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(57) Abstract: Disclosed are methods for regulating biosynthesis of at least one of pimelic acid, 7-aminoheptanoic acid, 7-hydroxyhep-
tanoic acid, heptamethylenediamine, 7-arninoheiptanol and 1,7-heptanediol (C7 building blocks) using a pathway having a pimeloyl-
ACP intermediate, the method including the step of downregulating the activity of BioF. Also disclosed are recombinant hosts by
fermentation in which the above methods are performed. Further disclosed are recombinant hosts for producing pimeloyl-ACP, the
recombinant host including a deletion of a bioF gene.
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MATERIALS AND METHODS UTILIZING BIOTIN PRODUCING MUTANT
HOSTS FOR THE PRODUCTION OF 7-CARBON CHEMICALS

{1 The present application claims the benefit of 118, Provisional Application
No., 52/366,363, filed on July 23, 2016, which is incorporated herein by reference in s

entirety.

SEQUEMCE LISTING

(21 The instant application contains a Sequence Listing which has been
submilted electronically in ASCH format and is hereby incorporated by reference in ita
entirety. Said ASCHU copy, created on July 24, 2017, is named 12444 0684-00304 SL.axt

and is 111,494 bytes in size.

BACKGBROUND

{3} This disclosure relates to methods for regolating biosynthesis of at least one
seven carbon compounds. This disclosure relates to materials and methods for reguiating
biosynthesis of al least one of pimelic acid, T-aminoheptanoic acid, 7-hydronyheptanaic acid,
heptamethylenediamine, 7-aminohelptano! and 1,7-heptanediol (hereatter “C7 building
biocks”) using a pathway having s pimelyl-ACP intermediate. The methods include the step
of downregulating the activity of BioF, an 8-amino-7-oxononanoate synthase. The disclosure
also relates to recombinant hosts by fermentation in which the above-mentioned method is
performed. Also disclosed are pimeloyl-ACP producing recombinant hosts that include
deletion of a bioF gens,

4] Mylons are synthetic polyamides which are sometimes synthesized by the
condensation polymerisation of a diamine with a dicarbouylic acid. Similarly, Mylons may be
produced by the condensation polyreerisation of lactams. A ublgquitous Nylon is Nylon 6,6,
which is produced by reaction of hexamethylensdiamine (HMDY) and adipic acid. Nyvlon 6 is
produced by a ring opening polymerisation of caprolactam {Anton & Baird, Polvarides
Fibers, Encyclopedia of Polvimer Sclence and Technology, 2001).

51 Nylon 7 and Nylon 7.7 represent novel polyamides with value-added
characteristics compared to Nylon 6 and Nylon 6,6. Nylon 7 is produced by polymerisation of

T-aminoheptanoic acid, whereas Mylon 7,7 is produced by condensation polymerisation of
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pimelic acid and heptamethylenediamine, Mo economically viable petrochemical routes exist
i produsing the monowers for Mylon 7 and Nylon 7,7.

{61 Given no economicaily cost competitive petrochemical monomer feedsiocks,
biotechnology offers an alternative approsch via biceatalysis. Biocatalysis is the use of

biological catalysts, such as enzymes, to perform binchemical transformations of organic

compounids,
71 Both bioderived feedstocks and petrochernival foedstocks are viable starting

materials for the biocatalysis processes,

{8} However, no wild-type prokaryote or eukaryote naturally overproduces or
excretes O7 building blocks to the exivacellular environrment, Nevertheless, the metabolism of
pimetic acid has been reported.

91 The dicarboxylic acid, pimelic acid, is converted efficiently as & carbon
source by a nurnber of bacteria and yeasts via f-oxidation into central metabolites. fi-
oxidation of Cobinzyme A {CoA) activated pimelate to CoA~activated 3-oxopimelate
facilitates further catabolism via, for example, pathways associated with aromatic substrate
degradation. The calabolism of 3-oxopimeloyi-Cod to acetyl-CoA and glutaryl-Cod by
several bacteria has been characterized comprehensively (Harwood and Parales, drwauyd
Review of Microbiology, 1996, 50, 853 — 5G0).

[16] The optimeality principle states that microorganisms regniate their
biochesmical networks to support maximum biomass growth. Beyond the need to CAPIOSS
heterologous pathways in a host organism, directing carbon fhux towards C7 building blocks
that serve as carbon sources rather than to biomass growth constituents, contradicts the
optimality principle. For example, transferring the T-butano! pathway from Closiridinm
species into other production strains has often fallen short by an order of magnitude
compared to the production performance of native producers (Shen ef of, Appl. Emviron.
Microbiol, 2011, 77(9y, 2905 — 2815).

(1 The efficient synthesis of the O7 aliphatic backbone precursor is g key
consideration in synihesizing C7 building blocks prior to forming terminal functional ZYOUpPS,
such as carboxyl, amine or hydroxyl groups, on the C7 aliphatic backbone. Accordingly,
against this background, it is clear that there i3 a need for methods for producing pimelic acid,
T-arminoheptancic acid, heptamethylenedianine, 7-hydroxyheptancic acid, 7-aminobelptanst
aru} | 7-heptanediol (hereatter “C7 building blocks™) wherein the methods are biocatalysi-

based.
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(121 Described herein are methods and genstically modified hosts that allow for
mors efficient use of seven carbon aliphatic backbone precursors and production of C7
butiding blocks, for example, by use of a recombinant host in a bioF deficient background.

113} The present disclosure relates to regulating biosynthesis for certain seven-
carbon bullding blocks (“C7 building biocks”) by downregulating the activity of a BioF. In
one embodiment, downregulating the activity of BioF comprises downregulating the
expression of a Biok protein. In another embodiroent, downregulating the activity of BioF
comprises downregulating the activity of the protein itself. The pathway for producing the C7
buiding blocks has a pimelyl-ACY intermediate. The 07 building blocks may include, for
example, pimelic acid, 7-amincheptanoate (“7-AHA™, 7-hydroxyheptanoate,
heptamethylenediamine, 7-amincheptanol and 1,7-heptanediol,

RES! In some embodiments, the biochemical pathways for the production of 7-
ARA currently being pursued are based on the production of pirmelic acid, followed by the
conversion of pimelic acid to 7-AHA. See FIG. |, For example, E. coli may act as a host for
the pathways producing pimelic acid is subseguent conversion to 7-AHA.

133 Prmeloyl-ACPE, or pimelyl-ACP, is an intermediate of the biotin pathway in
host, such as £ cefi. For example, some methods in this disclosure for producing pimelic
acid i & coli are focused on metabolic engineering approaches, such as increasing the flux
through this pathway, and the effective interception of the pimalic acid intermediaie, See
FIG. 1.

{161 Pimelic acid and pimelate, 7-hydroxvheptanocic acid and 7-
hydroxyheptanoate, and 7-aminoheptanoic acid and 7-amincheptanoate are used
interchangeably hereln {0 refer to the compound in any of its neutral or ionfzed forms,
including any salt forros thereof. I is understood by those skilled in the art that the specific
forsn will depend on pH. These pathways, metabolic engineering and cultivation strategies
desoribed herein rely on fatty acid elongation and synthesis enzymes or homologs accepting
methyl-ester shielded dicarboxylic acids as substrates.

171 For compounds contalning carboxylic acid groups such as organic
monaoacids, hydroxyscids, aminoacids and dicarboxylic acids, these compounds may be
formed or converted to their tonic salt form when an acidic proton present in the parent
compound either is replaced by a metal on, ¢.g., an alkali metal ion, an alkaline earth ion, or

an aluminum ion; or coordinates with an organic base. Acceptable organic bases include
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ethanolamine, dicthanolamine, triethanclamine, tromethamine, N-methylglucaming, and the
like. Acceptable inorganic bases include aluminum hydrokide, caleium hydroxide, potassivm
hvdroxide, sodium carbonate, sodium hydroxide, and the like, The salt can be isolated as is
from the system as the sall or converted to the free acld by reducing the pH to below the pKa
through addition of acid or treatment with an acidic jon exchange resin.

{18} For compounds containing aroing groups such as bul not Hmited to organic
amines, aminocacids and diamine, these compounds may be formed or converted to their
ionic sait form by addition of an acidic proton to the amine o form the ammonivm salt,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic scids such as acetic acid,
propionic acid, hexancic acid, cyclopentanepropionic acid, glyeolic acid, pyruvic acid, tactic
acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric asid, citric
aeid, benzoic actd, 3-(4-hvdroxybenzoylibenzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-cthanedisutfonic acid, 2-
hydroxyethanesulfonic acid, benzenesulfonic acid, 2-naphthalengsulfonic acid, 4-
methytbicyclo-{2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 4,4'-methyienebis-(3-
hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, laury! sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoie acid,
salicylic acid, stearic agid or muconic acid. Acceptable inorganic bases are known in the art
and include aluminum hydroxide, calchum hydroxide, potassium hydroxide, sodium
carbonate, sodium hydroxide, and the ke, The sali can be isolated as is from the sysiem as a
satt or converted o the free amine by raising the pH to above the pkb through addition of
base or freatment with a basic ion exchange resin.

{191 For compounds containing both amine groups and carboxylic acid groups
such as but not himited to anjvoacids, these compounds may be formed or converted to their
iomic salt form by either 1} acid addition salts, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like;
or formed with organic acids such as acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, ghycolic acid, pyruvic acid, lactic acid, malonic acid, suceinic
ackd, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoie acid, 3-(4-
hydroxybenzoylibenzoie acid, cinnamic acid, mandelic acid, methanesutfonic acid,
sthanesulfonic acid, 1,2-ethanedisulfonic acid, Z-hydroxnyethanesulfonic acid,
benzenesulfonic acid, Z-naphthalenssulfonic acid, 4-methyibicycio~[2.2.2]0ct-2-¢ne~ 1~

carboxylic acid, glucoheptanic acid, 4,4 -methyienebis-(3-hydroxy~-2-ene-1-carboxylic acid},

wd -
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3-phenylproplonic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid
Acceptable inorganic bases include aluminum hydroxide, calcium hydroxide, potassium
hydroxide, sodiumn carbonate, sodium hydroxide, and the like or 2) when an acidic proton
present in the parent compound etther is replaced by a metal ion, e.g., an alkali metal fon, an
alkaline sarth jfon, or an sluminum fon; or coordinates with an organic base. Acceptable
organic bases are known in the art and include ethanolamine, diethanoclaming,
tricthanclamine, tromethamine, M-methylgiucamine, and the like. Acceptable inorganic bases
are known in the art and include aluminum hydroxide, caloiurm hydroxide, potassiom
hydroxide, sodium carbonate, sodium hydroxide, and the like. The salt can be isolated as is
from the system or converted to the free acid by reducing the pH 1o helow the pKa through
addition of acid or treaiment with an acidic jon exchange resin.

{201 in the face of the optimality principle, it surprisingly has been discovered
that appropriste non-natural pathways, feedstocks, host microorganisms, attenuation
strategies to the host’s biochemical network and cultivation strategies may be combined to
gfficiently produce one or more C7 building blocks. It has also been discovered that the
pathway having pimelyl-ACP as inlermediate can be regulated by downregulating the activity
Biok. The Biol is ACP-dependent enzyme. It converts, for example, the pimeloyl-ACP to
§-amino-7-oxononanoic acid. The BioF is a 8-anmino-7-oxononsnoate synthase having at

least 70% sequence identity or homology to the amine acid sequence set forth in SEG ID NO:

)

L

{21} in some embodiments, a terminal amine group can be enzymaticaily formed
using a w-ransamingse of a deacetvlase. See FIG. 5 and FiGs. 6A-6C.

{22 In some emnbodiments, a terminal hydroxy! group can be enzymatically
tormed using a 4-fvdrexybutyrate debwdrogenase, S-hydroxypenionoate delvdrogenase or a
S-hydroxvhexancate defiydrogerase or an alcoho! dehydregenase. Ses FIG. 7 and FIG. 5.

{23} In one aspect, this disclosure features a method for biosynthesizing a product
selected from the group consisting of pimelic acid, 7-amincheplancate, 7-hydroxyheptanoate,
heptamethylenediamine, 7-amincheptanc! and 1,7-heptanediol. The method includes
engymatically synthesizing a 7 aliphatic backbone from () acetyl-CoA and malonyl-CoA
via two cycles of methyl ester shiclded carbon chain elongation or (i) malony-ACE via two
cycles of methyl-ester shielded carbon chain elongation, and enzymatically forming one or
bwo terminal functional groups selected from the group consisting of carboxyl, amine, and

hydroxyl groups in the backbone, thereby forming the product.
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241 The present disclosure relates 1o a method for regulating binsynthesis of at
least one C7 building block using a pathway having a pimelyb-ACP hntermediate. The
method may comprise the step of downregulating the activity of BioF.

{257 The at least one C7 building block is selocied from the group consisting of
pimelic acid, 7-amincheptanoate, 7-hydroxyheptanoate, heptamethylenediamine, 7-
amincheptanol and 1,7-heptanediol.

{26} in some embodiments, the step of downregulating the activity of BioF may
comprise reducing the activity to a level below that of a wild type BioF, for exampile,
reducing the activity 1o 2ero. In one embodiment, downregulating the activity of BioF
comprises downregulating the expression of BioF protein. In another erobodiment,
downregulating the activity of BioF comprises downregulating the activity of the protein
itseif.

{271 In some embodiments, the method for regulating biosynthesis of at least one
7 building block reay further comprise the step of overespressing BioW and a CoA-specific
BioF. BioW enzymatically converts pimelic acid to pimeloyl-CoA. The BioW is a pimeloyl-
CoA figase having at least 70% sequence identity or homology to the aming acid sequence
set forth in SEQ {3 NO: 18,

28] CoA-specific BioF enzymatically converts pimelovt-Cod to &-amino-7-oxo-
nonansic acid.

{297 The shove-mentioned CoA-specific BioF is a §~amino-T-oxononanoate
synthase having at least 7% sequence identity or homology o the amino acid sequence set
forth in SEQ 1D NOG: 18

{341 The above-rsentioned pathway comprises enzymatically synthesizing a 7
aliphatic backbone from malonyl-ACP via two oveles of methyl-ester shielded carbon chain
elongation, and enzymatically forming two terminal functional groups selected from the
group consisting of carboxyl, amine, and hydroxyl groups in said hackbone, thereby forming
the C7 building block,

{313 A S-adenosyl-L-methionine (SAM}-dependent methyliransterase, or Bio(,
converts malonyl-ACP to malony-ACP methyl ester, The S-adenocsyl-L-methionine (SAM)-
dependent methyviiransferase has at Jeast 70% sequence wdentity or homology to the aming
actd sequence st forth w SEQ 1D NOG: 20,

{321 The 7 sliphatic backbone can be plmelovbACP. A malonyl-40P O-
methyliransferase can covert malonyl-Cod o a malonyl-CoA methyl ester or can convert

malony-ACPE to a malonyACE methyl ester, Each of the two eyeles of carbor chain

-
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elongation can include using (i} a S-ketoacyl-ACP symhase or a f-ketothiolase, (i) a 3-
oxoacyl-ACUE veductase, an acetoacetyl-Cod reductase, a 3-hydrosyacyl-Cod debydrogenase
or a I-fydroxybuiryl-Cod debydrogenase, (1) an enoyl-Cod hvdratase or a 3-hydroxyacvl-
ACT detvdratase, and (v} an enevl-40P veduciase. Or the two oycles of carbon chain
elongation may involve a frans-2-enoyi-Cod reduciase to produce plroeloyl-ACY methyt
ester from malonybACE methyl ester,

{33} The two terminal functional groups can be the same (2.g., amine or hydroxy))
or can be different (2.4, a terminal amine and a terminal carboxy! group; or a terming
hydroxyl group and a terminal carboxy! group). For example, the two terminal functiona
groups can be both amine, or the two terminal functional groups can be both hydroxyl
groups. fn other embodiments, the €7 building block may comprise a terminal smine and a
terminal carbonyt group, or the 7 building block may vomprise a terminal hydrosy! group
and a terminal carboxyl group.

{341 A -bydroxyhexanoate dehydrogenase, a S-hydroxypentanoate
dehydrogenase, a 4-hydroxybutyrate dehydratase, or an aleohol dehydrogenase can
enzymatically form a hydroxyl group.

{353 A thioesterase, an aldehyde dehydrogenase, a 7-osoheptanoate
dehydrogenase, a S-oxohexanoate dehvdrogenase, s CoA~-transferase {e.g. a ghutaconate Cod
transferase), or a reversible CoA-Hgase {e.g., a reversible succinate-CoA ligase) can
enzymatically forms a terminal carboxyi group.

(36} The thicesterase (“TE”} can have at least 70% sequence identity or
homaology to the amine acid sequence sef forth in SEQ D NO: 1.

137} A w-transamingse or 3 deacetviase can enzymatically form an amine group.
The o-transaminase can have at least 70% sequence identity or homology 1o any one of the
aming actd sequences set forth in SEQ 1D NG, 8 - 13,

138} A carboxyiate reductase (“CAR”Y and a phosphopanietheinvl transferase
can form a terminal aldehyvde group as an intermediate in forming the product. The
carboxylute reduciase can have st least 70% sequence identity or homology 10 any one of the
amino acid sequences set forth in SEQ ID NG 2 - 7.

1391 Any of the methods can be performed in a recombinant host by fermentation.
The host can be subjected to a cultivation sirategy under asrobic, anacrobic, micro-aerobic or
mixed oxygen/denitrification cultivation conditions. The host can be cultured under
conditions of nutrient lunitation. The host can be retained using a ceramic hollow fiber

membrane (o maintain 2 high cell density during fermentation,
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407 The principal carbon source fed to the fermentation can derive from
biological or non-biclogical feedstocks. Tn some embodiments, the binlogical feadstock s,
includes, or derives from, at least one chosen from monosaccharides, disaccharides,
tignocetlulose, hemicellulose, collulose, lignin, levalinic acid and formic acid, triglveerides,
ghycerod, fatly acids, agricubural waste, condensed distillers’ solubles, or municipal waste.

{411 in some embodiments, the non-biological feedstock s, or dertves from, at
least one choéen from natural gas, syngas, CO/H;, methanol, ethanol, benzoate, non-volatile
residue (NVR) or a caustic wash wasts stream from cyclohexane oxidation processes, ora
terephthalic acid/isophthalic acid mixture waste stream.

{42} The recombinant host can be a prokaryote, e.g., from the genus Escherichia
such as Escherichia coli; from the genus Clostridio such as Clostridivm lungdalilii,
Clostridium autoethanogesum or Clestridium Eluyvers; from the genus Corynebacteria such
as Corynebacterivm glatamicus; from the genus Cupriavidus such as Cupriavidus necaior or
Cupriavidusy meiallichrans; from the genus Pseudomonas such as Pseudomonas flyorescens,
Psevdomonas pufida or Psewdomonas nleavorans; from the gemus Delfiia acidovorans, from
the genus Bacilluy such as Bacifluy subtifliy; from the genes Lactobacillus such as
Laciehacilius delbrueckit; from the genus Lacrococcus such as Laciococous lactis or from the
genus Rhodococcus such as Rhodococous equi.

431 The recombinant host can be a eukaryote, e.g., a sukaryote from the genus
Aspergiiluy such as dspergifius niger, from the genus Saccharomyvees such as Saecharomyees
cergvisiae; from the genus Pichio such as Pickio pasioris; from the genus Farrowia such as
Yarrowia lipolytica, from the genus Ssswtchenkia such as Isathenkia orientalls, from the
genus Debaryomyees such as Debaryomyces honsenii, from the genus drxeda such as drxulc
adencivgvorans, or from the genus Klwyveromvees such as Klwwveromyces lactis.

{44} in any of the methods, the host’s tolerance 1o high concentrations of at least
one U7 building block can be improved through contimcus coltivation in a selective
envirpnment.

{45} Any of the recombinant hosts described herein further can include one or
more of the following attenuated enzymes: polvhydroxvalkancate synthase, an acetyl-Cod
thivesierase, an aceivi-Cod specific f-ketothiolase, a phosphotransacetyiase forming acetare,
an aeetate kinase, o factate dehydrogenase, a menaguinol-fumarate oxidoreductase, a 2-

oxoacid decarboxylase produsing isobutanol, an alcoho! dehydrogenase forming cthanol, a
trivse phosphate lsomerase, a pyravate decoarboxviase, a glucose-6-phosphate isomerase, a

travishydrogenase dissipating the NADH or NADYH bmbalance, an glwtamate delwdrogenase

-5
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dissipating the NADH or NADPH imbalance, a NADH/NADPH-utilizing glwtamate
defydrogenase, a pimeloyl-Cod dehydrogenase; an acyl-Cod delydrogenase accepting C7
building blocks and central precursors as substrates; a ghatorvl-Co 4 debvdrogenase;, or a
pimeloyi-Cod svnthetase.

{451 Amy of the recombinant hosts desoribed hereln forther can overexpress oune
or more genes encoding: an aceyi-Cod sywthetase, s 6-phosphogiuconate debvdrogenase; a
franskeiolase; a puridine wucleotide wanshyvdrogenase; a formaie dehvdrogenase; a
glyeeraldehyde-3P-defiydrogenase; a malic enzyme; & glucose-t-phosphate debvdrogenase; a
Sructose 1,6 diphosphatase; a L-alanine defydrogenase; o L-ghomate deliydrogenase
specific to the NADH or NADPH used fo generaie a co-factor imbalance; g methono!
dehvdrogenase, a formaldehvde delydrogenase, a diomine transporier, a dicarboxylate
fransporter; an S-adenosyimethionine synthetase, andior a multidrug transporier.

{47} The disclosure also relates to a recombinant host for producing for pimeloyi-
ACE. The recombinant host may comprise a deletion of a bieF gene. In some embodiments,
the recombinant host expresses BioF activity at a level below that of a wild type. In some
embodiments, the recombinant bost does not express BioF activity,

{481 In some embodiments, the recombinant host comprises at least ong
exogenous nucleic acid encoding diol and a CoA~specific bisk

1491 Alse diclosed herein is 3 vou-naturally ocourring organism comprising at
lgast one exogenous nucleie acid encoding ot least one polypeptide having the activity of at
feast one enzyme depicted in any ong of Figs. 1 to 21,

{547 In some embodiments, a nucleic acid construct or expression vegtor
comprises g polynuclectide encoding a polypeptide having S-aming-7-oxoronanoate synihase
activity, wherein the polynucleotide is operably Haked to one or more heterologous control
sequences that direct production of the polypeptide and wherein the polvpeptide having &-
amino-7-cxononanopale syrthase activity 15 a polypeptide having at least 70% sequence
identity or homology to the polypeptide of SEQ 1D NO: 23,

{51} In some embodiments, a nucleic acid construct or expression vector
comprises a polynucleotide encoding a polypeptide having thicesterase activity, wherein the
polynucieotide is operably linked to one or more heterologous control seguences that direct
production of the polypeptide and wherein the polypeptide having thicesterase activily is
selected from the group consisting of! (3} 2 polypeptide having at least 70% sequence identity

or homology to the polypeptide of SEQ 103 NO: 1 (b) a polypeptide having at least 70%
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sequence identily or homology to the polypeptide of SEQ {1 NOn 21 and (©) a polypeptide
having at least 70%s sequence identity or homology 1o the polypeptide of SEQ 1D NG 22.

152} In some embodiments, a micleie acid construct or expression vecior
comprises a polynucleotide encading a polypeptide having carboxviate reduciase activity,
wherein the polynuclectide is operably linked to one or more helerologous control sequences
that direct production of the polypeptide and wherein the polypeptide baving carboxyinre
reductase activity is selected from the group consisting oft (3} s polypeptide having at least
0% sequence identity or homaology to the polypeptide of SEQ 15 NCx: 2; (b g polypepiide
having at feast 70% sequence identity or homology 1o the polypeptide of SEQ ID NG 3: () a
polypeptide having at least 70% sequence identity or homology to the polypeptide of SEG ID
MO 4; (d) a polypeptide having at least 70% sequence identity or homology o the
polypeptide of SEQ 113 NGO 3; (e} a polvpeptide baving at feast 70% sequence identity or
homology 1o the polypeptide of SEQ 1D Nk 6; and () 2 polypeptide having at least 70%
sequence identity or homology to the polypeptide of SEQ I3 NO: 7.

