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1. XTBIXCTIVEMeTAnCBORESNT. BXTGeFTAn BEOR
WR BRGSO/ T7TIEHT7IFE (amine—bearing amid
e groups) ~OFLEHE,

3.0 % C % H % N s

HA6 39.2 *+ 0.8 6.2 = 0.3 3.0 = 0.1 ——
HA6— PAPA 41.6 *+ 0.7 T 58 6.9 + 0.2 67%
HA6—HEDA 406 *+ 0.5 7.6 = 0.2 8.2 + 05 86%
HA6 —DPTA 40.9 * 0.9 7.6 = 0.1 8.2 + 0.8 62%
HA6—DETA 39.7 + 0.2 6.9 = 0.4 9.6 + 0.4 73%

HA90 37.0 = 0.2 6.1 = 0.2 3.0 = 0.0 ——
HA90 —PAPA 41.2 *+ 1.2 7.6 = 0.3 6.6 + 0.4 62%
HA90—HEDA 40.2 + 0.7 7.1 = 0.3 7.4 + 0.1 73%
HA90—DPTA 406 *+ 1.5 7.4 = 0.3 7.8 *+ 0.5 57%
HA90 —DETA 39.9 = 1.0 7.3 + 0.6 9.0 + 0.1 66%
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#2. PBS (10mM, pH7. 4, 37C) #oONOKHe T A0 BO B
{LZE TR, -

[NOL [NOlg+ [NOT, s
& (pmol mg— (ppb mg—' &5 AGST DR (z2 mol mg—

1)5 )c 1)f
HAE—PAPA/N 046 = 0.02 9440 = 1 5 £ 1 84 = 0.7 043 £ 0.0
O 450 2
HA6—HEDA/N 053 = 0.08 7060 = 1 10 = 3 74 £ 1.8 050 £ 0.0
) 350 6
HA6—DPTA/N 0.53 = 0.11 4470 = 1 21 = 8 11.2 = 2 0.48 = 0.0
O 680 2 9
HA6—DETA/N 0.46 = 0.11 4610 = 1 61 = 15 16.3 £ 3. 0.35 = 0.0
O 390 3 8
HA90—PAPA/ 0.29 = 0.05 5H1H50 =1 7 £ 2 34 = 0.7 0.29 £ 0.0
NO 860 5
HA90—HEDA/ 040 = 0.08 3450 = 8 13 = 4 64 £ 1.5 0.39 £ 0.0
NO 40 8
HA90—DPTA/ 0.39 = 0.06 1700 = 3 28 = B8 8.1 £ 0.5 036 £ 0.0
NO 90 5
HA90—DETA/ 0.32 £ 0.07 1970 = 56 64 = 20 14.1 £ 3. 0.23 = 0.0
NO 80 7 3
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#3. HEHEHETTO2 03— LONOFA~DRERD, TBLRzFL v
PTIVEMiEANTZ6kDaBLU90kDad T AR VBROEESTTBLU—
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FR{L 23 A,

&£ % N [NOL (z mol mg—?)
.3

HAG6 3.0 = 0.1 0.13 = 0.00

HA6—EDA 9.4 =+ 0.3 0.23 = 0.04

HA90 3.0 = 0.0 0.00 = 0.00

HA90—EDA 8.6 = 0.1 0.13 = 0.02
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HO R
0 (8]
o) o]
1. NS, EDC
o 2. TAd¥xAT IV > 0
HO 0 PBS pH 6.5 HO 0
OH n OH n
R= %u/\/ \/\NHZ “LL'H/\/ \/\OH
VxFlL b FAL I N-(2-& FrFrxFi)
(Diethylenetraimine) (DETA) IF VYT 2 L (HEDA)
%N/\/\N/\/\NHZ L W
H H H H
(A) sFa¥ Ly b 73 (DPTA) N-7 B EN-1,3-F B PT I (PAPA)
TG
&
N 0
\ﬁ)/
: ,'.
N
s ' \
SR 10 48— D Noy R
—
300 mM NaOH
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1 mg—?)
CMC—DETA 7.11 = 0.22 63 + 2 1.69 * 0.05
CMC—DPTA 7.11 + 0.92 68 = 9 1.69 + 0.22
CMC—HEDA 6.99 + 0.28 67 = 3 0
CMC—PAPA 7.04 + 0.25 59 + 2 0
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A BiFm M, (kDa)* BlE S h7=M,(kDa)® D*
CMC 90,000 86,450 2.39
EMC DET 110,400 155,600 2.20
EMC oLt 117,900 116,100 1.86
EMC HED 111,700 139,700 1.30
CMC—PAP 111,800 105,100 1.59
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A tINOJ(pmol mg—")  t12"(%)) t(RE )
CMC—DETA/NO 0.29 = 0.07 179.0 + 6.2 11.6 + 2.1
CMC—DPTA/NO 0.27 = 0.05 24.0 + 2.6 6.7 = 1.9
CMC—HEDA/NO 0.45 * 0.03 25.0 *+ 5.4 4.6 + 0.2
CMC—PAPA/NO 0.38 * 0.11 11.3 + 2.4 2.2 + 0.8
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FT7. V7 L EBHHE (XHFFEFEH . BXOY7 LB (27 FURE: 7=
BV XE) TxTAH, NOMHe T A0 VBORESERBE MBCang) o °

