)
6 hours 18 hours 6 hours 18 hours 6 hours 18 hours

100% Mod 2184 2432 0 7 0 11
75% Mod 935 958 3 130 0 0
50% Mod 192 253 2 625 7 23
25% Mod 153 158 7 464 6 6
10% Mod 203 223 25 700 77 39
l%Mod 288 275 27 962 51 66
0.1% Mod 318 288 33 635 28 5
0 % Mod 389 413 26 748 1 253
Control G-CSF 1461 1634 1 59 481 814
mCheiry 0 7 0 1 0 0
Untreated Ν/Λ Ν/Λ 1 0 0 0

Table 12. Donor 3

G-CSF ip g/mL) IFN-alpha (pg/mL) TNF-alpha (pg/mL)
6 hours 18 hours 6 hours 18 houis 6 hours 1 8 hours

100% Mod 6086 7549 7 658 11 11
75% Mod 2479 2378 23 752 4 35
50% Mod 667 774 24 896 22 18
25% Mod 480 541 57 1557 43 115
10% Mod 838 956 159 2755 144 123
l%Mod 1108 1197 235 3415 88 270
0.1% Mod 1338 1177 191 2873 37 363
0 % Mod 1463 1666 215 3793 74 429
Control G-CSF 3272 3603 16 1557 731 9066
mCherry 0 0 ? 645 0 0
Untreated N/A N/A 1 1 0 8

Example 67. Microames Reverse Mutation Screen of Modifications

Background and Methods
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[00976( The mieroames screen is a version of the full Aines preincubation assay. It detects both 

frameshiil and base-pair substitution mutations using Tout Salmonella lesleT strains (TA97a, TA98, 

TA100 and TAI 535) and one Escherichia coli strain (WP2 uvrA pKMIOl). Strains TA97a and 

TA98 delect frameshiil mutations, and TA 100, TA) 535 and WP2 uvrA pKMIOl detect base-pair 

substitution mutations, This scaled-down Ames test uses minimal compound, is conducted with and 

without metabolic activation (S9 fraction), and uses multiwell plates. This teste is a microbial assay 

to detect the mutagenic potential of lest compounds.

[tH)977[ The microAmes screen for 5-Methyleytidine, Pseudouridine or N’-methylpseudouridine 

test article was tested in duplicate with strains TA97a, ΤΛ98, ΤΛ100, ΤΛ1535 and 

WP2 uvrA pKMIOl in the presence and absence of a metabolic activation system (AROCTOR™ 

1254 induced rat liver S9 microsomal fraction) at 0.25, 2.5, 12.5, 25, 75, and 250 ug/well. Positive 

control compounds were used at 4 different concentrations to ensure the assay system was sensitive 

to known mutagenic compounds. DMSU was used as the vehicle control. Positive and vehicle 

controls yielded the expected results, demonstrating that the microAmes screen is sufficiently 

sensitive to detecL mutagens.

Results

[009781 For 5-methylcylosine, precipitates were not observed with any tester strain either with or 

without metabolic activation. Cytotoxicity (reduction in the background lawn and/or number of 

revertanls) was noL observed in any strain either with or without metabolic activation. There was no 

increase in the number of reveitant colonies as compared with the vehicle control in any strain with 

or without metabolic activation. Therefore, 5-Mcthylcytidine was not mutagenic up to 250 ug/wcll 

in strains TA97a, TA98, TA100, ΤΛ1535 and WP2 uvrA pKMIOl with or without metabolic 

activation under the conditions of the microAmes screen.

[009791 Precipitates were not observed with any tester strain either with or without metabolic 

activation for pseudouridine. Cytotoxicity (reduction in Lhc number of revertanls) was observed with 

strain TAI 00 without metabolic activation. Cytotoxicity (reduction in the background lawn and/or 

number of revertanls) was not observed in any other strain either with or without metabolic 

activation. There was no increase in the number of reverlanl colonies as compared with the vehicle 

control in any strain with ot without metabolic activation. Therefore, pseudouridine was not 

mutagenic up to 75 ug/well in strain ΤΛ100 without metabolic activation and up to 250 pg/well in
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strains TA97a, TA98, TAI 535 and WP2 uvrA pKMl 01 with or without metabolic activation and 

strain TA 100 without metabolic activation under the conditions of this micro Ames screen.

[00980] For the modification, Nl-methylpseudouridine precipitates were not observed with any 

tester strain either with or without metabolic activation. Cytotoxicity (reduction in the background 

lawn and/or numbeT of revertants) was not observed in any strain either with or without metabolic 

activation. There was no increase in the number ol revertanl colonies as compared with the vehicle 

control in any strain with or without metabolic activation. N l-taethylpseudoiiridinc was not 

mutagenic up Lo 250 gg/well in strums TA97a, ΤΛ98, ΤΛ100, ΤΛ1535 and WP2 uvrA pKMlOl 

with or without metabolic activation under the conditions of this microAmes screen. N1- 

mcthylpscudouridinc was found less mutagenic than pscudouridinc.

)00981| The comparison in this microAMES test of 5 methyl eytidine, pseudouridine, and N1 - 

mcthylpscudouridinc reveal them to be generally non-mutagcnic. Of particular note, however, was 

the difference between pseudouridine and Nl-methylpseudouridine, where pseudouridine did show a 

cytotoxic response in one bacLerial strain where Nl-methylpseudouridine did not. These 

microAMES tests are routinely used as part of the pre-clinical assessment of compound sateLy and 

highlight an important difference hetween Nl-methylpseudouridine and pseudouridine.

Example 68. Toxicity of Nucleoside Triphosphates (NTPs)

[00982] The cytotoxicity of natural and modified nucleoside triphosphates (NTPs) alone or in 

combination with other bases, was analyzed in human embryonic kidney 293 (IIEK.293) cells in the 

absence of transfection reagent. ELEK293 cells were seeded on 96-well plates at a density of 30,000 

cells per well having 0.75ul of RNAiMAX (Invitrogcn, Carlsbad, CA) per well at a total well 

volume of 1 OOul. 10 ul of the NTPs outlined in Table 12 were combined with 10 ul of lipid dilution 

and incubated for 30 minutes to form a complex before 80 ul of the HEK293 cell suspension was 

added to tire NTP complex.

[00983] Natural and modified NTPs were transfected at a concentration of 2.1 nM, 21 nM, 210 

nM, 2.1 uni, 21 uM, 210 um or 2.1 mM. NTPs in combination were transfected at a total 

concentration of NTPs of 8.4 nM, 84 nM, 840 nM, 8.4 uM, 84 uM, 840 uM and 8.4 mM. Asa 

control modified G-CSF inRNA (SEQ ID NO: t, polyA tail of approximately 160 nucleotides not 

shown in sequence; 5’cap, Capl; fully modified 5-meihyl cytosine and pseudouridine) was 

transfected in HEK293 cells at a concentration of 8.4 nM. The cytotoxicity of the NTPs and the 

modified G-CSE mRNA was assayed at 4, 24, 48 and 72 hours post addition to the 1IEK293 cells
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using a CYTO TOX-GLO™ assay from Promcga (Madison, WI) following the manufacturer 

protocol except pippeling was used for lysing the cells instead of shaking the plates.

[00984] Table 13 and 14 show the percent of viable cells for each of the NTPs, NTP combinations 

and controls tested. There was no toxicity seen with the individual NTPs as compared to the 

untreated cells. Ihese data demonstrate that introduction of individual N I Ps, including 5- 

methylcytidine, pseudoundine, and N 1-methyl pseudo undine, into mammalian cells is not toxic at 

doses 1,000,000 times ail effective dose when introduced as a modified mRNA.

Table 13. Cytotoxicity of Individual NTPs

Individual NTP Cytotoxicity
Dose

Time 2.1 21(1 21 uM 2.1 21« 21 nM 2.1 nMmM hM uM nM
4 hr 90.03 85.97 91.20 90,23 90.36 93.21 93.48

Adenine 24 hr 88.42 87.31 86.86 86.81 86.94 87.19 86.44
48 hr 93.71 90.55 89,94 89.80 89.17 91.13 92.12
72 hr 97.49 94.81 93.83 94.58 92.22 93.88 95.74
4 hr 90.51 89.88 91.41 90.49 88.95 93.11 93.34

Cytosine 24 hr 86.92 86.33 85.72 86.70 86.12 86.16 85.78
48 hr 94,23 87.81 87.28 87.73 85.36 88.95 88.99
72 hr 97.15 92.34 92.22 88.93 88.22 91.80 94.22
4 hr 90.96 90.14 91.36 90.60 90.00 92.84 93.33

Guanine 24 hr 86.37 85.86 85.93 86.13 86 35 85.50 85.41
48 hr 93.83 87.05 88.18 87.89 85,31 87.92 89.57
72 hT 97.04 91.41 92.39 92.30 92.19 92.55 93.72

j 4 hr 90.97 89.60 91.95 90.90 91.05 92.90 93.15

Uracil 24 hr 87.68 86.48 85.89 86.75 86.52 87.23 87.63
48 hr 94.39 88.98 89.11 89.44 88.33 88.89 91.28
72 hr 96,82 93.45 93.63 94.60 94.50 94.53 95.51
4 hr 92.09 92.37 91.35 92.02 92.84 91.96 92.26

Pseudouridi 24 hr 88.38 86.68 86.05 : 86.75 85.91 87.59 87.31
ne 48 hr 88.62 87.79 87.73 87.66 87.82 89.03 91.99

72 hr 96.87 89.82 94.23 93.54 92.37 94.26 94.25
4 hr 92.01 91.54 91.16 91.31 92.31 91.40 92.23

5-mcthyl 24 hr 87.97 85.76 84.72 85.14 84.71 8637 86.35
cytosine 48 hr 87.29 85.94 85.74 86.18 86,44 87.10 88.18

72 hr 96.08 88.10 92.26 90.92 89.97 92.10 91.93

Nl-inethyl
4 hr 92.45 91.43 91.48 90.41 92.15 91.44 91.89
24 hr 88.92 86.48 85.17 85.72 85.89 86.85 87.79pseutlouiidi

ue 48 hr 89.84 86.02 87.52 85.85 87.38 86.72 87.81
72 hr 96.80 93.03 93.83 92.25 92.40 92.84 92.98

Untreated 4 hr 92.77 - - - - -
24 lir 87.52 — — — __ —

- 279-



20
17

21
35

03
 

10
 A

ug
 2

01
7

48 hr 92.95 — — — — — —
72 hr 96.97 - -- - - —

Table 14. Cytotoxicity of NTPs in Combination
NTP Combination Cytotoxicity

Pscudouridinc/

Time

4 hr

Dose
8.4
mM
92.27

840
uM
92.04

84 uM

9147

8.4 
u VI
90.86

840
nM
90.87

84 nM

91.10

8.4
nM
91.50

5- 24 hr 88.51 86.90 86.43 88.15 88.46 86.28 87.51
methylcytosLne 48 hr 88.30 87.36 88.58 88 13 87.39 88.72 90.55
1 Adenine/ 
Guanine 72 hr 96.53 94.42 94.31 94.53 94.38 94.36 93.65

Nl-inethyl 4 hr 92.31 91.71 91.36 91.15 91.30 90.86 91.38
pscudouridinc/ 24 hr 88.19 87.07 86.46 87.70 88.13 85.30 87.21
5- 48 hr 87.17 86.53 87.51 85.85 84.69 87.73 86.79
methylcy to sine 
/ Adenine/ 72 hr 96.40 94.88 94.40 93.65 94.82 92.72 93.10
Guanine

G-CSF
modified
mRNA

4 hr na na na na na na 92.63
24 hr na na na na na na 87.53
48 hr na na na na na na 91.70
72 In- na na na na na na 96.36

Example 69. Innate Immune Response Study in BJ Fibroblasts

[()()985( I Iurnan primary foreskin fibroblasts (BJ fibroblasts) were obtained from American Type 

Culture Collection (A'l’CC) (catalog ft CRI.-2522) and grown in Eagle’s Minimum Essential 

Medium (ATCC, catalog # 30-2003) supplemented with 10% fetal bovine scrum at 37°C, under 5% 

CO2. BJ fibroblasts were seeded on a 24-well plate at a density of 300,000 cells per well in 0.5 ml of 

culture medium. 250 ng of modified G-CSF mRNA (mRNA sequence shown in SEQ ID NO: 1; 

polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, Capl) fully modified 

with 5-incfIiylcylosuic and pscudouridinc (Gcul) or fully modified with 5-mcthylcytosmc and Nl- 

me thyl pscudouridinc (Gcn2) having CapO, Capl or no cap was transfected using Eipofcclaminc 

2000 (Invitrogen, catalog 11668-019), following manufacturer's protocol. Control samples of poly 

I:C (PTC), Eipofeetamine 2000 (Lipo), natural lucifeTase mRNA (niRNA sequence shown in SEQ ID 

NO: 3; polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, Capl) and natural 

G-CSE mRNA were also transfected. The cells were harvested after 1 8 hours, the total RNA was 

isolated and DNASE® treated using the RNeasy micro kit (catalog #74004) following the 

manufacturer’s protocol. 100 ng of total RNA was used for cDNA synthesis using High Capacity
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cDNA Reverse Transcription kit (catalog #4368814) following the manufacturer’s protocol. The 

cDNA was then analyzed for the expression of innate immune response genes by quantitative Teal 

time PCR using SybrGreen in a Biorad CFX 384 instrument following manufacturer’s protocol. 

Table 15 shows the expression level of innate immune response transcripts relative lo house-keeping 

gene HPR.T (hypoxanthine phosphoribosytransferase) and is expressed as fold-in due lion relative to 

1IPRT. In the table, Lhe panel ο I standard metrics includes: RIG-1 is retinoic acid inducible gene 1, 

IL6 is inlerleukin-6, GAS-1 is oligoadenylate synthetase 1, lTNb is inlerferon-beta, Δ1Μ2 is absent 

in melanoma-2, 1F1T-1 ts interferon-induced protein with lelratricopeptide repeats 1, PKR is protein 

kinase R, TNFa is tumor necrosis factor alpha and IFNa is interferon alpha

Table 15. Innate Immune Response T ranscript Levels
I'urmu lation KIG-I IL6 OAS-1 lINh AIM2 1 If 1 1 1 PKR TNFa IFNa

Natural
Lueiferase 71.5 20.6 20,778 11.404 0.251 151.218 16.001 0.526 0.067

Natural G- 
CSF 73.3 47.1 19.359 13.615 0.264 142.011 11.667 1.185 0.153

PIC 30.0 2.8 8.628 1.523 0.100 71.914 10.326 0.264 0.063
G-CSF Genl- 
UC 0.81 0.22 0.080 0.009 0.008 2.220 1.592 0.090 0.027

G-CSF Genl- 
CapO 0.54 0.26 0.042 0.005 0.008 1.314 1.568 0.088 0.038

G-CSF Genl- 
Capl 0.58 0.30 0.035 0.007 0.006 1.510 1.371 0.090 0.040

G-CSF Gen2- 
UC 0.21 0.20 0.002 0.007 0.007 0.603 0.969 0.129 0.005

G-CSF Gen2- 
CapO 0,23 0.21 0.002 0.0014 0.007 0.648 1.547 0.121 0.035

ti-CSF Gen2- 
Capl 0 27 0.26 0 011 0 004 0.005 0678 1.557 0.099 0.037

Ll£2 0.27 0.53 0.001 0 0.007 0.954 1.536 0.158 0.064

Example 70. In vivo detection of Innate Immune Response

[00986( Tti an effort to distringuisli the importance of different chemical modification of mRNA on 

in vivo protein production and cytokine response in vivo, female BALB/C mice (n=5) are injected 

intramuscularly with G-CSF mRNA (GCSF mRNA unmod) (mRNA sequence shown in SEQ ID 

NO: 1; poly A tail of approximately 160 nucleotides not shown in sequence;) with a 5’cap of Capl , 

G-CSF mRNA fully modified with 5-methylcytosine and pseudouridine (GCSF mRNA 5mc/pU), G- 

CSF mRNA fully modified with 5-mcthylcytosine and Nl-inelhylpseudoundinc with (GCSF mRNA

- 281 -



20
17

21
35

03
 

10
 A

ug
 2

01
7

Smc/NlpU) or without a 5’ cap (GCSFmRNA 5mc/NI pU no cap) or a control of either R84 8 or 

5% sucrose as described in Table 16.