53] in some ermbodiments, g nucleic acid consiruct or expression vector
comprises a polynucleotide encoding a polypeptide having m-fransasinase activity, wherein
the polynucleotide is operably linked to one or more heterologous control sequences that
direct production of the polypeptide and wherein the polypeptide having w-fransaminagse
activily is selected from the group consisting of? (3} a palypeptide having at least 7%
sequence identity or homology to the polypeptide of SEQ 1D N 8; (b} g polypeptide having
at least 7% sequence kentity or homology to the polypeptide of SEQ ID NG 9, () a
polypeptide having at least 70% sequence dentity or homology to the polypeptide of SEQ D
N 10 (d) a polypeptide having at least 70% sequence identity or homology to the
polypeptide of SEQ 1D NO: 11; (e} a polypeptide having at least 70% sequence identity or
homology to the polypeptide of SE(G 1D NG 12; and (1) a polypeptide having at least 70%
sequence identity or homelogy 1o the polypeptide of SEQ D NG: 13,

(541 in some embodiments, a nuclelc acid construct or expression vector
comprises a polynucieotide encoding a polypeptide having plwsphiopantetheingl ransferase
activity, wherein the polvnucleotide is operably Inked to one or more heterologous control
sequences that direct production of the polypeptide and whersin the polypeptide having
phosphopantetheinyd transferase activity s selected from the group consisting of: (a) a
polypeptide having at least 70% sequence identity or homology to the polypeptide of 8H( ID
MO 14 and (b a polvpeptide baving at least 70% sequence wdentity or homology to the

polypeptide of SEQ I NG 15,
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1551 in some embodiments, a nucleic acid construct or expression vector
comprises 2 polynuclestide encoding a polypeptide having pimelovl-4CP methyl ester
esterase activity, wherein the polynuclentide is operably linked to one or more heterologous
control sequences that direct production of the polypeptide and wherein the polypeptide
having pimeloyl-40P methyl ester esterase activity is a polypeptide having at Jeast 70%
sequence identity or homaology to the polypeptide of SEQ T NG: 17,

[56] in some embodiments, a nucleic acid construct or expression vector
comprises a polynuaiectide encoding a polypeptide baving f-carboxvhexancate-Cod Higase
activity, wherein the polynuclestide is operably linked to one or more heterclogous control
sequences that direct production of the polypeptide and wherein the polypeptide having 4-
carboxvherancate-Cod ligase activity is a polypeptide having at least 70% sequence identity
or homalogy to the polypeptide of SECQ 1D NO: 15,

{571 In some embodiments, a nucleic acid construct or expression vecior
comprises a polynuclectide encoding a polypeptide having S-amine-7-exononanoate synihase
activity, wherein the polynucieotide is operably linked 1o one or more heterologous control
sequences that direct production of the polypeptide and wherein the polypeptide having &-
amiine-7-oxenenaneaie synthase activity is a polypeptide having at least 70% sequence
identity or homology to the polypeptide of SEQ 1D NO: 19,

{581 In some embodiments, a nuclelc acid consiruct or expression vector
comprises a polynucleotide encoding a polypeptide having madonyl-ACF O
metfyltransferase activity, wherein the polynuclestide is operably linked to one or mors
heterologous contral sequences that direct production of the polypeptide and wherein the
polypeptide having malonyl-ACP O-methvliransforase sctivity is a polypeptide having at
ieast 70% sequence identity or homology to the polypeptide of SEQ 1D NO: 240,

{547 In some embaodiments, 8 composition comprises any of the above-described
nucieic acid construct or expression vector,

{601 Also disclosed is a non-naturally occurring biochemical network comprising
a S-hydroxypentanoyl-CoA, an exogenous nucleic acid encoding @ polypeptide having the
activity of a B-ketothiolase classified ender EC. 2.3.1, and a 3~oxo-T-hydrosyheptanoyi-CoA.

613 in some embodiments, a bio-derived, bic-based or fermentation-derived
product comprises:

1. a composition comprising at least ene bio-derived, bio-based or fermentation-
derived compound produced or biosynthesized aceording to any one of ¢laims 1-75 or or any

one of FIGS. 121, or any combination thereof;

-311 -
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ii. a bio~derived, bio-based or fermentation-derived polymer comprising the bio-
derived, bio-based or fermpentation-derived composition or compound of 1, or any
combination thereof;

iil. a bio-derived, bio-based or fermentation-derived resin comprising the bio-derived,
bio-based or fermentation~-derived compound or bio-derived, bio-based or fermentation-
derived composition of i, or any combination thereof ar the bio-derived, bio-based or
fermentation-derived polymer of {1 or any combination thereof}

iv. a molded substance obtained by molding the bio-derived, bio~based or
fermentation-derived polymer of i1, or the bio-derived, bio-based or fermentation-derived
resin of iil., or any combination thereot;

v. 8 blo~derived, bio-based or fermentation-derived formulation comprising the bio-
derived, bio-based or fermentation~-derived composition of 1, bio-derived, bio-based or
fermentation-derived compound of i, bio-derived, bio-based or fermentation-derived
polymer of it bio-derived, bio-based or fermentation-derived resin of i, or bio-derived,
bio-based or fermentation-derived molded substance of tv, or any combination thereot or

vi. a hio-derived, bio-based or fermentation-derived semi-solid or 3 non-semi-solid
stream, comprising the bio-derived, bin-based or fermentation~-derived composition of ¢, bio-
derived, bin-based or fermentation-derived compound of i., bio-derived, bic-based or
fermentation-derived polymer of H,, bio-derived, bio-based or fermentation-derived resin of
ti1., bio~derived, bio-based or fermentation-derived formulation of v., or bio=darivad, bio-
based or fermentation-derived molded substance of iv., or apy combination thereof.

(621 The reactions of the pathrways described herein can be performed inone or
more cell {e.g., host celf} strains {a) naturally expressing one or more relevant enzymes, {b)
genctically engincered 1o express one or more relevant enzyimes, or {0} naturally expressing
one or more relevant enzymes and genctically engineered to express one or more relovant
enzymes. Alternatively, relevant enzymes can be extracted from any of the above types of
host cells and used in a purified or semipurified form. Extracted enzymes can optionally be
immobilized 1o a solid substrate such as the floors and/or walls of appropriate reaction
vessels, Moreover, such extracts include bysates {e.g. cell ivsates) that can be used as sources
of relevant enzymes, In the methods provided by the disclosure, all the steps can be
performed in cells {e.g., bost cells), all the steps can be performed using extracted enzyvmes,
or some of the steps can be performed in colls and others can be performed using extracted

CHZYINGS,
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{831 Many of the enzymes desoribed herein catalyze reversible reactions, and the
reaction of interest may be the reverse of the deseribed reaction. The schematic pathways

shown in FiGs, 1-3 and 3-8 iflusirate the reaction of interest for cach of the intermadiaies.

64} The disclosure also provides the following additional embodiments:
[65] Ermbodiment 1. A method for regulating biosynthesis of at least one (7

butlding block using a pathway having a pimeloyl-ACP intermediate, said method
comprising the step of downregulating the activity of g BioF enzyme,

[66] Embadiment 2. The method of embodiment 1, wherein the BioF has at feast
70% sequence identity or homology o the amino acid seguence set forth in 8EQ 1D NG: 23,

{671 Embodiment 3. The method of embodiment 1, wherein the at least one £7
building block is selected from the group consisting of pimelic acid, 7-amincheptancale, 7-
hydroxyhepianoate, heptamethylenediamine, 7-aminoheptano} and 1,7-heptanediol.

[68] Embodiment 4. The method of embodiment 1, wherein the step of
downregulating the activity of BioF comprises reducing the activity to a level below that of a
wild type BioF protein,

(69} Embodiment 5. The method of embodiment 1, wherein the step of
downregulating the activity of BioF comprises reducing the activity to zero.

{7 Embodiment 6. A method for regulating bicsynthesis of at least ong C7

“building block using a pathway having a pimeloyl-ACP intermediate, said method
comprising

the step of downreguiating the activity of BioF; and

the step of overexpressing BioW and a CoA-apecific BioF.

T Embodiment 7. The method of embodirment 6, wherein said BioW
enxymatically converts pimelic acid to pimelovi-CoA.

1721 Embodiment & The method of embodiment 6 or 7, wherein said BioW is a
pimeloyi-CoA ligase having at least 70% sequence identity or homology to the amino acid
sequence set forth in SEQ ID NG 14,

1731 Embodiment 9. The method of any one of embodiments 6-8, wherein CoA-
specitic BioF enzymatically converts pimeloyi-CoA to 8-amino-7-oxo-nonancic acid.

{743 Hmbodiment 10, The method of any one of embodiments 6-9, whergin said
CoA-specific BioF is g §-amino-7-oxononanoate synthase having at least 7096 sequence
tdentity or homology to the amino acid sequence set forth in SEQ 103 NG 15,

{751 Embodiment 11, The method of embodiment 1, wherein said pathway

comprises enrymatically synthesizing a C7 aliphatic backbone from malonyl-ACP via two

-1

a3
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cyvoies of methyl-ester shielded carbon chain elongation, and enzymatically forming two
terminal functional groups independently selected from the group consisting of carboxyl,
aming, and hydroxyl groups in said backbone, thereby forming the C7 buiiding block.

{76} Embodiment 2. The method of embodiment 11, wherein a Scadenosyi-L-
wethioning (SAM)-dependent merhylransferase converts malonyl-ACPE o malonyl-ACP
methyl esier.

{77} Embodiment 13. The method of embodiment 11, whereln the S-adenosyi-L-
methionine (SAM}-dependent methyliransferase has at least 70% sequence identity or
homology to the amino acid sequence set forth in SEQ 1D NG 16,

[78] Embodiment 14, The method of embodiment 10, wherein each of said two
cyeles of carbon chain elongation comprises using (i) a frkefoacyl-ACP synthase, {1} a 3-
reductase.

1751 Embodiment 15. The method of embodiment 10, wherein said two cyeles of
carbon chain elongation produce pimeloyb-ACP methyl ester from malonyl-ACP methyl ester
using a frans-Z-enovi-Cod reduciase.

8] Embodiment 16, The method of any ong of embodiments 1-13, wherein said
two terminal functional groups are the same.,

(31} Embodiment 17, The method of any one of embodiments 1-16, wherein said
two terminal functional groups are amine.

(423 Fmbodiment 18, The method of any one of embodimenis 1-16, wherein said
two tarminal functional groups are hydroxy! groups,

(83} Embodiment 19, The method of any one of embodiments 1-15, wherein said
two terminal functional groups are different.

{84} Embodiment 28, The method of any one of embodiments §-15 and 19,
wheretn said al least one C7 building block comprises a terminal amine and a terminal

carboxyl group.

{851 Embodiment 21. The method of any one of embodiments 1-15 and 19,
wherein said at least one €7 building biock comprises a terminal byvdroxyl group and a
terminal carboxyl group.

{861 Embodiment 22, The method of any one of embodiments 1-21, wherein the

hydroxyl group is enzymatically formed by a §-Ivdroxyhexanoare dehvdrogenase, s 5-

-« 14 -
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hydrexypentanoate defvdrogenase, & 4-hydroxybutvrate debydraiase, or an alcobol
dehydrogenase.

1873 Embodiment 23, The methad of any one of embodiments 1-22, wherein the
carboxyl group is enzymatically formed by a thioesterase, an aldehyde dehvdrogenase, a 7-
oxohepianoate deliydragenase, a S-oxchexanoae debydrogenase, a glutaconaie Cod-
fransferase, or a veversible succingl-Cod ligase.

[8&} Embodiment 24, The method of embodiment 23, wherein said fhicesterase
has at feast 70% sequence identity or homology to the amino acid sequence set forth in SEQ
NG 21 or 22,

85} Embodiment 25, The method of any one of embodiments 1-24, wherein the

aming group is enzyroatically formed by a w-transaminase or a deacetviase,

i Embodiment 26, The method of embodiment 23, wherein said o-
iransamingse has at least 70% sequence identity or bomology to any one of the amino acid
sequences set forth in any of SEQ IDNOs: €13,

{917 Erobodiment 27. The method of any one of embodiments 1-26, wherein an
intermediate (in forming the at lsast one product) with a terminal aldehvde group is formex
by & carboxyinte reductase and enhanced by a phosphopantetheiny] transferase.

{921 Embaodiment 28, The method of embodiment 27, wherein said carboxviare
reduciase has at least 70% sequence wentity or homology to any one of the amino acid
sequences set forth in any of SEQID NQOs: 2 -7,

{937 Brbodiment 2%, The method of any of the preceding embodiments, wherein
said method is performed in a recombinant host by fermentation.

{94} Embodiment 30. The method of embodiment 29, wherein said recombinant
hast is subjected to a cultivation condition under acrobic, anaerohic, micro-serobic or mised
oxygen/denitrification cultivation conditions.

{951 Embodiment 31, The method of embodiment 29 or embodiment 30, wherein
satd recombinant bost is enliured ender conditions of nutrient limitation.

196} Embodiment 32, The method accarding to any one of embodiments 29-31,
wherein said recombinant host i3 retained using a ceramic hollow fiber membrane {o maintain
a high cell density during fermentation.

171 Embodiment 33. The method of any one of embodiments 29-32, wherein the
principal carbon source fed to the fermentation derives from bislogical or non-biological

feedsiooks,

£
L
H
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(88} Embodiment 34, The method of embodiment 33, wherein the biclogical
fecdstock is, or derives from, at Jeast one chossn from monosaccharides, disaccharides,
lignocellulose, hemicellulose, cellulose, Hgnin, levulinic acid, formic acid, wiglyeerides,
giveerol, fatty acids, agricultural waste, condensed distiliers' solubles, or municipal waste.

{991 Embodiment 33, The method of embodiment 33, wherein the non-biological
feedstack is, or derives from, at least one chosen from natural gas, syngas, COu/H,, methanol,
ethanol, benzoate, non-volatile residus (MNVR) caustic wash waste stream from cyclchexane
oxidation processes, or terephthalic acid / isophthalic acid mixture waste streams,

(1001  Embodiment 35, The method of any one of embodiments 29-35, wherein the
recombinant host is a prokarvaeie.

(1017 Embodiment 37, The method of embodiment 36, wherein said prokaryote is
chosen from the genil Escherichia, Clostridia, Coryrebacterio, Cupriavidus, Fseudomonns,
Delitia acidovorans, Bacillus, Laciobacillus, Lactococcus, or Rivdococcus,

(1021 Embodiwent 38, The method of embodiment 37, wherein said prokaryote is
Ezcherichio coli.

(1631 Embodiment 39, The method of embodiment 37, wherain said prokaryote is
{Clpstridivm yngdohlii, Clostridivm autoethansgemon, or Closiridium Euyveri,

(104} Embodiment 40, The method of eisbodiment 37, wherein satd prokaryote is
Corynebacterium gluiomicum.

{165} Bmbodiment 41, The method of embodiment 37, wherein said prokaryote is
Crpriaviduy necaior or Cupriavidus meiallidurans.

(1661 Emwbodiment 42, The method of embodiment 37, wherein said prokaryote is
Preudomonas fluorescens, Pseudomonas putida or Preudomonas olecvorans.

(1077 Embodiment 43. The method of embodiment 37, wherein said prokaryote is
Bacillus subtiflis.

[108]  Embodiment 44, The method of embodiment 37, whersin said pmkar_s"ote is
Laciobacillus delbruecki,

(10917  Embodiment 45, The method of embodiment 37, wherein said prokaryote is
Lactococcus lactis,

(110} Embodiment 46, The method of embodiment 37, wherein said prokaryote is
Rhodocnocus equi.

(111}  Emwbodiment 47, The method of any one of emboediments 29-35, wherein the

host is a cukaryote,
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[112]  fimbodiment 48, The method of embodiment 47, wherein said eukarvote is
from the genii dspergilius, Saccharomyces, Pichia, Yorvowia, Issatchenkia, Debaryomyces,
Arxula, or Kluyveromvees.

[113] Embodiment 42. The method of embodiment 47, wherein said sukaryots is
Aspergiiius niger.

{114} Embodiment 50. The method of embodiment 47, wherein said eukaryote is
Saccharomyces cerevisiae,

{115}  Embodiment 51, The method of embodiment 47, wherein said eukaryote is
Pichia pastoris.

iti6}  Embodiment 52, The method of embodiment 47, wherein said eukaryote is
Yarvowia lipolyiica.

{1171 Embodiment 53, The method of embodiment 47, wherein said eukaryots is
Issanhenkia ontertalis.

{118}  Embodiment 54, The method of embodiment 47, wherein said eukaryote is
Debarvomyees hansenil,

{1191  Embodiment 33, The method of embodiment 47, wherein said sukaryote is
Arxula adenoinivorans.

(124 Embodiment 36, The method of embodiment 47, whergin said eukaryoie is
Kluyveromyees lactis,

(1211 Embodiment §7. The method of embodiment 29, whersin the recombinant
host’s tolerance to high concentrations of at least one C7 building block is improved through
continuous cultivation in a selective envivonment.

(1221 Embodiment 58, The method of any one of embodiments 29-57, wherein
satd recombinant host comprises one or more of attenuated enrymes chosen from
palyhvdroxyalkarioate synthase, an acetvi-Cod thivesterase, an acetyi-Cod specific §-
kefotiinlase, a phosphotransaceiylase forming acetate, an acette kinase, a loctale
dehydrogenase, a menaquinol-fiumarate oxidoreduciare, 8 2-oxoacid decarboxylase
producing isobutanol, an alevkn! debivdrogenase forming ethanol, a irisse phosphate
isamerase, a pyruvode decarboxylase, a ghicose-6-phosphate isomerase, a transhydrogenase
dissipating the NADH or NADPH imbalance, an glutamate dehivdrogenase dissipating the
NADH or NADPH imbalance, a NADH/NADPH-utilizing ghdtamate delydrogenase, 2
pimelovl-Cod debvdrogenase; an acyl-Cod dehvdrogenase accepiing C7 building blocks and
central precursors as substrates; a gluwrarvl-Cod defiydrogenase; or a pimeloyi-Cod

synthetase.
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{1231 Embodiment 59, The method of any one of embodiments 29-38, wherein
said recornbinant host overexprasses one of more genes encoding an aeetvl-Cod syntheiase,
a 6-phosphogivconate defvdrogenase; a fransketolase; & puridine nucleotide
transhydrogenase; a formate dehydrogernnse; a glyceraldebwde-3P-dedydrogenase; 3 malic
enzyme; & glucose-S-phosphate delrvdrogenase; a fruciose 1,6 diphosphatase; a L-alanine
debyvdrogenase; a L-glutamaie defiydrogenase specific to the NADH or MADPH used 1o
generate a co-factor imbalance; a methanol debvdrogenase, a formaldehyde defvdrogernase, a
dicmine fransporier; 3 dicavboxviate transporier; an S-adenosyimethionine svnthetase and/or
a multidrug transporier.

(1241 Embodiroent 60. A recombinant host for producing for phroelovi-ACE, said
reconbinant host comprising a deletion of a din# gene.

(1251 Embodiment 61. A recombinant host for producing for pimelovi-ACP,
wherein said recombinant host expresses a BioF at a level below that of a wild type host.

[126]  Embodiment 62. The recombinant host of embodiment 1, wherein said
recombinant host does not express Biok activity,

{1271 Embodiment 63. The recombinant host of embodiment {471, wherein said
recombinant host comprises at least one exogenoeus nucleic acid encoding bie W and a CoA-
specific bink.

{128] Embodiment 64. A non-naturally occurring organism comprising af feast
one exogenous nucleic acid encoding &t loast one polypeptide baving the activity of at least
one enzyme depicled in any one of Figs, T to 21,

(12817 Embodiment 65, A nueleie acid constnuct or expression vector comprising a
polvnuckeotide encoding a polypeptide having §-amine-7-oxonornanoate synthase aotivity,
whergin the polynucleotide is operably linked to one or more heterclogous control seguences
that direct production of the polypeptide and wherein the polypeptide having S-amino-7-
exononaioaie syrthase activity is a polypeptide having at least 70% seguence dentity or
homology 0 the polypeptide of SEG 1D NG 23,

{1301 Embodiment 66. A mucleic acid consiract or exprassion veotor comprising a
polynucieotide encoding a polypeptide having fuvesferase activity, wherein the
polynucleotide is operably linked to one or more heterclogous control sequences that direct
production of the polypeptide and wherein the polypeptide having #oesrerase activity is

o
7
;

selected from the group consisting oft (a) a polypeptide having at least 70% sequence identity

or homology o the polypeptide of SEQ 1D NO: 1; (b 2 polypeptide having at Isast 70%

T
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sequence identity or homology to the polypeptide of SEQ 1D MNO: 215 and {0} a polypeptide
having at least 70% sequence identity or hbomology to the polypeptide of SEQ 1D NG: 22

[131] Embodiment 67. A nucleic acid construct or expression vector comprising a
polynucleotide encoding a polypeptide having carboxylare reduciase activity, wherein the
polvnucieotide is operably linked to one or more heterologous contral sequences that direct
production of the polypeptide and wherein the polypeptide having carboxvlate reduciase
activity ts selected fromw the group consisting oft {8} a polypeptide having at least 70%
sequence wdentity or homology 1o the polypeptide of SEG 1D NO: 25 (b) 3 polypeptide having
at least 70% sequence identity or homology o the polypeptide of BEQ 1D N 3: (o) a2
polypeptide having at least 70% sequence identity or homology (0 the polypeptide of BEG D
MO 4 () & polypeptide having at least 70% sequence identity or homology o the
polvpeptide of SEQ I NG: S; {e) s polypeptide having at least T0% sequence identily or
homology 1o the polypeptide of SEQ HI NO: 6; and (1) a polypeptide having at lgast 76%
sequence identity or homeology to the polypeptide of SEQ H Nix: 7.

(1321  Embodiment 68. A nucleic acid constriet or expression vector comprising a
polynucltestide encoding a polypeptide having e-tramsaminase activity, wherein the
polynuclectide is operably linked to one or more heteroiogous control sequences that direct
produciion of the polypeptide and wherein the polypeptide having w-fransaminase activity is
selected from the group consisting oft {8} a polypeptide having at least 70% sequence identity
or homology to the polvpeptide of SEQ T MOx 8; (b) a polypeptide having at least 70%
sequence identity or homaology o the polypeptide of SEQ D RO: 9; (o) a polypeptide having
at least 7% sequence identity or homology to the polypeptide of SEQID NG: 10 (d) a
polypeptide having at teast 70% sequence identity or homology to the polypeptide of SEQ 1D
NGO 115 {e) a polypeptide having at least 70% sequence identity or homology to the
polypeptide of SEQ 1 KO: 12, and () a polvpeptide having af least 70% sequeonce identity
or horelogy to the polypeptide of SEQ 1D NG: 13,

(1331 Embodiment 69, A nuclels acid construct or expression vector comprising a
polynuciestide encoding a polypeptide having phwsphopanictheingd transferase activity,
wherein the polynuciestide is operably linked to one or more heternlogous control sequences
that direct production of the polypeptide and wherein the polypeptide having
phasphopantetheinvl transferase activity is selecied from the group consisting ot (a) a
polypeptide having at least 70% sequence wdentity or homology fo the polypeptide of SEQ 13
N 14 and {b) a polypeptide having at least 70% sequence identity or homology to the

polypeptide of SEQ 1D NO: 15,
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(134} Embodiment 70, A nucleic gcid construct or expression veotor comprising a
polynucleotide encoding a polypeptide having pimeloyl-ACF methyl ester esterase activity,
wheretn the polynucleotide is operably linked to one or more heterclogous control sequences
that direct production of the polypeptide and wherein the polypeptide having pimelovl-4CF
methyd ester esderase activity is a polypeptide having at least 70% sequence identity or
homology to the polypeptide of SEQ I3 NG: 17,

(1331 Embodiment 71, A nucleic acid construct or expression vector comprising a
polynucientide encoding a polypeptide having 6-carboxyhexanoate-Cod ligase activity,
wherein the polynucleotide is operably hinked to one or more heterologous control sequences
that direct production of the poelypeptide and wherein the polypeptide having &-
carboxvhexanoate-Cod Hgase activity is s polypeptide having at least 70% scquence wdentity
or homology 1o the polypeptide of SEQ 1D NO: 1A,

[1346] Embodiment 72. A nucleic acid construct or expression vector comyprising a
polynucieotide encoding a polypeptide having S-amine-7-exoronanoe svnthase activity,
wherein the polynucleotide is operably Hinked fo one or more heterologous control sequences
that direct production of the polypeptide and wherein the polypeptide having X-aming-7-
oxononaneate svrthase activity is a polypepiide having at least 70% sequencs identity or
homalogy to the polvpeptide of SEQ I Nk 19

(1371 Embodiment 73, A nucleie aoid construct or expression vector comprising a
polvnucleotide encoding a polypeptide having molonyvl-ACF O-metfiyiiransiorase activily,
wherein the polynuclectide is operably linked to one or more heterologous control sequences
that direct production of the polvpeptide and wherein the polypeptide having mafonyl- AP
C-methyltransferase activity is g polypeptide baving at least 70% sequence identity or
homology 1o the polypeptide of SEG 1D NG 20

{1381 Embodiment 74. A composition comprising the nucleis acid construct or
expression vector of any one of embodiments 63-73.

(1391 Embodiment 75, A non-naturally occurring biochemical netwaork cormprising
a 3-hydroxypentanoy-CoA, an exogenous nucleic acid encoding g polypeptide having the
activity of a fB-ketothiolase classified under EC. 2.3.1, and a 3-oxo-7-hydroxyheptancyl-CoA.

