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MATERIALS AND METHODS FOR BIOSYNTHETIC MANUFACTURE OF
CARBON-BASED CHEMICALS

PRIORITY CLAIM
[0001] The present application claims the benefit of U.S. Provisional Patent Application No.
62/650,642 filed March 30, 2018, which is incorporated herein by reference for all purposes.

FIELD OF THE INVENTION
[0002] This disclosure relates to strategies for in vivo production of certain carbon-based
products, for example, aminated aliphatic compounds having a carbon chain length of C5-C19.
In some aspects of the present invention, in vivo production of aminated aliphatic compounds
having a carbon chain length of C5-C19 is enhanced by altering the reaction conditions of a
transamination reaction catalyzed by a polypeptide or a functional fragment thereof having a w-

transaminase activity.

BACKGROUND OF THE INVENTION
[0003] Polyamides, such as nylons, can be synthesized by the condensation polymerization of a
diamine with a dicarboxylic acid or alternatively by the condensation polymerization of lactams.
Nylon 6,6 is a ubiquitous nylon produced by the reaction of hexamethylenediamine (HMD) and
adipic acid. Nylon 6 is produced by a ring opening polymerization of caprolactam. Nylon 7
represents a novel polyamide with value-added characteristics compared to Nylon 6 and Nylon
6,6. However, no economically favorable petrochemical routes exist to produce intermediates
for nylon synthesis.
[0004] Biotechnology offers an alternative approach to producing these intermediates, for
example, 7-Aminoheptanoic acid (7-AHA), via biocatalysis. Biocatalysis is the use of biological
catalysts, such as enzymes, to perform biochemical transformations of organic compounds. A
biochemical pathway for the production of 7-AHA utilizes the biotin biosynthesis pathway in £.
coli (Lin et al., “Biotin Synthesis Beings by Hijacking the Fatty Acid Synthesis Pathway,” Nat.
Chem. Biol. 6(9): 682-688 2010). The first committed step in biotin biosynthesis is the
methylation of malonyl-ACP by BioC. The malonyl-ACP methyl ester thus generated then

serves as a starter unit for the fatty acid biosynthesis pathway.
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[0005] Two rounds of fatty acid elongation and reduction then occur to generate pimeloyl-ACP
methyl ester. Pimeloyl-ACP is then generated by the removal of the methyl group by the esterase
BioH (Fig. 1).

[0006] Pimeloyl-ACP is an intermediate of the biotin pathway in . coli and is converted to 7-
AHA via a synthetic metabolic pathway utilising the action of a Thioesterase (TE) to release
pimelic acid from pimeloyl-ACP, followed by a reduction to the semialdehyde catalyzed by a
carboxylic acid reductase (CAR) and the final catalytic step of amination of the semialdehyde by
a o -Transaminase (o-TAM) to produce 7-AHA. The export of 7-AHA from the cell is then
facilitated by a transport protein, for example, LysE. See Fig. 2.

[0007] o-TAMs are key enzymes that catalyze the conversion of substrates into products, for
example, the conversion of pimelate semialdehyde into 7-AHA, using an amino donor, by
catalyzing the exchange of the keto group (=0) on the pimelate semialdehyde with an amine
group (NH2). See Fig. 3. However, their use in biosynthetic processes is hindered by a number
of factors, including, but not limited to, equilibrium thermodynamics, product inhibition, and
poor substrate tolerance (Slabu et al. “Discovery, Engineering and Synthetic Application of
Transaminase Biocatalysts,” ACS Catalysis 7. 8263-8284 (2017). Given these factors, in vivo
biosynthesis of carbon-based products, using a transamination reaction catalyzed by a o-TAM, is

limited.