Table 16. Dosing Chart
Formulation Route Dose (ug/mouse) Dose (ul)
GCSF mRNA unmod I.M. 200 50
GCSF niRN A 5mc/pU I.M. 200 50
GCSFmRNA
Smc/NlpU I.M. 200 50

GCSFmRNA
5mc/.NlpU no cap I.M. 200 50

RR48 I.M. 75 50
5% sucrose LM. - 50
Untreated I.M. - -

[00987) Blood is collected at 8 hours after dosing. Using FI .ISA the protein levels of G-CSF, 

TNF-alplia and IFN-alpha is determined by FT .ISA. 8 hours after dosing, muscle is collected (iom 

the injection site and quantitative real time polymerase chain reaction (QPCR) is used to determine 

the mRNA levels oiRIG-I, PKR, AIM-2, EFIT-1, OAS-2, MDA-5, IFN-beta, TNF-alplia, Π.-6, G- 

CSF, CD45 in tlic muscle.

Example 71. In vivo detection of Innate Immune Response Study

)00988j Female BALB/C mice (n_5) were injected intramuscularly with G-CSF mRNA (GCSF 

mRNA unmod) (mRNA sequence shown in SFQ ID NU: 1; polyA tail of approximately 160 

nucleotides not shown in sequence;) with a 5’cap of Capl , G-CSF mRNA fully modified with 5- 

mcthylcytosine and pscudouridinc (GCSF mRNA 5mc/pU), G-CSF mRNA fully modified with 5- 

melhylcytosine and Nl-methylpseudouridine with (GCSF mRNA Smc/NlpU) or without a 5’ cap 

(GCSF mRNA 5me/NI pU no cap) or a control of either R848 or 5% sucrose as described in Table 

17. Blood is collected at 8 hours after dosing and using ELISA the protein levels of G-CST and 

interferon-alpha (IFN-alpha) is determined by FT,ISA and are shown in Table 17.

)00989( As shown in Table 17, unmodified, 5mc/pU, and 5mc/NlpU modified G-CSF mRNA 

resulted in human G-CSF expression in mouse serum. 'Ilie uncapped 5mC/N 1 pU modified G-CSF 

mRNA showed no human G-CSF expression in serum, highlighting the importance of having a 5’ 

cap structure for protein translation.

)00990) As expected, no human G-CSF protein was expressed in the R848, 5% sucr ose only, and 

untreated groups. Importantly, significant differences were seen in cytokine production as measured 

by mouse IFN-alpha in the serum. As expected, unmodified G-CSF mRNA demonstrated a robust
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cytokine response in vivo (greater than the R84S positive control). The 5mc/pU modified G-CSF 

mRNA did show a low but delectable cytokine response in vivo, while the 5me/N1plJ modified 

mRNA showed no detectable IFN-alpha in the serum (and same as vehicle or untreated animals). 

[00991] Also, the response of 5mc/MlpU modified mRNA was the same regardless of whether it 

was capped or not. ihese in vivo results reinforce the conclusion that 1) that unmodified mRNA 

produce a robust innate immune response, 2) that this is reduced, but not abolished, through 1 (X)% 

incorporation of 5me/pU modification, and 3) that incorporation of 5mc/NlpU modifications results 

in no delectable cytokine response.

[(10992] Lastly, given that these injections are in 5% sucrose (which lias no effect by itself), these 

result should accurately reflect tlic immune stimulatory potential of these modifications.

1009931 From die data it is evident that NIpU modified molecules produce more protein while 

concomitantly having little or no effect on EFN-alpha expression. It is also evident that capping is 

required for protein production for this chemical modification, lhe Protein: Cytokine Ratio of 748 as 

compared Lo (he PC Ratio for the unmodified mRNA (PC-9) means that this chemical modification 

is far superior as related to the effects or biological implications associated with IFN-alpha.

Table 17. Fliiman G-CSF anil Mouse fFN-alpha in serum

Formulation Route Dose
(ug/mouse)

Dose
(..I)

G-CSF
protein
(pg/ml)

IFN-aiphfi
expression

(Pg/ml)

PC
Ratio

GCSF mRNA uumod I.M. 200 50 605.6 67.01 9
GCSF mRNA 5mc/pU l.M. 200 50 356.5 8.87 40

GCSF mRNA5me/NlpU Ϊ.Μ. 200 50 748.1 0 748
GCSl·' mRNA5mc/NlpU no cap I.M. 200 50 6.5 0 6.5

R848 LM. 75 50 3.4 40.97 .08
5% sucrose I.M. - 50 0 1.49 0
Untreated I.M. - - 0 0 0

Example 72: hi Τϊν» Delivery Using Uipoplcxes

A. Human G-CSF Modified RNA

[009941 Λ formulation containing 100 pg of one of two versions of modified human G-CSF 

mRNA (mRNA sequence shown in SFQ ID NO: I; poly A tail of approximately 160 nucleotides not 

shown in sequence; 5’cap, Capl) (G-CSF fully modified with 5-methylcytosinc and pscudouridinc 

(G-CSF) or G-CSF fully modified with 5-mcthylcytosine and N1-methyl-pscudouridinc (G-CSF-N1) 

lipoplexed with 30% by volume of RN A1MAX™ and delivered in 150 uL intramuscularly (l.M.) 

and in 225uL intravenously (I.V.) to C57/DL6 mice.
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[00995] Three control groups were administered either 100 pg of modified lucifcrasc mRNA (IVT 

eDNA sequence shown in SF.Q ID NO: 2; mRNA sequence shown in ST.Q ID NO: 3, polyA tail of 

approximately 160 nucleotides not shown in sequence, 5’cap, Capl, fully modified with 5- 

methylcyLosine aL each cytosine and pseudouridine replacement al each uridine site) intramuscularly 

(Luc-unsp l.M.) or 150 pg of modified lucifeTase mRNA intravenously (Luc-unsp l.V.) or 1 50 uL of 

the iormulation butter intramuscularly (Buffer l.M.). 6 hours after administration ol a formulation, 

serum was collected to measure die amount of human G-CSF protein in llie mouse serum by human 

G-CSF ELISA and the results are shown in fable 18.

[00996] These results demonstrate that both 5-methylcytosineZpseudouridine and 5-

mcthylcytosinc/Nl -methyIpscudouridinc modified human G-CSF mRNA can result in specific 

human G-CSF protein expression in serum when delivered via 1. V. or l.M. route of administration in 

a lipqplex formulation.

Table 18, Human G-CSF in Serum (l.M. and l.V. Injection Route)

Formulation Route G-CSF (pifonl)
G-CS1 l.M. 8.S.6
G-CSF-N1 l.M. 40.1

1 Ci-GSF l.V. 31.0
G-CST-N1 l.V. 6.1

! Luc-unsp I.M. 0.0
| Luc-unsp l.V. 0.0

Buffer l.M. 0.0

B. Human G-CSF Modified RNA Comparison

[00997] Λ formulation containing 100 pg of either· modified human G-CSF mRNA lipoplexed 

with 30% by volume of RNAIMAX™ with a 5-metliylcytosinc (5mc) and a pseudouridine (ψ) 

modification (G-CSF-Gen 1-Lipoplex), modified human G-CSF mRNA with a 5mc and v 

modification in saline (G-CSF-Genl-Saline), modified human G-CSF mRNA with a Nl-5- 

methylcytosine (Nl-5mc) and a ψ modification lipoplexed with 30% by volume of RNAIMAX™ 

(G-CSF-Gcn2-Lipoplex), modified human G-CSF mRNA with a N1-5mc and ψ modification in 

saline (G-CSF-Gen2-Saline), modified luciforase with a 5mc and ψ modification lipoplexed with 

30% by volume of RNAIMAX™ (Luc-Lipoplex), or lucifcrasc mRNA fully modified with 5mc and 

ψ modifications in saline (I.ue-Saline) was delivered intramuscularly (LM.) or subcutaneously (S.C.) 

and a control group for each method of administration was giving a dose of80uL of the formulation 

buffer (F. Buffer) to C5 7,431,6 mice. 13 hours post injection serum and tissue lrom the site of
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injection were collected from each mouse and analyzed by G-CSF ELISA to compare human G-CSF 

protein levels. The results of the human G-CSE protein in mouse serum from the intramuscular 

administration and the subcutaneous administration results are shown in Table 19.

[00998] These results demonstrate Lhat 5-methyIcykJsine/pseudouridine and 5-melhyIeytosine/Nl- 

melhylpseudouridine modified human G-CSE mRNA can result in specific human G-CSE protein 

expression in serum when delivered via l.M. or S.C. route of administration whether in a saline 

formula lion or in a lipoplex formulation. As shown in Table 19, 5-methyieytosine/Nl- 

methylpseudouridine modified human G-CSE mRNA generally demonstrates increased human G- 

CSE protein production relative to 5-raethylcylosine/pseiidouridine modified human G-CSE mRNA.

Table 19. Human G-CSE Protein in Mouse Serum

Formulation G-CSF (pg/ml) 
l.M. Injection Route S.C. Injection Route

G-CSF-Gcnl-Lipoplex 13.988 42.855
GCSF-Gen 1 -saline 9.375 4.614
GCSE-Gen2-lipoplex 75.572 32.107
GCST-G en 2-aaIin e 20.190 45.024
Luc lipoplex 0 3.754
Luc saline 0.0748 0
F. Buffer 4.977 2.156

Example 73. Multi-Site Administration: Intramuscular and Subcutaneous

[00999] Human G-CSE modified mRNA (mRNA sequence shown in SEQ ID NO: 1; polyA tail of 

approximately 160 nucleotides not shown in sequence; 5’cap, Cap!) modified as either Gcnl or 

Gcn2 (5-mcihylcytosmc (5me) and a pseudouridinc (ψ) modification, G-CSE-Gcnl; or Nl-5- 

methylcytosinc (Nl-5mc) and a ψ modification, G-CSF-Gcn2) and formulated in saline were 

delivered to mice via intramuscular (IM) or subcutaneous (SC) injection. Injection of four doses or 

2x 50ug (two sites) daily for three days (24 hrs interval) was performed. The fourth dose was 

administered 6 hrs before blood collection and CBC analysis. Controls included Luciferase (cDNA 

sequence for IVT shown in SEQ ID NO: 2; mRNA sequence shown in SEQ ID NO: 3, polyA tail of 

approximately 160 nucleotides not shown in sequence, 5’cap, Cap 1, fully modified with 5- 

methylcytosine at each cytosine and pseudouridine replacement at each uridine site) or the 

formulation buffer (E.Buffer). The mice were bled at 72 hours after the first mRNA injection (6 

hours after the last mRNA dose) to determine the effect of mRNA-encoded human G-CSE on the 

neutrophil count, flic dosing regimen is shown in Table 20 as arc the resulting neutrophil counts 

(thousands/uL). In Table 20, an asterisks (*) indicate statistical significance at p<0.05.
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[001000, For intramuscular administration, the data reveal a four fold increase in neutrophil count 

above control at day 3 for the Gent G-CSF mRNA and a two fold increase (ot Lhe Gen2 G-CSF 

mRNA. For subcutaneous administration, the data reveal a two fold increase in neutrophil count 

above control al day .3 for Lhe Gen2 G-CSF mRNA.

,0010011 These data demonstrate that both 5-inethyIcytidine/pseudouridine and 5-

methylcytidine/N 1-me thy lpseudo uridine-modi lied mRNA can be biologically active, as evidenced 

by specific increases in blood neutrophil counts.

Table 20. Dosing Regimen
Cr. T rt'Hlment Rd ute N Duse (μg/muuse) Rose

Vol.
(gl/mousc)

Dosing
Vehicle

Neutrophil
Ihous/uL

1 G-CSF (Genl) I.M 5 2x50ug (four doses) 50 F, buffer 840*
2 G-CSF (Genl) S.C 5 2x5(Jug (tour doses) 50 F. buffer 430
3 G-CSF (Gcn2) I.M 5 2x5fhig (four doses) 50 F. buffer 746*
4 G-CSF (Gcn2) S.C 5 2x50ug (four doses) 50 F. buffer 683

5 Luc (Gent) I.M. 5 2x50ug (four doses) 50 F. buffer 201
6 Luc (Genl) S.C. 5 2x5dug (four doses) 50 F. buffer 307
7 1 ,uc (Gen2) I.M 5 2x50ug (four doses) 50 F. buffer 336
8 Luc (Gcn2) S.C 5 2x5dug (four doses) 50 F. buffer 357
9 F. Buffer I.M 4 0 (four doses) 50 F. buffer 245
to F. Buffer S.C. 4 0 (four doses) 50 F. buffer 500
11 Untreated - 4 - 312

Example 74. Intravenous Administration

[001002] Human G-CSF modified mRNA (mRNA sequence shown in SEQ ID NO: 1; polyA tail of 

approximately 160 nucleotides not shown in sequence; 5’cap, Cap!) modified with 5-melhylcylosine 

(5mc) and a pseudouridine (ψ) modification (Genl); or having no modifications and formulated in 

10% lipoplex (RNAIMAX1M) were delivered to mice at a dose of 50 ug RNA and in a volume of 

100 ul via intravenous (IV) injection at days 0,2 and 4. Neutrophils were measured at days 1, 5 and 

8. Controls included non-specific mammalian RNA or the formulation buffer alone (F.Buffer). The 

mice were bled at days I, 5 and 8 to determine the effect of mRNA-en coded human G-CSF to 

increase neutrophil count. The dosing regimen is shown in fable 21 as are the resulting neutrophil 

counts (thousands/uL; K/uL).

[00100.3] For intravenous administration, the data reveal a four to five fold increase in neutrophil 

count above control at day 5 with G-CSF modified mRNA but not with unmodified G-CSF mRNA
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or non-specific controls. Blood count returned to baseline four days after the final injection. No 

other changes in leukocyte populations were observed.

1(101(104] In Table 21, an asterisk (*) indicates statistical significance at p<0.001 compared to 

buffer.

| «010(151 Iliese data demonstrate that li pop lex-formulated 5-methyfoylidine/pseudouridine- 

modilied mRNA can be biologically active, when delivered through an I.V. route ol administration 

as evidenced by specific increases in blood neutrophil counts. No other cell subsets were 

significantly altered. Unmodified G-CSl·' mRNA similarly administered showed no pharmacologic 

effect on neutrophil counts.

Table 21. Dosing Regimen
Gr. Treatment N Dose

Vol.
(pFmouse)

Dosing
Vehicle

Neutrophil
K/uL

1 G-CSF (Genl) Day 1 5 too 10% lipoplex 2.91
2 G-CSF (Genl) Day 5 5 too ] 0% lipoplex 5.32*

3 G-CSF (Genl) Day 8 .5 100 10% lipoplex 2.06
4 G-CSF (no modification) Day 1 5 100 10% lipoplex 1.88
5 G-CSF (no modification) Day 5 5 100 10% lipoplex 1.95
6 G-CSF (no modification) Day 8 5 100 10% lipoplex 2.09
7 RNA control Day 1 5 too 10% lipoplex 2.90
8 RNA control Day 5 5 too 10% lipoplex 1.68
9 RNA control Day 8 4 100 10% lipoplex 1.72
10 F. Buffer Day 1 4 100 10% lipoplex 2.51
11 1«. Buffer Day 5 4 100 10% lipoplex 1.31
12 F. Butler Day 8 4 100 10% lipoplex 1.92

Example 75: Routes of Administration

]0010061 Studies were performed to investigate split dosing using different routes of administration. 

Studies utilizing multiple subcutaneous or intramuscular injection sites at one time point were 

designed and performed to investigalc ways to increase modified mRNA drug exposure and improve 

protein production. In addition to detection of the expressed protein product, an assessment of the 

physiological function of proteins was also determined through analyzing samples from the animal 

tested.

[001007] Surprisingly, it has been determined that split dosing of modified mRNA produces greater 

protein production and phenotypic responses than those produced by single unit dosing or multi

dosing schemes.
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[001008] The design of a split dose experiment involved using human erythropoietin (EPO) 

modified mRNA (mRNA sequence shown in SEQ ID NO: 5; poly A tail of approximately 160 

nucleotides not shown in sequence; 5’cap, Cap!) or luciferase modified mRNA (mRNA sequence 

shown in SEQ ID NO: 3; poly A tail of approximately 160 nucleotides not shown in sequence; 5’cap 

Capl j administered in buffeT alone or formulated with 30% lipoplex (RNAI MAXIM). The dosing 

vehicle (buffer) consisted of 150mM NaCl, 2 mM CaCl2l 2 mM Na1 -phosphate (1 .4mM monobasic 

sodium phosphate; ϋ.όιηΜ dibasic sodium phosphate), and 0.5 mM EDTA, pfi 6.5. 'Ihe pH was 

adjusted using sodium hydroxide and the final solution was filter sterilized. Ihe mRNA was 

modified with 5methylC (5meC) at each cytosine and pseudouridine replacement at each uridine 

site.

|()01009| 4 mice per group were dosed intramuscularly (I.M.), intravenously (1. V.) or

subcutaneously (S.C.) by the dosing chart outlined in Table 22. Scrum was collected 13 hours post 

injection from all mice, tissue was collected from the site of injection from the intramuscular and 

subcutaneous group and the spleen, liver and kidneys were collected from the intravenous group. 