(1407  Embodiment 75, A bio-derived, bio-based or fermentation-derived product,
wherein said product comprises:

L. a composition comprising at least one bio-derived, bic-based or fermentation-
derived compound produced or biosynthesized according to any one of embodiments 1-75 or

or any one of FIGS. 1-21, or any combination thereof)
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i1, a bio-derived, bio-based or fermentation-derived polymer comprising the bio-
derived, bio-based or fermentation-derived composition or compound of &, or any
combination thereof

iii. 'a bio-derived, bic-based or fermentation-derived resin comprising the bio-derived,
bio-based or fermmentation-derived compound or bio-derived, hio-based or fermentation-
derived composition of L. or any combination thereof or the bis-derived, bio-based or
formentation-derived polymer of 1l or any combinabion thereof

iv. 3 moided substance obtained by molding the bio-derived, bio-based or
fermentation-derived polymer of i, or the bio-derived, bio-based or fermentation-derived
reain of i, or any combination thereof;

v. & bio-derived, bio-based or fermentation-derived formulation comprising the bio-
derived, bin-based or fermentation-derived composition of 1, bio-derived, bic-based or
fermentation-derived compound of i, bio-derived, bio-based or fermentation-derived
polyiner of i, bis-derived, bio-based or fermentation-derived resin of iik., or bio-derived,
bin-based or fermentation-derived molded substance of v, or any combination thereof: or

vi. a bio-derived, bio-based or fermentation-derived semi-solid or a non-semi-solid
stream, comprising the bio-derived, bio-based or fermentation-derived composition of L, big-
dertved, bio-based or fermentation-derived compound of 1., bio-derived, bio-based or
fermentation-derived polymer of i, bio-derived, bio-based or fermentation-derived resin of
iti,, bio-derived, bio-based or fermentation-derived formulation of v., or bio-derived, hio-
tased or fermentation-derived molded sobstance of tv., or any combination thereof,

{1411 Unless otherwise defined, al tochnical and sciendific terms used hersin have
the same meaning as cornmonty undersicod by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent (o those described
herein can be used to practice the invention, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned hergin
are incorporated by reference in their entirety, In case of contlict, the present specification,
including definitions, will control. In addition, the materiale, methods, and examples are
tlustrative only and not intended to be Himiting.

(1421 The details of one or more embodiments of the disclosure are set forth in the
accompanying drawings and the description below. Other features, obisets, and advantages
of the disclosure will be apparent from the description and the drawings, and from the claims.
The word “comprising” fu the claims may be replaced by “consisting essentially of” or with

“consisting of,” according to standard practics in patent law,

“7F
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BRIEF DESCRIPTION OF DRAWINGES)

(1431 FIG 1 ilustrates an exemplary biotin biosynthesis in H. eolt through
intermediates S-aming-7-oxononancate (KAPAY and 7, 8-diaminopelargonic asid {(DAPA),
and the reguiation of the biosynthesis 1o divert pimelic acid fur 7-AHA production.

(144}  FIG. 2 is a schematic of exemplary biochemmical pathways leading to 8-
amino-7-oxononanoate (KAPA) starting from pimelic acid.

[1437  FIG. 3 is a schematic of an exemplary biochemical pathway feading to
pimelic acid from malonyl-ACE through two eycles of methyl-ester shielded carbon chain
elongation.

[146]  FIG. 4 illustrates the constructs for expression of pathway for conversion of
pimelic acid to 7-AHA in the d4bie¥ E. coli strain.

{1477 FIG. 3 is a schematic of exemplary biochemical pathways leading to 7-
aminchepianoate using pimelate or pimelate semialdehyde as precursors.

{1481 FlGs. 8A-sC are schematics of exemplary biochemical pathways leading to
heptamethylenediamine using 7-amincheptancate, 7-hydroxyheptanoate or pimelate
semialdehyde as central precursors,

[149]  FIG. 7 is a schematic of exemplary biochemical pathways leading to 7-
hydroxyvheptanoats using pimelate, pimeloyt-Cod, or pimelate semialdehyde as precursors.

[1307  FIG. 8 is a schematic of an exemplary biochemical pathway leading to 1,7~
heptanediol using 7-hvdroxyheptanoate as a precursor,

[1517  FlGs 9A-9D contain the amino acid sequences of an Escherichia coli
thicesierase encoded by fesk {see GenBank Accession Mo, AAAZ4665.), SEQID NG 1) a
Myeobacterivm moarinum carboxvinte reductase {see Genbank Accession No, ACC40367 1,
SEGID KO 2, a Mycobacterium smegmatis carboxylote reduciase {sex Genbank Accession
No. ABK 718541, SEQ YO NO: 3y, a Segmiliparus rugosus carboxvinte veduciase {see
Genbank Accession No, EEVIISIZ.Y, SEQ ID NG 43, & Mycobacterium smegmntis
carboxviate reductase (see Genbank Accession No. ABK75684.1, SEQ [ NO: 3}, a
Mycobacteriym massiliensze carboxylote reductase {seg Genbank Accession No, EIVIEI43L,
SEQ 13 N 64, a Segniliparus rorundus carboxylate veductase (see Genbank Accession Mo.
ADHG98140.1, SEQ ID NO: 7y, 8 Chromobacterium violaceum aetransamingse {see Genbank
Acgession No. AAQS697.1, SEQ ID NG: §), a Peendomonas aeruginosi o-lrousaminase
{see Genbank Accession Mo, AAGOBISL, SEQ 1D NO %), a Pseudomonas syringae i
rransaminase {see Genbank Accession No. AAY3I9893 1, SEQ 1D NO: 1), a Rhodobacier
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sphaeroides o-iramsaminase {see Genbank Accession No. ABASIIZS 1, SEQ D NG 11, an
Eschwrichia coli co-transaminagse (see RefSeq Accession No, NP_417544.5, SEQ 1D NOx 12),
a Vibrio fluviclis w-transamingse {see Genbank Accession No, ABA39183.1, SEQ ID NO:
13}, a Baciiius subtilis phosphopontetheinyl transferase (see RefSeq Accession Na.

WP _O03234549.1, BEQ 1D N 14}, a Nocardia sp, NRRL 5646 phosphopantetheiny!
fransferase (see Genbank Accession No. ABIRISS6.1, SEQ 1D MOt 18), a Bacillus cereus
malonyi-Cod methyltransferase (sec GenBank Accession Mo, AAS43086.1, SEQ T NO:
16}, an Escherichia coli pimelyl-ACP mettyl ester esterase (see GenBank Accession No.
AACTHA3T A, SEQ D NG:TY, a S-carboxyhexanome-CoA lignse (BloW) (BC:6.2.1.14, sec
GenBank Accession Mo, AABIT457 .1, SEQ 1D NO8Y, 8 S-amino-T-oxoncnancate synihase
(BioF) (BC:2.3.1.47, see GenBank Accession No. AABI7T450.1, SEQ 1D MO 19), a S4A4F
dependent malenyl-ACP O-methyliransferas (BioCy (EC:2.1.1.197, see RefSeq Accession
Mo, MP_413298.1, SE ID NORO0Y, a thivesierase encoded by tesd or faif (see GenBank
Aceession No. ABJS3754.1, SEQ ID NO:21; see GenBank Accession No. CCC78182.1, SEGQ
1 NO22Y, and a S-amiing-T-oxenonanoate synthase (BioF, or ACP-dependent BioF)
{BC:2.3.1.47, see GenBank Accession No. AAA23S16.1, SEQ 1D NO: 233,

[E52]  FIG. 10 is a bar graph summarizing the change in absorbance at 340 nm after
20 minutes, which is a measure of the consumption of NADPH and activity of carboxyinie
reductases relative 1o the enzyrme only controls (no substrate).

{153]  FIG. 11 s a bar graph of the change in absorbance at 340 nm after 20
minutes, which is a measure of the consumption of NADPH and the activity of carboxylate
reducioses for converting pimelate to plmelate semmialdehyde relative o the empty vector
controd,

(154} FIG. 12 is a bar graph of the change in absorbance at 340 nm after 20
minutes, which is a measure of the consumption of MADPH and the activity of carboxylare
reductases for converting 7-hydroxyheptanoate to 7-bvdroxyheptanal relative to the empty
vector control.

(1351 FIGL 13 s g bar graph of the change in absorbance at 340 nm after 20
miruttes, which is a measure of the consumption of NADPH and the activity of carboxyiate
reductases for converting N7-acetyl-7-aminoheptancate to N7-acetyl-7-aminchepianal
relative to the empty vector control,

[156]  FIG. 14 is a bar graph of the change in absorbance at 340 mm after 20

minutes, which is 1 measure of the consumption of NADPH and activity of carboxviate
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reduciases for converting pimelate semialdehyde to heptanedial relative to the empty vector
control,

{1571  FIG. 15 is a bar graph suminarizing the percent conversion after 4 hours of
pyruvate to L-alanine {mol/mol) as a measure of the w-ramsamingse activity of the enzyme
only controls (no substrate).

[158] FU3. i6 is a bar graph of the percent conversion after 4 hours of pyruvate (o
L-alanine (moi/mol) as a measure of the a-transamingse activity for converting 7-
amincheptanosie to pimelate semialdehyde relative to the empty vector conirol,

(1597 FIG. 17 is a bar graph of the percent conversion after 4 hours of L-alanine to
pyruvate (mol/mol} as a measure of the arsransaminagse activily for converting pimelaie
semialidehyde to 7-amincheptanocate relative 1o the empty vector control,

11601 FIG. 18 is a bar graph of the percent conversion afier 4 hours of pyruvate 1o
L-alanine (mob/mol) as 2 measure of the a-fransaminase activity for converting
keptamethylenediamine to 7-aminchepianal relative to the emply vector control.

(1611 FIG. 19 is a bar graph of the percent conversion afier 4 hours of pyruvate to
{.~alanine {moVmol) as a measure of the w-fransaminase activity for converting N7-acetyl-
1, 7-diaminoheptane to W7-acetyl-7-amincheptanal relative to the empty vector control.

[1621  FIG. 20 is a bar graph of the percent conversion after 4 hours of pyruvate 1o
f-alanine (mol/mol} as a measure of the w-frapsaminase activity for converting 7-
aminoheptanol 1o 7-oxcheptanc] relative to the empty vector control,

[163]  FIG. 21 is a table of the conversion after 1 hour of pimeloyi-CoA methyl

ester to pimelovl-Cod by a pimeloyi-[acp] methy! ester methylesterase,

DETAILED DESCRIPTION

fis4]  This disclosurs provides snzymes, non-natural pathways, cultivation
strategies, feedstocks, host roicroorganisma and attenuations fo the host’s bicchemical
network, which generates a C7 aliphatic backbone from central metabolites in which two
terrninal funclional groups may be formed leading to the synthesis of pimehic acid, 7-
amincheptanoic acid, heptamethylenediamine, 7-aminobelptana] or 1, 7-heptanediol {referred
to as “{7 building blocks” herein}, As used herein, the torm "contral precursor” 1% used o
denote any metabolite in any metabolic pathway shown herein leading to the synthesis of a
C7 building block. The ferm "central metabolite” is vsed herein to denote a metabolite that is

produced in all microorganisins to support growth.

Y
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(1651 The term “hiof” refers tn any one of a number of died genes well known in
the art and present in mukiple organisms. The term “Biok” refers to a protein encoded by any
one of such genes. Mumercus brof genes and BioF proteins from different organisms are well
known in the art and can be easily identified in public databases such as GenBank, ExPASy,
and via Enzyme Commission numbers,

(1661 Host mdoroorganisms described hersin can inchide endogenous pathways
that can be manipulated such that one or more 7 building blocks can be produced. o an
endogenous pathway, the host microorganism naturally expresses all of the enzymes
catalyzing the reactions within the pathway. A host microorganism containing an engineeared
pathway does not naturally express all of the enzymes catalvzing the reactions within the
pathway but has been engineered such that ali of the enzymes within the pathway are
expressed in the host,

(1677 The term “exogenous” as used herein with reference 1o a nucleic acid {ora
nrofeiny and g host refers (o 8 nucleic acid that does not ocour in {and cannot be obiained
from} a cell of that particular type 3¢ it is found in nature or a protein encoded by such a
nucleic acid. Thus, 3 von-naturallv-occurring nucleic acid is considersd o be exogenous to a
host once in the host, It is important fo note that non-naturally-cocurring nucleic acids can
contain nucleic acid subsequences or fragments of mueleic acid sequences that are found in
nature provided the nucleie acid as a whole does not exist in nature. For example, a nucleic
acid molecule containing g genomic DNA sequence within an expression veotor is non-
naturally-oocurring nucleic geid, and thus is exogenous to a host cell once intreduced into the
host, sinee that nucleic acid molecole as & whole {genomic DNA plus vector BMA) doss not
exist in nature. Thus, any vecior, autonomously replicating plasmid, or virus {e.g., retroviras,
adenovivus, or herpes vivus) that as g whole does not exist in nature is considered to be non-
naturally-occurring nucleic acid. It follows that genomic DNA fragments produced by PCR
or restriciion endonuclease reatment as well as cDMNAs are considered 1o be non-naturally-
occurring nuecleic acid since they exist as separate molecules not found in natwre. It also
tollows that any nucleic acid containing a promoter sequence and polypeptide-encoding
sequence {e.g., cDNA or genomic DNA) in an arrangement not found in nature is non-
naturabtly-cocurring nucleic acid. A nucleic acid that s naturally-ocourring can be exogenous
to a particular host microorganism. For example, an entive chromosome isolated from g cell
of yeast X is an exogenous nucleic acid with respect 1o 8 well of vesst v once that chromosome

is introdoced into a cell of yeast v,
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(1681  In contrast, the tenm “endogenous” as used herein with reference to a nucleic
acid {e.g., & gene) {or a protein) and a host refers 1o 8 nucleic acid {or protein) that does cccur
in {and can be obtained from) that particular host as it is found in nature. Moreover, g cell
“sadogenously expressing” a nuecleic acid {or protein) exprasses that nucleic acid (or protein}
as does a host of the same particular type as # iz found in nature. Moreover, a host
“endogenously producing” or that “endogenously produces” a nueleic acid, proten, or other
compound produces that nuclelc acid, protein, or compound as does a host of the same
particular type as it is found in nature,

(169]  For example, depending on the host and the compounds produced by the
hosi, ong or more of the following enzvmes may be expressed in the host inaddition to a
malonvl-ACP O-methyliransferase; a f-ketoacyl-{acp] symhase, a fi-kefothinlase, a 3-
oxoacyl-focp] reductase, acetoacetyi-Cod reduciase, a 3-hydroxyacyl-Cod defiydrogenase, s
3-hydroxvhutyryi-Cod debydrogenase, an enovi-Cod hydratase, 3-hvdroxyacyi-ACP
debydratase, an enoyi-ACE reductase, a trans-2-enoyl-Cod reductase, » thioesterase, a
reversible Cod Hgase, a Cod-fransferase, an acetviating aldehyde debivdrogenase, & 6-
oxehexancate debvdrogenase, o 7-oxohepianoaie dehvdrogenase, an aldehyde
dehvdrogenase, a carboxviate reduciase, a o-transaminase, a Neacety! transferase, an
aleohol debydrogenase, a deacetyiase, a 6-hydroxyhexanoate debhydrogenase, a 5-
hydroxvperianoaie defvdrogenase, or a 4-hydroxyvbutyrate defiydrogenase. To recombinant
hosts expressing a carboxvlate reduciase, a phosphopanietheinyl fransferase siso can be
expressed as it enhances activity of the carboxvlate reducitase.

{170} For exarople, a recombinant host can inchede at least one exogenous nucleic
acid encoding (1) a malonyl-ACP O-methyltransferase, (i1} a P-ketoacyl-ACP synthase or a B-
ketothiolase, (itl) a 3-oxoacyl-ACP reduciase, acetoacetyl-CoA roductase, a 3-hydroxyacyl-
CoA dehydrogenase or a 3-hydroxybutyry-CoA debydrogenase, (iv) an enoyl-CoA hydratase
or 3-hydrogyacyi-ACP dehydratase, (v} an snoyl-ACP reductase or a trans-2-enoyl-Cod
reductase and and produce pimeloyi-ACE or pimeloyl-CoA.

[1711  Such recombinant hosts producing pimeloyl-ACE or pimeloyl-CoA further
can include at least one exogenocns micleic acid encoding one or more of a tlvesterase, an
aldehvde debvdrogenase, a T-oxohepionoate dehydrogenase, a 6-oxchexancate
debydrogenase, a ghitaconate Cod-iransferase, a reversible succinyl-Cod ligase, an
aeetvlating aldebyde defwdrogenase, or a carboxylate reductase and produce pimetic acid or
pimnelaie semialdehyde, For example, a recombinant bost producing pimeloyb-ACP or

pimeloyi-CoA further can include a thicesterase, a roversible Co-figase (z.g., a reversible
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suceinyl-CoA ligase), or a Cod trangferase (e.g., a glutaconafe Cod-iransferasey and produce
pimelic acid. For example, a recombinant host producing pimeloyl-CoA further can include
an acetyiaiing aldehyde dehydrogenase and produce pimelate semilaldehyde. Yor example, a
recomnbinant host producing pimelate further can include a carboxylafe reductase and
produce pimelats semiaidehyde.

(1721 In some embodiments, the recombinant host can comprise at least ong
exogenous nucleie acid encoding dio ¥ and a CoA-specific binf.

[173] A recombinant hosts producing pimelate semialdebyde further can include at
least one exogencous nucleic acid encading a w-fransaminase and produce 7-
amincheptancate. In some embodiments, a recombinant host producing pimeloyl-Coa
includes a carboxviate reduciase and a w-transamingse to produce 7-aminoheptanoate.

[1741 A recombinant host producing pimelate or pimelate semialdehyde further can
include at ieast one exogenous nucleic acid encoding a S-hvdroxyhexanoate dehydrogenase, a
S-hydroxvpernianoaie debivdrogenase ot a 4-hvdroxybutyrate dehydrogenase, and produce 7-
hvdroxyheptancic acid, In some smbodiments, a recombinant host producing pimeioyi-Coa
includes an aeeiviaiing aldehyde delydvogenase, and a 6-hydroxvhexanogte defvdrogenase,
a S-hydroxypenianoate dehiydrogenase or a 4-hydroxvbutyrate debhydrogenase (o produce 7-
hydroxvheptanoate. In some embodiments, a recombinant host producing pimelate includes
a carboxviate reductase and 3 d-hydroxvhexanoate dehydrogenase, a S-hydroxypenionoate
debvdrogenase or a 4-fydroxvbutvrale deqvdrogenase 1o produce 7-hiydroxyheptanoate,

(17517 A recombinant hosts producing 7-amincheptanocate, 7-hydroxyheptanoate or
pimelats semialdchyde further can include at least ove exogenous sucleic acid encoding a w-
transaminase, a deacetylase, a N-acety transferase, or an alcohol dehydrogenase, and
produce heptamethylensediaming. For example, a recombinant bost producing 7-
hvdroxyheptanoaie can inchude a carboxylare reduciase with 3 phosphopanteiheine
tramsferase enhancer, a e-fransaminagse and an aleohol debydrogenase,

[176] A recombinant host producing 7-hydroxyheptanoic acid further can incliude
one or more of a carboxviaie reductase with g phosphopanieibeine fransferase enhancer and
an aicohol dehvdrogenase, and produce 1,7-heptanediol.

[1777  Within an enginecred pathway, the enzymes can be from a single source, e,
from one species or genus, or can be from multiple sources, Le., different species or genera.
MNucleic acids encoding the enzymes described herein have been identified from various
organisms and are readily available in publicly available databases such as GenBank or

BEMBLL

'

N

3
5

SUBSTITUTE SHEET (RULE 26)



WO 2018/022595 PCT/US2017/043682

(1781  Any of'the enzyines described herein that can be used for production of one
or more {7 building blocks can have at east 50%, 60% or 70% sequence identity or
homology {e.g., at least 50%, 33%, 60%, 65%%, 7%, 75%, 80%:, 85Y%, S5, 93%, 97%, 8%,
§9%, or 100%;} to the amino acid sequence of the correaponding wild-type enzyme. It will ba
appreciated that the sequence dlentity can be determined on the basis of the mature enzyme
{e.g., with any signal sequence removed),

11791 The percent identity and homology between two amino acid sequences can
be determined as tollows. First, the amino acid sequences are aligned using the BLAST 2
Sequences {(Bi2seqg) program fromm the stand-slone version of BLASTY containing BLASTP
version 2.40.14, This stand-alone version of BLASTZ can be obtained from
www. fr.oom/blast/ or the LS. government’s National Center for Bistechnology Information
web site (www.nchinbu.nilugov). Tostructions explaining how to use the BlZseq program
can he found in the readme file accompanying BLASTY. Bilseq performs a comparison
between two amine acid sequences using the BLASTP algorithm. To compare two aming
acid sequences, the options of Bi2seq are set as follows: -1 is set o a file containing the first
aming acid sequence 1o be compared {e.g., Clsegl.ixt); -] is set to a file containing the
second amino acid sequence 1o be compared {e.g., ClsegZ.txt); ~p is set {o blastp; -0 s set to
any desired file name {(e.g., Choutput.bxt); and all other options are left gt their default setting,
For example, the following command can be used to generale an output file containing a
comparison between two aminoe acid sequences: CAB2seg ~ cisegltxt — clseqZ txt —p
blastp —o cloutputaxt. I the two compared sequences share homology {(identity}, then the
designated output file will present those reginns of homology as aligned sequences. 1fthe
two compared sequences do not share homology (identity), then the designated output file
will not present aligned sequences. Stmtlar procedures can be following for mucleic acid
sequences except that blastn is used,

{1807 Once aligned, the number of matches is determined by counting the number
of positions where an identical amino acid residue is presented in both sequences. The
percent identity is determined by dividing the number of matches by the length of the full-
fength polypeptide amino scid sequence followed by multiplying the resulting value by 100,
i is noted that the percent identity valug is rounded 1o the nearest tenth. For example, 7811,
812, 7813, and 78.14 s rounded down to 781, while 78.15, 78.16, 78,17, 78.18, and 78.19
is rounded up 1o 78.2. T alse is noted that the length value will always be an integer,

(183} When pereentage of sequence identity is used in reference to proteins it is

recognized that residhee positions which are not identical often differ by conservative amino
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acid substitutions, where amine acid residhies are substituted for other amino sold residues
with similar chemical properties (e.g., charge or hydrophobicity) and therefore do not change
the functional properties of the molecule, Where sequences differ in conservative
substifutions, the percent sequence tdentity may be adjusted upwards to correct for the
conservative nature of the substitution and this process resulis in “sequence homology” of,
... al least 75%, 80%, 85%, 90%, 919, 929, 93%, 94%, 95%, 96%, Y7%, 98%, or 99%.
Means for making this adjustment are well known to those of skill in the art. Typically this
involves scoring a conservative substitution as a partial rather than a full mismatch, thereby
inzreasing the perceniage sequence identity. Thus, for example, where an identical amino
acid is given a score of 1 and 2 non-conservative substitition I8 given a score of zero, a
conservative substitution is given a score between zere and 1, The scoring of conservative
substitutions is calculated, e.g., according to the algorithm of Meyers and Miller, Computer.
Applic. Biol. 3¢, 1988, 4, 11-17, e.g., as implemented in the program PC/GENE
{Intelligenetics, Mountain View, Cailt,, USA), This alignment and the percent homology or
identity can be determined using any suitable soffware program known in the art, for example
those described in CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (F, M. Ausubel
ef gl. {eds} 1987, Supplement 30, section 7.7.18). Such prograrms may include the GUG
Pleup programy, FASTA (Pearson et al,, Proe, Matl, Acad. Sci, USA, 1988, 85, 2444-244%),
and BLAST (BLAST Manual, Altschul et al., Nat’{ Cent. Biotechnol. Inf, Nat’] Lib. Med.
(WCHE NEM NIHY, Bethesda, Md., and Alischul et al,, NAR, 1997, 25, 3389-3402). Another
alignment progran is ALIGN Plus {Selentific and Educations] Software, Fa.), using default
parameters, Another sequence software program that finds use is the TFASTA Data
Searching Program available in the Sequence Software Package Version 6.0 {Genetics
Computer Oroup, University of Wisconsin, Madison, Wis)).