BRIEF SUMMARY OF THE INVENTION
[0008] This disclosure is based at least in part on the discovery that it is possible to construct
biochemical pathways that utilize a w-transaminase for production of aminated aliphatic
compounds having a carbon chain length of C5-C19. In some aspects, the disclosure relates to
altering a transamination reaction catalyzed by a w-transaminase in favor of product formation.
In some aspects, the reaction conditions of a reaction catalyzed by the w-transaminase are altered
to increase production of aminated aliphatic compounds having a carbon chain length of C5-C19,
such as, but not limited to, certain carbon-based products within the 7-AHA and 6-
aminohexanoic acid (6-AHA) biosynthesis pathways.
[0009] The present invention, in one embodiment, provides various methods for enhancing

biosynthesis in vivo. In some embodiments, the methods comprise: obtaining at least one

organism capable of biosynthesizing at least one product, the at least one organism being
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unaltered or altered, wherein the organism utilizes a polypeptide having a w-transaminase
activity to catalyze a transamination reaction, wherein the polypeptide or a functional fragment
thereof has at least 70% identity to SEQ ID NO: 1; and culturing the organism under conditions
suitable for biosynthesis, wherein the organism biosynthesizes the at least one product, wherein
the product is an aminated aliphatic compound having a carbon chain length of C5-C19 or a salt
thereof.

[0010] In some embodiments, the product is an aminated aliphatic compound having a carbon
chain length of C6-C7, or a salt thereof. In some embodiments, the product is 7-AHA or 6-
aminohexanoic acid or a salt thereof. In some embodiments, the product is an amino alcohol,
such as 7-aminoheptanol or 6-aminohexanol or a salt thereof. In some embodiments, the product
is a diamine such as heptamethylenediamine or hexamethylenediamine or a salt thereof. In some
embodiments, total product yield is increased.

[0011] In some embodiments, the reaction is catalyzed by a polypeptide or a functional fragment
thereof having the activity of a w-transaminase classified under EC 2.6.1.18, EC 2.6.1.19, EC
2.6.1.29,EC2.6.1.48 or EC 2.6.1.82.

[0012] In some embodiments, the transamination reaction conditions are altered to increase -
transamination activity of the polypeptide or functional fragment thereof as compared to an
organism where transamination reaction conditions have not been altered.

[0013] In some embodiments, the step of altering the reaction conditions of the transamination
reaction comprises catalyzing the reaction with a polypeptide or functional fragment thereof
having a o-transaminase activity comprising one or more amino acid substitution(s) relative to a
wild-type o-transaminase, wherein the one or more amino acid substitution(s) are at amino
acid(s) that occupy position(s) corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345
of SEQ ID NO: 1.

[0014] In some embodiments, the one or more amino acid substitutions are in the small binding
pocket (O-pocket) and/or in the large binding pocket (P-pocket) of the polypeptide having a ®-
transaminase activity. In some embodiments, the polypeptide has increased enzymatic activity
and/or improved substrate specificity relative to a wild-type w-transaminase classified under EC
2.6.1.18, EC2.6.1.19,EC2.6.1.29, EC 2.6.1.48 or EC 2.6.1.82. In some embodiments, the wild-

type w-transaminase is a Chromobacterium violaceum w-transaminase or a Chromobacterium
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violaceum-like w-transaminase. In some embodiments, the polypeptide has an increase in
enzymatic activity of at least 10% relative to the wild-type w-transaminase.

[0015] In some embodiments, the polypeptide has a reduced Km for an amino donor relative to
the wild-type w-transaminase. In some embodiments, the amino donor is L-alanine. In some
embodiments, the K for the amino donor is less than about 4 mmol-L!. In some embodiments,
the polypeptide having a o-transaminase activity has an increased Km for an aminated aliphatic
compound having a carbon chain length of C5-C19 as an amino group donor relative to the wild-
type o-transaminase. In some embodiments, the aminated aliphatic compound has a carbon
chain length of C6-C7. In some embodiments, the aminated aliphatic compound is 7-AHA or 6-
aminohexanoic acid or a salt thereof. In some embodiments, the product is an amino alcohol,
such as 7-aminoheptanol or 6-aminohexanol or a salt thereof. In some embodiments, the product
is a diamine such as heptamethylenediamine or hexamethylenediamine or a salt thereof.