The results from the intramuscular group and the subcutaneous group results are shown in Table 23.

Table 22. Ttnsing Chart

Group Treatment Route Dose of modified mRNA Total
Dose

Dosing
Vehicle

1 Ei pop! ex-human EPO 
modified mRNA

I.M. 4 x 100 ug I 30% Lipoplex 4x70 ul Lipoplex

2 Lipoplex-human EPO 
modified mRNA

I.M. 4 x 100 ug 4x70 ul Buffer

3 Lipoplex-human EPO 
modified mRNA

S.C. 4 x 100 ug + 30% Lipoplex 4x70 ul Lipoplex

4 Lipoplex-human EPO 
modified mRNA

S.C. ■1 x 100 ug 4x70 ul Buffer

5 Lipoplex-human EPO 
modified mRNA

I.V. 200 ug i 30% Lipoplex 140 ul Lipoplex

6 Lipople xed-Luci ferase 
modified mRNA

I.M. 100 ug 1 30% Lipoplex 4x70 ul Lipoplex

7 Lipoplexed-Luoiferase 
modified mRNA

I.M. 100 ug 4x70 ul Buffer

8 Lipoplexed-Luoiferase 
modified mRNA

S.C. 100 ug + 30% Lipoplex 4x70 ul Lipoplex

9 Lipoplexed-T nciferasc 
modified mRNA

S.C. 100 ug 4x70 ul Buffer

10 I ,ipoplexed-hunrau EPO 
modified mRNA

I.V. 200 ug + 30% Lipoplex 140 ul Lipoplex

11 formulation Buffer I.M. 4x multi dosing 4x70 ul Buffer
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Tabic 23. Human EPO Protein in Mouse Scrum (EM. Injection Route)

Formulation
EPO (pg/ml)
l.M. Injection Route S.C. Injection Route

Epu-Uipoplcx 67.1 2.2
Eue-Lipoplex 0 0
Epo-Salirte 100.9 1 1 4
I.uc-Saline 0 f)
Formulation Buffer 0 0

Example 76: In Vivo Delivery Using Varying Lipid Ratios

[001010] Modified mRNA was delivered to C57/T1I.6 mice to evaluate varying lipid ratios and the 

resulting protein expression. Formulations of 1OOpg modified human FPO mRNA (mRNA 

sequence shown in SFQ ID Nt): 5; polyA tail of approximately 160 nucleotides not shown in 

sequence; 5’cap, Capl; fully modified with 5-methylcytosine and pseudouii dine) lipoplexed with 

10%, 30% or 50% RNAIMAX™, 100pg modified luciferase mRNA (IVT cDNA sequence shown in 

SFQ ID Nt): 2; mRNA sequence shown in SFQ ID Nt): 3, polyA tail of approximately 160 

nucleotides not shown in sequence, 5’cap, Capl, fully modified with 5-methylcytosine at each 

cytosine and pseudouridine replacement at each uridine site) lipoplexed with 10%, 30% or 50% 

RNAIMAX™ or a formulation buffer were administered intramuscularly to mice in a single 70 μΐ 

dose. Scrum was collected 13 hours post injection to undergo a human TPO ELISA lo determine the 

human EPO protein level in each mouse. The results of the human EPQ ELISA, shown in Table 24, 

show that modified human FPO expressed in the muscle is secreted into the serum for each of the 

different percentage of RNAIMAX™.

Table 24. Human EPO Protein in Mouse Serum (IM Injection Route)

Formulation EPO (punil)
Epo + 10% RNAiMAX 114
Luc I 10% RNAiMAX 0
Epo I 30% RNAiMAX 27.1
I,uc I 30% RNAiMAX 0
Epo + 50% RNAiMAX 19.7
Luc i 50% RNAiMAX 0
F. Buffer 0

Example 77: In Vivo Delivery of Modified RNA in Rats
|001(lll| Protein production of modified mRNA was evaluated by delivering modified G-CSE 

mRNA or modified Factor IX mRNA to female Sprague Dawley rats (n—6) Rats were injected with 

400 ug in 100 ul of G-CSF mRNA (mRNA sequence shown in SF,Q ID NO: 1; polyA tail of
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approximately 160 nucleotides not shown in sequence; 5’cap, Capl) fully modified with 5- 

melhylcylosine and pseudo uridine (G-CSF Genl), G-CSF mRNA fully modified with 5- 

methylcytosine and Nl-methylp seudouridine (G-CSF Gen2) or Factor IX mRNA (mRNA sequence 

shown in SF.Q TD NO: 6; polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, 

Capl) fully modified with 5-methylcylosine and pseudo uridine (Factor IX Genl) reconstituted from 

the lyophilized limn in 5% sucrose. Blood was collected 8 hours after injection and the G-CSF 

protein level in serum was measured by ELISA. Table 25 shows the G-CSF protein levels in serum 

after 8 hours.

These results demonstrate that both G-CSF Gen 1 and G-CSF Gen 2 modified mRNA can 

produce human G-CSF protein in a rat following a single intra muscular injection, and that human G- 

CSF protein production is improved when using Gen 2 chemistry over Gen 1 chemistry.

Table 25. G-CSF Protein in Rat Serum (I.M. Injection Route)
Formulation G-CSF protein (pg/ml)
G-CSF Genl 19.37
G-CSF Gcn2 64.72
Factor IX Gen 1 2.25

Example 78. Chemical Modification: In v/fro studies

Λ. In vitro Screening in PBMC
[0()1013) 500 ng of G-CSF (mRNA sequence shown in SF.Q ID NO: 1; polyA tail of

approximately 160 nucleotides not shown in sequence; 5 ’cap, Cap 1) mRNA fully modified with the 

chemical modification outlined Tables 26 and 27 was transfected with 0.4 uL Lipofectamine 2000 

into peripheral blood mononuclear cells (PBMC) from three normal blood donors. Control samples 

of LPS, R848, P(1)P(C) and mCheny (mRNA sequence shown in SEQ ID NO: 4; polyA tail of 

approximately 16(1 nucleotides not shown in sequence, 5’cap, Capl; hilly modified with 5- 

methylcytosine and pseudouridine) were also analyzed. The supernatant was harvested and stored 

frozen until analyzed by ELISA to determine the G-CSE protein expression, and the induction of the 

cytokines interferon-alpha (lFN-α) and tumor necrosis factor alpha (TNE-a). llic protein expression 

of G-CSF is shown in Fable 26, the expression of LFN-α and TNF-α is shown in Table 27.

[001014] The data in Table 26 demonstrates that many, but not all, chemical modifications can be 

used to productively produce human G-CSF in PBMC. Of note, 100% N 1-methylp seudouridine 

substitution demonstrates the highesL level of human G-CSL production (almosL Ifl-fbld higher than 

pseudouridine itself). When Nl-mcthylpscudouridinc is used in combination with 5-mcthyIcytidinc
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a high level of human G-CSF protein is also produced (this is also higher than when pscudouridinc is 

used in combination with 5 methylcylidine).

[001015] Given the inverse relationship between protein production and cytokine production in 

PBMC, a similar trend is also seen in Table 27, where 100% substitution with N1 - 

methyl pseudouridine results no cytokine induction (similar to transfection only controls) and 

pseudouridine shows detectable cytokine induction which is above background.

)001016| Other modifications such as NO-methyladenosine and a-thiocytidine appear to increase 

cytokine stimulation.

Table 26. Chemical Modifications and G-CSF Protein Expression

Chemical Modifications

Pscudouridinc

G-CSF Protein Expression 
(pE/mt)

Donor 1
2477

Donor 2 
1,909

Donor 3
1,498

5 -methy luridine 318 359 345
N1 -methyl pseudouridine 21,495 16,550 12,441
2-thiouriduie 932 1,000 600
4-thiouridiiic 5 391 218
5-methoxy uridine 2,964 1,832 1,800
5-mcthylcytosinc and pscudouridinc (l“ set) 2,632 1,955 1,373
5-methylcytosine and Nl-methylpseudouridine (laL set) 10,232 7,245 6,214
2 ’Fluoroguanosinc 59 186 177
2’Fluorouridine 118 209 191
5-inethy .eytosme and pseudouridine (2nd set) 1,682 1,382 1,U36
5-methylcytosine and N 1-mcthylpscudouridine (2°4 set) 9,564 8,509 7,141
5-bromouridine 314 482 291
5-(2-carbomethoxyvinyl)uridine 77 286 177
5-[ 3( 1 -F.-propcnylamino)uridmc 541 491 550
a-thiocytidine 105 264 245
5-melhyleytosinc and pseudouridine (3”1 set) 1,595 1,432 955
N1 -methyladetiosiue 182 177 191
N 6-methyladenosine 100 168 200
5 -methy lcytidine 291 277 359
N4-aeelylcytidine 50 136 36
5 - formyl cy tidine 18 205 23
5-methylcytosine mid pseudouridine (4°1 set) 264 350 182
5-methylcytosine and N1 -methyIpseudouriditie (4^ set) 9,505 6,927 5,405
LPS 1,209 786 636
mCherry 5 168 164
R848 709 732 636
P(I)P(C) 5 186 182

Table 27. Chemical Modifications and Cytokine Expression 

Chemical Modifications | IFN-o Expression (pglml) ItNE-a Expression (pg/ml)
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Donor 1 Donor 2 Donor 3 Donor 1 Donor 2 Donor 3
Pseudo uridine 120 77 171 36 81 126
5-methyluridine 245 135 334 94 100 157
N I-methylpseudouridine 26 75 138 101 106 134
2-thiouridine 100 108 154 133 133 141
4-th iouridine 463 258 659 169 126 254
5 -methoxyuridine 0 64 133 39 74 111
5-inetiiylcytosine and 
pseudouridine (lkl set)

88 94 148 64 89 121

5-inclhy lcylusmc and Nl - 
me Ihy lpseudouridine (1 
set)

0 60 136 54 79 126

2 ’ FI uoroguatiosin e 107 97 194 91 94 141
2’Fluorouridine 158 103 178 164 121 156
5-methyleytosine and 
pseudouridine (2nd set)

133 92 167 99 111 150

5-methyleylusine and Nl- 
me Ihy lpseudouridine (2nl1 
set)

0 66 140 54 97 149

5-bfomourid ine 95 86 181 87 106 157
5-(2-
carbomelhoxy vinyl) uridine

0 61 130 40 81 116

5-[ 3(1-E-
propenylamino)uridinc

0 58 132 71 90 119

a-thiocytidinc 1,138 565 695 300 273 277
5-metliyleylosine and 
pseudouridine (3rf set)

88 75 150 84 89 130

N1 -methyladenosine 322 255 377 256 157 294
N 6-methyladenosine 1,935 1,065 1,492 1,080 630 857
5 -methy Icy lidine 643 359 529 176 136 193
N4-acctylcytidinc 789 593 431 263 67 207
5 -fotmy lcytidine 180 93 88 136 30 40
5-methylcylosine and 
pseudouridine (4th set)

131 28 18 53 24 29

5-metliylcylosine and Nl - 
me thy lpseudouridine (4th 
set)

0 0 0 36 14 13

EPS 0 67 146 7,004 3,974 4,020
mCherry 100 75 143 67 100 133
11848 674 619 562 11,179 8,546 9,907
P(DP(C) 470 117 362 249 177 197

B. In vitro Screening in Hei ,a Ceils

[(1010171 The day before transfection, 20,000 HeLa cells (ATCC no. CCL-2; Manassas, VA) were 

halves ted by treatment witli Trypsin-EDTA solution (Life'fechnologies, Grand Island, NY) and 

seeded in a total volume of lOOul EMEM medium (supplemented witli 10%ECS and lx Glutamax) 

per well in a 96-well cell culture plate (Coming, Manassas, VA). The cells were grown at 37oG in
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5% CO2 atmosphere overnight. Next day, 83 ng of Lucifcrasc modified RNA (mRNA sequence 

shown in ST.Q TO NO: 3; polyA tail of approximately 160 nucleotides not shown in sequence; 5’eap, 

Capl) with die chemical modification described in Table 28, were diluted in lOul final volume of 

OPTT-MTM (T.ifeTechnologies, Grand Island, NY). Tipofeclamine 2000 (TileTechnologies, Grand 

Island, NY) was used as transfection reagent and 0.2 ul were diluted in 10 ul final volume of OPTI

MUM. Alter 5 minutes of incubation at room temperature, both solutions were combined and 

incubated an additional 15 minute at room temperature, Then die 20ul combined solution was added 

to the lOOul cell culture medium containing the LleLa cells and incubated at room temperature. 

[0010181 After 18 to 22 hours of incubation cells expressing luciferase were lysed with 100 ul of 

Passive Lysis Buffer (Promcga, Madison, WI) according to manufacturer instructions. Aliquots of 

the lysates were transferred to white opaque polystyrene 96-well plates (Coming, Manassas, VA) 

and combined with 100 ul complete lucifcrasc assay solution (Promcga, Madison, WI). The lysate 

volumes were adjusted or diluted until no more than 2 mio relative fight units (RLU) per well were 

detected for the strongest signal producing samples and the RLUs for each chemistry tested are 

shown in Table 28. The plate reader was a BioTek SyneTgy III (BioTek, Winooski, VT).The 

background signal of the plates without Teagenl was ahouL 200 relative light units per well.

[0010191 These results demonstrate that many, but not all, chemical modifications can be used to 

productively produce human G-CSF in IleT.a cel Is. Of note, 100% N1 -methy Ip seudouri dine 

substitution demonstrates the highest level of human G-CSI production.

Tabic 28. Relative Tight Units of Lucifcrasc

Chemical Modification RLU

N6-mettiyladenosiue (m6a) 534
5-methylcytidine (m5c) 138,428
N4-acely fey tidine (ac4c) 235,412
5-fonnylcytidine (£5c) 436
5-mcthylcytosinc/pseudouridine, test Λ1 48,659
5-methylcytosine/N 1 -methylpseudouridine, test Λ1 190,924
Pseudouridine 655,632
1-methylpseudouridine (mlu) 1,517,998
2-thiouridine (s2u) 3387
5-methoxyuridine (mo5u) 253,719
5-m ethylcytos in e/pse udo uridine, lest Bl 317,744
5-methylcytosine/N 1-methylpseudouridine, test 131 265,871
5 -Bromo-uridine 43,276
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5 (2 earbovinyl) uridine 531
5 (3-IE propenyl Amino) uridine ■146
5-methylcytositie/pseudouridinc, test A2 295,824
5-methylcytosine/NI-methylpseudouridine, test A2 233,921
5-mcthyluridine 50,932
a-Thio-eytidine 26,358
S-mctliylcytositic/pscudoui idine. test B2 481,477

5-m c th v Icy to sin e/Nl -me thy Ipse udo uri dine, test ΓΪ2 271,989
5-methylcytosine/pseudouriditie, test A3 438,831
5-methylcytosine/Nl-methylpseudouridine, test A3 277,499
Unmodified Luciterase 234,802

C. In vitro Screening in Rabbit Reticulocyte Lysates

[0010201 Luciterase mRNA (mRNA sequence shown in SEQ ID NO: 3; polyA tail of

apinoximately 160 nucleotides not shown in sequence, 5’cap, Capl) was modified with the chemical 

modification listed in Table 29 and were diluted in simile nuclease-free water to a final amount of 

250 ng in 10 nl. 'Die diluted luciferase was added to 40 ul of freshly prepared Rabbit Reticulocyte 

Lysate and the in vitro translation reaction was done in a standard 1.5 mL polypropylene inaction 

tube (Thermo Eisher Scientific, Waltham, MA) at 30°C in a dry heating block. The translation assay 

was done with tire Rabbit Reticulocyte Lysate (nuclcasc-trcatcd) kit (Promega, Madison. WT) 

according to the manufacturer’s instructions. The reaction buffer was supplemented with a one-to- 

onc blend of provided amino acid stock solutions devoid of either Leucine or Methionine resulting in 

a reaction mix containing sufficient amounts of both amino acids to allow effective in vitro 

translation.