MBCusm (mg mL—")

e AE REE f;gj T
HA6—PAPA/NO 0.5 1 4 8
HA6—HEDA/NO 2 2 8 16
HA6—DPTA/NO 1 1 2 2
HA6—DETA/NQO 2 2 16 32

HA90 —PAPA/NO 1 2 8 >32

HA90 —HEDA/N 4 4 >32 >32

0]
HA90—DPTA/NO
HA90 —DETA/NO

0 =
[ o~
B3
B3

32 >32
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0000
#8. NOHHET L ~D 4 Bl OAHEE, BT sEticBiF53 10
gD EHTEDITHELENODHE,
NOOHE (pg mL—")*

i ABE — RREE HETFORE T RE
HA6—PAPA/N 7 £ 1 13 £ 1 52 = 2 103 £ 5

O

HA6—HEDA/N 30 £ 4 30 £ 4 120 £ 14 240 = 29

O

HA6—DPTA/N 14 £ 3 14 = 3 29 £ 5 29 = 5

O

HA6—DETA/N 21 £ 5 21 £5 168 = 38 336 = 77

O

HA90—PAPA/N 9 £ 2 17 = 3 70 £ 12 BHRRLL T2
O

HA90—HEDA/N 47 £ 10 47 £ 10 BRHRR LT R RALLT?
O

HA90—DPTA/N 11 £ 2 22 £ 3 22 £ 3 22 == 3

O

HA90—DETA/N 55 £ 7 28 £ 4 221 = 29 BHRR LT
O

aMBCypp U oOGooPBS(lOmMMOpH7.4037° C)D 04000000000 0O0O0OO
O0O0O0O0DONODDDODODOOONODDDbLMBC4phDDOODODODOOOOODOHADDD
ooooooNOoCOOooooooooonoano

gooad

9. PiAEYEREAEICN TS5, NOMHDP TAEME 7 BORIKEE
BE MBC.uwm) o °

MBCum (mg mL—")

3]

MDR — A5 MRSA
HA6—DPTA/NO 1 9
HA90 —DPTA/NO 1 2

an0 30000000000 O0MBCspQ U
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Al XTI BR A ~A Y DHE,

(A~ A ]

R (zg mL—")
A E 1

HRE 32

BT R ORE 2
Y RE 64

MDR — A2 128

MRSA >1024
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INTERNATIONAL SEARCH REPORT Tntermational application No.
PCT/US2019/068412

A, CLASSIFICATION OF SUBJECT MATTER
IPC(8) - ABTK 31/715; AB1K 31/655; AG1K 31/702; AB1K 31/785; COSL 1/10 (2020.01)

CPC-  Ag1K 31715; AB1K 31/655; AG1K 31/702; AS1K 31/785; COBL 1/10 (2020.02)

According to International Patent Classification (IPC) o to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Sea Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 536/123.1 {keyword delimited)

Electronic data base consulted during the international search {name of data base and, where practicable, search terms used)
Ses Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant pagsages Relevant to claim No.
A WO 2018/127819 A1 (THE UNIVERSITY OF NORTH CARGCLINA AT CHAPEL HILL) 12 July 1,2,46,50,70, 71
2018 (12.07.2018) entire documant
A US 8,603,454 B2 (CERULEAN PHARMA INC) 10 Dacember 2013 (10.12.2013) entire 1,2, 46,50, 70, 71
document
US 7,928,079 B2 (HRABIE at al) 19 April 2011 (19.04.2011) entire documant 1. 2,46,50, 70, 71

LU et al., S-Nitrasothiol-modified nitric oxide-releasing chitosan oligosaccharides as antibacterial| 1, 2, 46, 50, 70, 71
agents, Acta Biomatarialia, Vol. 12, 25 Qctober 2014, [retrieved on 02 April 2020]. Retrieved
from the Internat.