[0016] In some embodiments, the step of altering the reaction conditions of the transamination
reaction comprises cyclization. In some embodiments, the step of altering comprises cyclization
of the product. In some embodiments, the organism utilizes a polypeptide having Clostridium
propionicum B-alanine CoA transferase activity to cyclize the product. In some embodiments,
the polypeptide having B-alanine CoA converts 7-AHA to heptanolactam, wherein the amount of
pimelate semialdehyde formed from the reverse reaction of w-transaminase with 7-AHA is
reduced.

[0017] In some embodiments, the step of altering the reaction conditions of the transamination
reaction comprises increasing the level of an intracellular amino group donor in the organism. In
some embodiments, the amino group donor is exogenously introduced into the organism. In
some embodiments, the organism utilizes a polypeptide having L-amino acid dehydrogenase
activity to increase the intracellular level of the amino group donor in the cell. In some
embodiments, the L-amino acid dehydrogenase is L-alanine dehydrogenase.

[0018] In some embodiments, the step of altering the reaction conditions of the transamination
reaction comprises using an amino donor which forms a volatile product and drives the
transamination reaction towards product formation. In an embodiment, the amino donor may be
isopropylamine.

[0019] In some embodiments, the altering the reaction conditions of the transamination reaction

step comprises removing or otherwise reducing availability of the product. In some
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embodiments, the organism utilizes a polypeptide having amino acid transporter activity to
remove or otherwise reduce the availability of the product. In some embodiments, the
polypeptide having amino acid transporter activity has LysE amino acid transporter activity.
[0020] In some embodiments, the amount of at least one product formed from a reverse reaction
of the polypeptide having a w-transaminase activity and an aminated aliphatic compound having
a carbon chain length of C5-C19 is reduced. In some embodiments, the amount of pimelate
semialdehyde formed from the reverse reaction of w-transaminase with 7-AHA 1is reduced.
[0021] In some embodiments, the method further comprises purifying the product.

[0022] In some embodiments, the organism is prokaryotic. In some embodiments, the organism
is eukaryotic. In some embodiments, the organism is a recombinant organism. In some
embodiments, the recombinant organism comprises at least one exogenous nucleic acid encoding
at least one polypeptide having the activity of at least one enzyme depicted in FIG. 2. In some
embodiments, the at least one exogenous nucleic acid encodes at least one polypeptide that has
the activity of a w-transaminase, thioesterase activity or carboxylate reductase.

[0023] In some embodiments, the recombinant organism comprises an exogenous nucleic acid
encoding an L-amino acid dehydrogenase. In some embodiments, the L-amino acid
dehydrogenase is L-alanine dehydrogenase.

[0024] In some embodiments, the recombinant organism overexpresses one or more genes
encoding: an acetyl-CoA synthetase, a f-alanine CoA transferase, a 6-phosphogluconate
dehydrogenase; a transketolase; a puridine nucleotide transhydrogenase; a glyceraldehyde-3P-
dehydrogenase; a malic enzyme; a glucose-6-phosphate dehydrogenase; a glucose
dehydrogenase; a fructose 1,6 diphosphatase; a L-alanine dehydrogenase; a L-glutamate
dehydrogenase; a formate dehydrogenase; a L-glutamine synthetase; a diamine transporter, a
dicarboxylate transporter, an amino acid transporter, and/or a multidrug transporter.

[0025] In some embodiments, the recombinant organism overexpresses a gene encoding an
amino acid transporter. In some embodiments, the recombinant organism overexpresses a gene
encoding a LysE transporter.

[0026] In some embodiments, the recombinant organism produces an increased level of 7-AHA
converted from pimelic acid or pimelic acid derivatives, as compared to a wild-type organism.
In some embodiments, the pimelic acid derivatives comprise pimelyl-ACP and pimelate

semialdehyde. In some embodiments, the pimelate semialdehyde is transaminated to produce 7-
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AHA. In some embodiments, the recombinant organism comprises a nucleic acid encoding a
polypeptide having Clostridium propionicum B-alanine CoA transferase activity, wherein the
polypeptide cyclizes the product. In some embodiments, the polypeptide having -alanine CoA
converts 7-AHA to heptanolactam, wherein the amount of pimelate semialdehyde formed from
the reverse reaction of m-transaminase with 7-AHA.