[001021] After 60 minutes of incubation, the reaction was stopped by placing the reaction tubes on 

ice. Aliquots of the in vitro translation reaction containing luciferase modified RNA were 

transferred to white opaque polystyrene 96-wcll plates (Coming, Manassas, VA) and combined with 

lOOul complete luciferase assay solution (Promega, Madison, WI). The volumes of the in vitro 

translation reactions were adjusted or diluted until no more than 2 mio relative light units (RLUs) per 

well were detected for the strongest signal producing samples and the RLUs for each chemistry 

tested are shown in Table 29. The plate reader was a BioTek Synergy Hl (BioTek, Winooski, 

VT).Thc background signal of the plates without reagent was about 200 relative light units per well.
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[001022( These cell-free translation results very nicely correlate with the protein production results 

in TTeT.a, with the same modi ficalions generally working ot noL working in both systems. One 

notable exception is 5-formyIcytidine modified luciferase mRNA which worked in the cell-free 

translation system, hut not in the TleLa cell-based transfection system. A similar difference between 

the two assays was also seen with 5-forrnylcytidine modified (i-CSh inRNA.

Table 29. Relative Light Units of Luciferase

Chemical Modification

N6-inethylactenosine (tn6a)

RLU

398
5-methylcytidine (m5c) 152,989

N4-acetylcytidine (ac4c)
5-fomiylcytidine (T5e)
5-methylcytosine/pseudouridine. test Al
5-metliylcytosine/N 1-methylpseudouridine, test Al
Pscudouridinc
1-methylpseudouridine (mlu)

60,879
55,208
349,398
205,465
587,795
589,758

2-thiouridinc (s2u)
5-incthoxyuridinc (tno5u)

708
288,647

5-methyleytosine/paeudouridine, test BI 454,662
5-methylcytosinc/Nl -mctliylpscudoutidinc, test B1 223,732
5 -Bromo-uridine
5 (2 carbovinyl) uridine

221,879
225_

5 (3-IF,progeny 1 Aniino) uridine
5-metiiylcytosinc/pseudouridine, test A2
5-m ethyl cytosinc/N 1 -nietliylpsendouridine, test A2

211
558,779
333,082

5-mcthyluridine
u-Thio-eyLiditic

214,680
123,878

5-methylcytosine/pseudouridine, test B2 487,805
5-meLhylcylosine/Nl-meLhylpseudouridine, test B2 154,096

5-melhylcytosjne/pseudoundine, lesl Λ3 413,535
5-methylcytosine/N t -methylpseudouridinc, test Λ3 292,954
Unmodified Luciferase 225,986

Example 79. Chemical Modification: In vivo studies
A. In vivo Screening of G-CSF Modified mRNA

[001023] Balb-C mice (n—4) are intramuscularly injected in each leg with modified G-CSF mRNA 

(mRNA sequence shown in SEQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown
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in sequence; 5’cap, Cap 1), fully modified with the chemical modifications outlined in Table 30, is 

formulated in 1 xPBS. A control of luciferase modified mRNA (mRNA sequence shown in SF.Q ID 

NO: 3; polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, Capl; fully 

modified with pseudouridine and 5-meLhyIeytosine) and a control of PBS aTe also tested. After 8 

hours serum is collected ίο detennine G-CSF protein levels cytokine levels by ELISA.

Table 30. G-CSF

mRNA Chemical Modifications
G-CSF Pseudouridine
G-CSF 5-me thyl uridine
G-CSF 2-lhioitridine
G-CSF 4-fliimiridine
G-CSF 5-methoxvurid ine
G-CSF 2 ’-fluoroun dine
G-CSF 5-bromouridine
G-CSF 5-13(1- K-propeii v lam itio) urid i n e)
G-CSF alpha-Lhio-cyLidine
G-CSF 5-mcthylcytidinc
G-CSF N4-ace t yley ii d ine
G-CSF Pseudouridine and 5-methylcytosine
G-CSF N1 -methylpseudouridine and 5-methylcyiosine
Luciferase Pseudouridine and 5-inetlivlcytosinc
PBS None

B. Tn vivo Screening of Luciferase Modified mRNA

[001024] Balb-C mice (n=4) were subcutaneously injected with 2fl()ul containing 42 to 103 ug of 

modified luciferase mRNA (mRNA sequence shown in SEQ TD NO: 3; polyA tail of approximately 

160 nucleotides not shown in sequence; 5’cap, Capl), fully modified with the chemical 

modifications outlined in fable 31, was formulated in IxPBS. A control of PBS was also tested. 

Die dosages of the modified luciferase mRNA is also outlined in Table 31. 8 hours after dosing the 

mice were imaged to detennine luciferase expression. Twenty minutes prior to imaging, mice were 

injected intraperitoneally with a D-Iuciferin solution at 150 mg/kg. Animals were then anesthetized 

and images were acquired with an 1V1S Lumina 11 imaging system (Perkin lilmcr).

Bio luminescence was measured as total flux (photons/second) of the entire mouse.

[001025J As demonstrated in Tabic 31, all luciferase mRNA modified chemistries demonstrated in 

vivo activity, with the exception of 2’-fhiorouridine. In addition 1-mcthylpscudouridmc modified 

mRNA demonstrated very high expression of luciferase (5-fold greater expression than 

pseudouridine containing mRNA).
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[001026]

Table 31. Luciferase Screening
mRNA Chemical Modifications Dose (ng) 

of mRNA
Dose
volume (ml)

Luciferase 
express io u 
(photon/second)

Luciferase 5-methylcytidinc S3 0.72 1.94E+07
Luciferase N4-ac c ty Icytidine 76 0.72 1.11E07
Luciferase Pseudouridine 95 1.20 1.36EIO7
Luciferase I -methy lpseudouridine 103 0.72 7.40E+07
Luciferase 5-melhoxyuridine 95 1.22 3.32107
Luciferase 5-methy luri dine 94 0.86 7.42E+06
Luciferase 5-bromouridine 89 1.49 3.75ΕΊΌ7
Iuiciferase 2 ’ -lluoroguanosine 42 0.72 5.88EIO5
Luciferase 2 ’-fluoroeytidiiH: 47 0.72 4.21 El 05
Luciferase 21 -fluroro uridine 59 0.72 3.47EIO5
PRS None - 0.72 3.I6E+05

Example 80. In vivo Screening of Combination Luciferase Modified mRNA

[001027] Balb-C mice (n—4) were subcutaneously injected with 200ul of 100 ug of modified 

luciferase mRNA (mRNA sequence shown in SEQ ID NO: 3; polyA tail of approximately 160 

nucleotides not shown in sequence; 5’cap, Cap 1), fully modified with the chemical modifications 

outlined in Table 32, was formulated in 1 x PBS. A control of PBS was also tested. The dosages of 

the modified luciferase mRNA is also outlined in Table 29. 8 hours after dosing the mice were 

imaged to determine luciferase expression. Twenty minutes prior to imaging, mice were injected 

inlraperiloneally with a D-lueiferin solution at 150 mg/kg. Animals were then anesthetized and 

images were acquired wiLh an IV1S Lumiiia 11 imaging system (Perkin Elmer). Bioluininescence 

was measured as total flux (photons/second) of the entire mouse.

|U01(12K| As demonstrated in Table 32, all luciferase mRNA modified chemistries (in combination) 

demonstrated in vivo activity. In addition the presence of Nl-raethylpseudouridine in the modified 

mRNA (with N4-acetylcytidine or 5 methylcytidine) demonstrated higher expression than when the 

same combinations where tested using with pscudouridinc. Taken together, these data demonstrate 

that N1-methy Ipse udo uridine containing luciferase mRNA results in improved protein expression in 

vivo whether used alone (Tabic 31) or when used in combination with other modified nulceo tides 

(Table 32).

Table 32. Lucifer use Screening Combinations

mRNA Chemical Modifications Luciferase expression 
(photon/second)
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Luciferase N 4-ncety lcytidine/pseudouri d ine 4.18E+06
Luciferase N4-acetylcytidine/N 1 -metliylpseudouridine 2.88EI07
Incifcrasc
Luciferase

5 -methyl cyti dinc/5 -in cthoxyuri dine
5 -methy leytidiuc/5 -mcthyluridinc

3.48E+07
1.44E+07

Luciferase 5-methylcytidine/wherc 50% of the uridine is replaced 
with 2-thioui idine 2.39E+06

T,ticifera.se 
Luciferase

5 -methyl cytidine/pseudouri dine
5-methyIcytidine/N 1 -methyi-pseudouridine

2.36E+O7
4.15E+O7

PBS None 3.59E+O5

Example 81. Stability of Modified RNA

A. Storage of Modified RNA

[001029] Stability experiments were conducted lo obtain a belter understanding of storage 

conditions to retain the integrity of modified RN A. Unmodified G-CSF mRNA (mRNA sequence 

shown in SF.Q TUNC): 1; polyA tail of approximately 1 GO nucleotides not shown in sequence; 5’cap, 

Capl), G-CSF mRNA fully modified with 5-mcthylcytosinc and pscudouridine and G-CSF mRNA 

fully modified with 5-meihylcytosinc and pscudouridine lipoplexed with 0.75% by volume of 

RNAIMAX™ was stored at 50nC, 40°C, 37nC, 25nC, 4°C or -20°C. After the mRNA had been 

stored for 0 hours, 2 hours, 6 hours, 24 hours, 48 hours, 5 days and 14 days, the mRNA was 

analyzed by gel electrophoresis using a Bio-Rad EXPERIONIM system. The modified, unmodified 

and lipoplexed G-CSF mRNA was also stored in RNASTABLF® (Biomatrica, hie. San Diego, CA) 

at 40°C or water at -80 °C or 40°C for 35 days before being analyzed by gel electrophoresis. 

[0010391 All mRNA samples without stabilizer were stable after 2 weeks after' storage at 4°C or - 

20"C. Modified G-CSF mRNA. with or without lipoplex, was more stable than unmodified G-CSF 

when stored at 25°C (stable out to 5 days versus 48 hours), 37‘C (stable out to 24 houis versus 6 

hours) and 50‘C (stable out to 6 hours versus 2 hours). Unmodified G-CSF mRNA, modified G- 

CSF mRNA with or without lipoplex tolerated 12 frcczc/thaw cycles.

[001031J mRNA samples stored in stabilizer at 40‘C showed similar stability to the mRNA samples 

stored in water at -80°C alter 35 days whereas the mRNA stored in water at 40°C showed heavy 

degradation after 18 days.

Example 82. Cell viability in BJ Fibroblasts

|001032| Human primary foreskin fibroblasts (BJ fibroblasts) were obtained from American Type 

Culture Collection (ATCC) (catalog &CRL-2522) and grown in Eagle’s Minimum Essential 

Medium (ATCC, cat# 30-2003) supplemented with 10% fetal bovine serum at 37"C, under 5% CUE. 

BJ fibroblasts were seeded on a 24-well plate at a density of 130.000 cells per well in 0.5 ml of
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culture medium. 250 ng of modified G-CSF mRNA (mRNA sequence shown in SEQ ID NO: 1; 

polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap. Capl) fully modi lied 

witli 5-methylcytosine and pseudouridine (Genl) or fully modified with 5-methylcytosine and Nl- 

methy lpseudo uridine (Gen2) was transfected using Eipofeetamine 2000 (Invitrogen. cat# 11668- 

019), following manufacturer’s protocol. Control samples of Eipofeetamine 2000 (EF2000) and 

unmodified G-CSE mRNA were also translected. lhe modilied mRNA or control samples were 

transfected daily for 4 days. The viability of the cells after transfection was evaluated 6 hours and 

24 hours after the first transfection (11,6 hours or Tl, 24 hours), and 24 hours after the second (T2, 

24 hours) and fourth transfection (T4,24 hours).

[0010331 To determine cell viability, the culture medium was completely removed and the cells 

were washed once with COOul of sterile PBS without Ca21 /Mg2 i (Gibco/Life Technologies, 

Manassas, VA) in order to rinsc-off loosely attached cells. PBS was removed and discarded. The 

cleaned fibroblasts in each well were treated with 220ul of a diluted CEEE 11 TER GEO® (Promega, 

catalog #G7570) slock solution (the CELL TITER GLO® stock solution was further diluted 1:1 with 

an equal amount of sterile PBS). A sterile pipet tip was used to scratch the cells oft" the plate and 

accelerate the lysis process.

[0010341 For two time intervals, Tl, 24 hours and T2, 24 hours, an alternative protocol was 

applied. Cells were washed with PBS, as described above, and subsequently trypsini/.ed with 

Trypsin/EDI A solution (Gibco/Life Technologies, Manassas, VA). Cells were deLached and 

collected in 500ul of medium containing trypsin inhibitor. Cells were harvested by centrifugation at 

1200 ref for 5 minutes. The cell pellet wras resuspended in 500ul PBS. This cell suspension was kept 

on ice, and lOOul of this was combined witli lOOul of undiluted Cell Titer Gio solution.

[001035] All of the CELL TITER GEO® lysates were then incubated at room temperature for 20 

minutes. 20 ul of the lysates were transferred to a white opaque polystyrene 96-well plate (Coming, 

Manassas, VA) and combined with 100 ul diluted CET.T,, TITER GEO® solution. The plate reader 

used was from BioTek Synergy I11 (BioTek, Winooski, VT) and the absolute values were 

normalized to signal of the untreated BJ Fibroblasts to 100% cell vitality. The percent viability for 

the BJ fibroblasts are shown in Table 33.

[001036J Importantly, all of these experiments are conducted in the absence of any interferon or 

other cytokine inhibitors and thus represent an accurate measure of the cytotoxicity of the different 

mRNA.
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[θθΐθ3η These results demonstrate tliat repeated transfection of Bl fibroblasts with unmodified 

mRNA results in loss of cell viability lhal is apparenl as early as 24 hrs after the first transfection 

(Tl, 24 hours) and continues to be apparent and more pronounced at subsequent time points. 

[001038] There is also a loss of viability with repealed transfection of 5me thy I eytidine and 

pseudouridine modified inRNA that is apparent 24 hours after the fourth daily transfection (Ί 4, 24 

hours). No loss ol cell viability over the course of this experiment is seen using 5methyleytidine and 

Nl-methylpseudouridine modified mRNA. These results demonstrate that 5methyleytidine and Nl- 

methylpseudouridine containing mRNA have improved cell viability when analyzed under repeated 

transfection. The ability to repeatedly administer modified mRNA is important in most therapeutic 

applications, and as such the ability to do so without cytotoxicity is also important. While not 

wisliing to be bound by theory, it is believed tliat response genes following a single transfection may 

lead to a decrease in protein production, cytokine induction, and eventually loss of cell viability. 

These results are consistent with Nl-methylpseudouridine-contaming mRNA showing an improved 

profile in this respect relative Lo both unmodified mRNA and pseudouridine-modified mRNA.

Table 33. Percent Viability

Tl, 6 hours TI, 24 hours T2, 24 hours T4, 24 hours
Gen 1 G-CSF 81 108 91 65
Gen 2 G-CSF 99 102 128 87

Unmodified G-CSF 101 72 74 42
1,17000 99 80 114 106

Untreated 100 100 100 100

Example 83. Innate Immune Response in BJ Fibroblasts
[001039] Human primary foreskin fibroblasts (R.T fibrohlasts) are obtained from American Type 

Culture Collection (ATCC) (catalog #CRL-2522) and grown in Eagle’s Minimum Essential 

Medium (ATCC, call/ 30-2003) supplemented with 10% fetal bovine serum al 37°C, under5%CO2. 

BJ fibroblasts are seeded on a 24-well plate at a density of 130,000 cells per well in 0.5 ml of culture 

medium. 250 ng of modified G-CSF mRNA (mRNA sequence shown in SEQ ID NO: 1; polyA tail 

of approximately 160 nucleotides not shown in sequence; 5’cap, Capl) fully modified with 5- 

methylcytosine and pseudouridine (Gent) or fully modified with 5-methyleytosine and N1- 

methylpseudouridine (Gen2) is transfected using I .ipofectamine 2000 (Invitragen, cat# 11668-019), 

following manufacturer’s protocol. Control samples of Lipofeolamme 2000 and unmodified G-CSI·’
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mRNA (natural G-CSF) arc also transfected. Tlie cells arc transfected for five consecutive days. The 

transfection complexes are removed four hours after each round of transfection.

[001040] The culture supernatant is assayed for secreted GCSF (R&D Systems, catalog #DCS50), 

tumor necrosis factor-alpha {TNF-alpha ) and interferon alpha (li'N-alpha) by FTISA every day aiteT 

transfection following manufacturer’s protocols. The cells are analyzed for viability using CF.I.T. 