{1821 A conservative substitution i3 2 substitution of one amino acid for another
with similar characteristics. Conservative substitutions include substitutions within the
following groups: valine, alanine, and glycine; lvucine, valing, and isoleucing; aspartic acid
and ghutamic acid; asparagine and glutamine; sering, cysteing, and threonine; bysine and
arginine; and phenylalanine and tyrosine. The nonpolar hydrophobic amino acids inehude
alanine, leucine, isoleucine, valine, proling, phenvialanine, tryptophan, and methionine. The
polar neutral aminoe acids include glycine, serine, threouine, cvsteine, lyrosine, asparagine,
and ghitammine. The positively chargad (hasic) amino acids include arginine, lysine, and
histidine. The negatively charged (acidic) aming acids include aspartic acid and glutamic

acid. Any substitution of one member of the above mentioned polar, basic, or acidic groups
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by another meraber of the same group can be deemed a conservative substitution. By
contrast, a non-conservative subsiituticon is a substitution of one amine acid for another with
dissunitar characteristies,

[183] Forexample, & S-amino-7-cxononanoaie svnthose (BioF, or ACP-dependent
Biok) described herein can have at least 70% sequence identity or homalogy {e.p., at least
7596, BUSG, 83%, 90%, 953%, 97%, 98%, 99%, or 100%) to the amino acid sequence of an
Excherichia coli B-aming-T-oxononanoate symthase (BioF) (B8C:2.3.1.47, see GenBank
Accession No, AAAZISISL, SEQ D NO: 23), See FIG. 91

[184] Forexample, a thivesterase {TE) described herein can have at least 76%
sequence identity or homology {e.g., at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or
100%:) to the ammo acid sequence of an Kscherichia coli thivesterase encoded by tesd (see
GenBank Accession Mo, AAAZAG65.1, SEQ HI N 1), or the gene products encoded by
fesd or foiB {see GenBank Accession No. ABIS3T34.1, SEQ D MO2E,; see GenBank
Accession Mo, CCCTBIB2. 1, SEG 1D N(:22). See FiGs. 24 and 90,

[183]  Forexample, a carboxylare reduciase described hergin can have at least 70%
sequence identity or homology {e.g., at least 75%, &0%, 85%, 90%, 93%%, 97%, 98%, 94%, or
1030%;} to the amino acid sequence of a Mycodacterium marimam {see Genbank Accession
Ne, ACCE0567.1, SEQ 1D NG: 23, a Mycobacterium smegmatis (see Genbank Accession Mo,
ABET7LE4 L, 8EQ 1D NO: 3), a Segndiliparus rugosus {see Genbank Accession Mo,
EFVIISUL L, SEQ D NG 4), a Mycobaererium smegmatis {see Ganbank Accassion No.
ABKT5684.1, SEQ 1D NG 8y, a Mycobacterium massiliense (see Genbank Accession No.
EIVITE43.1, SEQ 1D NG 8}, or a Segniliparus rofundus {see Genbank Accession No.
ADGY9EI40. 1, BEQ D NG 7) cavboxviate reductase. See, FIGs, 894-8C,

(186}  Forexample, a w-fransamingse described herein can have at least 70%
sequence identity or homology {e.g., at least 753%, 80%, 85%, 9%, 93%6, 97%, 98%, %%%, or
100%} to the amino acid sequence of a Chromobacrerivm violaceum (see Genbank Accession
No. AAQSSGE7. 1, SEG 1D N 8), 2 Pseudomonas aeruginosa {see Genbank Accession No.
AAGERINLY, SEQ [ NG 9}, a Pseudomonas syringae {see Genbank Accession No.
AAY39893.1, SEQ D NG 10, a Rhodobacter sphueroides (see Genbank Accession Mo,
ABABTIIS T, SEQ ID MO 1Y, an Escherichio coli (see RefSeq Accession Mo,

NP 4175443, SEQ D MO 12, or a Vibrie fluvialis (see Genbank Accession No.
AEA3GIRZ L, SEQ ID MO 13)Y wiransaminase. Some of these wtransaminases ave diomine

grfransamingses. See, FHGs, 9C and 8D,
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L187]  Forexample, a phosphopantetheinyi trangforase deseribed herein can have at
feast 709 sequence identity or homology {e.g., af least 75%, 809, 85%, 90%, 95%, 97%

98%, 99%, or 11090} to the amino actd sequence of a Bacilfus subtilis phosph }pnmeihemvi
transferase (see RetSeq Accession No. WP 0032345491, SEQ 10 WO 14) or a Nocardia sp.
NRREL 3646 phosphopanmietheiny! transferase (see Genbank Accession Mo, ABIS3656.1,
SEQ I NC:ISY. See FIG. 7

[188]  Forexample, 3 pimeloyi-ACF metfod exter exterave deseribed herein can
have at least 70% sequence identity or homeology {e.g., at least 75%, 8096, 85%, 9%, 95%,
G7%, B8%u, 99%, or 100%) to the amino acid sequence of an Escherichia coli pimeloyl-ACP
methyl ester esterase (BioH) {see GenBank Accession No. AACTA437.1, SEQ 1D N 17
See, FIG. 8D,

[189]  For example, a S-carboxybexanmate-CoA4 ligase desoribed herein can have st
least 70% sequence identity or homology (e.g., al least 75%, 8096, 85%4, 809%, 95%, 87%,
98%%, 99%, or 100%) to the amine acid sequence of an Bacillus subiilis {sirain 168) 6-
carboxyhexanoate-CoA ligose (BioW) (BC:6.2.1.14, see GenBank Accession No.
AABIT457. 1, SEQ ID NOIB)L See, FIG. 8D,

[18¢]  Porexample, a S-amino-7-oxenenonoate synthase described herein can have
at least 70% sequence identity or homology {(e.g., at least 75%, 80%, 85%%, 80%%, 93%, 97%,
98%, 9%, or 100%;) to the amino acid sequence of an Bacilfuy subtilis {(strain 168) E-amino-
T-pxonenaneaie svaihase (BioF) (BC2.3.1.47, see GenBank Accassion Mo, AABTT459.1,
SEQHD NGO 19). See, FIG. $D. Gther 2inF genes and BioF proteins from different hosts are
well known in the art and can be easily identitied in public databases such as GenBank,
ExPASy, and via Enzyne Commission numbers.

(191} For example, a SdM-dependent maloryl-ACP O-methvitransferase described
herein can have at least 70% sequence identity or homology {e.g., at least 75%, 809, 85%,
0%, B5%, 97%, 98%%, 99%, or 100%) to the amino acid sequence of a Escherichia coli
malonyl-ACP O-methylivansferase (BioC) (BC:2.1.1.197, see RetfBSey Accession No,
NE_413298.1, SEQ {13 NG 203 See, FIG, 9D,

11921 It will be appreciated that a number of nucleic acids can encode a
potypeptide having a particular aypinoe acid sequence, The degeneracy of the genetic code is
weil known 1o the art: t.e., for many amino acids, thers s more than one nuclectide triplet
that serves as the codon for the amino acid. For example, codons in the coding sequence for
a given enzyme can be mwodified such that optimsal cxpression in a particular species {(s.g.,

bacteria or fungus) is obtained, using appropriate codon bias tables fur that species,

“31 .
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(193} Functional fragments of any of the enzymes described herein can also be
used in the methods of the disclosure. The term “fmctional fragment” as used herain refers
1 & peptide fragment of a protein that has at least 25% {e.g., at least: 30%:; 40%; $0%,; 60%%;
T0%; 75%,; 80%%; 83%0; B0%%; 0595 O8Y%4; 99Y%%; 1009; or even greater than 100%) of the
activity of the corresponding mature, full-length, witd-type protein. The functional fragment
can generally, but not abways, be comprised of a continuous region of the protein, wherein the
region has functional activity.

{194}  This disclosure also provides (1} functional vartants of the enzymes used in
the methods of the disclosure and (i) functional variants of the functional fragments
described above. Functional variants of the enzymes and functional fragments can contain
additions, deletions, or substitutions relative to the corresponding wild-type sequences.
Enzymes with substilutions will generally have not more than 30 (a.g., not ;more than one,
two, three, four, five, six, seven, sight, nine, ten, 12, 13, 20, 25, 30, 35, 44, or 50} amino acid
substitutions (g.g., conservative substitutions). This applies fo any of the enzymes dascribed
herein and functional fragments, A conservative substitution is a substitution of cne amino
actd for another with similar characteristics. Conservative substitutions include substitutions
within the following groups: valine, alanine and glyveing; leucine, valine, and isolencine;
aspartic acid and ghitamic acid; asparagine and ghitamine; serine, cysteine, and threonine,
ysine and arginine; and phenyialanine and tyrosine. The nonpolar hivdrophobic aming acids
inchide alanine, Jeucine, isoleucine, valine, proline, phenvlalanine, tryptophan and
methionine. The polar neutral amino acids include glycine, sering, threonine, cysteine,
tyrosineg, asparagine and glutamine. The positively charged (basic) smino acids include
arginine, lysine and histidine. The negatively charged {acidic) amine acids include aépaﬁic
acid and glutamic acid. Any substitution of one member of the above-mentioned polar, basic
or acidic groups by ancther member of the same grovp can be deemed a conservative
substitution. By contrast, a nonconservative substitution is a substitution of one amino acid
for another with dissimilar characteristics,

[18951  [leletion varianis can lack ong, two, three, four, five, six, seven, sight, nine,
ten, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acid segments {of two or more amino
acids) or nop~configuous single amino acids. Additions (addition variants) include fusion
proieins containing: (a) any of the enzymss described herein or a fragment thereof) and (b}
internal or terminal { or N) trrelevant or heterciogous amine acld sequences. In the context
of such fusion proteins, the term "heterologous amine acid sequences” refers to an amino scid

sequence other than {a). A heterologous sequence can be, for example a sequence used for

T
&3

SUBSTITUTE SHEET (RULE 26)



WO 2018/022595 PCT/US2017/043682

purification of the recombinant protein {e.g., FLAG, polvhistidine {e.g., hexahistidine (SEQ
I NO: 243}, hemagglutinin (HA}, glutathione-S-transferase (GST), or mabosebinding
profein (MBF}). Heterologous sequences also can be proteins useful as detectable markers,
for example, luciferase, green fluorescent proteln (GFPY, or chloramphenicol acetyl
transferase {CAT) In some embodiments, the fusion protein contains a signal sequence from
another protein, In certain host cells {e.g., yeast host vells), expression and/or secretion of the
target protein can be inoreased through use of a heterologous signal sequence. In some
embodiments, the fusion protin can contsin a carrier {e.g., KL useful, e.g., in e¢liciting an
inumune response for antibody generation} or ER or Golgi apparatus retention signals.
Heterologous sequences can be of varying length and in some cases van be a longer
sequences than the full-length target proteing to which the heterclogous sequences are
attached.

{1961 Engineered hosts can naturally express none or some {e.g., one or more, two
or more, three or more, four or more, five or more, or 8ix or more} of the enzymes of the
pathways described herein. Thus, a pathway within an engineered host can inelude all
exogencus enxymes, of can inciude both endogenous and exogenous enzymes. Bandogenocus
genes of the engineered hosts also can be disrupted to prevent the formation of undesirable
metabolites or prevent the foss of intermediates in the pathway through other enzymes acting
on such intermediates. Engineersd hosts can be referred to as recombinant hosts or
recombinant host cells. As described herein recombinant hosts can inchude nucleic acids
encoding one or more of a methyitransferase, a synthase, S-ketothiniase, a dehydratase, a
aydratase, a defiydrogenase, a methylesterase, a thivesterase, a reversible Cod-ligase, a
Cod-transferase, a reduciase, deacetylase, N-acetyl iransferase or a e-fransamingse as
described in more detail below,

P97 In addition, the production of one or more C7 building blocks can be
performed i vitro using the isolated enzymes deseribed herein, using a lysate {e.g., a cell
tysate} from a host microorganism as g source of the enzymes, or using a plurality of ysates

from different host wicroorganisms as the source of the enzymes.

Eunzymes generating the C7 aliphatic backboune for conversion fo C7 Bullding Blocks
[198]  Asdepicted in FIG. 3, the first step in biotin blosynthesis is the methyiation

of malony-ACP by BioC (a S~adenosyl-L-merhionine (SAM)-dependent methyltranyferase).

The malonyl-ACE methy! ester thus generated then serves as a starter unit for the fatty acid

hiosynthesis pathway, two rounds of falty acid elongation and reduction then noour (catalysed

H

PN
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by FabB, F, (3, Z and 1} to generate pimelyl-ACP methyvi ester. Pimelyl-ACP is then
generated by the removal of the methy! group by the esterase BioH. Biotin biosynthesis then
continues via a series of reactions catalysed by the enzymes BioF, BicA, BioB and BioD.
One of the intermediates in biotin biosynthesis, pimelyl-ACP, can also be converted to 7-
aminocheptancic acid {7-AHA) in a syuathetic metabolic pathway, In this pathway a
thioesierase (TE) is used 1o release pimelic acid from pimelyl-ACP. Then carboxylic acid
reductase {CAR) reduces the free pimelic acid o the cognate semi-aldehyde, with the final
catalytic step being the amination of the semi-aldebyde by the w<transaminase (o-TAM) io
produce 7-AHA. The export of 7-AHA from the cell then may be facilitated by the wansport
protein LysE.

{1991 The native biotin pathway thus provides a potential source of the pimelic
acid intermediate that can be subsequently metabolized to 7-AHA. As biotin is only required
in trace amounts the natural flux through this pathway is very low. Initial attempis io increase
the flux to pimehic acid In E. coli have vielded only trace amounts of pimelic acid (<8.1 ppmy,
due in part to coraplex regulation of the biotin pathway and the toxicity assaciated with
overexpression of pathway enzymes, In order o bypass these issues strains of B, coli with
increased flux through the biotin pathway were sourced. & series of straing, generated by
multiple rounds of random mulagenesis, have been reported o produce almost 1 g/L of bintin
{15 patent 5,284,500 B1). These sirains were used in order to provide a genetic background
in which flux through the native biotin pathway is high with feedback and other negative
regulatory mechanisms non-functional or much reduced.

{200]  Insome embodiments, a methyl ester shielded carbon chain elongation
associated with biotin biosynthesis route comprises using a malonvl-4ACP -
methyifransferase to form a malonvi-ACP methyi ester, and then performing two cycles of
carbon chain elongation using a S-kefoacyl-ACP synthase, a 3-oxoacyl-ACP redhuctase, 1 3-
hvdroxyacyl-ACF debydratase, and an enoyl-ACP reductase, & pimeloyl-ACP methvi ester
esferase can be used o clegve the resulling pimeloyi-ACP methyi ester,

(2011 In some embodiments, a methylransferase can be a malewyl-4CP O-
methvitransferase classified, for example, under BC 2.1.1.197 such as the gene product of
BioC from Bacillus coreus (see Genbank Accession Mo, AAR43086.1, SEQ 3 NGO 16) (see,
for example, Lin, 2012, Siotin Synthesis in Escherichic coli, Ph D, Dissertation, University of

Hinois at Urbana-Champaign),
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202 In some embodiments, a F-ketoacyi-ACP synihase may be classified, for
! 3 3 \
example, under BEC 2.3 ~(e.g, BC 23,141, BEC 2.3.1.179 or EC 2.3.1.180) such as the gens
product of fab R, jabF, or fabH,

263 in some embodiments, a 3-oxoaci-ACEP reductase may be classified under

| ¥ ;

EC 11,1100, such as the gene product of fabd,

2041 In some erobodiments, an enoyl-ACP debydratase such as a 3-dydroxyacyi-
ACP delydratase may be classified under EC 4.2.1.59, such as the gene product of fabZ.

208 In some embodiments, a grans-2-enovl-Cod reductose mayv be classified

. Y 3
gnder HC 13- {e.g, BC 1.3.1.38, BC 1.3.1.8, BC 1.3.1.44), such as the gens product of fer

g ) gene p

{(Mishimaki ef ¢l | J Fiochem., 1984, 95, 1315 ~ 1321; Shen ef af., 2011, supea) or tdier
(Bond-Watis ef al., Biochemiziry, 2012, 81, 6827 — 6837},

{2061 In some embodiments, an eaov~-4CF reduciase may be classified under BC
£.3.1,10 such as the gene product of fahl,

(2071 In some ermabodiments, a pimelovi-ACE methyl ester esterase may be
classified, for example, under BC 3.1.1.85 such as the gens product of ok from F coli. See

P £ ¥

Genbank Accession Mo, AACTEA3T 1, KEQ D N{xn17.

Enzymes generating the terminal carboxyi groups in the biorynihesis of C7 Building
Blocks

{Z08]  As depicted in FIG. 1, a terminal carboxyl group can be enzvmatically
formed using a tioesierase (TE).

(2091 In some embodimenis, the second terminal carboxy! group leading to the
synthesis of a CF building block is enrymatically formed by a thipesterase classified, for
example, under BC 3.1 2.~ such as the gene product of Yoid, fes® (Gonbank Accession No,
AAA4665.1, SE ID NO: 1) or the gene products encoded by sesd or farf (see GenBank
Accession Mo, ABIG3754.1, SEQ I3 NO2 L, see GenBank Accession No. CCCTRIRZ ., SEQ
12 MNOR2D) (see, for example, Cantu of al, Protein Science, 20010, 19, 1281 ~ 1295; Zhuang ¢f
al., Biochemiztry, 2008, 47(9y, 2789 - 2796; or Maggert ez af., J. Biol Chem., 1991, 266{17),
F1044 - 11030}

Enzymes gencrating the ferminal amine groups in the biosynthesis of C7 Building
Blocks
(2101 Asdepicted in FIG, 3 and FIGs, 6A-6C, terminal amine groups can be

enzymatically formed using a w-fransaminase or a deacetylase.

H

i3
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{211} In some embodiments, the first or second terminal amine group leading 1o
the synthesis of 7-amincheptanocic acid is enzymatically formed by a o-gransaminase
classified, for example, under BC 26,118, EC 26,119, BC 2.6.1.28, EC 2.6.1 48, or EC
2.6.1.82 such as that obtained from Chromobacierium violaceum {(Genbank Accession No.
AAQSES697 1, SEQ ID NO: B), Peendomonas aeruginosa (Genbank Accession No.
AAGOBISL, SEQ ID NO: 9), Pseudomonas myringae {Genbank Accession Now.
AAYZGBO3 Y, SEQ 1D N 10y, Rhodobacier sphaeroides (Genbank Accession No.
ABASHIZE Y, SEG ID MO 11, Escherichia coli (RefSeq Accession Mo, NP 417544 .58, SEQ
10 NG 12), Vibrio Fluvialis (Genbank Accession No, AEA3ZSIEL, SEG D NG 13,
Streptomyees griseus, or Closteidivm vivide, Some of these w-fransaminases are diamine w-
trapsamingses (e.g., SEQ I NG 12). For example, the e-fronsaminases classified, for
example, under HO 2.6.1.29 or EC 2.6.1.82 may be diamine wi-transaminases.

212} The reversible w-transaminase from Chromoebacterium violaceun (Genbank
Accession Mo, AAQSS697.1, SEQ ID NO: &) has demonstrated analogous activity accepting
S-aminchexanoic acid as amino donor, thus forming the first termyinal amine group in adipate
sempialdehyde (Kaulmann ef af, Engyme and Microbial Technology, 2007, 41, 628 - 637}

(213} The reversible 4oaminvhubvrate. 2-oxeghdarate transaminase from
Strepiompces griseus has demonstrated analogous activity for the conversion of 6~
aminohexancate to adipate semialdehyde (Yonaha ef of, Eur J Fiochem., 1985, 146:101 -
106},

214} The reversible J-aminovalerate transaminase from Clostridium viride has
demonstrated analogous activity for the conversion of 6-aminchexanocate {0 adipate
semaldehyde (Barker er ol | 7 Biol Chem., 1987, 282(1%), 8994 — 9003).

{215} In some embodiments, a termingl amine group feading to the synthesis of 7-
amincheptanoate or heptamsthylenediamine is enzymatically formed by a diamine o-
fransaminase. For example, the second terminal amino group can be enzymatically formed
by a diamine w-transaminase classified, for example, under EC 2.6.1.29 or classified, for
exarnple, under BC 2.6.1.872, such as the gene product of Yeih from £. colf (RefSey
Accession No. NP 4175445, SEG 1D NG 120,

(2161 The gens product of verG accepts a broad range of dismine carbon chain
length substrates, such as putrescine, cadaverine and spermidine {(see, for example,
Samsonova ef of., BMU Microbiofogy, 2003, 321

217 The diamine w-transaminase from E.oofi sirain B has demonstrated activity

for 1,7 diaminoheptane (Fim, The Jowrna! of Chemistry, 1964, 23%(3), 783 - 788).

- 3G -
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2181 In some embodiments, the second terminal amine group leading to the
synthesis of heptamethylenediaming is enzymatically formed by a deacetylase such as
acetvipuirescine deacetylase classified, for example, under BEC 3.5.1.62. The
acetviputrescine deacetylase from Microcovcus luteus K-11 accepts a broad range of carbon
chain length substrates, such as acetyiputrescine, acetylcadaverine and N acetylspermidine

{see, for example, Suzuki er o, 1986, BB4 — General Subjeces, 882(1)140 -~ 142}

Enzymes generating the terminal hydroxyl groups in the biosynihesis of U7 Building
Blocks

[219]  As depicted in FIG. 7 and FIG. 8, a terminal hydroxyl group can be
enzymatically formed using an alcobw! desvdrogenase.

{2267 In some embodiments, a terminal hydroxyl group leading to the synthesis of
1,7 heptanediol is enzymatically formed by an aleohol debydrogenase classified, for
example, under BC 111~ (e, 1, 2, 21, or 184) such as the gene product of YMRIISC
{classified, for example, under EC 1.1.1.2, see Genbank Accession Mo, CAABHIZG.L)
(Larroy ef al., 2002, Biochem J, 361{Pt 1}, 163 - 172), the gene product of ¥ghD, the gene
product of cpnD (waki et al,, 2002, 4ppl. Environ. Microbiol, 68(113:3671 ~ 5634), the gene
product of ghd, or a G-Aydroxvhexanoate dehydrogenase classified, for example, under EC
1.1,1.258 such as the gene product of Chnd (Iwaki ef al., Appl. Environ. Microbiol., 1999,

Supra),

Biochemical pathways

Pathways from malonyE-ACE to pimeloyl-ACP as ceniral precarser leading to 7
Building Block

2211 As depicted in FIG. 1 and FIG. 3, the {irst step in biotin biosynthesis is the
methylation of malonyl-ACP by BioC (a S-adenosyl-L-methionine (SAM)-dependent
methviransferase). The malonyl-ACP methyl ester thus generated then serves as a starfer
unit for the fatty acid biosynthesis pathway, two rounds of fatty acid elongation and reduction
then occur (catalysed by FabB, F, G, 7 and 1) to generate pimelyl-ACP methyl ester, Pimelyl-
ALP is then generated by the removal of the methyl group by the esterase BioH. Biotin
biosynthesis then continues via a series of veactions catalysed by the enzymes BioF, Bio4,
RioB and BioD. One of the intermediates in biotin biosynthesis, pimely-ACP, can also be
converted to 7-amincheptanocic acid (7-AHA) in a synthetic metabolic pathway. In this

pathway a thicesterase {TE) is used o release pimelic acid from pimelyl-ACP. Then

- 37 -
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carboxylic acid reductase (CAR) reduces the free pimelic acid to the cognate semi-aldehyde,
with the final catalytic step being the amination of the semi-sldehyvde by the w-transaminase
{w-TAM} to produce 7-AHA The export of 7-ARHA from the celi then may be facilitated by
the transport protein LysE.

{2221 The native biotin pathway thus provides a potential source of the pimelic
acid intermediate that can be subsequently metabolized to 7-AHA. As biotin is only required
in trace amounis the natural flux through this pathway is very low. Initial atternpis to inerease
the flux to pimelic acid in E. coli have vielded only trace amounts of pimelic aeid (<0.1 ppm),
due in part to complex regulation of the biotin pathway and the toxicity associated with
overexpression of pathway enzymes, In order to bypass these issues strains of . coli with
increased tlux through the biotin pathway were sourced. A series of sivains, generated by
muitiple rounds of random mutagenesis, have been reported o produce almost 1 g/L of biotin
{UUS patent 6,284,500 B1). These sirains were used in order to provide a genetic background
in which flux through the native bictin pathway is high with feedback and other negative

regulatory mechanisms non-functional or much reduced.

Pathways using pimeloyl-ACP as central precursor (o pimelic acid

{2231 In sorme embodiments, pimelic acid ts synthesized from the central precursor,
pimeloyl-ACE, by conversion of pimeloyl-ACP io pimelate by a thivesterase classified, for
example, under EC 3.1.2.- such axs the gens products encoded by fesd or i (Genbank
Accession No. ABJA3734.1, BEQ ID MNO:21,; Genbank Accession No, CCCT8182.1, SEQID
NG:32), See FIG. 3.

Pathways using pimelate seminidehyde s precursor {0 7-aminoheptanonte

12241 In some embodiments, T-andnoheptanoate is synthesized from the central
precursor, pimelate, by conversion of pimelate to pimelate semiaidehvde by a caorbaxylate
reductase classified, for example, under EC 1.2.99.6 such as the gens product of car in
combination with a phosphopardetheine transferase enhancer {e.g., encoded by a /b (RefSeq
Accession No, WP 003234549 1, SEQ 1D MO 143 gene from Baciflis subiilis or npt
{Genbank Accession No, ABIB3456.1, SEQ 1D N 15) gene from Nocardia) or the gene

~
I
i

products of GriC and Grill from Strepromyces griveus (Suzuki ef ¢l J Antibios. | 2007,

by a w-tronsaminase {e.g, BC26 I8, EC 26119, FEC 26,148, BC 26,129, EC 2.6.1.82

66{6}, 380 - 3873; followed by conversion of pimelate semialdehyde to 7-amincheptancate

such as SEQ 1D NOs:8-13). The carboxviaie reduciase can be obtained, for example, from
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Mycobacterium marinum {Genbank Accession Mo, ACT40567.1, SEQ ID NG: 23,
Mueobacterium smegmoiis (Genbank Accession No, ABK71854.1, SEQ 1D NG: 3},
Segniliparus rugosus (Genbank Accession Mo, EFV11817.1, SEQ 1D KRG 4}, Mycobacterium
stnegmatis (Genbank Accession No, ABK7S5684.1, SEQ 1D NO: 5), Myveshacterium
massifiense (Genbank Accession No., BTV, 8EQ ID NO: 6), or Segniliparus votundus

{CGenbank Accession Mo, ADGE8140.1, SEQ I NG: 7). See FIG. 4,

Pathway using 7-amincheptancate, 7-hydrexvhepisnoate or pimelate semisldehyde as a
precurser to heptamethyvlenediamine

2251 In some embodiments, heptamethylenediamine is synthesized from the
central precursor, 7-amincheptancate, by conversion of 7-aminoheptanoate io 7~
aminoheptanal by a carboxylate reductase classified, for example, under BC 1.2.99.6 such as
the gene product of car (3ee above} in combination with a phosphopametheine ransferase
enhancer {e.g., encoded by a gfp (RetSeq Accession No, WP_G03234549.1, BEQ D MO i4)
gene from Bacilfus subfilis or npt {Genbank Accassion Mo, ABI83656.1, SEGQ 1D NG5
gene from Nocardioy or the gene product of GriC & Gei D) followed by conversion of 7«
amincheptanal to heptamethylenediaroine by & w-rranraminase (9.5, classified, for example,
under EC 26018, BEC 26119, EC 26,128 BEC 26,148, or £ 72.6.1.82 such as SEG D
Ni1s:8-13, sce sbove). See Fi{3 6A.