[0027] In some embodiments, altering the reaction conditions of the transamination reaction
comprises increasing the amount of an intracellular amino group donor, cyclizing the product
and/or removing the product from the cell.

[0028] In some embodiments, altering the reaction conditions of the transamination reaction
comprises increasing the amount of an intracellular amino group donor and cyclizing the
product.

[0029] In some embodiments, altering the reaction conditions of the transamination reaction
comprises increasing the amount of an intracellular amino group donor and removing the product
from the cell.

[0030] In some embodiments, altering the reaction conditions of the transamination reaction
comprises increasing the amount of an intracellular amino donor, cyclizing the product and
removing the product from the cell.

[0031] In some embodiments, the organism is subjected to a cultivation strategy under aerobic,
anaerobic or, micro-aerobic cultivation conditions. In some embodiments, the organism is
cultured under conditions of nutrient limitation. In some embodiments, the principal carbon
source fed to the fermentation derives from a biological feedstock or non-biological feedstock.
In some embodiments, the organism’s tolerance to high concentrations of the product is
improved through continuous cultivation in a selective environment.

[0032] In another embodiment, provided herein is a recombinant organism comprising an
exogenous nucleic acid encoding a polypeptide having o transaminase activity, wherein the
polypeptide or a functional fragment thereof has at least 70% identity to SEQ ID NO: 1, and
wherein the recombinant organism produces an increased level of an aminated aliphatic
compound having a carbon chain length of C5-C19 as compared to a wild-type organism. In
some embodiments, the recombinant organism is prokaryotic. In some embodiments, the

recombinant organism is eukaryotic.
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[0033] In some embodiments, the aminated aliphatic compound produced by the recombinant
organism has a carbon chain length of C6-C7. In some embodiments, the aminated aliphatic
compound produced by the recombinant organism is 7-AHA or 6-aminohexanoic acid or a salt
thereof. In some embodiments, the product is an amino alcohol, such as 7-aminoheptanol or 6-
aminohexanol or a salt thereof. In some embodiments, the product is a diamine such as
heptamethylenediamine or hexamethylenediamine or a salt thereof. In some embodiments, the
exogenous nucleic acid encodes a polypeptide having a m-transaminase activity and comprising
one or more amino acid substitution(s) relative to a wild-type w-transaminase, wherein the one or
more amino acid substitution(s) are at amino acid(s) that occupy position(s) corresponding to
position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID NO: 1, or a functional fragment
thereof.

[0034] In some embodiments, the recombinant organism comprises at least one exogenous
nucleic acid encoding at least one polypeptide having the activity of at least one enzyme depicted
in FIG. 2. In some embodiments, the recombinant organism comprises at least one exogenous
nucleic acid encoding at least one polypeptide having w-transaminase, thioesterase activity or
carboxylate reductase activity. In some embodiments, the recombinant organism further
comprises an exogenous nucleic acid encoding an L-amino acid dehydrogenase. In some
embodiments, the the L-amino acid dehydrogenase is L-alanine dehydrogenase. In some
embodiments, the recombinant organism overexpresses one or more genes encoding: an acetyl-
CoA synthetase; a B-alanine CoA transferase; a 6-phosphogluconate dehydrogenase; a
transketolase; a puridine nucleotide transhydrogenase; a glyceraldehyde-3P-dehydrogenase; a
malic enzyme; a glucose-6-phosphate dehydrogenase; a glucose dehydrogenase; a fructose 1,6
diphosphatase; a L-alanine dehydrogenase; a L-glutamate dehydrogenase; a formate
dehydrogenase; a L-glutamine synthetase; a diamine transporter; a dicarboxylate transporter; an
amino acid transporter; and/or a multidrug transporter. In some embodiments, the recombinant
organism overexpresses a gene encoding an amino acid transporter. In certain embodiments, the
recombinant organism overexpresses a gene encoding a LysE transporter.