TITER GLO® (Promega, catalog #G7570) 6 hrs and 18 hrs after the first round of transfection and 

every alternate day following that. At the same lime from the harvested cells, total RNA is isolated 

and treated with DNASE® using the RNAEASY micro kit (catalog i/74004) following the 

manufacturer’s protocol. 100 ng oTtolal RNA is used lor cDNA synthesis using the High Capacity 

cDNA Reverse Transcription kit (Applied Biosystems, cal //4368814) following tlie manufacturer’s 

protocol. The cDNA is then analyzed lor the expression of innate immune response genes by 

quantitative real time PCR using Sybrtireen in a Biorad CFX 384 instrument following the 

manufacturer’s protocol.

Example 84. In vitro Transcription with wild-type T7 polymerase

[001041] Lucifcrasc mRNA (mRNA sequence shown in SEQ ID NO: 3; polyA tail of

approximately 160 nucleotides not shown in sequence; 5’cap, Cap!) and G-CSF mRNA (mRNA 

sequence shown in SEQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown in 

sequence; 5’cap, Capl) were fully modified with difi’erent chemistries and chemistry combinations 

listed in Tables 34-37 using wild-type T7 polymerase as previously described.

[001042] The yield of the translation reactions was determined by spectrophometric measurement 

(OD260) and the yield for l.uciferase is shown in Table 34 and G-CSE is shown in Table 36.

10010431 lhe luciferase and G-CSF modified mRNA were also subjected to an enzymatic capping 

reaction and each modified mRNA capping reaction was evaluated for yield by spectrophometic 

measurement (QD260) and correct size assessed using bioanalyzer. lhe yield from the capping 

reaction for luciferase is shown in Table 35 and G-CSF is shown in fable 37.

Table 34. /« vitro transcription chemistry for Luciferase

Chemical Modification Yield
(i»g)

N δ-me thy ladenosine 0.99
5 -me Ihylcy lid inc 1.29
N4-acetylcytidine 1.0
5 -formy Icytidine 0.55
Pseudouridine 2.0
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N1 -methylpseudouridine 1.43
2-thiouridine 1.56
5 -m c thoxy uridi n e 2.35
5 -lnettiyluridine ] .01
a-Tliio-cytidine 0.83
5-Br-uridine (5Bru) 1.96
5 (2 carbomcthoxyvinyl) uridine 0.S9
5 (3-1E propenyl Aimnn) uridine 2.01
N4-acety leytidi ti e/ps cudouridin e 1.34
N4-acetylcytidine/N 1 -methylpseudouridine 1.26
5 -m e I hy Icy tid ine/5-me th ox y uridine 1.38
5 -methylcytid inc/5-bromouridine 0.12
5 -methylcytid ine/5-metliy luridine 2.97
5-methylcytidine/ half of the uridines are modified with 2-tfaiouridine 1.59
5 -methylcytid ine/2-thiourid ine 0.90
5 -methyloytid ine/pseud ouri dine 1.83
5 -me thylcy lidiuc/N 1 me I hy 1 pseudo undine 1.33

Table 35. Capping chemistry and yield fur Luciferase modified mRNA

Chemical Modification Yield
(mg)

5-methylcytidine 1.02
N4-acctylcytidmc 0.93
5 -forrny Icy tidine 0.55
Pseudouridine 2.07
N1 -methylpseudouridine 1.27
2-thiouridine 1.44
5-methoxyuridine 2
5-methyluridinc 0.8
«-Thio-eytidine 0.74
5-Br-uridine (5Bru) 1.29
5 (2 earbornelhoxyvinyl) uridine 0.54
5 (3-lli propenyl Amino) uridine 1.39
N 4-acetylcy tidine/ps eudouridine 0.99
N4-acetylcytidine/N 1 -methylpseudouridine [.08
5 -methy lcytidine/5-methoxyurid ine 1.13
5 -methy lcytid ine/5-me thy luridine 1.08
5-methylcytidine/ half of the uridines arc modified with 2-thiouridine 1.2
5-methy icytidine/2 -thiouri dine 1.27
5-methylcytidine/pseudouridine 1.19
5-methy ley tidin e/N 1 methy 1 ps cudouridi tie [.04

Table 36. In vitro transcription chemistry and yield for G-CSF modified mRNA

Chemical Modification Yield j
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N 6-methyladenosine
(nlg). 
157

5-methy ley I id me 2.05
N4 -acety leyt i di tie 3.13
5-formy ley lidiue 1.41
Pseudoundme 4.1
N1 -mcthylpscudouridine 3.24
2-thiouridine 3.46 !
5-methoxyuridine 2.57 1
5-methy luridme 4.27
4-thiouridinc 1.45
2'-F-uridine 0.96
a-’Ihio-cytidine 2.29
2'-F-guanosine 0.6
N-1 -me lb y laden ns inc 0.63
5-Br-uridinc (5Bru) 1.08
5 (2 oarbomethoxyvinyl) uridine 1.8
5 (3-IF property! Ainniu) undine 2.09
N4 -acety 1 cytidinc/ps eudouri dine 1.72
ΝΊ -acety lcytidine/N 1 -methylpseudouridine 1.37
5 -mt thy ley lidine/5 -me thoxy undine 1.85
5 -methy ley lid i n e/5 -me thy 1 urtdi ti e 1.56
5-methylcytidine/ half of the uridines are modified with 2-thiouridine 1 84
5 -methy ley tidin e/2 - thiouri dine 2.53
5 -methy lcytidinc/pseudouridine 0.63
N 4 -acely ley t idine/2-thi ourid ine 1.3
N 4-accty Icytid ine/ 5 -bromouridin e 1.37
5-methy lcytidine/N 1 methyl pseudouridine 1.25
N 4 -acety loytidine/ ps eudouridine 2.24

Tabic 37. Capping chemistry and yield for G-CSF modified mRNA
Chemical Modification Yield (mg)
N6 -methy ladentrsine 1.04
5-methylcytidinc 1.08
N4-acetyleytidine 2.73
5-formylcytidinc 0.95
Pscudouridinc 3.88
N1 -methylpseudauridiiie 2.58
2-thioundme 2.57
5-methoxyuridine 2.05
5-methyluridine 3.56
4-thiouridine 0.91
2'-F-uridinc 0.54
ri-Thiu-cylidinc 1.79
2'-F-RUanosine 0.14
5-Br-uridine (5Bru) 0.79
5 (2 earbomethoxyymyl) undine 1.28
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5 (3-1E propenyl Amino) uridine 1.78
N 4-ace ty le vtidine/pse u d o uri dine 0.29
N4-aecty 1 evti dine.N 1 -methy Ipscudouri din c 0.33
5-methylcytidinc/5-mcthoxyuridine 0.91
5-methv loytidiu e /5 -methy iuridinc 0.61
5-inelhy Icy Lidine/half of the uridines are modified with 2-lh iouridine 1.24
5-methvIcytidinc/ps eudouridine 1.08
N4 -ac ety ley ti dine/2 -(hiouridine 1.34
N4-acctylcytidinc/5-bromouridinc 1.22
5-methylcytidine/N 1 methyl pseudouridine 1.56

Ex a mule 85. In vitro Transcription with mutant T7 polymerase

[001044] I .ucifcrasc mRNA (mRNA sequence shown in SF.Q ID NO: 3; polyA tail of

approximately 160 nucleotides not shown in sequence; 5’cap, Capl) and G-CSF mRNA (mRNA 

sequence shown in SFQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown in 

sequence; 5’cap, Capl) were fully modified with different chemistries and chemistry combinations 

listed in Tables 38-41 using a mutant T7 polymerase (Durascribe® T7 Transcription kit (Cat. No. 

DS010925) (Epicentre®, Madison, WI).

[001045J The yield of the translation reactions was determined by spectiophometiic measurement 

(OD260) and the yield for Euciferasc is shown in fable 38 and G-CSE is shown in Table 40.

[1101046] 'lhc luciferase and G-CSF modified mRNA were also subjected to an enzymatic capping 

reaction and each modified mRNA capping reaction was evaluated for yield by spcctrophomctic 

measurement (OD260) and correct size assessed using bioanalyzer. The yield from the capping 

reaction for luciferase is shown in Table 39 and G-CSF is shown in Table 41.

Table 38. In vitro ti'an scrip tion chemistry and yield for Luciferase modified mRNA

Chemical Modification
2 'Fluorocytosinc

Yield (ug)
71.4

2 ’ Fluoroundine 57.5
5-mcthylcytosinc/pscudouridinc, test A 26.4
5-methylcytosine/Nl-methy!pseudouridine, test A 73.3
N1 -aoelylcyli dine/2-fluoro uri dine 202.2
5-methy Icy tidin e /2 - ft uoro uridine 131.9
2-ff uorocytos ine/ps eudouridine 119.3
2-fIuorocytosine/N 1 -methy lpseudouridine 107.0
2-fluorocytos ine/2 -th i ouri d in c 34.7
2-fIuoroeytosine/5-bromouridine 81.0
2-iluorocy (osinc/2-il uoro undine 80.4
2-fIuoroguanin c/5-mcthy Icy tosinc 61.2
2-fluoroguanine/5-methylcytosine/pseudouridine 65.0
2-fIuorojruaninc/5-methvloytidine/Nl-methyIpseudouridine 4E2

- 304-



20
17

21
35

03
 

10
 A

ug
 2

01
7

2-fluoroguanine/pseudouridine
2-fluoroguanine/N 1 -methylpseudouridine

79.1
74.6

5-mcthyleytidine/pseudouridine, test B
5-mcthylcytidine/N 1-methylpseudouridine, test B

91.8
72.4

2 ’ fluoroadenos inc 190.98

Tabic 39. Capping chemistry and yield for Luciferase modified mRNA

Chemical Modification Yield (ng)
2 T'luoiOcytosine 19.2
2 ’ Fluorouridine
5-mcthylcytosine/pseudouridinc, test A
5-methyleytosine/N 1 -methylpseudouridine, test A

16.7
7.0
21.5

N1 -acetylcytidine/2-fluorouridine
5-methylcyt idi n e /2 -fluo round i ne

47.5
53.2

2-fluorocytosine/pseudouridine 58.4
2-lluorocytosine/N 1 -methy Ipseudoundine
2-fluoroeytOsin c/2-th iouri dine
2-iluorocy tosine/ 5-bromouridhie

26.2
12.9
26.5

2-fluorOcy losine/?.·- Π Horn uridine
2-fluaroguaninc/5-mcthylcytosinc
2-fluoroguamne/5-methyloytosine/pseudo undine
2-fluoro g uanine/5-melhy icy tidine/N 1 -inelhy Ipse udo uridine

35_7
24.7
32.3
31.3

2-fluoro guan ine/pseudourid ine 20.9
2-fluoroguanine/N 1 -methylpseudouridine 29.8
5-mclhylcytidinc/pscudouridinc, test B
5-methylcytidine/N 1 -methylpseudouridine, test B

58.2
44.4

Table 40. in vitro transcription chemistry and yield for G-CSF modified mRNA

Chemical Modification Yield (ug)
2’Fluorocytosine
2 ’ Fluorouridine
5-melhylcylosine/pseudouridine, test A
5-methylcy (os urc/N 1 -methy Ipscudo uridine, I es l Λ
Nl -acetylcytidine/2-fluorouridine

56.5
79.4
21.2
77.1
168.6

5 -methyl cy tidine/2 -fluorouridine
2-fluorocy tos ine/pseudoundine

134.7
97.8

2-fl uurovy tos me/N 1 -me th y Ipscudo uridine
2-fluorocy tos ine/2-th i ouri dine

103.1
58.8

2-fluorocy tos ine/5 -bromouridin e
2-fluorocy tosinc/2- Iluoro uri di ne

88.8
93.9

2-fluoroguanine/5-methylcytosine
2-fluoroguanin c/5-incthy icytosin c/pscudn uridine

97.3
96 0

2-fluoroguatiinc/5-rnethylcytidinc/N 1 -metliylpseudouridinc
2-fluoroguanine/pseudouri dine

82.0
68.0
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2-fluoroguanine/N 1 -methylpseudouridine 59.3
5-methylcytidme/pseudouridine, lest B 58,7
5-mcthyleytidine/N 1-methylpseudouridine, test B 78.0

Table 41. Capping chemistry and yield for G-CSF modified mRNA

Chemical Modification Yield (ug)
2 ’ Fluoroey lusiiie 16.9
2 ’ Fluorouri dine 17.0
5-methylcytosine/pseudouridinc, test A 10.6
5-inelhyleytosine/N 1 -methylpseudouridine, test A 22.7
N1 -aeel y 1 ey 1 i dine/7 - Π i mro t iri di n e 19 9
5-melhyleylidine/2-ftuorouridine 21.3
2-fluorocytosinc/p scudou ridiuc 65.2
2- ft uoro ey losine/N 1 -me lliy lpseudo uridine 58.9
2-fluorocytosinc/2-thiouridine 41.2
2-fluorocy tos ine/5 -bromouridine 35.8
2-1 luoroc γ tosinc/2-ft uoro undi n e 36.7
2-fluoroguanine/5-methylcytosinc 36.6
2-ff uorog uaniae/5-met hy Icy tosuie/pse u do undine 37.3
2-fluoroguuii me/5-methy icy lidine/N 1 -met by Ipse udo un dine 30.7
2-fluoro guan in e/pseudou i id i ne 29.0
2-fluoroguaiiine/N 1 -methylpseudouridine 22.7
5-melhylcylidine/pseudoundine, lest B 60.4
5-mcthylcytidinc/N I-methylpseudouridine, test B 33.0

Example 86. 2’O-methyl and 2’Flnoro compounds

[(101047] I .ucifcrasc mRNA (mRNA sequence shown in SF.Q ΤΓ) NO: 3; polyA tail of

approximately 160 nucleotides not shown in sequence, 5’cap, Capl) were produced as fully 

modified versions with the chemistries in Table 42 and tian scribed using mutant T 7 polymerase 

(Durascribe® T7 Transcription kit (Cat. No. DS010925) (Epicentre®, Madison, WT). 2’ fluoro- 

containing mRNA were made using Durascribe Ί7, however, 2’OmethyI-eontaining mRNA could 

noL be transcribed using Durascribe T7.

1001048] Incorporation of 2’Omethyl modified mRNA might possibly be accomplished using other 

mutant T7 polymerases (Nat Biotechnol. (2004) 22:1155-1160; Nucleic Acids Res. (2002) 30:el38). 

Alternatively, 2’OMc modifications could be introduced post-transcriptionally using enzymatic 

means.

1001049] Introduction of modifications on the 2’ group of the sugar has many potential advantages. 

2’OMc substitutions, like 2’ fluoro substitutions are known to protect against nucleases and also
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have been shown to abolish innate immune recognition when incorporated into other nucleic acids 

such as siRNA and anti-sense (incorporated in its entirely, Crooke, ed. Antisense Drug Technology, 

2nii edition; Boca Raton: CRC press).

[001050] The 2’Lluoro-modiiied mRNA were then transfected ink) Ilel.a cells to assess protein 

production in a cell context and the same mRNA were also assessed in a cell-free rabbit reticulocyte 

system. A control of unmodified lucilerase (natural luciferase) was used lor both transcription 

experiments, a control of untreated and mock transfected (Lipofectamine 2000 alone) were also 

analyzed for the IleLa transfection and a control of no RNA was analyzed for the rabbit 

reticu lysates.

[0010511 For the HcLa transfection experiments, the day before transfection, 20,000 HcLa cells 

(ATCC no. CCL-2; Manassas, VA) were harvested by treatment with Trypsin-LDTA solution 

(EifeTechnologies, Grand Island, NY) and seeded in a total volume of lOOul EMEM medium 

(supplemented with 10%LCS and lx Glutamax) per well in a 96-well cell culture plate (Corning, 

Manassas, VA). The cells were grown at 37oG in 5% CO2 atmosphere overnight. Next day, 83 ng of 

the 2’lluoro-eon taming lucilerase modified RNA (mRNA sequence shown in SEQ ID NO; 3; polyA 

tail of approxima tely 160 nucleotides not shown in sequence; 5’cap, Capl ) with the chemical 

modification described in Table 42, were diluted in lOul final volume ofOPTI-MEM 

(EifeTechnologies, Grand Island, NY*). Lipofectamine 2000 (EifeTechnologies, Grand Island, NY) 

was used as transfection reagent and 0.2 ul were diluted in 10 ul final volume of ΟΡΠ-ΜΕΜ. After 

5 minutes of incubation at room temperature, both solutions were combined and incubated an 

additional 15 minute at room temperature. Then tire 20ul combined solution was added to the lOOul 

cell culture medium containing tire HeLa cells and incubated at room temperature. After 18 to 22 

hours of incubation cells expressing luciferase were lysed with 100 ul of Passive Lysis Buffer 

(Promega, Madison, WI) according to manufacturer instructions. Aliquots of the lysates were 

transferred to white opaque polystyrene 96-well plates (Coming, Manassas, VA) and combined with 

100 ul complete luciferase assay solution (Promega, Madison, WI). The lysate volumes were 

adjusted or diluted until no more Lhan 2 mio relative light units (RLU) per well were detected for the 

strongest signal producing samples and the RT.Us for each chemistry tested are shown in Table 42. 