<URL: https:fiwww.sciencediract.com/sclence/article/abs/piifS174270611400470X via%
3Dihub>, abstract

I:] Further documents are listed in the continuation of Box C. D See patent family anmex.
" Special calegories of cited documents: “T* later document pubtished aRer the international filing date or priority
“A" document defining the general state of the art which is not considered date and nat in conflict with the application but cited to understand
10 be of panicular relevance the principle or theory underlying the invention
“E” earlierapplication or patent but published on or after the international “X* document of particular relevance; the <laimed invention cannot be
filing date considered noval or cannot be censidered o invalve an inventive
L docgmem wrll]ilchhm:g lhrglw dqul:nf! on priiorily .;:Iain](s)_ or whit:l;1 is step when the document is taken alone
cited to establish the publication date of another citation or other wyw 4000 ment of i 1 . faftad i :
i particular n ; the on cannot be
special reason (as specified) - considered to involve an inventive step when the document is
“O" document referring te an oral disclosure, use, exhibition or other comnbined with one or more other sech documents, such combination
mearns being obvious to a persea skilled in the art

“P"  document published prior to the international filing date but later than  wg.» .
the priorit, date ciaimed 4 '&” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search repont
03 April 2020 2 1 MAY 2020

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Atin; 1SA/US, Commissioner for Patents Blaine R. Copenheaver

P.O. .Bn?( 1450, Alexandria, VA 22313-1450 PO Hefpdesk: S71-2724300

Facsimile No. 571-273-8300 PCT OSP: 571-212-7114

Foerm PCT/ISAS210 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT [nternational application Na.
PCT/US2019/068412

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

“This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they refate to subject matter not required to be scarched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

]
3. M Claims Nos.: 4-15, 18-28, 33.39, 43, 47-49, 51-69, 72-74
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 11T Observations where unity of invention is lacking {Continuation of item 3 of first sheet}

This International Searching Authority found multiple inventions in this international application, as follows:
Sea extra shest(s).

L. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 D As only some of the required additional search fees were timely paid by the applicant, this intemational search report cavers
enly those claims for which fees were paid, specifically claims Nos.:

4. E:i No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1,2, 46,50, 70, and 71

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee,
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/1SA/210 (continuation of first sheet (2)) {January 2015)
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US2015/068412

Continued from Bax No. Il Observations where unity of invention is lacking

Claims 1, 2, 46, 50, 70, and 71 have bean analyzefl subject to the restriction that the claims read on an NO releasing
carboxymethylcellulose-derived polymar compound, comprising a unit structure of Formula |: as shown, wherein R1, R2, and R3, are
independently selacted as —OH; and whenein the compound has a viscosity of equal to or at least about 10 mPa-s at20 *C ata
concentration of 5% wfw in waler.

This application contains the following inventions or groups of Inventions which are not o linked as to form a single genaral inventive
concept under PCT Rule 13,1, In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group 1 claims 1-3, 46, 50, 70, and 71 are drawn to NO releasing carboxymethyiceliulose-derived polymer eompounds.
Group II: caims 16 and 17 are drawn to NO releasing hyaluronic acid-derived polymer compounds.
Group IIl: claims 28-32, 40-42, 44, and 45 are drawn to viscosity enhancing agents.

The first invention of Group I+ is restricted to an NQ releasing carbaxymethylcellulose-derived polymer compound, comprising a unit
structure of Formula |- as shown, wherein R1, R2, and R3, are independently selectad as —OH; and wherein the compound has a
viscosity of equal 1o o at teast about 10 mPa's at 20 *C at a conceniration of 5% w/w in water. It is believed that claims 1, 2, 46, 50, 70,
and 71 read on this first named invention and thus these claims will be searched without fee fo the extent that they read on the above
embodlmaent.

Applicant is invited to elect additional formulafe) for each additional compound 1o be searchad in a specific combination by paying an
additional fee for each set of alection. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An axemplary election would ba an NG releasing carboxymethylcellulose-derived polymer compound, comprising a unit
structure of Formula 1: as shown, wherein R1, R2, and R3, are independently selected as —~CHZOH; and whergin the compound has a
viscosity of equal to or at least about 10 mPa-s at 20 °C at a concentration of 5% wiw in water. Additional formula{e) will be searched
upan tha payment of additional fees. Applicants must specily the claims that read on any addlitional elected inventions. Applicants must
further indi¢ate, if applicable, the claims which read on tha first named invention if different than what was indicated above fer this group.
Failure to clearly [dentify how any paid additional invention fees are to be applied to the "+ group(s} will result in only the first claimed
invention to ba searched/examined.