[0035] In another embodiment, provided herein is a method of increasing production of
caprolactam comprising: culturing a host organism comprising (i) a nucleic acid encoding a
polypeptide having a w-transaminase activity or a functional fragment thereof, wherein the

polypeptide has at least 70% identity to SEQ ID NO: 1; and (i1) a nucleic acid encoding a
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polypeptide having the activity of a B-alanine CoA transferase in the presence of a suitable
substrate or metabolic intermediate and under conditions suitable for the conversion of adipic
acid or adipic acid derivatives to caprolactam and purifying the caprolactam.

[0036] In some embodiments, the polypeptide having a m-transaminase activity or a functional
fragment thereof has one or more amino acid substitution(s) relative to a wild-type -
transaminase, wherein the one or more amino acid substitution(s) are at amino acid(s) that
occupy position(s) corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID
NO: 1, or a functional fragment thereof. In some embodiments, the polypeptide having the
activity of a B-alanine CoA transferase converts 6-AHA to caprolactam, wherein the amount of
adipic acid semialdehyde formed from the reverse reaction of w-transaminase with 6-AHA.
[0037] In some embodiments, the polypeptide having a m-transaminase activity or a functional
fragment therof has the activity of a w-transaminase classified under EC 2.6.1.18, EC 2.6.1.19,
EC2.6.1.29, EC2.6.1.48 or EC 2.6.1.82.

[0038] In some embodiments, the adipic acid derivatives comprise adipoyl-ACP and adipic acid
semialdehyde. In some embodiments, the adipic acid semialdehyde is transaminated to produce
6-AHA. In some embodiments, the host organism is recombinant. In some embodiments, the
host organism comprises at least one exogenous nucleic acid encoding at least one polypeptide
having the activity of at least one enzyme depicted in FIG. 9.

[0039] Also provided, in another embodiment, is a bioderived aminated aliphatic compound
having a carbon chain length of C5-C19, heptanolactam, caprolactam or salt thereof that is
produced by any of the methods provided herein.

[0040] Further provided, in another embodiment, is a product comprising a chemical produced
from any of the bioderived product described herein, wherein the product comprises a nylon
intermediate, a polyester, a pharmaceutical, a biofuel, a fragrance or a food additive.

[0041] Also provided, in another embodiment is a bio-derived, bio-based or fermentation-
derived product, wherein said product comprises: i. a composition comprising at least one bio-
derived, bio-based or fermentation-derived compound, or salts thereof, produced or
biosynthesized according to any of the methods provided herein;

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

bio-derived, bio-based or fermentation-derived resin comprising the bio-derived, bio-based or
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fermentation-derived compound or bio-derived, bio-based or fermentation-derived composition
of 1. or any combination thereof or the bio-derived, bio-based or fermentation-derived polymer of
ii. or any combination thereof; iv. a substance obtained by molding the 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 1.,
bio-derived, bio-based or fermentation-derived compound of 1., 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 substance of iv, or any combination thereof; or
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 1., 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.

BRIEF DESCRIPTION OF THE FIGURES
[0042] The present application includes the following figures. The figures are intended to
illustrate certain embodiments and/or features of the compositions and methods, and to
supplement any description(s) of the compositions and methods. The figures do not limit the
scope of the compositions and methods, unless the written description expressly indicates that
such is the case.
[0043] Figure 1 is a schematic of an exemplary biochemical pathway for the production of
pimeloyl-ACP from malonyl-ACP.
[0044] Figure 2 is a schematic of an exemplary biochemical pathway for producing 7-AHA from
malonyl-CoA.
[0045] Figure 3 is a schematic of an exemplary transamination reaction.
[0046] Figure 4 shows SDS-PAGE analysis of generated cell free extracts (CFE) upon IPTG
induction of the corresponding transaminases (TAs).
[0047] Figure 5 shows 7-AHA levels determined by LC-MS after 1 h incubation of CFE
expressing 9 selected TAs with methylbenzylamine, isopropylamine, L-alanine, L-glutamate, -

alanine and y-aminobutyric acid as amino donors. 300 uL CFE were incubated with 10 mmol L™

9
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pimelate semialdehyde, 50 mmol-L"! amino donor (5 fold excess amino donor to amino acceptor)
and 0.2 mmol-L PLP for 1 h. A negative control sample for each TA was included by replacing
the amino donor volume with assay buffer. An empty vector control (E.V.C.) CFE was included
in the assay for determination of native TA activity. Values are presented as mean + Std dev (n=
3).