The plate reader was a BioTek Synergy 111 (BioTek, Winooski, VI j. The background signal of the 

plates without reagent was about 200 relative light units per well.
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[001052] For the rabbit reticulocyte lysate assay, 2’-fluoro-containing lucifcrasc mRNA were 

diluted in sLerile nuclease-free water to a final amount of 250 ng in 10 ul and added to 40 ul of 

freshly prepared Rabbit Reticulocyte Lysate and the in vitro translation reaction was done in a 

standard 1.5 ml. polypropylene reaction Lube (Thermo FisheT Scientific, Waltham, MA) at 30°C in a 

dry heating block. lhe translation assay was done with the Rabbit Reticulocyte Lysate (nuclease- 

treated) kit (Promega, Madison, Wl) according to the manufacturer's instructions, lhe reaction 

buffer was supplemented with a one-to-one blend of provided amino acid stock solutions devoid of 

either Leucine or Methionine resulting in a reaction mix containing sufficient amounts of both amino 

acids to allow effective in vitro translation. After 60 minutes of incubation, the reaction was stopped 

by placing the reaction tubes on icc.

10010531 Aliquots of the in vitro translation reaction containing luciferase modified RNA were 

transferred to white opaque polystyrene 96-well plates (Coming, Manassas, VA) and combined with 

KJCul complete luciferase assay solution (Promega, Madison, Wl). l he volumes of the in vitro 

translation reactions were adjusled or diluted until no more than 2 mio relative light units (RLUs) per 

well were detected for the strongest signal producing samples and lhe RIIJs lor each chemistry 

tested are shown in Table 43. The plate reader was a BioTek Synergy ΤΓ1 (BioTek, Winooski, VT). 

The background signal of the plates without reagent was about 160 relative light units per well. 

[001054] As can be seen in Table 42 and 43, multiple 2’Fluoro-con taining compounds are active in 

vitro and produce luciferase protein.

Table 42.1 Id a Cells
Chemical Modification Concentration

(ug/nil)
Volume (ul) Yield (ug) RLC

7 ’F [uorna detinsi n e 3 SI. 96 500 190.98 .388.5
2’Fhiorocytosine 654.56 500 327.28 2420
2 ’Tluoroguaninc 541,795 500 270.90 11,705.5
2’Flurorc uridine 944.005 500 472.00 6767.5
Natural lucifcrasc N/A N/A N/A 133,853.5
Mock N/A N/A N/A 340
Untreated N/A N/A N/A 238

Table 43. Rabbit Retieulysates
Chemical Modification
2' Fluoroadenosine

RLTJ
162

2 ’Fluorocy tosine 208
2 ’F luoroguan in c 371,509
2 T'luroro uri dine 258
Natural luciferase 2,159,968
No RNA 156
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Example 87. Luciferase in HeLa Cells using a combination of modifications

[001055] To evaluate using of 2’fluoro-modified mRNA in combination with other modification a 

series of mRNA were transcribed using either wild-type T7 polymerase (non-11 uoro-containing 

compounds) or using mutant T7 polymerases (fluyoro-containing compounds) as described in 

Example 86. All modified mRNA were tested by in vitro trans lection in 1 teka cells.

|001056| Hie day before transfection, 20,000 HeLa cells (ATCC no. CCL-2; Manassas, VA) were 

harvested by treatment with Trypsin-EDTA solution (LifeTechnologies, Grand Island, NY) and 

seeded in a total volume of lOOul EMEM medium (supplemented with 10%FCS and lx Glutamax) 

per well in a 96-well cell culture plate (Coming, Manassas, VA). The cells were grown at 37oG in 

5% CCA atmosphere overnight. Next day, 83 ng of Luciferase modified RNA (mRNA sequence 

shown in SEQ ID NO: 3; polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, 

Capl) with the chemical modification described in fable 44, were diluted in lOul final volume of 

OPTTMEM (LifeTechnologies, Grand Island, NY). Lipofectamine 2000 (LifeTechnologies, Grand 

island, NY) was used as translection reagent and 0.2 ul were diluted in 10 ul final volume ο I OPTI

MUM. After 5 minutes of incubation at room temperature, both solutions were combined anil 

incubated an additional 15 minute aL room temperature. Then the 20ul combined solution was added 

to the lOOul cell culture medium containing the IleT.acells and incubated at room temperature.

[«HI 0571 Alter 18 to 22 hours of incubation cells expressing luciferase were lysed with 100 ul of 

Passive Lysis Buffer (Promega, Madison, WI) according to manufacturer instructions. Aliquots of 

the lysates were transferred to white opaque polystyrene 96-well plates (Coming, Manassas, VA) 

and combined with 100 ul complete luciferase assay solution (Promega, Madison, WI). The lysate 

volumes were adjusted or diluted until no more than 2 mio relative light units (RLU) per well were 

detected for the strongest signal producing samples and the RLUs for each chemistry tested arc 

shown in Table 44. The plate reader was a BioTek Synergy Hl (BioTek, Winooski, VT).Thc 

background signal of the plates without reagent was about 200 relative light units per well.

[001058] As evidenced in Tabic 44, most combinations of modifications resulted in mRNA which 

produced functional luciferase protein, including alt the non-llouro containing compounds and many 

of the combinations containing 2’iluTO modifications.

Table 44. Luciferase

i Chemical Modification RLU
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N4-ao ety lcytidi ne/p se u dourid in e
N4-acetvlcy tidine/N 1 -meth v Ipseudouridine

113,796
316,326

5-mcthyl cytidine/5-met hnxyuridinc 24.948
5-mctkylcytid inc /5 -methy luridinc 43,675
5-methyl cytidine/ha If of the uridines modified witli 50% 2-thiouridine 41,601
5-i 11 c ll tyl cy li dine /2 -ll i iouridi 11 e 1,102
5-mcthylcytidinc ■ ps cudou ri d inc 51,035
5-melhylcytidineZN 1 melliyl pseudoundine 152,151
N4-ac ety lcytidi n e/ 2 Tluorouriditie triphospbate 288
5-m ethyl cyt i dine /2 T luorourid ine triphos ph ate 269
2’Fluomcytosine tri phosphate /pseudouridine 260
2’Fluorocytosinc triphosphate /Nl-methylpseudouridinc •112
2'l luoioeytosin e tri phosphate/2 -thio urid ine 427
2'Fluorocytosin e tri phosphate/5 -hromouridine 253
2'Fluoroeytosiue triphosphate /2’Fluorouridine triphosphate 184
2’Fluoroguanine tri phosphate/5 -methy 1 cytidine 321
2 'FI uorogua nine tri phospha te/5 -me thy ley t idrnc/Pse ud o un d me 207
2'F luoroguan inc /5-methyicytidinc/N 1 mcthyIpsuedouridinc 235
2’Fluorogua nine/p s eudouridin e 218
2'Fluoroguanine/N 1 -me thylpsuedo uridine 247
5-mclhylcytidiiie/pscudouridine, Lest A 13.833
5-me thy 1 cy I idine/N-methy Ipseu do Liri dine, Lest A 598
2'Fluoroeytosine triphosphate 201
2'F lunrouridine triphosphate 305
5-methylcytidme/pseudouridine, test B 115,401
5-methylcytidine/N-methylpsendouridine, test T! 21,034
Natural luciferase 30,801
Untreated 344
Mock 262

Example 88. G-CSF In Vitro Transcription

|001059| To assess Hie activity of all our different chemical modifications in the context of a 

second open reading frame, we replicated experiments previously conducted using luciferase 

mRNA, with human G-CSF 111RNA. G-CSF mRNA (mRNA sequence shown in SEQ ID NO: 1; 

polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, Capl) were fully 

modified with the chemistries in Tables 45 and 46 using wild-type T7 polymerase (for all non- 

lluoro-containing compounds) or mutant T7 polymerase (lor all fluoro-con taming compounds). The 

mutant T7 polymerase was obtained commercially (Durascribe® T7 Transcription kit (Cat. No. 

DS010925) (Epicentre®, Madison, Wl).

[001060] The modified RNA in Tables 45 and 46 were transfected in vitro in Ilel.a cells or added 

to rabbit rcticulysatcs (25 Ong of modified mRNA) as indicated. A control of untreated, mock 

transfected (transfection reagent alone), G-CSE fully modified with 5-methylcytosine and Nl-
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mcthylpscudouridinc or lucifcrasc control (mRNA sequence shown in SEQ ID NO: 3; polyA tail of 

approximately 160 nucleotides not shown in sequence; 5’cap, Capl) fully modified with 5- 

methylcytosine and Nl-methylpseudouridine were also analyzed. The expression of G-CSF protein 

was determined by El .ISA and the values are shown in Tables 45 and 46. In Table 45, “NT” means 

not tested.

[(1()1()61 j As shown in Table 45, many, but not all, chemical modifications resulted in human G- 

CSF protein production, These results from cell-based and cell-free translation systems conelale 

very nicely with the same modifications generally working or not working in both systems. One 

notable exception is 5-fonny lcytidine modified G-CSF mRNA which worked in the cell-free 

translation system, but not in tire HcLa cel I-based transfection system. A similar difference between 

the two assays wras also seen with 5-formylcytidine modified luciferase mRNA.

[001062] As demonstrated in Table 46, many, but not all, G-CSF mRNA modified chemistries 

(when used in combination) demonstrated in viva activity. In addition the presence of Nl- 

methylpseudouridine in the modified mRNA (with N4-acety ley tidine or 5 melhyleyLidine) 

demonstrated higher expression than when the same combinations where tested using with 

pseudouridine. Taken together, these data demonstrate that Nl-methylpseudouridine containing G- 

CSF mRNA results in improved protein expression in vitro.

Tabic 45. G-CSF Expression

Chemical Mollification G-CSF pruleiu 
(pg/ml) 
llcL·» cells

G-CSF pruleiu 
(Pg/ml)
Rabbit
reticulysates
cells

Pseudouridine 1,150,909 147,875
5-mcthyluridme 347,045 147,250
2-thioundine 417 773 18,375
N1 -me thy Ipse udo uridine NT 230,000
4-tli io uridine 107,273 52,375
5-melhoxytiri di ne 1,715,909 701,750
5-methylcytosine/pseudouridine, Test Λ 609,545 119/750
5-methylcytosiiie/NI-methylpseudouridine , Test A 1,534,318 110,500
2'-Fluoro-guanosine 11,818 0
2*-F!uoro-uriditie ¢)0,455 0
5-methylcytosine/pseudouridine, Test B 358,182 57,875
S-methylcytosine/N 1-methy[pseudouridine , Test B 1,568,636 76,750
5-Bromo-uridinc 186,591 72,000
5-(2carbomethoxyvinyl) uridine 1,364 0
5-[3(]-E-propenylamino) uridine 27,955 32,625
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H-th io -cytidine
5-methvlevtosine/pseudouridine, Test C

120,455
882,500

42,625
49,250

N1 -methyl-adenosine 4,773 0
N 6-met hy 1 -adenos inc 1,591 0
5-mcthy 1-cy t idine 646,591 79,375
N4-aee (y Icy Lidine 39,545 8,000
5-formy 1 -cytid inc 0 24,000
5-methyleylosme/pseudoundme, Test D 87,045 47,750
5-methyicytoKinc/Nl-methylpseudouridine , TestD 1,168,864 97,125
Mock 909 682
tin treated 0 0
5-methyleytosine/N I-methylpseudouridine , Control 1,106,591 NT
Luciferase control NT 0

Table 46. Combination Chemistries in HeLa cells

Chemical Modification G-CSF protein 
(pg/ml)
HeLa cells

N4-acetylcytidine/pseudouridine 537,273
N4-aeetyley(idine/N 1-methy lpseudouridine 1,091,818
5 -inethylcytidinc'5-mcthoxyuricliiie 516,136
5 -inethylcy tidine/5-bromouridiiie 48,864
5 -me thy ley tidine/5 -me thy luridine 207,500
5 -methy lev tid inc.'2-th iou ridinc 33,409
N 4-accty 1 cyti d inc/5 -bromouridinc 211,591
N4-aeely ley t jdine/2-tino undine 46,136
5 -in ethyl eytos i nc/pscndouridinc 301,364
5 -methylcytosine/N I -methylpseudouridine 1,017,727
N4-aeetyleytidine/2'Fluorouridine Lriphosphale 62,273
5 -methyleylidine/2'FluoroiiritIine triphosphate 49,318
2 'Flu oroeyt os ine triph nspha le/ps eudouridiue 7,955
2Tluotocytositie triphosphate/N 1 -methy lpseudouridine 1,364
2 F! uoroeytosine tripbosphate/2-tliiouridine 0
2 FI uoroeylosine triphosphate/5-hromottrid  ine 1,818
Z'l'luorooytosine triphosphale/l’Tliiorouiidine triphosphate 909
2'Fluoroguaninc triphosphatc/5-mctbylcytidinc 0
2 F luoro guanine triphos pliate/5 -methylcytidine/pseudouridine 0
2 Fluoroguan ine triphosphate /5-melhyloytidine/Nl 
methy Ipscudouri dine

1,818

2Fluoroguan iti e triphosphate/pseudouridine 1,136
2Fluoroguauine tripliosphate/2 ’I’luorocytos ine 
triphosphate/N I -methylpseudouridine

0

5 -methy Icy lidine/pseudouridine 617,727
5-methy ley lidine/N 1 -methylpse udo uridine 747,045
5 -merhylcytidine/pseudouridine 475,455
5-melhy ley tidine/N 1 -methylpseudouridine 689,091
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S-inethylcytosine/Nl-methylpseudouridine, Control 1 848,409
5 -inethylevtosine/N I -inelhylpseudouridine. Control 2 581,818
Mock 682
Untreated 0
Luciferase 2Tluoroevtosiiic triphosphate 0
LtiL'i Icrase 2'Fluorouridiiic ti iphosplialc 0

Example 89. Screening of Chemistries

[001063] The tables listed m below (Tables 47-49) summanze much of the in vitro and in vitro 

screening data with the different compounds presented in the previous examples. Λ good correlation 

exists between cell-based and cell-free translation assays. The same chemistry substitutions 

generally show good concordance whether tested in the context of luciferase or G-CST mRNA. 

Lastly, Nl-mcthylpseudo uridine containing mRNA show a very high level of protein expression 

with little to no detectable cytokine stimulation in vitro and in vivo, and is superior lo mRNA 

containing pseudouridine both in vitro and in vivo.

[001064J Luciferase mRNA (mRNA sequence shown m SEQ ID NO: 3; polyA tail of 

approximately 160 nucleotides not shown in sequence; 5’cap, Cap!) and ϋ-CSl·’ mRNA (mRNA 

sequence shown in SLQ ID NO: 1; polyA tail of approximately 160 nucleotides not shown in 

sequence; 5’cap, Capl) were modified with naturally and non-naturally occurring chemistries 

described in Tables 47 and 48 or combination chemistries described in fable 48 and tested using 

methods described herein.

[(101065] In Tables 47 and 48, refers to in vitro transcription reaction using a mutant T7 

polymerase (Durascribe® T7 Transcription kit (Cat. No. DSO 10925) (Epicentre®, Madison, Wl); 

“**” refers to the second result in vitro transcription reaction using a mutant T7 polymerase 

(Durascribe® T7 Transcription kit (Cat. No. DSO 10925) (Epicentre®, Madison, WI); “***” refers to 

production seen in cell free translations (rabbi! reticulocyte lysates); the protein production oflleEa 

is judged by “4-/-“ and when referring to G-CSE PT1MC “ I· t I ί ” means greater than 6,000 

pg/ml G-CSF, “ > I t ” means greater than 3,000 pg/ml G-CSF, “++” means greater than 1,500 pg/ml 

G-CSE, “I" means greater than 300 pg/ml G-CSE, “ I/-“means 150-300 pg/ml G-CSE and the 

background was abouL 110 pg/ml; when referring lo cytokine PI3MC “ I IN” means greater than 

1,000 pg/ml interferon-alpha (IEN-alpha), “ I ! t ” means greater than 600 pg/iul IEN-alpha, “ 11” 

means greater than 300 pg/ml IEN-alpha, “ t” means greater than 100 pg/ml IFN-alpha, means 

less than 100 pg/ml and the background was aboul 70 pg/ml; and “NT’ means not tested. In Table
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48, the protein production was evaluated using a mutant T7 polymerase (Duraseribc® T7 

Transcription kit (Cal. No. DS010925) (Epicentre®. Madison, WI).