12261 The carboxviate reduciase socoded by the gene product of car and the
phosphopantetheine wwansferase enhancer s or 59 has broad substrate specificity, including
terminal difunctional €4 and C3 carboxvlic acids (Venkitasubramanian ¢f of., Enzvme and
Micrabial Technology, 2008, 42, 130 - 1373

i227)  In some embodiments, heptamethylenediamine is synthesized from the
central precursor, 7-hydroxyheptanoate {which can be produced as described in FIG. 5), by
conversion of 7-hydroxyheptanoate to 7-hydroxyheptanal by a carboxyiate reduciase
classified, tor example, under EC 1.2.89.6 such as the gense product of car {see above} in
combination with a phosphopantetheine transferase snhancer {e.g., encoded by 3 sfp gene
troms Bacillus subrilis or st gene from Nocardiay or the gene product of GeiC & Grils
{(Suzuki ef af | J dmibior, 2007, 60(6), 380 — 387}, followed by conversion of 7-
amincheptanal to T-amincheptancl by & e-rransaminase classified, for example, under EC
F6VIR EC 26119 BC 26,129, BC 2.6 148, or BEC 2.6.1.82 such as SHEG D NOs:8-13,
see above; followed by conversion to 7-amincheptanal by an alcohe! defiydrogenase

classified, for example, under EC 111~ {eg, EC LI L EC I I 2, EC 11121, or EC
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F.1.1.184) such as the gene product of YAIR378C (classified, for example, under BEC 1.1.1.2,
see Genbank Accession No. CAARGE38.1) or YehD (from E. cofi, GenBank Accession Mo,
AAAGSTTR.Y (Lines al, Microbiclogy, 2009, 155, 2078 — 2085; Larroy er of., 3002,
Biochem ., 361{PL 1y, 163 — 172; Jarboe, 2001, Appl Microbiol. Rivtechnol., 89(2), 249 -
2573 or the protein having GenBank Accession No, CAABIGIZ.1 (from Geobacilius
stearothermophilus); tollowed by conversion to heplamethyvienediamine by a w-fransaminase
ciassified, for example, under BC 26118, EC 2.6.1.19, BC 2.6.1.28, BEC 2.6.1 .48, or EC
2.6.1.87 such as SEQ 1D NOs:8-13, see above. Seo FIG. 6A.

{228}  In some embodiments, heptamethylenediamine is synthesized from the
central precursor, 7-amincheptanoate, by conversion of 7-amincheptancate to M7-acetylb-7-
amincheptanoate by s N-agcetyliransforase such as g fpsine N-aceryliransferase classitied, for
examnple, under EC 2.3.1.32; tollowed by conversion to N7-acetyl-7-amincheptanal by a
carboxylate reduciase classified, for example, under BEC 1.2.99.6 such as the gene product of
car {see above) in combination with 8 phasphopanietheine fransferase enhancer {e.g.,
encoded by a ofp gene from Baciiluy subtilis or upt gene from Necardia) or the gene product
of GriC & Grild; followed by conversion to N7-acetyl-1,7-diamincheptane by a w-
transaminase classified, for example, under BC 26,118, EC 2.6.1.19, EC 2.6.1.29, EC
2.6.1.48, BC 2.6.1.46, or BEC 2.6.1.82 such as SEG 1D NGs:8-13, ses above; followed by
conversion 1o heptamethyvlenediamine by an acetvipurescing deacylase classified, for
example, under BC 3.5 1.62. See, FIG. 6B.

12291 iIn some embodiments, heptamethylenediaming is synthesized from the
central precursor, pimelate semialdehyde, by conversion of pimelate semialdehvde to
heptanedial by a carboxgdare reduciase classified, for example, under EC 1.2.99.6 such as the
gene product of cor (see above) in combination with a phosphopanterheine transferase
enhancer {g.g., encaded by a ofp gene from Haciflus subiilis or npt gene from Nocardia) or
the gene product of GriC & Grild; followed by conversion to 7-amincheptanal by a o-
transaminase classified, for example, under EC 261018, BC 26,119, or EC 2.6.1.48;
followed by conversion to heptamethylenediamine by a w-fransaminase classified, for
example, under BC 26,118, BC 26119, BC 26129 EC 2.6.1.48 EC 2.6.1.46, or EC
2.6.1.82 such as SEQ 1D NOs:8-13, see above. See FIG, 8.

~ 4f} -
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Pathways using pimelate or pimelate semialdehyde a5 central precursor to 1,7-
heplanediol

[230]  In some embodiments, 7-hydroxyheptancate is synthesized from the central
precursor, pimelate, by conversion of pimelate to pimelate semialdebyvde by a carboxyiare
reduciase classified, for example, under BC 1.2.99.6 such as the gene product of car (see
above) in combination with g phosphopanietieine transferase enhancer {e.g., encoded by a
sip gene from Bavillus subiilis or nppt gene from Nocardia) or the gene product of GriCC &
Grild; followed by conversion to 7-hvdroxyheptanoate by a defydrogenase classified, for
examptle, under EC 1.1.1 .- such as a d-fydroxvhexancate delivdrogenase classified, for
example, under EC 1.1.1.25% such as the gene trom of Chnlld or a S-Avdroxypenianoate
dehydrogenase classified, for example, under EC 1.1.1.- such as the gene product of Cprid
{see, for example, Iwaki et al., 2002, Appl Enviren, Microbiol., 68(113:5671 - 5684 or a 4-
hydvoxvbutveare debydrogenase such as ghd, See FIG. 7. Pimelate semialdehyde also can be
produced from pimelovi-CoA using an acetvlating aldehyvde debvdrogenase as described
above. See, also FIG. 7.

2311 In some embodunents, 1,7 heptanediol is synthesized from the central
precursar, 7-hvdroxyheptanoate, by conversion of 7-hydroxvheptanoate 1o 7T-hydroxyheptanal
by a carboxvlate reduciose classified, for example, under EC 1.2.99.6 such as the gene
product of cor (see abovel in combination with a phosphopanietheine transferase enhancer
{e.g., encoded by a sfp gene from Bacdfus subiilis or npt gene from Nocardiay or the gene
product of GriC & Grild; followed by conversion of 7-hydroxyvheptanal to 1,7 heptanediol by
an alcosnol dehydrogenase classified, for exarople, under EC 11 - suchas EC 1V ETL EC
P12, EC B2, or EC 1.1.1.184) such as the gene product of YMR3Z/8C or Yghid (see,
e.g., Liv et ol Microbivlogy, 2008, 155, 2078 - 2083; Larroy ef ol | 2002, Biockem J.,
3SUPE 1), 163 - 172; or Jarboe, 2011, dppl. Microbiol Biotechnol, 89(2}), 249 - 2587 or the
protein having GenBank Accession No. CAABIG1Z2. (from Geohacilius

steavothermophifug). See, FIG. &

Cultivation sirategy

(2321 1o some embodiments, the cultivation strategy entails achieving an asrobic,
anaerobic or micro-asrobic cultivation condition,

233} In some embodiments, the cultivation strategy entails nutrient mitation such

as nitrogen, phosphate oy oxygen Himitation.

<47
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2341 In some embodiments, a cell refention strategy using, for example, ceramic
hollew fiber membranes can be emploved to achieve and maintain a bigh cell density during
either ted-batch or continuous fermsentation.

{235}  In some embodiments, the principal carbon source fod to the fermentation in
the synthesis of one or more C7 building blocks can derive from biological or non-binlogical
feadstocks,

236}  in some embodiments, the biclogical fecdstock can be, can include, or can
derive from, monosaccharides, disaccharides, lignoceliulose, bemicelinlose, cellulose, lignin,
tevulinic acid and formic acid, triglyeerides, glyeerol, fatty acids, agricultural waste,
condsnsed distillers’ solubles, or municipal waste,

2371 The efficient catabolism of crude glycero! stemming from the production of
biodiese! has been demonstrated in several microorganisms such as Escherichia coll,
Cupriavidus necator, Pseudomonas oleavorans, Pseudomonas putida avd Yarrowia lipolytica
{Lee ef o, Appi. Biochem. Biotechnol , 2012, 166, 1801 — 1813; Yang of of, Biotechnolegy
Jor Biofuels, 2012, 513 Metinen e ¢l., dppl. Microbiol Biotechrnol, 2011, 80, 885 - 893).

[238]  The efficient catabolism of hignocelhulosic-derived levalinic acid has been
demonstraled in several organisms such as Cuprigvidus necator and Peeudomonas putida in
the aynthesis of 3-hydroxyvalerate via the precursor propanoyh-CoA (Jaremko and Yu,
Jovrnal of Bivtechmolegy, 2011, 155, 2011, 293 - 29€; Martin and Prather, Jowrnal of
Biotechnology, 2008, 139, 61 — 67}

2391 The efficient catsbolism of Hgnin-derived aromatic compounds such as
benzoate analogues has been demonstrated in several microorganisms such 85 Pyeudomonas
pitida, Cupriovidus necator {Bugg ef o, Current Opinion in Biotechnology, 2611, 22, 394 —
400; Pérez-Pantoia er ., FEMY Micvobicl Rev., 2008, 32, 736 - 794}

12407 The efficient utilization of agriculiural waste, such as olive mill waste water
has been demonstrated In several microorganisms, including Yarrowia lipolytica
(Papanikolaou et ¢l., Bioresour. Technol, 2008, 99(7), 2419 - 2428},

(2411 The efficient utilization of fermentable sugars such as monosaccharides and
disaccharides derived from cellulosic, hemicellulosic, cane and beet molasses, cassava, cormn
and other agricultural sources has been demonstrated for several microorganism such as
Escherichia coli, Corynebacierinm ghutomicum and Lactobacillus delbrueckii and
Lactococcus lactis (see, e.g., Hermann e o, Jowrnal of Biotechnology, 2003, 164, 155 - 172,
Wee ¢f gl., Food Technol, Biotechnol, 2006, 44(2), 163 — 172, Ohashi ¢ ol Journal of

Rioscience and Bioengineering, 199%, 87(5), 647 - 654},

w47
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2421 The efficient wtilization of furfural, derived from a variety of agricultoral

Henocellulosic sources, has been demonstrated for Cupriavidus necator (Li et ol
Rivdegradntion, 2011, 22, 1215 - 1225)

{2431 In some embodiments, the non-biological fesdstock can be or can derive
from natural gas, syngas, CO»/H,, methanol, ethanol, benzoie acid, non-volatile residue
(WNVR}, acaustic wash waste stream from oyclohexane oxidation processes, or terephthalic
acid / isophthalic acid mixture wasie sireams.

12441 The efficient catabolism of methanol has been demonstrated for the
methviotropbic yeast Pichia pasioris,

{2451  The officient catabolism of ethano! has been domonstrated for Clasiridium
kluyveri (Seedorf ¢f ol | Proc, Nadl, dead Sci. US4, 2008, 105(6) 2128 - 2133,

(2467 The efficient catabolism of CO: and Hy, which may be derived from natural
g3 and other chemical and petrochemical sources, has been demonsirated for Cupriavidus
mecator (Prybyiskd er ol Frergy, Susiainability and Society, 2012, 2:1 1)

{2471 The gfficient catabolism of syngas bas been demonstrated for numerous
mitcroorganisins, such as Closiridium Hungdohlii and Clostridium auivethonogenum (Kipke
et al., Applied and Environmenial Microbiclogy, 2011, T7(13}, 3467 - 5475}

{2481  The efficient catabolism of the non-volatile residue waste streamn from
cyciohexane processes has been demonstrated for numernus micrcorganisios, such as Delffia
acidevorans and Cupriavidus necator (Ramsey ef o, Applied and Envirormenial
Microbiology, 1986, 52(1), 132 - 136},

249}  In some embodiments, the bost microorganism is a prokaryote. For example,
the prokaryote can be a basterium from the genus Escherichia such as Escherichia colis from
the genus Closiridia such as Clostridium lfungdahlii, Clostridium autosthanogenum or
Hostridium khavert; from the genus Coryrebacteria such as Coryrebacterivm glutamicum,
from the genus Cupriavidus such as Cupriavidus necaror or Cupriavidus metallidurans, [rom
the genus Feendomonas such as Pseudomonas fluorescens, Pseudomonas putida or
Psendomonags oleavorany; from the genos Delftia such as Delftio acidovorans: from the
genus Hacillus such as Bacillus subtillis; from the genus Lactobacillus such as Lactebacilius
deibrueckii; or from the genus Lactococcus such as Lacrecoccus lactiz. Such prokaryotes also

san be a source of genes to construct recombinant host cells described herein that are capable
of producing one or more C7 building blocks.

(2501  In some embodimeents, the host microorganism is a eukaryote. For example,

the sukaryoie can be a filamentous fungus, e.g., one from the genus dspergiliug such as

- 4% .
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Aspergilius niger, Alternatively, the eukaryote can be g veast, e.g., one frow the genus
Saccharomyces such as Saccharomyces cerevisine; from the genus Plickia such as Pichia
pasieris; or from the genus Yarrowla such as Yarrowia {ipoivtica; from the genus
Issatchenkio such as fssarthenkia orientalis; from the genus Debaryomyces such as
Debaryomyces hansenii; fromn the genus drvufa such as Arvulo adencinivorans; or from the
genus Khaveromyces such as Kluvveromyces {actis. Such eukaryoles also can be a source of
genes to consiruct recombinant host cells desoribed hereln that are capable of producing ons |

or meore C7 building blocks.

MMedabolic engincering

2511 The present disclosure provides methods involving less than all the sieps
described for all the above pathways, Such methods can involve, for example, one, two,
three, four, five, six, seven, eight, ning, fen, eleven, twelve or more of such steps. Where lass
than all the sieps are incinded in such a method, the first, and in some embodiments the only,
step can be any one of the steps Hsied.

[252%  Furthermore, recombinant hosts deseribed herein can include any
combination of the above enzymes such that one or more of the steps, e.g., ong, two, three,
four, five, aix, seven, eight, nine, ten, or more of such steps, can be performed within a
recombinant host, This disclosure provides host cells of any of the genera and species listed
and genctically engineered to express one or more {2.2., two, three, four, five, six, seven,
eight, nine, 10, 11, 12 or more) recombinant forms of any of the enzymes recited in the
disclosure. Thus, for example, the host cells can contain exogenons nucleic acids encoding
enxvmes catalyzing one or more of the steps of any of the pathways described herein.

{2531  In addition, this disclosure recognizes that where euzymes have been
described as accepting CoA-activated substrates, analogous enzyme activities associated with
ACP-bound substrates exist that are not necessarily in the same enzyme class,

(2341 Also, this disclosure recognizes that where enzymes have been desortbed
accepting {R)-enantiomers of substrate, analogous enzyme getivities associated with (5)-
enantiomer substrates exist that are not necessarily in the same enzyme class.

(2551  This disclosure also recognizes that where an enzyme i3 shown {o accept a
particular co~factor, such as MADPH, or a co-substrate, such as acetyl-CoA, many enzymes
arg promiscuous in terms of accepting a number of different co-factors or co-substrates in
catalyzing a particular enryme activity, Also, this disclosure recognizes that where enzymes
have high specilicity fore.g.

g particidar co-factor such as NADH, an enzyime with similar or

B
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identical activity that has high specificity for the co-facior NADPH may be in a different
enzyme class.

{256}  In some embodiments, the enzymes in the pathways cutlined herein are the
result of enzyme engineering via non-direct or rational enzymwe design approaches with aims
of improving activity, improving specificity, reducing feedback inhibition, reducing
repression, improving enzyme solubiiity, changing stereo-specificity, or changing co-factor
specificity,

12571 In some embodiments, the ensymes in the pathways outlined herein can be
gene dosed {i.e, overexpressed by having a plurality of copies of the gene in the host
organism}, into the resulting genetically modified organism via episomal or chromosomal
integration approaches.

{2381  In some embodiments, genome-scale systern biclogy techniques such as Flux
Balance Analysis can be utilized to devise genome scale attenuation or knockout strategies
for directing carbon flux to 8 €7 building block.

(239} Attenuation strategies include. but are not Hinited to; the use of transposons,
homelogous recombination (double cross-over approach), mutagenesis, enzyme inhibitors
and RNA interforence (RMAT).

i264]  In some embodiments, fluxomie, metabolomic and transcriptomal data can
be utilized to inform or support genome-scale system biology techniques, thereby devising
genome seale attenustion or knockout sirategies in directing carbon flux to a U7 huilding
Bock.

12611 In some emnbodiments, the bost microorganism’s tolerance to high
concentrations of at feast one C7 butlding block can be improved through contingous
cultivation in a selective environment.

(262} In some embodiments, where pathways require excess MADPH co-factor in
the synthesis of a C7 building block, a recombinam glucose defvdrogenase such as the gene
product of gdh can be overexpressed in the host organism (Saioh ef i, J Bioscience and
Bipengineering, 2003, 95{4 1335 - 341},

{263]  In some embodiments, endogenous enzymes facilitating the conversion of
KNADPH 1o NADH can be atienuated, such as the NADH generation cycie that may be
generated via inter-conversion of gldamate dehydrogenases classified under BC 1.4.1.2
{(NADH-specific) and EC 1.4.1.4 (NADPH-specific). For example, avolding dissipation of an
MNADH imbalance towards C7 building blocks, a NADPH-specific ghwamaie dehvdrogenase

can be attenuated,
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[264]  In some embodiments, an endogenous glusamare debydrogenase (EC
P.4.1.3) that atilizes both NADH and NADPH as co-factors can be attenuated.

[263]  In some embadiments, 2 membrane-bound enovi-CUod reduciases can be
soiubilized via expression as a fuston proiein to a simall soluble protein such a3 a madiose
binding protein (Gloerich ot al., FEBS Letters, 2006, 580, 2092 - 2088},

2661 In some embodiments using hosts that naturally accumulale
polyhydroxyalkanoates, the endogenous polymer synihase enzymes can be attenuated in the
host sirain.

(267 In some embodiments, a L-wlanine defivdrogenase can be overexpressed in
the host o regenerate L-alanine from pyruvate as an amino donor for exiransaningse
reactions,

[268] In some embodiments, a {-glufamate defiydrogenase specific for the co-
factor used to achieve co-factor imbalance can be overexpressed in the host (o regenerate L-
ghutamate from 2-oxoghutarate as ap amino donor for oxfransaminase resclions, For example,
promoting dissipation of the NADH imbalance towards C7 building blocks, a NADH-specific
glutamate dehiydrogenose can be overexpressed.

{2691  In some embodiments, enpymes such as pimelovi-Cod defydrogenase
classified under, EC 1.3.1.62; an acvi~-Cod delydrogenase classified, for example, under EC
1.3.8.7 or BC L2381 and/or a glutary!-Cod defydrogenase classified, for example, under EC
1.3.8.6 that degrade central metabolites and central precursors lsading to and including C7
building blocks can be attenuated.

{2707 In some ambodiments, endogenous enzymes activating O7 building blocks
vig Coenzyme A esterification such as Cod-ligases {e.g., a pimelovi-Cod symheiase)
classified undey, for example, BC 6.2.1.14 can be aftenuated.

(2717 In some embodiments, a medhano! debvdrogenase and a formaldelvde
dehvdrogenase can be overexpressed in the host 1o sllow methanol catabolism via formate,

(2727 In some embodiments, a S-adenosvimerhionine symbetase can be
overgxpressed in the host to generate S-Adenosyl-L-methionine as a co-factor for malonyl-
ACF O-methvitransferase.

{2731 In some smbodiments, the efflux ot a C7 building block across the cell
membrane to the extracelluiar media cao be enbanced or smplified by genetically enginesring
structural modifications to the cell membrane or Increasing any assoctated transporter activity

for a C7 building block.

wdf
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274} The offlux of heptamethylenediamine can be enhanced or amplified by
overexpressing broad substrate range multidrug transporters such as B from Bacillus subsilis
{Waoolridge ef al., 1997, J Biol Chem., 272{143.3864 - 8866}, AorR and Acrd from
Escherichia coli {(Elkins & Nikaido, 2002, J Bacreriol,, 184(13), 6490 — 6499}, NorA from
Staphylococcus aereus (INg et al, 1994, dmimicrob Agents Chemaother, 38(8), 1345 ~ 1335),
or Bew from Bacilius subsilis (Neyiakh, 1992, dntimicroh Agenty Chemother, 36{23, 484 —
4853

2751 The offlux of 7-amincheptancate and heptamethylenediamine can be
enhanced or amplified by overexpressing the solute transporters such as the Ivs & transporter
from Corviebacrerium glutomicum (Bellmann ot al, 2001, Micrebiclogy, 147, 1765 — 1774).

2761 The efflux of pimelic acid can be enhanced or amplified by overexpressing a
dicarboxylate transporter such as the Sucf wansporter from Corynebacierium glutamicum

37 - 335).

(¥

Tad

(Huhn et al, Appl. Microbiol & Bintech., §92},

Froducing C7 Building Blocks Using 2 Recombinant Hest

(277F Typically, one or more C7 building blocks can be produced by providing a
host microorganism and culturing the provided microorganism with a culture medium
sontaining a suitable carbon sonrce as described above, o general, the culture media and/or
sulture conditions can be such that the microorganisms grow to an adequate density and
produce g C7 building block efficiently. For large-scale production processes, any method
cart be used such as those described elsewhere (Maneal of Indesirial Microbiology and
Biotechnology, 2" Edition, BEditors; A. L. Demain and I B Plavies, ASM Press; and
Principles of Fermentation Technology, P F. Stanbury and A, Whitaker, Pergamon). Briefly,
g large tank {g.g., a 100 gallon, 200 gallon, 500 gallon, or more tank) contalning an
appropriate culture medium is inoculated with a particelar microorganism. Afler inoculation,
the microorganism is incubaied to aliow biomass to be produced. Once a desived biomass is
reached, the broth containing the microorganisms can be transferred to a second tank. This
second tank can be any size. For example, the second tank can be larger, smmaller, or the same
size as the first tank. Typically, the second tank is larger thayn the first such that additional
culture medinm can be added to the broth from the first tank. o addition, the culiure medium
within this second fank can be the same as, or different from, that used in the first tank.

{2781  Once transterred, the microorganisms can be incubated to allow for the
production of a C7 building block. Once produced, any method can be used to isolate C7

building blocks. For example, U7 building blocks can be recovered seiectively from the
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{fermentation broth via adsorption processes. In the case of pimelic acid and 7-
amincheptanoic acid, the resulting eluate can be further concentrated via evaporation,
crysiallized via evaporative and/or cooling crystallization, and the crystals recovered via
centrifugation. In the case of heptamethylenediamine and 1,7-heptanediod, distitlation may be
employed 1o achieve the desired product purity.

12791 The present disclosure is further described in the following examples, which

do not limit the scope of the invention describad in the claims.

EXAMPLES
EXAMPLE 1
Strain Selection

{2801 A series of six biotin overproducing strains of £ coli were obtained, these
were assassed for biotin productivity in small scale experiments and, based on initial biotin
productivity, two of the strains were selected for further analysis, FERM BP 4928 and FERM
BEF 56567, These two strains were also analysed in high density fermentations with titres of
biotin metabolites being >200mg/L in chemically defined growth medium.

[281]  The biotin overproducing strains were modified to facilitate further
manipulation and analysis; the plasmids braring exira copies of the biotin operon were
remaved and; the T7 RNA polymerase gene was introduced (o allow high level expression
from the T7 promoter. This generated strains FERM BP-4928-P2{3E3)-4 and FERM BP-
3667-P2{DE3}-AT.

EXEAMPLE 2
Expression of Thisssterases

{2821  The releass of plmelic acid from pimely]-ACP is catalysed by acyi-ACP
thioesterases. The expression of a sultable thivesterase would be predicted to result in the
refease of pimelic acid. Nine different thioesterases were selected on the basis of diversity
and i vitro activity and, following induction of expression, culturs supernatants were
anzlysed for pimelic acid. Pinselic acid levels were in all cases below the level of
quantification and in some cases induction of gene expression also resulted in the cessation of

cell growth, See Table |,

Z4% .
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EXAMPLE 3
ieletion of Biotin Biosynthesis Genes

[283] It was sought to inorease the potential pool of pimelyi-ACP by deleting
specitic biotin biosynthesis genes from the chromosome. The bioF gene was the major target
as the product of this gene catalyses the conversion of pimelyl-ACE to B-amino-7-0x0-
nonancie acid (CKAPA™) (FIG. 43, and the removal of this activity from the strain would be
predicied to resolt in the accumulation of pimeloyl-ACP. T addition to the deletion of the
ok gene, the biok gene was also deleted which would be expected to rosult in a strain that
accumulaies plroelyALP methyl ester. See Table 1.

(284} The strains carrying deletions of bioF and bioH were then analysed, and all
were bictin auxotrophs. The bioF mutant sirains were found o produce detsctable levels of
pimelic acid in shake flask experiments (~2.5 mg/L), while the bioH mutant strains were
found to produce both pimelic acid methyl ester (~0.6 myg/L) and pimelic acid (0.2 my/L) iv
the culture supematant. The production of both pimelic acid and pimelic acid methy! ester in
the absence of an additional thicesterase indicates that native £ coff thioesterase activities are
able to release ACP bound pimelic acid {and methyl ester). Additions] thinesterase was
expressed in the 4bioF strains, however it did not resulied in an increase in pimelic acid
levels above those found withowt an additions! thioesterase. See Table 1.