[0048] Figure 6 shows SDS-page analysis of TA samples obtained from Ni-NTA agarose resin
purification. Purified TA 11 (top left), TA 15 (top right), TA 17 (bottom left) and TA-Cv
(bottom right) were assessed for amino donor specificity. Fractions were run on Bolt™ 4-12 %
Bis Tris Plug Gel (15 Well) for 20 min at 200 V and stained with Coomassie instant Blue.

[0049] Figure 7 shows 7-AHA and pimelate levels measured after 1 h incubation of purified TAs
(top) and induced CFE (bottom) with L-alanine, SAM and GABA as determined by LC-MS
analysis. 300 uL. CFE or 1.5 umol-L™! purified TA were incubated with 5 mmol-L"! pimelate
semialdehyde, 25 mmol-L! amino donor (5 fold excess amino donor to amino acceptor) and 0.1
mmol-L! PLP for 1 h. Negative control samples (Buffer and E.V.C.) were included in both
assays. Values are presented as mean + Std dev (n= 3).

[0050] Figure 8 shows L-alanine, 6-ACA and 7-AHA levels measured after 1 h incubation of
pimelate semialdehyde with L-alanine, 6-ACA or both, with (top) or without (bottom) purified
TA-Cv as determined by HPLC analysis. 1.5 umol L™ of purified TA-Cv was incubated with 5
mmol L™ pimelate semialdehyde, 10 mmol-L™! amino donor and 0.1 mmol-L PLP for 1 h (top
panel). A negative control sample was included by replacing the amino donor with assay buffer
(no feed). Values are presented as mean + Std dev (n= 3).

[0051] Figure 9 is a schematic of exemplary biochemical pathways leading to 6-aminohexanoate

or caprolactam using adipyl-CoA, adipate, or adipate semialdehyde as central precursors.

DETAILED DESCRIPTION
[0052] All references cited herein and the material for which they are cited are hereby
specifically incorporated by reference in their entireties.
[0053] Many modifications and other embodiments of the disclosures set forth herein will come
to mind to one skilled in the art to which these disclosures pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to

be understood that the disclosures are not to be limited to the specific embodiments disclosed

10
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and that modifications and other embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.

[0054] Units, prefixes and symbols may be denoted in their SI accepted form. Unless otherwise
indicated, nucleic acids are written left to right in 5' to 3' orientation; amino acid sequences are
written left to right in amino to carboxy orientation, respectively. Numeric ranges are inclusive
of the numbers defining the range.

Definitions

[0055] Unless specifically defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Unless mentioned otherwise, the techniques employed or contemplated
herein are standard methodologies well known to one of ordinary skill in the art. The practice of
the present disclosure will employ, unless otherwise indicated, conventional techniques of
microbiology, tissue culture, molecular biology, chemistry, biochemistry and recombinant DNA
technology, which are within the skill of the art. The materials, methods and examples are
illustrative only and not limiting. The following is presented by way of illustration and is not
intended to limit the scope of the disclosure.

[0056] In some embodiments, numbers expressing quantities of reagents, properties, reaction
conditions and results, and so forth, used to describe and claim certain embodiments of the
present disclosure are to be understood as being modified in some instances by the term "about,"
In some embodiments, the numerical parameters set forth in the specification (into which the
claims are incorporated in their entirety) are approximations that can vary depending upon the
desired properties sought to be obtained by a particular embodiment. In some embodiments, the
numerical parameters should be construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of some embodiments of the present disclosure are
approximations, the numerical values set forth in the specific examples are reported as precisely
as practical. The numerical values presented in some embodiments of the present disclosure may
contain certain errors necessarily resulting from the standard deviation found in their respective
testing measurements. The recitation of ranges of values herein is merely intended to serve as a

shorthand method of referring individually to each separate value falling within the range. Unless
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otherwise indicated herein, each individual value is incorporated into the specification as if it
were individually recited herein.