Table 47. Naturally Occurring

Common Name 
(symbol)

ivt
(Luc)

IVT
(C-
CSF)

Protein
(Luc;
IleLa)

Protein
(C
CSF;
HeLa)

Protein
(G-CSF;
PBMC)

Cytokines
(G-CSF;
PBMC)

In Vivo
Protein
(Luc)

In Vivo
Protein
(G-
CSF)

1 -methy iadenosine
(m'A)

hail Pass NT - f/- 1 1 NT NT

Ns-me Lh y ladenos in e 
(n?A)

Puss Pass - t7- till NT NT

2'-O-
methy 1 adenosin e 
(Am)

Fail* Not
Done

NT NT NT NT NT NT

5-mclh ylcy tidi n e 
(m’C)

Pass Pass 1 1 1 1 1 1 NT

2'-O-mcthyl cy tid i n c 
(Cm)

Fail* Not
Done

NT NT NT NT NT NT

2-thiooytidme (s2C) Fail Fail NT NT NT NT NT NT
N4-aeetyl cytidine 
(ae4C)

Pass Pass + + +/- +++ + NT

5-fonnytcytidine Pass Pass _*** _*** - 1 NT NT
(TC)
2'-O-
methy It> uanosine 
(Gn)

Fail* Not
Done

NT NT NT NT NT NT

inosine (I) Fail Fail NT NT NT NT NT NT
pseudouridine (Y) Pass Puss + + ++’ + + NT
5-melhy I uridine 
rin'U)

Pass Pass + + +/- + NT NT

2'-O-mcthy 1 urid ine 
(Urn)

Fail* Not
Done

NT NT NT NT NT NT

1-
methylpseudouridine
(m’Y)

Pass Pass 1 Not
Done

TH+ ] NT

2-tliiouridine (szU) Pass Pass - + + + NT NT
4-thiouridinc (sfrj) Fail Pass + ■+/- ++ NT NT
5-incthoxy uridine
(mo5U)

Pass Pass + + ++ - + NT

3 -methyluridin e 
(m3U)

Fail Fail NT NT NT NT NT NT

Table 48. Nou-Naturally Occurring

Common Name IVT IVT Protein Protein Protein Cytokine In Vivo In Vivo
(Lue> ,(<r (Luc; (G (G-CSF; s(G- Protein Protein
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CSF) HeLa) CSF;
HeLsi)

PBMC) CSF;
PBMC)

(Luc) (G-
CSF)

v'-F-ara-guanosine Fait Fait N't' 1 NT NT N't' NT NT
2'-F-ara-adenosine 1' ai I I* ail NT J NT NT NT NT NT
2'-F-ara-cy tidine Fail Fail NT NT NT NT NT NT
2'-F-ara-uridine Fail Fail NT NT NT NT NT NT

Fail' PassA·
ail**2'-I '-guanosine Pass*

*
j ** 1/-

1
- 1 ! NT

Fail/ 1
Z'-F-adcuosnie Pass*

* it** NT
1

NT NT NT NT

Fait/ Fnil/Pa
i

2'-F-cy tidine Pass*
* ss**

j ** 1 NT
1

NT NT ! NT

2'-F-uridine
Fail/ Pass/P +**

'1
Pass*
* ass** + +/- + NT

S'-OH-ara-guanosine Fail Fail NT i NT NT NT NT NT

2'-OH-ara-adcnosinc Not Not
NT

ί
NT NT NT NT NTDone Done

2'-OH-ara-ey(idine Fail Fail NT NT' NT NT ΝΓ NT
2'-OH-ara-uridine Fail Fail NT i NT NT NT NT NT
5-Br-Uridine Pass Pass + 1 -+- + + +
5-(2-
carbomethoxyvinyl)
Uridine

Pass Pass -
1

+/- -

5-13-U-li- 
Propenylamino) 
Uridine (aka Chetn 
cs

Pass Pass - + -+ -

-N
N6-( 19-Amino- 
pen laoxanon adeey 1)
Λ

Fail Fail NT , NT
1

NT NT NT NT

2-Dimethyl am ino Fail Fail NT NT NT NT NT NTguanosine
6-Aza-<jytidine Fail Fail NT i NT NT NT NT NT
a-Thio-cytidine Pass Pass 1 1 1/- 1 1 1 NT NT
Pscu do-ί socyti di n c NT NT NT i NT NT NT NT NT
5-io do-uridiue NT NT NT i NT NT NT NT NT
a-Thio -undine NT NT NT 1 NT NT NT NT NT
6-Aza-uridine NT NT NT NT NT NT NT NT
Deoxy-thymidine NT NT NT ] NT NT NT NT NT
a-Thio guanosine NT NT NT j NT NT NT NT NT
8-Oxo-guanosine NT NT NT j NT NT NT NT NT
Οό-Melhyl-
guanosinc

NT NT NT NT NT NT NT NT

7-Deaza-guanosine NT NT NT 1 NT NT NT NT NT
6-Chioro-purine NT NT NT i NT NT NT NT NT
a-Thio-adenosine NT NT NT ] NT NT NT NT NT
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7-Deaza-ad enos ine NT NT NT NT N’T ' NT NT NT
5-iodo-cylidine NT NT N'T , NT NT NT NT NT

I(101 ()66| In Table 49, the protein production of I Iel .a is judged by “ I“ I /-“ and when 

referring to G-CSE PBMC “II· It” means greater than 6,000 pg/ml G-CSF, “ t I· I" means greater 

than 3,000 pg/ml G-CSF, “ I l ” means greater Ilian 1,500 pg/rul G-CSF, “ l ” means greater Qian 300 

pg/ml G-CSF, “+/-“ means 150-300 pg/ml G-CSF and the background was about 110 pg/ml; when 

referring to cytokine I’BMC “i ι i i” means greater than 1,000 pg/ml interferon-alpha (IFN-alpha), 

“I I i” means greater than 600 pg/ml IFN-alpha, “I I ” means greater than 300 pg/ml IFN-alpha, “ l ” 

means greater than 100 pg/ml IFN-alpha, means less than 100 pg/ml and the background was 

about 70 pg/ml; “WT’ refers to the wild type T7 polymerase, “MT” refers to mutant T7 polymerase 

(Durascribe® T7 Transcription kit (Cat. No. DSO 10925) (Epicentre®, Madison, Wl) and “NT” 

means not tested.

Table 49. Combination Chemistry

Cytldlnc Uridine Turin IVT IVT Protein Protein Protein Cytokines Id
analog analog e Luc (G- (Luc; (G- (G- (G-CSF; Vivo

CSF) HcLa) CSF; CSF; PBMC) Protein
HeLa) PBMC (Luc)

Nl pseildotindin
A.G Pass Pass

activity Inline e WT WT 1 I NT NT +

N4-
acetylcytidine

Nl- I’afts Pass
methylpscud
ouridine

A.G WI WT
1 NT N'T +

5- Pass Pass

melhylcytidine metfroxyuridi
ne

A,G WT WT
+ -1- NT NT 1

5- 5- Pass Pass
bmmoLindin A.G wr WT Nolmethylcytidinc e Done + NT NT

5-
methylcytidine

5- Pass Pass
methyliiiidiii
e

A.G WT WT
1 NT NT Ϊ

5- 50% 2- Pass Pass
thiouridine; A.G WT WTmelhylcytidine 50% uridine + NT NT NT +

5- 100% 2- A.G Pass Pass
melhylcytidine thiouridine WT WT - + NT NT

pseudouridin A.G Pass Pass
methylcytidinc c Wl W'i' + 4-+ + 1

5-
mcthylcytidinc

Nl- Pass Pass
methylpscud
nuridine

A,G Wl' WT
+ + ++++ 1

N4- A,G Nol Pass Not
aceiylcyhdine 2-thujundme Done WT Done 1 NT NT NT
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N4-
acctvlcytidine

5
hromouridm
e A, G

Not
Done

Pass
WT Not

Done . i NT NT NT

N4
acetv Icytidine

2
riuorouridin
c
triphosphate A,G Pass Pass + NT NT NT

5-
methy Icytidine

2
Fluorouridin
e
triphosphate AG P3SS Pass NT NT NT

2
Flnorocytosine
triphosphate

pseudouridin
e

A,ίί Pass Pass + NT NT NT
2
Fluorocytosme
triphosphate

Nl-
methylpseud 
o undine AG Pass Pass . +/- NT NT NT

2
Fluorocytosine
triphosphate 2-thiouridine A,G Pass Pass NT NT NT
2
Flnorocytosine
triphosphate

5-
brewnouridin
c
2

ag Pass Pass - +/- NT NT NT

2
Flnorocytosine
triphosphate

Fluoroaridin
0
triphosphate AG Pass Pass +{- NT NT NT

5-
methy Icytidine uridine

A,2
Fluoro
GTP Pass Pass NT NT NT

5-
mdh yl cytidinc

pscudouridiri
e

A,2
Fluoro
GTP Pass Pass NT NT NT

5-
methy Icytidine

2
Fluorocytosine
triphosphate

NV
mcLhylpscud
ouridine

pscudtjuridin
c

A,2
Fluoro
tnp
A,2
Fluoro
GTP

Pass

Pass

Pass

Pass

- +/-

+/-

NT

NT

NT

NT

MI

NT
2
Flnorocytosine
triphosphate

Nl-
methylpseud
ouridine

A.2
Fluoro
GTP Pass Pass NT NT NT

Example 90, 2Ύ1βογο Chemistries in PBMC
[001067] The ability of G-CSF modified mRNA (mRNA sequence shown in SEQ ID NO: 1; 

polyA tail of approximately 160 nucleotides not shown in sequence; 5’cap, Capl) to trigger innate 

an immune response was determined by measuring interferon-alpha (IFN-alpha) and tumor necrosis 

factor-alpha ( INF-alpha) production. Use of in vitm PBMC cultures is an accepted way to measure 

the immunostimulatorv potential of oligonucleotides (Robbins et al., Oligonucleotides 2009 19:89-
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102) and transfection methods arc described herein. Shown in Table 50 arc the average from 2 or 3 

separate PBMC donors of the in ter fern n-alpha (TFN-alpha) and tumor necrosis factor alpha (TNT- 

alpha) production over time as measured by specific ELISA. Controls of R848, P(I)P(C), EPS and 

Lipofectamine 2000 (1.2000) were also analyzed.

10010681 WiLh regards to innaLe immune recognition, while both modified mRNA chemistries 

largely prevented ΙΕΝ-alpha and INl'-alpha production relative to positive controls (R.848, 

P(1)P(C)), 2’fiuoro compounds reduce If N-alplia and TNF-alpha production even lower than oilier 

combinations and N4-aeelylcylidine combinations raised the cytokine profile.

Table 50. IFN-alpha and TNF-alpha

IFN-alpha:
3 Diiuui Average 

(pg/ml)

TNF-alpha:
2 Dunur

Average (pg/ml)
1,2000 1 361
P(I)P(C) 482 544
R848 45 8,235
TPS 0 6,889
N4-acetv Icy udinc/pse udoundme 694 528
N4-acelyloytidme/Nl -methy lpseudouridine 307 283
5 -in ethy Icy tidiue/5- methox y uri din e 0 411
5-methy ley tidine/5 -bromouri dine 0 270
5 -m e th y Icy Li dine /5 -me Lh y 1 undine 456 428
5-mcthylcytidine/2-tkiouridine 274 277
N4-acetvlcytidine/2-thiouridine 0 285
N4 -acety Icy ti din e/5 -hromourid in e 44 403
5 -in ethy Icy ti dine/pseud ouri dine 73 332
5-methylcytidine/N 1 -methyl pscudouridinc 31 280
N4-accty Icytidinc/2 ’fluorouridine triphosphate 35 32
5-inctliylcytodiiic /2’fluorouridine triphosphate 24 0
2’fiuorocytidine triphospkate/Nl- 
inethy lpseudourid inc

0 11

2 ’fiuoroeytidine triphosphate/2 -thiouridine 0 0
2 'fiuoroeytidine/ triphosphate 5 -bromourid ine 12 2
2 'fiuoroeytidine triphosphate/2 ’fluorouridine 
triphosphate

11 0

2 ’fiuoroeytidine lriphosphate/5-nielhy Icytidine 14 23
2’ fl uorocyli dinetriphtisphate/5- 
inethy leyti ditle/pse udouridin e

6 21

2’fiuoroeytidine triphosphate/5-
mc lliy ley tidine,/N1 -nid h y lpseudouridine

3 15

2 ’fiuoroeytidine triphosphate/pseudouridine 0 4
2’fiuoroeytidine tripkosphate/Nl- 6 20
methy Ipseudouri dine
5 -me thy ley t iduie/pscudo undiuc 82 18
5-methylcytidicn/N 1 -methyl pscudouridinc 35 3
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OTHER EMBODIMENTS

[001069] IL is In be understood that while die present disclosure has been described in conjunction 

with the detailed description thereof, the foregoing description is intended to illustrate and not limit 

the scope of the present disclosure, which is defined by the scope of the appended claims. Other 

aspects, advantages, and modifications are within tlic scope of the following claims.
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1. An isolated polynucleotide encoding a polypeptide, said isolated polynucleotide 

comprising:

(a) an open reading frame encoding the polypeptide consisting of nucleosides including 

cytidine, adenosine, guanosine, and a nucleoside comprising a nueleobase having the 

structure of Formula Xll-b:

O

wherein:

R3 is C2-4 alkyl,

(b) a 5' UTR,

(c) a 3' UTR, and

(d) a 5'cap structure.

2. The isolated polynucleotide of claim 1, further comprising a poly-A tail.

3. The isolated polynucleotide of claim 2 which is purified.

4. The isolated polynucleotide of claim 3, wherein the at least one 5' cap structure is

selected from the group consisting of CapO, Capl, ARCA, inosine, N1-methyl-guanosine, 2'fluoro- 

guanosine, 7-deaza-guanosine, 8-oxo-guanosine, 2-amino-guanosine, LNA-guanosine, and 2-azido- 

guanosine.

5. The isolated polynucleotide of any one of claims 1-4, wherein R3 is C2 alkyl.

6. A pharmaceutical composition comprising the isolated polynucleotide of any one of 

claims 1 to 5 and a pharmaceutically acceptable excipient.

7 The pharmaceutical composition of claim 6, wherein the pharmaceutical composition 

comprises lipid nanoparticles.
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comprising administering to said subject the isolated polynucleotide of any one of claims 1 to 5 or a 

pharmaceutical composition of claims 6 or 7.

9. The method of claim 8, wherein the isolated polynucleotide is administered at a total daily 

dose of between 1 ug and 150 ug.

10. The method of claim 8 or 9, wherein administration is by injection.

11. The method of claim 8 or 9, wherein administration is intradermal or subcutaneous or 

intramuscular.

12. The method of any one of claims 8 to 11, wherein levels of the polypeptide of interest in 

the serum of the mammal are at least 50 pg/mL at least two hours after administration.

13. The method of claim 12, wherein the levels of the polypeptide of interest in the serum of 

the mammal remain above 50 pg/mL for at least 72 hours after administration.

14. The method of claim 13, wherein the levels of the polypeptide of interest in the serum of 

the mammal remain above 60 pg/mL for at least 72 hours after administration.

15. The method of any one of claims 8 to 14, wherein administration is in two or more equal 

or unequal split doses.

16. The method of claim 15, wherein the level of the polypeptide produced by the subject by 

administering split doses of the polynucleotide is greater than the levels produced by administering the 

same total daily dose of polynucleotide as a single administration.

17. The method of any one of claims 8 to 16, wherein the mammalian subject is a human 

patient in need of an increased level of the polypeptide of interest.

18. The method of claim 17, wherein the increased level of the polypeptide of interest is 

detectable in a bodily fluid of said patient.

19. The method of claim 18, wherein the bodily fluid is selected from the group consisting of 

peripheral blood, serum, plasma, ascites, urine, cerebrospinal fluid (CSF), sputum, saliva, bone marrow,
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semen, prostatic fluid, cowper's fluid or pre-ejaculatory fluid, sweat, fecal matter, hair, tears, cyst fluid, 

pleural and peritoneal fluid, pericardial fluid, lymph, chyme, chyle, bile, interstitial fluid, menses, pus, 

sebum, vomit, vaginal secretions, mucosal secretion, stool water, pancreatic juice, lavage fluids from 

sinus cavities, bronchopulmonary aspirates, blastocyl cavity fluid, and umbilical cord blood.