{2851 In Table 1, pimelate production was analyzed in biotin mutant strains, Strains
were cuitured in chemically defined medivm and were grown for 24 to 48 hours foflowing
induction. Culture supernatants were then analysed by LC-MS for pimelic acid and pimelic

acid methyl ester,
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TABLE 1
Strain bieF | bioH | thioesterase | pimelic acid | pimelic
{ppm) agid methyl
gster {ppm)
FERM BPA4828-PDE-4 | WT | WT | None ¢ {}
FERM BP-4928-PZ(DE3 w4 WL WT 1@ different {3, trace 8, trace
THs' amount - TEZ, | amount -
TES (6.1 TEL
pping
' FERM BP-4928-P2(D3F3)-4 A W | None 2.5 {3
FERM BP-4928-P2(DE3-4 ¢+ WT A | Mone 0.2 .6
FERM BP-4928-PZ{DE3 -4 A A Mone 0.3 1.5
FERM BP4928-PHEI A W17 different 0.1-0.8 G, 0.2 with

TEs

TE

UTEs gtitised ware TEZ, TES, TES, TELL, TE4, TEY, YoiA, AAQTTIRS, “esA.
2 TE utilised were TEZ, TES, TEE, TELL TEI4, TELY, "tesA,

EXAMPLE 4

Production of 7-AHA in £ coff

[256]

Conversion of pimelic acid to 7-AHA requires the activity of two enzymes,

CAR and o-TAM (FIG. 1), Five plasmids wers consiructed (o enable the testing of two

different promoters and three difforent versions of the CAR gene (FIG. 4}, These plasmids

were introduced into the dbiol strain and strains were analysed for 7-AHA production, All

the strains with the full pathway present were found to produce 7-AHA {maximum level

detected (.03 mg/L} with the identity of the 7-AHA being confirmed by LLC-MS/MS

cormnparison 1o an authentic standard.

{2871

As shown in FIG, 4, two different promoters were used PBAD and PTY.

Three variants of the CAR gene were used, the 8. rugosus CAR, the 8. rugosus improved

CAR{CAR-09) and the § rofundus CAR. The negative control plasmid

- 50 -
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pCDE T7 wta_lysE_sip lacks a CAR gene. Plasmids were introduced into FERM BP-4928-
P2DEI -4 AbioF. Strains were cultured In chemically defined medium and were grown for
24 1o 72 hours foHowing induction. Calture supernatants were analysed by LC-MS for 7-

AHA. Titres of 7-AHA indicate the highest titre abserved for each sirain,

EXAMPLE §
Enzyme activity of afransaminase using phmelate semialdehivde as substrate and
forming 7-amincheptanoaie

288} A seguence encoding an N-terminal His-tag was added 1o the genes from
Chromobacterium violacewm, Fseudompnas svringae, Rhodobacter sphaeroides, and Vibrio
Fluvialis encoding the extransaminases of SEQ I3 NGs: §, 16, 11 and 13, respectively (see
FiGs, 90 and 9D} such that Neterminal HIS tagged o-iransaminases could be produced.
Each of the resulting modified genes was cloned into a pET2 a expression vegtor under
control of the T7 promoter and each expression veotor was transformed into a BL2HDE3] £
cofi host. The resulting recombinant £, coff strains were cultivated at 37°C in a 250mL shake
flask culture containing 30 mb LB media and antibiotic selection pressure, with shaking at
230 rpm. Dach culture was induced overnight at 16 °C using | mM PTG

(2891 The pellet from each induced shake flask culture was harvested via
centritugation. Each pellet was resuspended and lysed via sonication. The cell debris was
separated from the supernatant via centrifugation and the cell free extract was used
wnmediately in enzyme activity assays.

[290]  Enzyme activity assays in the reverse dirgetion (1.2, T-amincheptanoate {0
puneiate semialdehyde) were performed in a buffer composed of a final concentration of 530
mM HEPES butfer (pH = 7.5}, 10 mM T-amincheptancate, 10 mM pyruvate and 100 pM
pyridoxyl 37 phosphate. Each enzyme activity assay reaction was initiated by adding cell free
extract of the exfransaminase gene product or the empty vector control to the assay buffer
containing the 7-aminoheptanocate and incubated at 23°C for 4 h, with shaking at 250 rpm,
The formation of L-alanine from pyruvate was guantified via RP-HPLC,

12911 Each enzyme only control withont 7-amincheptanoate demaonsirated fow
base line conversion of pyruvate to L-alanine, See FIG. 15, The gens product of SEQ ID NG
B, SEQ D NO 10, 5EQ Hx NG 1 and 3EQ D MO 13 accepted 7-aminoheptancie as
substrate as confirmed against the empty vestor control, See FIG, 16,

292}  Enzyme activity in the forward dirgction (i.c., pimelats semialdehyde to 7-

amincheptancate) was confirmed for the transaminases of SEGQ 1D MO 10, SEQ D NO H
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and SEQ H NG 13, Enzyme activity assays were porformed in g butler composed of a final
conventration of 53¢ mM HEPES buffer (pH = 7.5}, 10 mM pimelats semialdehyde, 16 mM L-
alanine and 100 pM pyridoxyt §7 phosphate. Each enzyme activity assay reaction was
initiated by adding a celt free extract of the w-transaminase gene product or the empty vector
control {0 the assay butter containing the pimelate semialdehyde and incubated at 25°C for 4
f, with shaking at 250 rpro. The formation of pyruvate was guantified via RP-HPLC,

{293]  The gene product of SEQ 1D NGO 10, BEQ I NO 11 and SEQ 1D NO 13
accepted pimelate semialdehyde as substrate as confirmed against the smpty vestor control.
See FIG. 17, The reversibility of the o-fransaminase activily was confirmed, demonstrating
that the errransaminares of BEQ 1 NGO &, SEQ D NGO 10, SEG [D NG 1, and SEQ D NO
13 accepted pimeiate semialdehyde as substrate and synthesized 7-amincheptancate as a

reaction product.

EXAMPLE 6
Enzyme activity of carboxylafe reductase using pimselate as substraie and forming
pimelate semianldebvde

2941 A sequence encoding a HiS-tag was added 1o the genes from Segnilipgrus
rugosus and Segniliparus rotundus that encode the carboxvinte veductases of SEQ 1B NOs: 4
and 7, respectively {see F1Gs, 98 and 8C), such that N-terminal HIS tagged carbosyiate
reductases couid be produced. Each of the madified genes was cloned into a pET Duet
expression vecior along with 8 3/p gene encoding 2 HiS-tageed phosphiopanietheine
transferase from Bacdlus subiiliz, both under the T7 promoter. Bach expression vector was
transformed o a BL2T[DEIT E cofi host and the resulting recombinant £ ool strains wers
cultivated at 37°C in a 250mL shake flask culture containing 50 mi LB media and antibiotic
selection pressure, with shaking at 230 rpm, Each culfure was induced overnight at 37 °C
using an apto-induction media.

(2951 The pellet from each induced shake flask culture was harvested via
centrifugation. Fach pellet was resuspended and lysed via sonication, and the cell debris was
separated from the supernatant via centrifugation, The carboxviae reduciases and
phosphopantetheine transferases were purified from the supernatant using Ni-affinity
chromatography, diluted 10-fold into 50mM HEPES buffer (pH = 7.5}, and concentrated via
pltrafiitration.

(2961 Enzyvme activity assays {iLe., from pimelale to pimelate semialdehyde)} were

performed in triplicate in a butfer composed of a final concentration of 58 yuM HEPES bufter

LR

P
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{plt = 7.5), 2 mM pimelate, 10 md MgCh, t mM ATP and | mM NADPH. Each enzyme
activily assay reaction was initiated by adding purified carboxviate reductase and
phosphopanietheine transferase gone products or the empty veotor control to the assay buffer
containing the pimelate and then incobated at room tersperature for 26 min. The consumption
of NADPH was monitored by absorbance at 340 nm. Bach enzyme only control without
pimelate demmonstrated low base line consumption of NADPH. See FIG, 14,

297} The gene products of SEQ 1D NG 4 and SEQ 1D MNO 7, enhanced by the
gene product of /p, accepted pimelate as substrate, as confinmed against the empty vestor

control (see FIG. 11, and synthesized pimelaie semialdehyde.

EXAMPLE?7
Enzyme Activity of Carboxylate Reduciase using 7-Hydroxyheptanoate as Substraie and
Forming 7-hydroxvheptanal

(298] A sequence encoding a His-tag was added 1o the genes from Myoeobacterium
marinum, Mycobacterium smegmatis, Segniliparus rugosus, Mycobacterium smegmatis,
Mycobacterium massiliense, snd Segniliparus rotundus that encode the carboxylate
reductases of SEQ 1D NOGs: 2 - 7- respectively (see FIGs. 9A-9C) such that Neterminal HIS
tagged carboxylate reductases could be produced. Each of the modified genes was cloned
into a pET Duet expression vector alongside  sth gene encoding a His-tagged
phosphopantetheine transforase from Bacillus subtilis, both under control of the T7 promoter.

(2991 Each expression vector was transformed into a BL2T{DE31 £ cofi host and
the resulting recombinant &, ¢ofi strains were cultivated at 37°C in a 250ml. shake flask
culture containing 50 mb LB media and antibictic selection pressure, with shaking at 230
rpm. Hach culture was induced overnight at 37 °C using an auto-induction media.

{3008}  The pellet from gach induced shake flask culture was harvested via
cenirifugation. Hach pellet was resuspended and lysed via sonteation. The cell debris was
separated from the supernatant via centrifugation, The carboxviare reductases and
chromatography, diluted 13-fold into 56 mM HEPES buffer (pH = 7.5} and concentrated via
ultrafiltration.

13011 Enzyme activity (i.e., T-hydroxyhepianoate to 7-hydroxyheptanal) assays
were performed in triplicate in a buffer composed of a final concentration of 30 mM HEPES
buffer {pH = 7.5}, 2 mM T-hydroxyheptanal, 10 mM MgTlh, | mM ATE, and T mM NADPH.

Hach enzyme activity assgy reaction was initiated by adding purified carboxydaie reductase
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and phosphopanietheine fransferase or the empty vector conirol 1o the assay boffer
containing the 7-hydroxyheptanoate and then incubated at room tempergture for 20 min. The
consumption of MADPH was monitored by absorbance at 340 nm. Each enzyme only control
without 7-hydroxyvheptanoate demonstrated low base Hne consumption of NADPH, See FIG.
G,

{3021 The gene products of BEQ {13 NG 2 - 7, enhanced by the gene product of s/p,
acoepied T-hydroxyheplanoate as substrale as confirmed against the emply vector eontrol (see

FIG. 12}, and synthesized 7-hydroxvheptanal,

EXAMPLY 8
Fazyme activity of w-fransaminase for T-aminchepianel, forming T-oxchepianal

{3031 A nuclestide sequence encoding an Neterminal Histag was added to the
Cheomobacierium vivlaceum, Fseudomonas syringae and Rhodobacier sphaeroides genes
encoding the o-framsaminases of SEQ ID WNOs: 8, 10 and 11, respectively (see FIG. 9C) such
that MN-terminal HIS tagged w-fransaminases could be produced, The modified gones were
cloned into a pET 2 1a expression vecior under the T7 promaoter. Each expression vector was
transformed into g3 BLZHIDESY & cofi host. Each resulting recombinant £ coli strain were
cultivated at 37°C in g 230ml shake flask culore containing 30 ml LB media and antibictic
selection pressure, with shaking at 230 rpm. Fach cubture was induced overnight at 16°C
ysing 1 mM IPTOL

{3041  The pellet from cach induced shake flask culture was harvesied via
centrifugation. Each pellet was resuspended and lysed via sonication. The cell debris was
separated from the supernatant via centrifugation and the cell free exiract was use
imiediately in enzyvime activily assays.

(3051 Enzyme activity assays in the reverse direction (l.g., 7-amincheptancl to 7-
oxcheptanchy were performed in a buffer composed of a {inal concentration of 30 mM
HEPES buffer (pH = 7.5), 10 mM 7-aroincheptanol, 10 oM pyruvate, and 160 pM pyridoxyl
5’ phosphate, Each enzyme activity gssay reaction was initisted by adding cell free extract of
the axtransaminase gene product or the empty vector control to the assay buffer containing
the 7-amincheptano! and then incubated at 25 °C for 4 b, with shaking at 250 rpm. The
formation of L-alanine was quantified via RP-HPLL.

(3061 Each enryme only control without 7-amincheptanol had low base line

conversion of pyruvate to L-alanine. See FIG 15,
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{307]  The gene products of SEQ D NO R, 10 & 11 accepted 7-amincheptans! as
subsirate 95 confirmed against the emply vector control (see FIG. 203 and synthesized 7-
oxcheptancd as reaction product. Given the reversibility of the arsransaminase activily (see
Example 2}, it can be concluded that the gene producis of SEQ 1D E, 10 & 11 accept 7-

oxcheptano! as substrate and form T~aminoheptancl.

EXAMPLE ¢
Enzyme activity of ofransasminase using hepiamethyviensdiamine as substrate and
forming T-aminohepianal

[308) A sequence encoding an Neterminal His-lag was added 1o the
Chromobacterivm violaceum, Pseudomonas acruginosa, Pseudomonas syringae, Rhodobacter
aphaeroides, Bscherichia coli, and Vibrio fluvialis genes encoding the w-transaminases of
SEQ D MNOs: 8 - 13, respectively {see FIGs. 9C and 9D} such that N-terminal HIS tagged o-
transaminases could be produced, The modified genes were cloned into a pET21a expression
vector under the T7 promoter, Each expression vecior was transformed into a BL21[DE3TE.
coli host. Each resulting recornbinant F. coll strain were cultivated at 37°C in a 250mi. shake
flask culture containing 50 mL LB media and antibiotic selection pressure, with shaking at
230 rpe. Each culture was induced overnight at 16°C using 1 mM PTG,

130%}  The pellet from each induced shake flask culture was harvested via
centrifugation. Each pellet was resuspended and lysed via sonication. The cell debris was
separated from the supernatant via centrifugation and the cell free extract was used

imimediately in enzyme activity assays.

316]  Eneyme activity assays in the reverse direction (1.e., heptamethylenediamine
to 7-aminoheptanal} were performed io a buffer composed of a final concentration of 50 mM
HEPES buffer (pH = 7.5), 10 mM heptamethyienediamine, 10 mM pyruvate, and 100 g
pyridoxyt 5° phosphate. Each enzyime activity assay reaction was initiated by adding cell free
extract of the exfransaminase gone product or the empty veotor control to the assay bufter
containing the heptamethylenediamine and then incubated at 25 °C for 4 h, with shaking at
250 rpm. The formation of L-alanine was guantified via RWHPLC,

[311]  Each enzyme only control without heptamethylenediamine had low base Hne
conversion of pyruvaie o L-alanine. See FIG, 15,

13121 The gene products of SEQ 1D NQO B-13 accepied heptamethylenediamine ag
substrate as confirmed against the empty vector control (see FIG. 18) and synthesized 7-

amincheptanal as reaction product. Given the reversibility of the o-transaminase activity

-85 .
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{see Example §), it can be conchuded that the gene products of SEQ 1§~ 13 accept 7-

aminoheptanal as substrate and form heptamethyisnediamine,

BEXAMPLE 18
Enzyme activity of carboxylate reductase for MT-geetyi-7-aminshepianeaie, forming MN7-
acelvi-T-aminoheptanal

{3131 The activity of each of the N-terminal His-tagged carboxylate reductases of
SECQ I NOs: 3,6, and 7 (see Examples 7, and Fils. 94, 98, and 8C) for converting N7-
acetyi-7-amincheptancate to N7-acetyl-7-amincheptanal was assayed in triplicate in a bufter
composed of a final concentration of 50 mM HEPES buffer (pH = 7.5}, 2 mM NT-gcetyl-7-
ammincheptanoate, 10 mM MgCls, | oM ATP, and | mM MNADPH. The assays were initiated
by adding purified carbaxylate reductase and phosphopanietheine transferase ov the empty
vector control to the assay buffer containing the M7-acetyl-7-amincheptancate then incubate
at rooan femperature for 20 min, The consumption of NADPH was monitored by absorbance
at 340 nyn. Each enzymne only control without N7-acetyl-7-aminocheplancate demonstrated
low base line consumption of NADPH. See FIG. 10,

3141 'The geone producis of 8E( 1D NGO 3, 6, and 7, enhanced by the gene product
of $fp, accepted MN7-acetyl-7T-amincheptancate as substrate as conflrmed against the empty

vector control (see FIG. 13), and synthesized N7-avetyl-T-anuncheptanal.

EXAMPLE 11
Erzyme activity of axfransaningse using N7-acetyi-1,7-diaminohepiane, and forming
{T-aceiyl-T-aminoheptanal

(3151 The activity of the Neterminal His-tagged axtransaminases of SEQ 1D NGs:
813 (sec Exampic 9, and FiGs. 90 and S} for converting K7-acetyl-1,7-diamincheptane
to N7-acetyl-7-amincheptanal was assayed using a buffer composed of a final concentration
of 50 mM HEPES butter (pH = 7.5}, 10 md M7-acetyl-1,7-diamincheptane, 10 mM pyruvaie
and 160 uM pyridoxyt 537 phosphate, Each enzyme astivity assay reaction was initiated by
adding a cell free extract of the e fransaminase of the empty vector control to the assay
buffer containing the MN7-acetyl~1.7-diamincheptane then incubated at 25 °C for 4 b, with
shaking at 250 rpm. The formation of L-alanine was guantified vig RP-HPLL,

{3161 Each sozyme only control without N7-acetyl-1,7-diamincheptane

demonstrated low base line conversion of pyruvate to L-alanine. See FIG. 15,
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[317]  The gene product of 8E( 1D NG 8 - 13 accepted N7-acetyi-1,7-
diamincheptane as substrate as confirmed against the empty vector control (ses FIG. 19} and
synthesized MN7-acetyl-7T-aminoheptanal as reaction product,

(318]  Given the reversibility ot the w-transaminase activity (see example 23, the
gene products of SEQ I § — 13 accept M7-acetyi-T-amincheptanal as substrate forming N7-

acetyi-1,7-diamincheptane.

EXAMPLE 12
Enzyme activity of carbaxyinte reductase wsing pimelate semialdebyde as subsirate and
forming heptanedial

3191 The Meerminal His<tagged carboxylate reductase of SEQ 1D NG 7 {see
Example 7 and FIG. 9C) was assayed using pimelate semisidelyde as substrate. The enzyme
activily assay was performed in triplicate in a butfer composed of a final concentration of 50
b HEPES buffer (pH = 7.5}, Z mM pimelate semialdehyde, 18 mM Mgl T ;M ATP and
I mM NADPH. The enzyme activity assay reaction was initialed by adding purified
carboxviie reductase and phosphopantetheine ronsferase or the empty vector control to the
assay buffer containing the pirelate semialdehyde and then incubated at room temperaiure
for 20 min. The consumption of NADPH was monitored by absorbance at 340 nim. The
enzyme only contrel without pimelate semialdehyde demonstrated low base line consumpiion
of NADPH. See FIG. 10

(3201 The gene product of SEG 1D WO 7, enhanced by the gens product of sfb,
accepled pimelate semmialdehyde as substrate as confirmed against the empty vector control

{see F1G.14) and synthesized heptanedial,

OTHER EMBODIMENTS

(321} It is 1o be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description s intended 1o
illustrate and not timit the seope of the invention, which is detined by the scope of the
sppended claims. Other aspects, advantages, and modifications are within the scops of the

following claims.
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CLAIMS

What is claimed s

i. A method for regulating biosynthesis of at feast one C7 building block using a
pathway having a pimeloyl-ACP intermediate, said method comprising the step of

downregelating the activity of a BioF enzyme,

2. The method of claim 1, wherein the BioF has at least 70% sequence identity or

homology to the amino acid sequence set forth in SEQ [D NG: 23,

L3

The method of claim 1, wherein the at least one O7 butiding block is selected from the
group  consisting of  pimehic  acid,  7-amincheptancate,  7-hydroxvhepancate,

heptamethylenedigming, 7-amincheptanol and 1,7-heptanedich

4. The method of claim 1, wherein the step of downregulating the activity of BioF

cornprises reducing the activity 1o a level below that of 3 wild type BioF.

5. The method of claim 1, wherein the siep of downregulating the activity of BioF

comprizes reducing the activity o rero,

&, A method for regulating biosynthesis of at least one C7 building block using a
pathhway having a pimeloybACP intermediate, said method comprising
the step of dowrnregulating the activity of BioF,; and

the step of overgxpressing BioW and a CoA-specific BioF.

7. The methed of claim 6, whersin said BioW enzymatically converts pimelic acid fo

pimeloyl-Cod.

o

8. The method of claim 6 or 7, wherein said BioW is a pimeloyl-CoA ligase having al
teast 70% sequence identity or homology 1o the amino acid sequence aet forth n SEQ 1D KO

i4,
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g, The method of any ong of claims 6-8, wherein CoA-specific BioV enzymatically

converts pimeloyl-CoA to B-amino-7-oxo-nonancic acid,

10, The moethod of any one of ¢laims6-9, wherein said CoA-specific BioF is g S-amino-7-
~T

oxononanoate synthase having at least 70% sequence identity or bomology 1o the amino aaid

seqguence set forth in SEQ D NO: 15,

i1 The method of claim |, whergin said pathway comprises enzymatically synthesizing a
{7 aliphatic backbone from malonyl-ACP via two oycles of methyl-ester shiglded carbon
chain elongation, and enezymatically forming two terminal functional groups independently
selected from the group consisting of carboxyi, amine, and hydroxyl groups in said backbone,

thereby forming the U7 building block.

12 The method of ¢laim 11, wherein a S-adenosyl-L-methionine (SAMl-dependent

methviransferase converts malonyl-ACY to malonyl-ACE methyi ester,

13, The method of claim 11, wherein the S-adencsyl-l-methionine (S4M)-dependens
methvltransferase has at least 70% sequence identity or homeology to the amino acid sequence

set forth in SEQ D NG s,

4. The method of claim 18, wherein each of said two cyeles of carbon chain elongation
comprises using (i) g S-ketoacyl-ACP synthase, (1) 8 J-oxoaoyl-4CF redhcrase, {11y a 3-

ydroxyocyl-ACE debydratase, and (iv) an enoyl-ACEP reductase.
15, The method of clatm U, wherein sald two cycles of carbon chain elongation produce
prmiclovi-ACP methyl ester from malonvi-ACP methyl ester using a frans-2-enovi-Cod

rediictise,

16, The method of any one of claims 1-15, wherein said two terminal functional groups

are the same.

17, The method of any one of claims 1-16, wherein sald two terminal functional groups

are amine.
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t8.  The method of any ong of claims 1-16, wherein said two terminal functional groups

are hydroxyi groups.

19, The method of any ove of claims 1-15, wherein said two terminal funclional groups

are different,

26, The method of any one of claims 1-13 and 19, wherein said at least one C7 butlding

block comprises a terminal amine and a terminal carboxyl group.

21, The method of any one of claims 1-15 and 19, wherein said at feast one C7 building

block comprises a terminal hydroxy! group and a terminal carboxyl group.

22 The method of any one of claims 1-21, wherein the hydroxyl group s enzyrmatically
formed by a 6-bvdroxyhexanoaie debydrogenase, a S-hydroxypenianoae dehydregenase, a 4-

hvdraxybutyrate dehydratase, or an alcobol debiydrogenase.

23, The method of any one of claims 1-22, wherein the carboxyl group is enzymatically
formed by a thuoesterase, an aldehyde debvdrogenase, a 7-oxohepianoate dehydrogenase, a
g-oxohexanoaie defydrogenase, a ghitaconate Cod-transferase, or a reversible succinyi-Cod

figase.

24, The method of claim 23, wherein said thivesferase has at least 709 sequence identily

or homology to the amine acld sequence set forth in SEQ D NG 21 or 22.

25, The method of any one of claims 1-24, wherein the amine group is enzymatically

formed by a w-transaminase or a deacetyiase.

26, The method of olaim 28, wherein said wo-transaminase has at least 70% sequence
identity or homology to any one of the amino acid sequences set forth in any of SEQ [ Nis:
& 13,

27. The method of any one of clabms 1-26, wherein an intermediate (in forming the at
least one product) with a terminal aldehyde group is formed by a carboxylate reductase and

enhanced by a phosphopantetheinvl rransferase.

~ 6l -
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28, The method of claim 27, wherein sald carboxyiate reductase has at least 70%

sequence identity or homology to any one of the amine acid sequences set forth in any of

SEQID MO 2 -7,

29, The method of any of the preceding claims, wherein said method is performed in a

recombinant host by fermentation,

30, The method of ¢laim 29, wherein said recombinant host is subjecied to a cultivation
condition under aerobic, anaerobic, micro-aerobic or mixed oxygen/denitrification cultivation

conditions.

3t The method of claim 29 or ¢laim 30, wherein said recombinant bost is cultured under

conditions of nutrient Hmtlation,

33 The method according to any one of claims 2931, wherein said recombinant host is
retained using a ceramic hollow fiber membrane to maintain 8 high cell density during

fermentation.

33, The method of any one of claims 29-32, wherein the principal carbon source fed to

the fermentation derives from biological or non-binlogical feadstocks.