[0057] As used in this specification and the appended claims, the singular forms "a," "an," and
"the" include plural reference unless the context clearly dictates otherwise.

[0058] An “amino acid” refers to any monomer unit that can be incorporated into a peptide,
polypeptide, or protein. As used herein, the term “amino acid” includes the following twenty
natural or genetically encoded alpha-amino acids: alanine (Ala or A), arginine (Arg or R),
asparagine (Asn or N), aspartic acid (Asp or D), cysteine (Cys or C), glutamine (Gln or Q),
glutamic acid (Glu or E), glycine (Gly or G), histidine (His or H), isoleucine (Ile or I), leucine
(Leu or L), lysine (Lys or K), methionine (Met or M), phenylalanine (Phe or F), proline (Pro or
P), serine (Ser or S), threonine (Thr or T), tryptophan (Trp or W), tyrosine (Tyr or Y), and valine
(Val or V). The structures of these twenty natural amino acids are shown in, e.g., Stryer et al.,
Biochemistry, 5% ed., Freeman and Company (2002). The term “amino acid” also includes
unnatural amino acids, modified amino acids (e.g., having modified side chains and/or
backbones), and amino acid analogs.

[0059] As used herein, the term "bioderived" means derived from or synthesized by a biological
organism. Bioderived compounds can be considered a renewable resource since they can be
generated by a biological organism. Such a biological organism, in particular the microbial
organisms disclosed herein, can utilize feedstock or biomass such as sugars or carbohydrates
obtained from an agricultural, plant, bacterial, or animal source. Alternatively, the biological
organism can utilize atmospheric carbon. As used herein, the term "biobased" means a product as
described above that is composed, in whole or in part, of a bioderived compound of the
invention. A biobased or bioderived product is in contrast to a petroleum derived product,
wherein such a product is derived from or synthesized from petroleum or a petrochemical
feedstock.

[0060] For compounds containing carboxylic acid groups such as organic monoacids,
hydroxyacids, amino acids and dicarboxylic acids, these compounds may be formed or converted
to their ionic salt form when an acidic proton present in the parent compound either is replaced
by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic base. Acceptable organic bases include ethanolamine, diethanolamine,

triethanolamine, tromethamine, N-methylglucamine, and the like. Acceptable inorganic bases
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include aluminum hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate,
sodium hydroxide, and the like. The salt can be isolated as is from the system as the salt or
converted to the free acid by reducing the pH to below the pKa through addition of acid or
treatment with an acidic ion exchange resin.

[0061] For compounds containing amine groups such as but not limited to organic amines,
amino acids and diamine, these compounds may be formed or converted to their ionic salt form
by addition of an acidic proton to the amine to form the ammonium salt 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, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-carboxylic acid,
glucoheptonic acid, 4,4'-methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid or muconic acid. Acceptable inorganic
bases are known in the art and include aluminum hydroxide, calcium hydroxide, potassium
hydroxide, sodium carbonate, sodium hydroxide, and the like. The salt can be isolated as is from
the system as a salt or converted to the free amine by raising the pH to above the pKb through
addition of base or treatment with a basic ion exchange resin.

[0062] For compounds containing both amine groups and carboxylic acid groups such as but not
limited to amino acids, these compounds may be formed or converted to their ionic 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, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic
acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-1-

acid), carboxylic acid, glucoheptonic acid, 4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic 3-
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phenylpropionic 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, sodium
carbonate, sodium hydroxide, and the like or 2) replacing an acidic proton present in the parent
compound by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinating with an organic base. Acceptable organic bases are known in the art and include
ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like.
Acceptable inorganic bases are known in the art and include aluminum hydroxide, calcium
hydroxide, potassium 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 to below the
pKa through addition of acid or treatment with an acidic ion exchange resin.