20. The method of any one of claims 17 to 19, wherein administration is according to a 

dosing regimen which occurs over the course of hours, days, weeks, months, or years.

21. The method of claim 10, wherein injection is achieved by using one or more devices 

selected from multi-needle injection systems, catheter or lumen systems, and ultrasound, electrical or 

radiation based systems.

22. The method of claim 15, wherein the amount polynucleotide administered in any dose is 

substantially equal.

23. The method of claim 15, wherein a first dose, a second dose or any of a plurality of doses 

are administered at substantially the same time.

24. The method of any one of claims 8 to 23, wherein administration comprises a single unit 

dose between about 10 mg/kg and about 500 mg/kg.

25. The method of any one of claims 8 to 23, wherein administration comprises a single unit 

dose between about 1.0 mg/kg and about 10 mg/kg.

26. The method of any one of claims 8 to 23, wherein administration comprises a single unit 

dose between about 0.001 mg/kg and about 1.0 mg/kg.
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Area AreaFesk RetTime Type Width 
ft tminj [minj 8&J

1 11. 3?9 SB
2 14. 003 SB
3 14. S76 BB
4 IS. 939 BB

0.1425 
0.1065
0. 2083

300.10064
71. 24556

222. 77209

Height 
Ιίϊϊ&ΪΙ ]

27. 69099 
10. 3S60S 
IS. 20543 

111S. 21118

Totals ;

O.3030 3. 02414e4

3. (>$3 Ae4 il6S. 46368

O. 9734 
0. 2311 
0.7225 

98. 0731
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Totals < 1,37S2SM 24S5. $«20
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SEQUENCE LISTING

<110> MODERNA THERAPEUTICS

<120> MODIFIED NUCLEOSIDES, NUCLEOTIDES, AND 
NUCLEIC ACIDS, AND USES THEREOF

<130> M009.20/2030.1009PCT

<140> PCT/US12/XXXXX
<141> 2012-10-03

<150> 61/542,533
<151> 2011-10-03

<160> 6

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 758
<212> RNA
<213> Homo Sapiens

<400> 1
gggaaauaag agagaaaaga agaguaagaa 
cgacccaaag ccccaugaaa cuuauggccc 
ggacagucca agaagcgacu ccucucggac 
ugaagugucu ggagcaggug cgaaagauuc 
ucugcgcgac auacaaacuu ugccaucccg 
ggauucccug ggcuccucuc ucguccuguc 
uuucccagcu ccacuccggu uuguucuugu 
ucucgccaga auugggcccg acgcuggaca 
caaccaucug gcagcagaug gaggaacugg 
gggcaaugcc ggccuuugcg uccgcguuuc 
gccaccuuca aucauuuuug gaagucucgu 
gaagcgcugc cuucugcggg gcuugccuuc 
uguaccucuu ggucuuugaa uaaagccuga

<210> 2
<211> 1838
<212> DNA
<213> Homo Sapiens

<400> 2
taatacgact cactataggg aaataagaga 
caccatggaa gatgcgaaga acatcaagaa 
cggtacagca ggagaacagc tccacaaggc 
gattgcgttt accgatgcac atattgaggt 
gtcggtgagg ctggcggaag cgatgaagag 
ggtgtgttcg gagaactcat tgcagttttt 
ggtcgcagtc gcgccagcga acgacatcta 
aatctcccag ccgacggtcg tgtttgtctc 
gcagaagaag ctccccatta ttcaaaagat 
agggttccag tcgatgtata cctttgtgac 
tgacttcgtc cccgagtcat ttgacagaga 
gggtagcacc ggtttgccaa agggggtggc 
ctcgcacgct agggatccta tctttggtaa 
cgtggtacct tttcatcacg gttttggcat 
tttcagggtc gtacttatgt atcggttcga 
ttacaagatc cagtcggccc tccttgtgcc 
acttattgat aagtatgacc tttccaatct 
tagcaaggaa gtcggggagg cagtggccaa 
atacgggctc acggagacaa catccgcgat 
gggagccgtc ggaaaagtgg tccccttctt 
aaaaaccctc ggagtgaacc agaggggcga

gaaauauaag agccaccaug gccggucccg 60 
ugcaguugcu gcuuuggcac ucggcccucu 120 
cugccucauc guugccgcag ucauuccuuu 180 
agggcgaugg agccgcacuc caagagaagc 240 
aggagcucgu acugcucggg cacagcuugg 300 
cgucgcaggc uuugcaguug gcagggugcc 360 
aucagggacu gcugcaagcc cuugagggaa 420 
cguugcagcu cgacguggcg gauuucgcaa 480 
ggauggcacc cgcgcugcag cccacgcagg 540 
agcgcagggc ggguggaguc cucguagcga 600 
accgggugcu gagacaucuu gcgcagccgu 660 
uggccaugcc cuucuucucu cccuugcacc 720 
guaggaag 758

gaaaagaaga gtaagaagaa atataagagc 60 
gggacctgcc ccgttttacc ctttggagga 120 
gatgaaacgc tacgccctgg tccccggaac 180 
agacatcaca tacgcagaat acttcgaaat 240 
atatggtctt aacactaatc accgcatcgt 300 
catgccggtc cttggagcac ttttcatcgg 360 
caatgagcgg gaactcttga atagcatggg 420 
caaaaagggg ctgcagaaaa tcctcaacgt 480 
catcattatg gatagcaaga cagattacca 540 
atcgcatttg ccgccagggt ttaacgagta 600 
taaaaccatc gcgctgatta tgaattcctc 660 
gttgccccac cgcactgctt gtgtgcggtt 720 
tcagatcatt cccgacacag caatcctgtc 780 
gttcacgact ctcggctatt tgatttgcgg 840 
ggaagaactg tttttgagat ccttgcaaga 900 
aacgcttttc tcattctttg cgaaatcgac 960 
gcatgagatt gcctcagggg gagcgccgct 1020 
gcgcttccac cttcccggaa ttcggcaggg 1080 
ccttatcacg cccgagggtg acgataagcc 1140 
tgaagccaag gtcgtagacc tcgacacggg 1200 
gctctgcgtg agagggccga tgatcatgtc 1260
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ttcgggagac
gagcttgatc
ccagcacccc
gctgccagcg
ggactacgta
ggacgaggtc
gattaaggca
ccttctggcc
cctgagtagg

<210> 3 
<211> 1796 
<212> RNA 
<213> Homo

<400> 3
gggaaauaag
agaacaucaa
agcuccacaa
cacauauuga
aagcgaugaa
cauugcaguu
cgaacgacau
ucguguuugu
uuauucaaaa
auaccuuugu
cauuugacag
caaagggggu
cuaucuuugg
acgguuuugg
uguaucgguu
cccuccuugu
accuuuccaa
aggcaguggc
caacauccgc
ugguccccuu
accagagggg
cugaagcgac
auugggauga
aaggcuauca
ucgacgccgg
uaguccucga
aagugacgac
gcuugacugg
gcgggaaaau
ucuucucucc

<210> 4 
<211> 854 
<212> RNA 
<213> Homo

<400> 4
gggaaauaag
gggaggagga
guucggucaa
ggacacagac
uucuuucgcc
cugacuaucu
aggacggggg
acaaggucaa
cgaugggaug
agaucaagca
cauacaaagc
auauuacuuc
gacacucgac
gccuucuggc

2O12-1O-O3_MOO9SQLST_2O3O 1009PCT 
aataaccctg aagcgacgaa tgcgctgatc gacaaggatg ggtggttgca 1320
attgcctatt gggatgagga tgagcacttc tttatcgtag atcgacttaa 1380
aaatacaaag gctatcaggt agcgcctgcc gagctcgagt caatcctgct 1440
aacattttcg acgccggagt ggccgggttg cccgatgacg acgcgggtga 1500
gccgtggtag tcctcgaaca tgggaaaaca atgaccgaaa aggagatcgt 1560
gcatcacaag tgacgactgc gaagaaactg aggggagggg tagtctttgt 1620
ccgaaaggct tgactgggaa gcttgacgct cgcaaaatcc gggaaatcct 1680
aagaaaggcg ggaaaatcgc tgtctgataa gctgccttct gcggggcttg 1740
atgcccttct tctctccctt gcacctgtac ctcttggtct ttgaataaag 1800
aaggcggccg ctcgagcatg catctaga 1838

sapiens

agagaaaaga agaguaagaa gaaauauaag agccaccaug gaagaugcga 60 
gaagggaccu gccccguuuu acccuuugga ggacgguaca gcaggagaac 120 
ggcgaugaaa cgcuacgccc ugguccccgg aacgauugcg uuuaccgaug 180 
gguagacauc acauacgcag aauacuucga aaugucggug aggcuggcgg 240 
gagauauggu cuuaacacua aucaccgcau cguggugugu ucggagaacu 300 
uuucaugccg guccuuggag cacuuuucau cggggucgca gucgcgccag 360 
cuacaaugag cgggaacucu ugaauagcau gggaaucucc cagccgacgg 420 
cuccaaaaag gggcugcaga aaauccucaa cgugcagaag aagcucccca 480 
gaucaucauu auggauagca agacagauua ccaaggguuc cagucgaugu 540 
gacaucgcau uugccgccag gguuuaacga guaugacuuc guccccgagu 600 
agauaaaacc aucgcgcuga uuaugaauuc cucggguagc accgguuugc 660 
ggcguugccc caccgcacug cuugugugcg guucucgcac gcuagggauc 720 
uaaucagauc auucccgaca cagcaauccu guccguggua ccuuuucauc 780 
cauguucacg acucucggcu auuugauuug cgguuucagg gucguacuua 840 
cgaggaagaa cuguuuuuga gauccuugca agauuacaag auccagucgg 900 
gccaacgcuu uucucauucu uugcgaaauc gacacuuauu gauaaguaug 960 
ucugcaugag auugccucag ggggagcgcc gcuuagcaag gaagucgggg 1020 
caagcgcuuc caccuucccg gaauucggca gggauacggg cucacggaga 1080 
gauccuuauc acgcccgagg gugacgauaa gccgggagcc gucggaaaag 1140 
cuuugaagcc aaggucguag accucgacac gggaaaaacc cucggaguga 1200 
cgagcucugc gugagagggc cgaugaucau gucagguuac gugaauaacc 1260 
gaaugcgcug aucgacaagg augggugguu gcauucggga gacauugccu 1320 
ggaugagcac uucuuuaucg uagaucgacu uaagagcuug aucaaauaca 1380 
gguagcgccu gccgagcucg agucaauccu gcuccagcac cccaacauuu 1440 
aguggccggg uugcccgaug acgacgcggg ugagcugcca gcggccgugg 1500 
acaugggaaa acaaugaccg aaaaggagau cguggacuac guagcaucac 1560 
ugcgaagaaa cugaggggag ggguagucuu uguggacgag gucccgaaag 1620 
gaagcuugac gcucgcaaaa uccgggaaau ccugauuaag gcaaagaaag 1680 
cgcugucuga uaagcugccu ucugcggggc uugccuucug gccaugcccu 1740 
cuugcaccug uaccucuugg ucuuugaaua aagccugagu aggaag 1796

sapiens

agagaaaaga agaguaagaa gaaauauaag agccaccaug guauccaagg 60 
caacauggcg aucaucaagg aguucaugcg auucaaggug cacauggaag 120 
cggacacgaa uuugaaaucg aaggagaggg ugaaggaagg cccuaugaag 180 
cgcgaaacuc aaggucacga aagggggacc acuuccuuuc gccugggaca 240 
ccaguuuaug uacgggucca aagcauaugu gaagcauccc gccgauauuc 300 
gaaacucagc uuucccgagg gauucaagug ggagcggguc augaacuuug 360 
uguagucacc guaacccaag acucaagccu ccaagacggc gaguucaucu 420 
acugcggggg acuaacuuuc cgucggaugg gccggugaug cagaagaaaa 480 
ggaagcguca ucggagagga uguacccaga agauggugca uugaaggggg 540 
gagacugaag uugaaagaug ggggacauua ugaugccgag gugaaaacga 600 
gaaaaagccg gugcagcuuc ccggagcgua uaaugugaau aucaaguugg 660 
acacaaugag gacuacacaa uugucgaaca guacgaacgc gcugagggua 720 
gggaggcaug gacgaguugu acaaaugaua agcugccuuc ugcggggcuu 780 
caugcccuuc uucucucccu ugcaccugua ccucuugguc uuugaauaaa 840
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<210> 5
<211> 725
<212> RNA
<213> Homo sapiens

<400> 5
gggaaauaag agagaaaaga agaguaagaa gaaauauaag agccaccaug ggagugcacg 60
agugucccgc gugguugugg uugcugcugu cgcucuugag ccucccacug ggacugccug 120
ugcugggggc accacccaga uugaucugcg acucacgggu acuugagagg uaccuucuug 180
aagccaaaga agccgaaaac aucacaaccg gaugcgccga gcacugcucc cucaaugaga 240
acauuacugu accggauaca aaggucaauu ucuaugcaug gaagagaaug gaaguaggac 300
agcaggccgu cgaagugugg caggggcucg cgcuuuuguc ggaggcggug uugcgggguc 360
aggcccuccu cgucaacuca ucacagccgu gggagccccu ccaacuucau gucgauaaag 420
cggugucggg gcuccgcagc uugacgacgu ugcuucgggc ucugggcgca caaaaggagg 480
cuauuucgcc gccugacgcg gccuccgcgg caccccuccg aacgaucacc gcggacacgu 540
uuaggaagcu uuuuagagug uacagcaauu uccuccgcgg aaagcugaaa uuguauacug 600
gugaagcgug uaggacaggg gaucgcugau aagcugccuu cugcggggcu ugccuucugg 660
ccaugcccuu cuucucuccc uugcaccugu accucuuggu cuuugaauaa agccugagua 720
ggaag 725

<210> 6
<211> 1536
<212> RNA
<213> Homo sapiens

<400> 6
gggaaauaag agagaaaaga agaguaagaa gaaauauaag agccaccaau gcagcgcguc 60
aacaugauua uggccgaauc gccgggacuc aucacaaucu gccucuuggg uuaucucuug 120
ucggcagaau guaccguguu cuuggaucac gaaaacgcga acaaaauucu uaaucgcccg 180
aagcgguaua acuccgggaa acuugaggag uuugugcagg gcaaucuuga acgagagugc 240
auggaggaga aaugcuccuu ugaggaggcg agggaagugu uugaaaacac agagcgaaca 300
acggaguuuu ggaagcaaua cguagauggg gaccagugug agucgaaucc gugccucaau 360
gggggaucau guaaagauga caucaauagc uaugaaugcu ggugcccguu uggguuugaa 420
gggaagaacu gugagcugga ugugacgugc aacaucaaaa acggacgcug ugagcaguuu 480
uguaagaacu cggcugacaa uaagguagua ugcucgugca cagagggaua ccggcuggcg 540
gagaaccaaa aaucgugcga gcccgcaguc ccguucccuu gugggagggu gagcguguca 600
cagacuagca aguugacgag agcggagacu guauuccccg acguggacua cgucaacagc 660
accgaagccg aaacaauccu cgauaacauc acgcagagca cucaguccuu caaugacuuu 720
acgagggucg uaggugguga ggacgcgaaa cccggucagu uccccuggca ggugguauug 780
aacggaaaag ucgaugccuu uuguggaggu uccauuguca acgagaagug gauugucaca 840
gcggcacacu gcguagaaac aggagugaaa aucacgguag uggcgggaga gcauaacauu 900
gaagagacag agcacacgga acaaaagcga aaugucauca gaaucauucc acaccauaac 960
uauaacgcgg caaucaauaa guacaaucac gacaucgcac uuuuggagcu ugacgaaccu 1020
uuggugcuua auucguacgu caccccuauu uguauugccg acaaagagua uacaaacauc 1080
uucuugaaau ucggcuccgg guacguaucg ggcuggggca gaguguucca uaaggguaga 1140
uccgcacugg uguugcaaua ccucagggug ccccucgugg aucgagccac uugucugcgg 1200
uccaccaaau ucacaaucua caacaauaug uucugugcgg gauuccauga aggugggaga 1260
gauagcugcc agggagacuc aggggguccc cacgugacgg aagucgaggg gacgucauuu 1320
cugacgggaa uuaucucaug gggagaggaa ugugcgauga aggggaaaua uggcaucuac 1380
acuaaagugu cacgguaugu caauuggauc aaggaaaaga cgaaacucac gugaucagcc 1440
agcgcugccu ucugcggggc uugccuucug gccaugcccu ucuucucucc cuugcaccug 1500
uaccucuugg ucuuugaaua aagccugagu aggaag 1536
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