34, The method of ciaim 33, wherein the blological feedstock is, or derives from, at least
one chosen from monosaccharides, disasccharides, Hgnocelhulose, hemicellulose, cellulose,
Hgnin, levalinic acid, formic acld, triglyeerides, glycerol, fatty acids, agriculiural waste,

condensed distillers' solubles, or municipal waste.

35. The method of claim 33, wherein the non-biological feedstock is, or derives from, at
feast one chosen {rom natural gas, syngas, COy/H,, methanol, ethanol, benzoate, non-volatile
residue (NVR) caustic wash waste stream from cyclohexane oxidation processes, or

terephthalic acid / isophthalic acid mixiure wasie streams.

38, The method of any one of claims 29-33, whersin the recombinant host is a prokaryote,
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43

7. The method of claim 36, wherein said prokarvaote is chosen from the genii
Excherichia, Closiridia, Coryrebacieria, Cupriavidus, Fseudompras, Delftia acidovorans,
Baciilus, Lactobacillus, Loctococcus, or Riwdococcus.

38, The method of claim 37, wherein said prokarvote is Lscherichia coli,

39, The method of claim 37, wherein said prokarvote is Clostridium [junzdahiii,

Clostridium autosthanogernum, or Clostridiym kuyveri,
4. The method of claim 37, wherein said prokaryote is Corvmebacieriym ghitamicum.

41, The method of claim 37, wherein said prokaryote is Cupriovidus necator or

Cupriavidus metallidurans.

42, The method of claim 37, wherein said prokaryole is Psendomonas fluorescens,

Pseudomonas putida or Fseudomonas sleavorans.

43, The method of claim 37, whersin said prokaryote is Bacillus sz.:f;!iil:'ﬁ;.

44, The method of claim 37, wherein said prokaryote is Lactehacillus delbrueckii.
43, The method of claim 37, wherein sald prokaryole is Lacioccccus lactis.

48. ‘The method of ¢laim 37, wherein said prokaryots is Rhodococcus equi.

47, The method of any one of claims 29-35, wherein the host is a subaryote.

438. The method of claim 47, wherein said eukarvote is from the genii Aspergifiug,

Saccharomyces Pichia, Yarvowia, Issatchenkia, Debarvomyees, Arxula, or Eluvveromvces.
49, The method of claim 47, wherein said eukarvote is Aspereifius niger.
J &

50, The method of claim 47, wherein said eukaryote is Saccharomyces cerevisiae.

D
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31, The method of claim 47, wherein said eukaryote is Pickia pastoris,

S3. The method of claim 47, wherein sald eukaryote is Yarrowia lipolviica.
53. The method of claim 47, whereln said eukaryote is Dssathenkia orfentalis,

54, The method of ¢laim 47, wherein said eukaryote is Debaryomyces hansenil,

55, The method of claim 47, whersin said sukaryote Is Araula adenoinivorans.

36, The method of claim 47, wherein satd eukarvote is Khaweronyees faciis.

57.  The method of ¢laim 29, wherein the recombinant host’s tolerance 1o high
concentrations of at least one U7 bullding block is improved through continuous cultivation

in a selective environment,

38, The method of any one of claims 29-37, wherein sald recombinant host comprises one
or more of atienuated enzymes chosen from polvivdroxyalkanoate synthase, an aeeiyi-Cod
thioesterase, an acelyl-Cod specific S-ketothiolase, a phosphotransacetyiase jorming acetote,
an acelate kinose, a lactate delydrogenase, a menaguinol-fumarate oxidoveduciase, 3 2-
axoacid decarboxylase producing isobutanol, an aleohel debydrogenase forming etbanol, a
iriase phosphate isomerase, a pyruvale decarboxyiase, a glucose-6-phosphate isomerase, a
franshydrogenase dissipating the NADH or NADPH imbalance, an ghaamate debydrogenase
dissipating the NADH or NADPH imbalance, a NADH/NADPH-utilizing glutemare
debydrogenase, a pimeloyl-Cod delbydrogenase;, an acyl-Cod debiydrogenase accepting C7
building blocks and ceniral precursors as substrates; a ghutaryl-Cod debydrogenase; or a

pimelovi-Cod syntheiase,

54 The method of any one of claims 29-58, wherein said recombinant host overexpresses
one or more genes encoding an avend-Cod syntheiase, a 6-phosphogiuconate
defivdrogenase; a transketolase; a puridine nuckeotide ansiydrogenase; a formate
debvdrogenase; a glyceraldelyde-3P-dehvdrogenuse; & malic enzyme; g ghicose-8-phosphate
debydrogeriase; a fructose 16 diphosphatase; a L-olanine defivdrogenase; s L-glutamate

debydrogenase specific to the NADH or NADPH used to generate a co-factor imbalance; a

- 63
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methanol dehydrogenase, a formaldehvde delvdrogenase, a diamine transporier; a
dicarboxylate ransporter; an S-adenosylmethioning synthetase andfor a mudtidrug

ransporicr.

243 A recombinant host for producing pimeloyvi-ACPE, said recombinant host comprising &

deletion of a bio# gene.

61, A recombinant host for producing pimeloybACP, whereln said recombinant host

expresses a Biol at a level below that of 8 wild type host.

&2, The recombinant host of clabm 50, wherein sald recombinant host does not express
BioF activity.
63.  The recombinant host of clabm [47], wherein said recombinant host comprises at least

one exogenous nucleic acid encoding Mol and a CoA-specific hiok

64. A non-naturally occurring organism comprising at least one exogenous nucleic acid
encoding at least one polypeptide having the activity of a1 least one enzyme depicted in any

one of FiGs, 1o 21,

865, A nucleic acid consiruct or expression veator comprising s polynuclestide encoding a
polypeptide having S-amine-7-oxonononeate synthaze activity, wherein the polynucleotide is
operably linked to one or more heterologous control sequences that direct production of the
polypeptide and wherein the polypeptide baving 8-amino-7-oxononancate synthase activity s
a polypeptide having at least 70% sequence identity or homology to the polypeptide of SEQ

NG 23,

64, A nucleic acid construct or expression vestor comprizsing a polymuclestide encoding &
polypeptide having thicesterase activity, wherein the polynucieotide is operably linked to one
or more heterologous control sequences that direct production of the polypeptide and wherein
the polypeptide having thioesterase activity is selected from the group consisting of: (a) a

polypeptide having at least 70% sequence identity or homology to the polypeptide of SEQ D

MO L () a polypentide having at least 70% sequence identity or homology to the

v 64 -
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polypeptide of SEQ 11 NO: 21; and (¢ a polypeptide having at least 70% sequence identity
or homology to the polypeptide of SE( 1D NG: 22.

67, Anucleic acid construct or expression vector comprising a polynucientide encoding a
polypeptide having carboxvinte reductase activity, wherein the polynucleotide is operably
linked to one or more heterologous control sequences that direst production of the
polypeptide and wherein the pelypeptide having carboxylare reductase activity is selected
from the group consisting of! {a) a polypeptide having at least 70% sequence identity or
homology to the polypeptide of KEQ 1B NG: Z; {b) a polypeptide having at least 70%
sequence identity or homology to the polypeptide of SEQ 1D Nk 3; {0} a polypeptide having
at least 70% sequence identity or homology to the polypeptide of SEQ ID NG 4: (dy a
polypeptide having at least 70% sequence Wentity or homology to the polypeptide of SEQ 1D
NG5 {e) a polypeptide having at least 70% seguence identity or homology 1o the
polypeptide of SEQ 1D NO: 6; and {f} a polypeptide having at least 7096 sequence identity or
homology o the polypeptide of SEQ 1D NO: 7.

68, A nusleic acid construet or expression vector comprising a polynucieotide encoding a
polypeptide having w-frassaminase activity, wherein the polynucleotide s operably hinked o
one or more heterologous control sequences that divect production of the polypeptide and
wherein the polypeptide having w-fransaminase activity i¢ selected from the group consisting
of: {a} a polypepiide having at least 70%¢ sequence identity or homology o the polypeptide of
SEQ 2 NOG: &; (b} a polvpeptide having at least 70% sequence identity or homology to the
polypeptide of SEQ 1D NG: 9; (o) a polypeptide having at least 7056 sequence identity or
homology to the polypeptide of SEG ID RO; 10 {d) a polypeptide having at least 70%
sequence identity or homalogy to the polypeptide of SEQ 1D NG: 11 (&) a polvpeptide
having at least 70% sequence ideniity or homology to the polypeptide of SEQ 103 NO: 12
and () 2 polypeptide having at least 709 sequence identity or homology o the polypeptide

of SEQ 1 NO 13,

69. A nucleic actd construct or expression veotor comprising a polymuclestide sncoding
polypeptide having phosphopametheinyl fransferase activity, wherein the polynuclentide is
operably linked to ane or more hoterclogous control sequences that divect production of the
polyvpeptide and wherein the polypeptide having phosphopantetheinvl iransferase activity is

selected from the group consisting of (8) 3 polypeptide having at least 70% sequence identity

- 65 -
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or homwology to the polypeptide of SEQ 103 NO: 14 and (b} a polypeptide having at least 70%
sequence identity or homology to the polvpeptide of SEQ 1D NO: 15,

0. Anucleic acid construct or expression vector comprising a polynucleotide encoding a
poiypeptide having pimeloyl-ACP methyl ester exterase activity, wherein the polynuclentide
is operably linked to one or more heterologous control sequences that direct production of the
poltypeptide and wherein the polypeptide having pimeloyl-ACE methvl ester esterase activity
is a polypeptide having at least 70% sequence identity or homology to the polyneptide of

SEQ 1D NG 17,

71, A nucleic acid construct or expression vecior comprising a polynuclectide encoding a
polypeptide having S-carboxyhexanoate-Cod ligose activity, wherein the polynuclestide is
operably linked to one or more heterclogous control sequences that direct production of the
polypeptide and wherein the polypeptide having f-carboxvhexanoaie-Co4 ligase activity (s a
polypeptide having at least 70% sequence identity or homology to the polypeptide of SEQ ID
NG 8

7. A nucleic acid construct or expression vector comprising a polynuclestide encoding a
polypeptide having S-amino-7-oxenonancate synthase activity, wherein the polynucleotide is
operably linked 1o one or more heterologous control sequences that direct production of the
polypeptide and wherein the polypeptide baving S-amino-7-oxononagnoaie synihase activity is
a polypeptide having at least 70% sequence identity or homology to the polypeptide of SEQ

HIEMENS PR

730 Anucleie acid construct or expression vector comprising a polyruclestide encoding a
polypeptide having malonyl-ACP O-methvliransferase activity, wherein the polvnucieotide is
operably linked 1o one or more heterologous control sequences that direct production of the
polypeptide and wherein the polypeptide having malonyl-ACP O-methvliransferase activity
is 2 polypeptide having at least 70% sequence identity or homology o the polypeptide of

SEQ T NGO 20

74. A composition comprising the nuclels scid construct or expression vector of any one

of claims 65-73.
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73, Anon-naturally cccurring biochemical network comprising a S-hydroxypentanoyl-
CoA, an exogenous nuclele acid encoding a polypeptide having the activity of a [i-

ketothiclase classified under EC, 2.3.1, and 3 3-oxo-7T-hydronvheptanoy -CoA.

75, A bio-derived, bio-based or fermentation-derived product, whereln said product
COmprises:

i, a composition comprising at least one bio-derived, bio-based or fermentation-
derived compound produced or blosynthesized according to any one of claims 1-75 or or any
one of FIGS, 1-21, or any combination thereof)

i, a bio~-derived, bio-based or fermemtation-derived polymer comprising the bio-
derived, bio-based or fermentation-derived composition or compound of 1, or any
combination theroof,

1L a bio~derived, bio-based or fermentation-derived resin comprising the bio-derived,
bic-based or fermentation~-derived compound or bio-derived, bio-based or fermentation-
dertved composition of 1. or any combination thereof or the bio-derived, bio-based or
fermentation-derived polymer of i1, or any combination thersof,

iv. a molded substance obtained by molding the bio-derived, bio-based or
termentation-derived polymer of it or the bio-derived, bio-based or fermentation-derived
resin of ik, or any combination thereot:

v. a bio-derived, bis-based or fermentation-derived formulation comprising the bio-
derived, bio-based or fermentation~-derived composition of i, bio-derived, bio-hased or
fermentation-derived compound of i, bio~derived, bio-based or fermentation-derived
polymer of i, bio-derived, bio-based or fermentation-derived resin of i, or bio-derived,
bio-based or fermentation-dertved molded substance of iv, or any combination thereof; or

vi. a bio~derived, bio-based or fermentation-derived semi-solid or a non-semi-solid
stream, comprising the bio-derived, bio-based or fermentation-derived composition of 1., bio-
derived, bio-based or fermentation-derived compound of i, bio-derived, bio-based or
fermentation-derived polvmer of i, bio-derived, bio-based or fermentation~derived resin of
i, bio-derived, bio-based or fermentation-derived formulation of v., or bio-derived, bio-

based ar fermentation-derived molded substance of v, or any combination thereof,
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§S§ 3 ; GENBARK | Amino acld seguen
?i% Organls | drormnpe | e sequence
{ Eacheriotdy  1AAAZ4S0S 41 METALKNLLTUNLERIEEGLERGOSEI GLROVFREQVVEQALY AARE TVRE ERLVHSF

HEYFLRPCOBKKPHY DVETLRDGNSFBARRYSEN Q&LK??FW?«\“QQ?EQG“E“E{}*(?
&‘?S&Pa’kai} %.F’SQTQE&”‘*L%H&?F%L’(QK CORPLEVRPVEFHNPLUKGHVAEPHROY
WIRANGRVPOULRY HOVLLGYASDINFURVALOPHGIGFLEPGRIA TIDHSAMWFHRIFN
LREWLL Y SVESTRASSARGRVRGEFVTQDEVIVAS TVOREGVRRNIN

o

Myoohacheiom
A

ALLANGRT.3

S P TRE R ERRICDL Y ANDPIF AMAKPATA TAMERPGLPLPCUE TYMTO Y ADRPA
LAGRSVERVTDAGTOHTTLRLL PHFETISY CELWORISALADVL STEOTVIFGDRVELLG
FNSYDYATIDUTLARL GAVRVPLOTSANTOLOPVAE TOPTIBASVDAL ADATELALS
GOTATRYLVFDHHROVDAHRARVE SARERLABRAVVE TLAE A RGDVPROASAGSAPGT
DVSDDSLALLIYTSOSTEAPKOARYPRRIVA TP RKITWFEGGYEPSITLNFNPMSHING
LY GTLONGOTAYEVARSILSTLFEDLSLYRPTEL TRVPRWWDMVEDERQSEVORRLY
DGADRVAL EAQVRAEIRNDVE GORYTRAL TASAPRDEMKAWVEELE DMALVEGYORTES
GMIUDOAIRRPAVLINKLUDVPOLOYFL TORPHPROELLVKTDSLEPOY YORAEVTADY
FOADGEYRTGOIMAEVEPEQF VYL IRNNVLKL SOICERVTVSRLEAVFGDSEL VRQIVIY
GNSARAYLLAVIVRTOEAL DAVPVEELIARL GOSLQEVAKAAGLOSYEIFRDFIETTOW
TLENGLLTORKLARPOLIKHYGELLEGNY THLAHGDADEL RS ROSGANAPVLVIVORA
ARSLEGASASDVOPORRF T OGNS SALSETNLLEEIFDIEVRVRVIVERANDLOALAD
¥y EAARKP O BRFTFASVHGASNGQV TEVHAGDLSL DKFIDAATLAEAPRLPAANTOVRT
VELTGATGRL GRYLALEWLERMEL VDGKLIGLVRANSDTEARARL DKTFDEGRPELLAHY
RALAGDH, EVLAGDKGEADL GLORGTVORLADTYOL VOPAAVNHU Y SQLEGPNALG
TAELLRLAL TSKIKPYSY T8 TV AL OIPPSAT TEDADIRVISA TRAVDIDS Y ANG YSNSK
WAGEVLLREANDLCGLEVAVRCDMILADTIAGOLIVPONF TR SMTOIPGSFY
ELAADCARGRARY DOLPVERARAIST GRAOSODRFHT Y HVMNP YD GG DEFVDILNE
SBOPIORIALY GOWLORFETALRAL PORQRHSSLLPLLRNY ROPERPYRGSIAPTORERA
AVOEAKIGRDKDIPRVGAPIRY VEDLRLLGLL

Mycobsclonm
srsgaisla

ABKT854

NSOV TOCUTE TR DR T RN VATDREF AR RPLBATVOARHRPOLRU A
QTLFTGYGDRPALGYRARELATDEGGRTVIRLLPRFDILTYAQY ANERVEY vmmﬁm
QP PGEOAVATIGRASPIVLTLOLVUAYL GLVEVPLOHNAPVERLAPILAEVERRILTY
AEYLDLAVESVRDUNSYSOLYVFORKPEVDDHRDA ARARECLAGKGIAVTTLDA mr«fu
ACLEASP IV TADHDOR AN Y TOGSTOAPKGANY TEAMYVARLNTMERITSNETRVINGN
FUFLNRLOGRIPISTAVIN R TSYFUPESOMETLFEDLALVRPTELGLYPRVADMLYQHH
LATYDRLVTOGADEL m&w&c}x&sﬂ}vm@m TORVETAPLAASMRAFLDITL AR
OGYGL TETCAYTRDGVIVRPPVIE YKL IVPEL GYFE TS DHEYPROGELLVRSOTLIPGYY

REPEVTASVWRORTGY "*’ﬁ*()ﬁ‘&i&&”f\?ﬁ*ﬁ‘x? SORRENVLKEAGOEFVAVANLERVFEGA
ALVRQIFVYINEERSFLLAVVWPTREA EQVIPARLKAML ADSLORTARTAELIISYEVEA

DFVETEPFOAANGLLOBVOKLLBPNLEBRYGORLEQMYADIASTOANDL RELRRAAATQ
PYIDTL TORAATR GTGSEVASDAMF TRL GG RAL TLENU BOFFGFEVIRVETIVNRS
TRLAGL AHIE AR TACDRRIFSF TTVMGADATEIRASEL TLDRFIDASTL RAAPGLPRYT
TEPRTVLLSGANGWLGREL TLOWLER ARYGE TLITIVRGRUDAAARARL TQAYITRREL
SREFAELADRHLRVYVAGDIODPNLBLTR RLAAEVDLVYHPAALUNHVLPYROLEGH
NWCTARVRKLALTERIKPYTYLSTVEVARGIFOFEEDGDIRTVERVHPLIIGGY ANGYGN
mK}*ﬁﬁ»Gﬁ&LR& SHEECGLPYATERSUME AMPRYRGOQYNYPIMFIRLULSLLITGVAPRS
FYIGDLERPRAMYPGL TVDFVAEAVTTLGRAOIIREGYVSYRVMNPHODGISL DVFVDWLIR
AGHPIDRVDIYDI “\f\fﬁﬁ%mﬁv’\\.?&ﬁ SRACTVLPLLNS PR,%?QMPL%M&WEVFHA
AYRTAVGPGIPRLDEAUDKYIRILRERGU

FIG. 9A
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SEQ
Uy
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Organism

GENBANK
raference

Amino aeid sequence

Segniliparys
FHgOsUS

EFVH1a17 1

MGDGEERAKRFEQRIGELSATDPQF AAAAPDPAVVEAVSDPSLSF TRYLD TLIMRGYAERP
ALAHRVGAGYETISYGELWARVGAIAMAWQADGLAPGDFVATVGFTSPDYVAVDLAAARS
GLVSVYPLOAGASLAQLVGILEETEPKVLAASASSLEGAVACALAAPSVORLVVFDLRGPD
ASESAADERRGALADAEEQLARAGRAVYVETLADL AARGEALPEAPL FEPAEGEDPLALL
IYTSGSTGAPKGAMYSORLYSOLWGRTPYYPGMPNISLHYMPLSHS Y GRAVLAGALSAGG
TAHFTANSDLSTLFEDIALARP TELALVPRVCEMLFOESORGODVAELRERVLGGRLLVA
VCGSAPLSPEMRAFMEEVLGFPLLDGYGSTEALGYMRNGHGRPPVIDYKLVOVPELGYR
TIDKPYPRGELCIRS TSLISGYYKRPETAEVFDAQGYYKTGDVMAEIAPDHLYYVDRSK
NVLKLSOGEFVAVAKLEAAYBTSPYVKOIFVYGNSERSFLLAVVYPNAEVLGARDOEEAK
PLIAASLOKIAKEAGLQSYEYPROFLIETEPFTTONGLLSEVGKLLRPKLKARYGEALEA
RYDEIAHGQADEL RALRDGAGQORPYVE TVWRAAVAISGSEGAEVGPEANFADL GBDSLSA
L SLANLLHDVFEVEVPYRHIGP TASLAGIAKHIEAERAGASAPTAASVHGAGATRIRAS
EL TLEKFLPEDLLARAKGLPAADOVRTVLL TGANGWLGRFLALEQLERLARSGQDGGHL
CLYRGKDAAAARRRIEE TLGTDPALAARFAELAEGRLEVWPGDVGEPKFGLODAAWDRLA
EEVDVIVHPAALVNHVLPYHQLFGPNVVG TAEKRLAITAKRKPYTYLS TVAVAAGVERS
SFEEDGDIRAVVPERPLGDGYANGYGNSKWAGEVLLREAHELVGLPVAVFRSDMILAHTR
YTGOLNVPDOF TRLVLSLLATGIAPKSEYOQGAAGERQRAMYDGIPVDFTAEAITTLGAE
POWFDGGAGFRSFDVENPHHDGYGLDEFVOWLIEAGHPISRIDDHKEWFARFE TAVRGLP
gﬁ&ﬁg&ﬁ&?&%ﬁ?PHFPVDGSWPTGKFQGAVKAAQVGSDHDVPHLGKAU?VKYAD
L

Mycobacterium
smegmatis

ABKTH684.1

MTIETREDRFNRRIDHLFETDRQFAAARPREAISASAADPELRLPAAVKOIL AGYADRPA
LGKRAVEFVTDEEGRTTAKLLPRFDTITYRQLAGRIQAVTNAWHNHPVNAGERVAILGFT
SVYDYTTIDIALLELGAVRVPLOTSAPVAQLOPIVAETEPKVIASSVDFLADAVALVESGP
APSRLYVEDYSHEVDDOREAFEAAKGKLAGTSYVWWETITDALDRGRSLADAPLYVPDEAD
PLTLLIYTSGSTGTPKGAMYPESKTATMWOAGSKARWDETLGVMPSITLNFMPMSHVMGR
GILCSTLASGGTAYFAARSDLSTFLEDLALVRRTQLNFVPRIWDMLFQEYQSRLDNRRAE
GSEDRAEAAVLEEVRTOLLGGRFVSALTGSAPISAEMKSWVEDLLOMHLLEGYGSTEAGA
VFDGQIQRPPVIDYKLYDVPDLGYFATDRPYPRGELLVKSEQMFPGYYKRPEITAEMFD
EDGYYRTGDIVAELGPDHLEYLDRRNNVLKE SBQGEFVTVSKLEAVFGDSPLVRQIYVYGN
SARSYLLAVWYPTEEALSRWDGDELKSRIBDSLADAARAAGLOBYEIPRDFLVETTPFTL
ENGLLTGIRKLARPKLKAHYGERLEQLYTDLAEGOANELRELRRNGADRPYVETVSRAAY
ALLGASVTDLRSDAHFTDLGGDSLSALSFSNLLHEIFDVDVPVGYIVEPATDLAGVAAYI
EGELRGEKRPTYASVHGROATEVRARDLALGKFIDAKTLSAAPGLPREGTEIRTVLLTGA
TOFLGRYLALEWL ERMDLYDGKVICLVRARSDDEARARLDATFDTGDATLLEHYRALAAD
HLEVIAGDKGEADLGLDHDTWORLADTVDLIVOPAALVNHVLPYSQMFGPNALGTAELIR
IALTTHKPYVYVSTIGVGQGISPEAFVEDATHREISATRRVDOSYANGYGNSKWAGEVL
LREAHDWCGLPYSVFRCDMILADTTYSGQLNLPDMFTRLMLSLVYATGIAPGSFYELDADG
RVDDYATWLSRFETALRALPERQROASLLPLLHNY QRPSPPYCGAMAPTDRFRAAVQDAK,
IGPDKDIPHVTADVIVKYISNLOMLGLL