The invantions listed in Groups I+, |1, and 11l do not relate to a single general inventive concapt under PCT Rula 13.1, because under
PCT Rule 13.2 they tack the same or corespending special tachnical features for the following reasons:

The special technical features of Group I+, an NO releasing carbonymethylcellulose-derived polymar compound, are not present in
Groups 1l and 11I; the spacial technical faatures of Group N, an NO releasing hyaluronic acid-derived polymer compound, are not present
in Groups I+ and Ili; and the speciat technical features of Group Ill, a viscosity enhancing agent, are not present in Groups I+ and II.

The Groups |+ formulae do not share a significant structural element requiring the setection of alteratives for R1, R2, R3, and
accordingly these groups lack unity a priori.

Additionally, evan if Groups I+, I, and lIl were considered to share the technical features of an NO releasing
carboxymethylcellulose-darived palymer compound, comprising a unit structure of Formula |- as shown; and wherein the compound has
a viscaslity of equal ko or at lsast about 10 mPa-s at 20 *C at a coneentration of 5% w/w in water; a method of delivering nitric oxide to a
subject in naed of treatment, comprising: administering an effective ameunt of the compaunds or viscasity inducing agents of claim 1 to
the subject; a method of traating a disease state, comprising: administering an effective amount of the compounds or viscasity inducing
agents of claim 1 to a subject in need thereef, wharsin said disease state is sslected from the group consisting of a cancer, a
cardiovascular disease, a microbial Infection, platalet aggregation and platelet adhesion caused by the exposure of blood to a medical
davice, pathological conditions resulting from abnormal cell profiferation, transplantation rejections, autolmmune diseases, inflammation,
vascular diseases, scar lissue, wound contraction, restenosis, pain, fever, gastrointastinal disorders, rasplratory disorders, sexual
dysfunctions, and sexually transmitted dissases; a method of manufacturing any one of the compounds or viscosity inducing agents of
claim 1, comprising; selecting a polymer; and functionatizing the polymer with NO binging molety, these shared technical features do not
represent a contribution aver the prior art as disclosed by WO 2018/127819 A1 to The University of North Garolina at Chapsl Hill.

Specifically, WO 2018/127819 A1 to The University of North Carolina at Chapel Hill teaches a NO releasing

rhoxymethylcallul derived polymer compound (Para, [0268), ... & NO-release scaffold for CF therapy ... Anionic scaffolds included
alginata (Alg}, hyaluronic acid (HA}, and carboxymathyicellulose {CMC)), comprising a unit structure represented by the core structure of
Formuia |: as shown (Paras. [0268] and [0007); Claim 1); and wherein the compound has a viscosity of equal 1o or at least about 10
mPas at 20 °C at a concentration of 5% wiw in water (Pg. 65, Table 6); 8 mathod of delivering nitric oxide 1o a subject in need of
freatment (Clalm 32), comprising: administering an effective amount of the compounds or viscosity inducing agents of claim 1 to tha
subject (Paras. [0268] and [0007]; Claim 32); a method of freating a disease state (Claim 33), comprising: administering an effective
amount of the compounds or viscosity inducing agents of clalm 1 to a subject in need thereof, wherein said disease state ia selected
from the group consisting of a cancer, a cardiovascular diseasa, a micicbial infection, platelet aggregation and platelet adhesion caused
by the exposure of blood to a madical device, pathological conditions resulting from abnormal ¢all prolifaration, transplantation
rejactions, autaimmune diseases, inflammation, vascular diseases, scar tissue, wound contraction, restenosis, pain, favar,
gastrointestingl disorders, respiratory disorders, sexual dysfunctions, and sexually transmitted diseases (Paras. [0268] and [0007); Claim
33): a methoed of manufacturing any one of the compaunds or viscosity inducing agents of claim 1, comprising: selecting a polymer; and
functionalizing the polymer with NO binding moiety (Paras. [0167]-{0171}).

The inventians listed in Groups |+, 11, and I therefore lack unity under Rule 13 bacause they do not share a same or corresponding
special technical feature.

Form PCT/ASA/210 (extra sheet) {January 2015)
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