Mycobacterium
niassifiense

EN111431

MINETNPOQEQLSRRIESLRESDPOFRAAQPDPAVAEQVLRPGLHLSEAIAALMTGYAER
PALGERARELVIDODGRTTLRLLPRFOTTTYGELWSRTTSVAAAWHHDATHPVIKAGDLVA
TLGFTSIDY TVLDLAIMILGOVAVPLOTSAPASOWTTILAEAEPNTLAVSIELIGAAMES
VRATPSIKQWWYFDYTPEVDDQOREAFEAASTOLAGTGIALETLDAVIARGAALPAAPLYA
PSAGDDPLALLIYTSGSTGAPKGAMHSENIVRRWWIREDVMAG TENLPMIGLNFMPMSH
MGRGTLTSTLSTGGTOYFAASSIMSTLREDMELIRPTALALYPRVCDMVFQRFQTEVIRR
LASGDTASAEAVAAEVKADIRONLFGGRYSAVMVGSAPLSEELGEFIESCFELNLTDGYG
STEAGMVFROGIVORPPYVIDYKLVDVPELGYFSTORKPHPRGELLLKTDGMFLGYYKRPEY
TASVFDADGFYMTGDIVAEL AHONIEHDRRNNVLKLSQGEFVAVATLEAEYANSPYVHQ
YYYGSSERSYLLAVWITPEAVAAAKGDAAALKTTIADSLODIAKEIQLOSYEVPRDF
IEPQPFTOGNGLLTGIAKLARPNLKAHY GPRLEQMYATIAEQQAAELRALHGVDPDKPAL
ETVLRAAQALLGVESAELAADAHF TRLGGDSLSALSFSDLLRDIFAVEVPYGVIVEAAND
LGGVAKFVDEQRHSGGTRPTAETVHGAGHTEIRAADLTLDRFIDEATLHAAPSLPKAAGH
PHTVLLTGENGYLGHYLALEWLERLDKTRGKLIVIVRGKNAEAAYGRLEEAFDTGDTELL
AHFRSLADKHLEVLAGDIGDPNLGLDADTWORLADTVDVIVHPAALVNHVEPYNQLFGPN
VYGTAEHKLAITTIIKPYTYLSTVAVAAYVDPTTFDEESDHIRLISAYRPIDDGYANGYG
NAKWAGEVLLREAHDLCGLPVAVERSDMILAHSRYTGQLNVPDQF TRLILSLIATGIARG
SEYQAQTTGERPLARYDGLPGDFTAEAITTLGTQVPEGSEGFYTYDCYNPHADGISLDNF
VOWLIEAGYPIARIDNY TEWF TRFDTAIRGLSERQRQHSLLPLLHAFEQPGAAENHGYVH
AKRFOHAVOAAGIGPYGQDGTTDIPHLSRRUVRYAKDLEQLGLL

FIG. 9B
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SEQ

Organism
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reference

Amino acid sequenca

Saegnifiparus
rofundus

ADGA8140.1

ST A S A AT SR AR AR B LA T D AR A T PP E VRO TR RLAERVDAT
SGYADRPALGORSFOTVKDPITGRSSVELLPTEDTITYRELRERATAIASDLAHHPOAPA
KPGDFLASIGEISYDYVAIDIAGYFAGLTAVPLOTGATLATLTAITAE TAPTLFAASIEH

L PTAVOAVLATPSYRRLLVFDYRAGSDEDREAVEAAKRKIADAGSSVLVDVLDEVIARGK
SAPKAPLPPATDAGDDSLSLLIY TSGSTGTPKGAMYPERNVAHFWGGVWAASFDEDAAPP
VPAINITELPLSHYASRL SLMPTLARGGLMHFVAKSDLSTLFEDLKLARP TNLFLVPRW
EMLYORYOSELDRRGYODGTREAEAVKDDLRTGLLGGRILTAGFGSAPLSABL AGFIESL
LOIHLVDGY GS TEAGPVWRDGYLVKPPY TOYKLIDVPELGYFS TDSPHPRGELAKTOT]
LPGYYKRPET TAEVFDEDGFYLTGOVYAQIGPEQF AYVDRRKNVLKLSQGEFVTLAKLEA
AYSSSPLVROLFVYGSSERSYLLAVIVPTPDALKKFGVGEAAKAAL GESLOKIARDEGLG
SYEVPROFHETOPFTVENGLLSDARKSLRPKLKEHYGERL EAMYKELADGOANELRDIR
RGVOQRPTLETVRRAAAAML GASAAEIKPDAHF TDLGGDSLSALTF SNFLHDLFEVDVRY
GVIVSAANTLGOVAEHIDAGL AGGRARPTFATVHOKGS TTIKASDLTLOKFIDEGTLEAA
KHLPKPADPPRTVLLTGANGWLGRFLALEWLERLAPAGGKLITIVRGKDAAQRKARLDAA
YESGDPKLAGHYODLAATTLEVLAGOFSEPRLGLDEATWNRLADEVDFISHPGALYNHVL
PYNQLFGPNVAGYAEIKLAITTRIKPYTYLSTVAVAAGVEPSAL DEDGDIRTVSAERSY
DEGYANGYGNSKWGGEVLLREAHDRTGLPYRVFRSDMILAHOKY TGOYNATDOFTRLVGS
LLATGLAPKSFYEL DAQGNRQRAHYDGIPVDF TAESITTLGGDOLEG YRSYNVFNPHRDG
VGLDEFYDWLIEAGHPITRIGDYDOWLSRFETSLRCLPESKROASVLPLLHAFARPGPAV
DGSPERNTVFRTDVQKAKIGAEHDIPHL GKALVEKYADDIKOLGLL

Chromobaclenum
vinlaceum

AAQSS607.

MORORTTBQWREL DAAHHLHPFTDTASLNQAGARVMTRGEGVYLWDSEGNKIDGMAGLWY
CYNVGYGRKOFAEAARRQMEELPFYNTFFKT THPAVVELBRLLAEVTPAGFDRVFYTNEG
SESYDTMIRMVRRYWDVQGKPEKKTLIGRWNGYHGSTIGOASLGGMKYMHEQGDLPIPGM
AHIEQPWWYIHGKDMT PDEFGYVAARWLEEKILEIGADKVAAFVGEPIQCAGGVIVPPAT
YWPEIERICRKYDVLLVADEVICGFGRTGEWFGHOHFGFQPDLFTAAKGLESGYLPIGAY
FVGKRVAEGLIAGGDFNHGFTYSGHPVCAAVAHANYAALRDEGIVORVKDDIGPYMOKRW
RETFSRFEHVDDVRGVGMVQAFTLVKNKAKREL FPDFGEIGTLORDIFFRNNLIMRACGD
HIVSAPPLVMTRAEVDEMLAVAERCLEEFEQTLKARGLA

Preudomanas
agruginossa

AAGHIGEY

MNARLHATSPLGDADLYRADQAHYMHGY HVFDDHRYNGSLNIAAGDGAYIYDTAGNRYLD
AVGEMWE TNIGLGREEMARTVAEQTRLLAYSNPFCOMANPRAIEL CRKLAELAPGDLDHY
FLTTGGSTAVDTAIRLMHYYONGRGRRAKKHVITRINAYHGSTFLGMSLGGKSADRPAEF
OFLDERIHHLACPYYYRAPEGLGEAEFLDGLVDEFERKILELGADRVOAFISEPVEGSGG
VIVPRAGYHRRMWEL CORYDVL YISDEVWTSFGRL GHFFASQAVEGYOPDILTAKGLTS
GYQPLGACIFSRRIVEVIAEPDKGROFSHGFTYSGHPVACAAALKNIEIEREGLLAHAD
EVGRYFEERLOSLROLPIVGDYRGNRFMAGVEFVADKASKALFPESUNIGEWVHLRAQKR
SLLVRPIVHLNVASPPLILTREQVDTYVRVLRESIEETVEDLVRAGHR

70

Pseudomonas
swingag

AAY38833.1

MBANNPQTLEWGALSSEHMLAPFEDYKQLKEKGPRITRAEGVYLWDSEGNKIDGMSGL
WCVAIGYGREELADAASKQMRELPYYNLFFQTAHPRYLELAKAISDIAPEGMNHVYFFTGS
GSEGNDTMLRMVRRYWALKGOPNKKTHISRYNGYHGSTVAGASLGGMTYMHEQGDLPIPG
VYHIPQPYWFGEGGDMTPDEF GIWAAEQLERKILELGVENYGAFIAEPIQGAGBVIVEPD
SYWPRIKEILSRYDHLFAADEVICGFORTSEWFGSDFYGLRPDMMTIAKGLTSGYVPMGG
LIVRDEIVAVLNEGGDRFNHGFTYSGHPVAAAVALENIRILREEKIVERVRSETAPYLOKR
LREL SDHPLYCEVRGVGLLGAIELVKDKTTRERY TOKGAGMICRTFCFONGLIMRAVGDT
MUAPPLVISF AQIDELVEKARTCLDLTLAVLQG

i‘h

Rhadobacter
sphaeroides

ABAST135.1

TRNDATNAAGAYGAAMRDHILLPAQEMAKLGKSAQRVL TRAEGIYVHTEDGRRLIDGPA
GMWCAQVGYGRREIVDAMAHCAMYLPYASPWYMATSPAARLAEKIATLTPGDLNRIFETT
GGSTAVDSALRFSEF YNNVL GRPOKKRIVRYDGYHOS TALTAACTGRTGNWRNFDIAQD
RISFLSSPNPRHAGNRSQEAFL DDLVQEFEDRIESLGPD TIAAFLAEP ASGGVIRPA
GYHARFKAICEKHDI YISDEVV TCFGRCCEWFASEKVFGVWIDITEAKGVTSGYVPLG
GLAISEAVLARISGENAKGSWFTNGY TYSNQPVACAAALANIELMERE GIVDOAREMADY
FAAALASLRDEPGVAE TRSVGLYGCVQCLLDPTRADG TAEDKAFTLIIDERCFELGLIVR
PLGDLCVISPRLISRAQIDEMVAIMROAITEVEAAHGL TAKEPARY

12

Escherichia
coff

NP_417844.5

MNRLPSSASALACSAHALNLIEKR TLDHEEMKALNREVIEYFKEHUNPGFLEYRKSVTAG
GDYGAVEWQAGSLNTLVD TQGOEFIDCL GGFGIFNVGHRNPVVVSAVONQLAKGPLHSQE
LLDPLRAMLAKTLAALTPGKLKY SFFONSGTESVEAALKLAKAYQSPRGKFTFIATSGAF
HOKSLGAL SATAKSTFRKPFMPLLPGFRHVPFONIEAMRTALNECKK TGDDVAAVILERI
QGEGGVILPPPGYL TAVRKLCDEFGALMILDEVOTGMGRTGKMFACEHENVQPDIL CLAK
ALGBGVMPIBATIATEEVFSVLFDNPELHTTTFGGNPLACAAALATINVLLEQNL PAQAE
OKGDMLLDGFRQLAREYPDLVQEARGKGMLMAIEFVDNEIGYNFASEMFRQRVLVAGTLN
NAKTIRIEPPLTLTIEQCELVIKAARKAL AAMRYSVEEA

FIG. 9C
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13

Vibrio fuvialls

AEAIFIASA

MNKPOSWEARAETYSLYGFTDMPSLHURG TVVVTHGEGPYIVDVNGRRYLDANSGLWNMY
AGFDHKGLIDAAKAQYERFPEYHAFFGRMSDOQTVMLSEKLVEVSPFDSGRVFY TNSGSEA
NDTMVKAMLWFLHAAEGKPOKRKIL TRWNAYHGVTAVSASMTOKPYNSYFGLPLPGFVHLT
CPHYWRYGEECETEEQFVARLARELEETIOREGADTIAGFFAEPVMGAGEVIPPAKGYFQ
ALP RKYDIPVISOEVICGFGRTGNTWGCVTYDF TPDAISSKNL TAGFFPMGAVILG
PELSKRLET AIEAIEEFPHGFTASGHPVGCAIALKAIDVVMNE GLAENVRRL APRFEERL
KHIAERPNIGEYRGIGFMWALEAVKDRABKTPFDGNLEVSERIANTCTDLGLICRPLGAS
VVLCPPRILTEAQMDEMFDKLEKALDKVFAEVA

14

Baciftus subtilis

WP 00323
4548 1

MKIYGIYMDRPLSQEENERFMSFISPEKREKCRRFYHKEDAHRTLLGEVEVRSVISRQYQ
LOKSDIRFSTQEYGKPCIPDLPDAHFNISHEGRWVICAFDSQPIGIDIEKTHPISLEIAK
RFFSKTEY SDLLAKDKREQTDYFYHLWSMKESFIKQEGHGLSLPLDSFSVRLHQDGQVS!
ELPDSHSPOYIKTYEVDPGYKMAYCAAHPDERPEDITMVIYEELL

15

Nocardia sp.
NRRL
5646

ABI83656.1

MIETILPAGVESAELLEYPEDLKAHPAEEHLIAKSVEKRRRDFGARHCARLALAELGEP
PYAIGKGERGAPMWPRGYVGSL THODGYRAAAVAHKMRFRSIGIDAEPHATLPEGVLDSY
SLPPEREWLKTTDSALNLDRLLFCAKEAT YKAWWPLTARWLGFEEAHITFEIEDGRADSG
NGTIFHSELLVPGOTNDGGTPLLSFDGRWLIADGHLTAIAYA

16

Bacillus cereus

AAS43088.1

MINKTLLOKRFNVAAYSYDQYANVOKKMAHSLLSTLNRRYSTNSSIRILEL GCGTOYVTE
QLSNLFPKAQITAIDFAESMIAVAKTRONYNNVTFYCEDIERLRLEETYDVHENATROW
LNDLKCVITNLFRHLSIEGILLFSTFOQETFQELHASFORAKEEKNIQNETSIGQRFYSK
NQLRHICEIETGOVHVEETCYIERFTEVREFLHSIRKVGATNSNEESYCQSPSLFRAMLR
IYERUFTGNEGIMATYHALFVHITKEGKR

Escherichia
coll

AACTH437 1

MNNIWWQTKGQGNVHLVLLHOWGLNAEVWRCIDEELSSHF TLHLVDL PGFGRERGFGALS
LADMAEAVLQQAPDKAIWLGWSL GGLVASQIAL THPERVQALVTVASSPCFSARDEWPG
KPOVLAGFQOQOLSDDFORTVERFLALOTMGTETARODARALKKTVEALPMPEVDVLNGGL
ELKTVDLROPLONVSMPFLRLYGYLDGLVPRKVVPMLDKLWPHBESYIFAKAAHAPFS
HPAEFCHLLVALKQRY

18

Bacillus subtilis

AARTT4E7 1

MMQEETFYSVRMRASMNGSHEDGEKHISGGERLIPFHEMKHTYNALLEKGLSHEREKPDFM
QIQFEEVHESIKTIQPLPVHTNEVSCPEEGOKLARLLLEKEGYSRDVIEKAYEQIPEWSDVRGA
VLFDIHTGKRMDOQTKEKGVRVSRMOWPDANFEKWAL HSHVPAHBRIKEAL ALASKYBRHPA
;—Ji\éﬁgéggf;{%%ﬂPDYiTGY\»’AGKKMGYQRiTRMKEYGTEEGCRVFFiDGSNBVNTY?HQLEKQP%

18

Eacillus subfilis

AARTT4E9.

MKIDSWLNERLDRMKEAGVHRNLRSMDGAPYPERNIDGENQTVWSSNNYLGLASDRRLIDA
AQTALQOFGTGESGSRLTTONSVWHEKLEKKIASFKLTEAALLFSSGYLANVGVLSSLPEKED
VILSDOLNHASMIDGCRESKADTYVYRHIDMNDLENKLNE TORYGRREIVTDGVFSMDGTIAP
LDGHSLAKRYHARVWYDDAHA TOVLGDSGQGTSEYFGYOPDIVIGTLSKAVGAEGGFAAGSA
VEIDFLLNHARTFIFQTAIPPASCAAAHEAFNIEASREKROLLFSYISMIRTSLKAMGYVWKGDH
Eﬁ\;\ﬂsﬁmKT\»’LFAE&LQGKGWAPMRPPWAPGESRaRWSDHSMGD@HLLC&TFHS@

20

Escherichia
oolf

NP 4152881

MATVNKQAIAAAFGRAAAHYEQHADLQRQSADALLAMLPQREY THVLDAGCGRGWMERHW
RERHAGQVTALDLSPPMLVOARDKDAADHYLAGDIESLPLATATFDLAWSNLAVQWCGNLSTA
LRELYRWRPKGVWAFTTLYQGSLPELHQAWQAVDERPHANRFLPPDEIEQSLNGVHYQHH!
S}FX;EEWFDDALSAMRSLKG?GATHLHEGRDPRiLTRSQLQRLQL&WPQC’&QGRYPLTYHLFLG

Lactobacilys
brevis

ABJE3T54.1

MAANEFSETHRVVYYEARDTGQLTLAMLINLFVLVSEDONDALGLSTARY
QSHGVGWWIQYHLHIBELPRTGAQVTIKTRATAYNRYFAYREYWLLDDA
GLVLAYGEGIWTMEYATRKITHPAEVMAPYHSEEQTRULPRLPRPOHFD |
EAVNQTLEPYTVRYFDIDGNGHVNNAHYFDWMLDVLPATFLRAHHPTDVK
IRFENEVQYGHOVTSELSCAAAL TTOHMIKVODLTAVKATIQWDNR

22

Lactofiacifius
plantarun

CCCT8182 1

MATLGANASLYSEQHRITYYECDRTGRATLTTLIDIAVE ASEDQSDALGL
TTEMVOSHGVGWVYYTQYAIDITRMPRODEVWTIAVRGSAYNPYFAYREFW
IRDADGOOAYITSIWVMMSQTTRRIVRILPELVAPYOSEVVRRIPRLPR
PISFEATOTTHITKPYHVRFFDIDPNRHVNNAHYFDWLVDTLRPATFLLOHD
%&‘g@g@g&gEVKYGQWTAHAN%LPSEVAD{}VTTSHLIEVDDEKCCEVT

Escherichia
oolf

AARZ3516 1

MSWOEKINAAL DARRAADALRRRYPYAQGAGRWLVADDRQYL NFSSNDYLGLSHHPQURA
WOOGAEGFOIGSGESGHYSGYSWHOALFEELAEWLGYSRALLFISGFAANGAVIAAMMAK
EDRIADRLSHASLLEAASLSPSQLRRFAHNDVTHLARLLASPCPGOOMVYTEGVFSMDGDS
APLAEIQQVTOQHNGWLMYDOAHGTGVIGEQORGSCWLAKVKPELLVYTFGKGFGVSBAA
VLCSSTVADYLLOFARMLIYS TSMPPACARALRASLAVIRSDEGRARREKLAALITRFRAGVQD
LPFTLADSCSAIQPLIVGDNSRALOLAEKLRQOGCWYTAIRPPTVPAGTARLRLTLTAAHEMG

DIDRLLEVLHGNG
FIG. 9D
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Y V. AGARWAL ET AL: "Structure of the 1-5,
enzyme-acyl carrier protein (ACP) 60-62
substrate gatekeeper complex required for
biotin synthesis",

PROCEEDINGS NATIONAL ACADEMY OF SCIENCES
PNAS,

vol. 109, no. 43,

8 October 2012 (2012-10-08), pages
17406-17411, XP055408191,

Us

ISSN: 0027-8424, DOI:

10.1073/pnas. 1207028109

see abstract and fig. 1 and pages
17406-17407

Y BOWER STANLEY ET AL: "Cloning, 1-5,
sequencing, and characterization of the 60-62
Bacillus subtilis biotin biosynthetic
operon",

JOURNAL OF BACTERIOLOGY, AMERICAN SOCIETY
FOR MICROBIOLOGY, US,

vol. 178, no. 14, 1 July 1996 (1996-07-01)
, pages 4122-4130, XP002229556,

ISSN: 0021-9193

biotin biosynthetic operon involving the
BioF genes

Y WO 2016/106247 Al (INVISTA NORTH AMERICA S 1-5,
A R L [US]; INVISTA TECH SARL [CH]) 60-62
30 June 2016 (2016-06-30)
see claims and pages 19-25
Y WO 2015/175698 Al (INVISTA NORTH AMERICA S 1-5,
A R L [US]) 19 November 2015 (2015-11-19) 60-62
see claims 1-12 and pages 3-14
Y MADELYN M. SHAPIRO ET AL: "Remarkable 1-5,
Diversity in the Enzymes Catalyzing the 60-62
Last Step in Synthesis of the Pimelate
Moiety of Biotin",

PLOS ONE,

vol. 7, no. 11,

9 November 2012 (2012-11-09), page e49440,
XP055113391,

DOI: 10.1371/journal.pone.0049440

see abstract and pages e49440 1-2, Fig.1-2
and pages 7-9
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y US 6 083 712 A (BIRCH OLWEN [CH] ET AL) 1-5,
4 July 2000 (2000-07-04) 60-62
The query sequence SEQ ID N0:23 has 100.00
% identity (100.00 % similarity) over 384
positions in a common overlap (range
(g:s): 1-384:1-384) with subject
USPOP:AAE44786 (Tength: 384) from
US6083712-A published on 2000-07-04.
Y WO 2013/003744 A2 (INVISTA TECHONOLOGIES S 1-5,
A R L [CH]; PEARLMAN PAUL S [US]; CHEN 60-62
CHANGLI) 3 January 2013 (2013-01-03)
see [0073], [00183]-[00188] and Fig. 1-6
A US 6 277 609 Bl (EDDY CHRISTINA K [US]) 1-5,
21 August 2001 (2001-08-21) 60-62
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. |:| Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

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

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll 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:

see additional sheet

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

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

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

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

1-5, 60-62

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

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.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5, 60-62

A method for regulating biosynthesis of at least one C7
building block using a a pathway having a pimeloyl-ACP
internediate, said method comprising the step of
downregulating the activity of BioF enzyme

2. claims: 6-59, 63

A method for regulating biosynthesis of at least one C7
building block using a a pathway having a pimeloyl-ACP
internediate, said method comprising the steps of
downregulating the activity of BioF enzyme and
overexpressing BioW and a CoA-specific BioF.

3. claims: 65(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having 8-amino-7-oxononanoate synthase activity
(having at least 70% sequence identity to SEQ ID N°23).

4. claims: 66(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having thioesterase activity (having at least
70% sequence identity to SEQ ID N°22).

5. claims: 67(completely); 64, 74(partially)
A nucleic acid construct or expression vector comprising a
polypeptide having carboxylate reductase activity (having at
Teast 70% sequence identity to SEQ ID N°2-7).

6. claims: 68(completely); 64, 74(partially)
A nucleic acid construct or expression vector comprising a
polypeptide having ?-transaminase activity (having at least
70% sequence identity to SEQ ID N°8-13).

7. claims: 69(completely); 64, 74(partially)
A nucleic acid construct or expression vector comprising a

polypeptide having phosphopantetheinyl transferase activity
(having at least 70% sequence identity to SEQ ID N°14-15).
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8. claims: 70(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having pimeloyl-ACP methyl ester esterase
activity (having at least 70% sequence identity to SEQ ID
N°17).

9. claims: 71(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having 6-carboxyhexanoate-CoA ligase activity
(having at least 70% sequence identity to SEQ ID N°18).

10. claims: 72(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having 8-amino-7-oxononanoate synthase activity
(having at least 70% sequence identity to SEQ ID N°19).

11. claims: 73(completely); 64, 74(partially)

A nucleic acid construct or expression vector comprising a
polypeptide having malonyl-ACP O-methyltransferase activity
(having at least 70% sequence identity to SEQ ID N°20).

12. claim: 75

A non-naturally occurring biochemical network comprising a
5-hydroxypentanoyl-CoA, an exogenous nucleic acid encoding a
polypeptide having the activity of a ?-ketothiolase
classified under EC. 2.3.1, and a
3-o0x0-7-hydroxyheptanoyl-CoA.

13. claim: 76

A bio-derived, bio-based or fermentation-derived product,
wherein said product comprises:i. a composition comprising
at Teast one bio-derived, bio-based or fermentation-derived
compound produced or biosynthesized according to any one of
claims 1-75 or or any one of FIGS. 1-21, or any combination
thereof;ii. a bio-derived, bio-based or fermentation-derived
polymer comprising the bio-derived, bio-based or
fermentation-derived composition or compound of i., or any
combination thereof;iii. a bio-derived, bio-based or
fermentation-derived resin comprising the bio-derived,
bio-based or fermentation-derived compound or bio-derived,
bio-based or fermentation-derived composition of i. or any
combination thereof or the bio-derived, bio-based or
fermentation-derived polymer of ii. or any combination
thereof;iv. a molded substance obtained by molding the
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bio-derived, bio-based or fermentation-derived polymer of
ii. or the bio-derived, bio-based or fermentation-derived
resin of iii., or any combination thereof;v. a bio-derived,
bio-based or fermentation-derived formulation comprising the
bio-derived, bio-based or fermentation-derived composition
of i., bio-derived, bio-based or fermentation-derived
compound of i., bio-derived, bio-based or
fermentation-derived polymer of ii., bio-derived, bio-based
or fermentation-derived resin of iii., or bio-derived,
bio-based or fermentation-derived molded substance of iv, or
any combination thereof; orvi. a bio-derived, bio-based or
fermentation-derived semi-solid or a non-semi-solid stream,
comprising the bio-derived, bio-based or
fermentation-derived composition of i., bio-derived,
bio-based or fermentation-derived compound of i.,
bio-derived, bio-based or fermentation-derived polymer of
ii., bio-derived, bio-based or fermentation-derived resin of
iii., bio-derived, bio-based or fermentation-derived
formulation of v., or bio-derived, bio-based or
fermentation-derived molded substance of iv., or any
combination thereof.
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WO 2016106247 Al 30-06-2016  EP 3237634 Al 01-11-2017
US 2016201097 Al 14-07-2016
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EP 3143149 Al 22-03-2017
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WO 2015175698 Al 19-11-2015
US 6083712 A 04-07-2000 AT 163198 T 15-02-1998
AU 4820293 A 26-04-1994
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JP HO8501694 A 27-02-1996
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PL 179166 Bl 31-07-2000
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us 6083712 A 04-07-2000
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WO 2013003744 A2 03-01-2013 BR 112013033672 A2 14-03-2017
CN 104011216 A 27-08-2014
EP 2726627 A2 07-05-2014
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JP 2017195890 A 02-11-2017
US 2014242655 Al 28-08-2014
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