[0063] The terms "comprise," "have" and "include" are open-ended linking verbs. Any forms or

tenses of one or more of these verbs, such as "comprises," "comprising," "has," "having,"
"includes" and "including," are also open-ended. For example, any method that "comprises,"
"has" or "includes" one or more steps is not limited to possessing only those one or more steps
and can also cover other unlisted steps. Similarly, any composition that "comprises," "has" or
"includes" one or more features is not limited to possessing only those one or more features and
can cover other unlisted features. All methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly contradicted by context. The use of
any and all examples, or exemplary language (e.g. "such as") provided with respect to certain
embodiments herein is intended merely to better illuminate the present disclosure and does not
pose a limitation on the scope of the present disclosure otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the present disclosure.

[0064] As used herein, "consisting essentially of" means the inclusion of additional sequences in
a polynucleotide or polypeptide sequence provided herein where the additional sequences do not
materially affect the basic function of the claimed polynucleotide or polypeptide sequences. With
regard to compositions in general, the term "consisting essentially of™ refers to those elements
required for a given embodiment and additionally permits the presence of elements that do not

materially affect the basic and novel or functional characteristic(s) of that embodiment of the

disclosure.
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[0065] As used herein, the term "consisting of" refers to compositions, methods, and respective
components thereof as described herein, which are exclusive of any element not recited in that
description of the embodiment.

[0066] The term "conservatively modified variants" applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, conservatively modified variants
refer to those nucleic acids that encode identical or conservatively modified variants of the amino
acid sequences. Because of the degeneracy of the genetic code, a large number of functionally
identical nucleic acids encode any given protein. For instance, the codons GCA, GCC, GCG and
GCU all encode the amino acid alanine. Thus, at every position where an alanine is specified by
a codon, the codon can be altered to any of the corresponding codons described without altering
the encoded polypeptide. Such nucleic acid variations are "silent variations" and represent one
species of conservatively modified variation. Every nucleic acid sequence herein that encodes a
polypeptide also describes every possible silent variation of the nucleic acid. One of ordinary
skill will recognize that each codon in a nucleic acid (except AUG, which is ordinarily the only
codon for methionine; one exception is Micrococcus rubens, for which GTG is the methionine
codon (Ishizuka, et al., (1993) J. Gen, Microbiol. 139:425-32)) can be modified to yield a
functionally identical molecule. Accordingly, each silent variation of a nucleic acid, which
encodes a polypeptide of the present disclosure, is implicit in each described polypeptide
sequence and incorporated herein by reference.

[0067] As to amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide or protein sequence which alters,
adds, or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence is a "conservatively modified variant" when the alteration results in the substitution of
an amino acid with a chemically similar amino acid. Thus, any number of amino acid residues
can be so altered. Conservatively modified variants typically provide equivalent biological
activity as the unmodified polypeptide sequence from which they are derived. Conservative
substitution tables providing functionally similar amino acids, also referred herein as "equivalent
amino acids" are well known in the art.

[0068] As used herein, "codon optimization" is the process of modifying a nucleotide sequence
in a manner that improves its expression, G/C content, RNA secondary structure, and translation

in eukaryotic cells, without altering the amino acid sequence it encodes. Altered codon usage is
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often employed to alter translational efficiency and/or to optimize the coding sequence for
expression in a desired host or to optimize the codon usage in a heterologous sequence for
expression in a particular host. Codon usage in the coding regions of the polynucleotides of the
present disclosure can be analyzed statistically using commercially available software packages
such as "Codon Preference" available from the University of Wisconsin Genetics Computer
Group. See, Devereaux, et al., (1984) Nucleic Acids Res. 12:387-395 or MacVector 4.1 (Eastman
Kodak Co., New Haven, Conn.). Thus, the present disclosure provides a codon usage frequency
characteristic of the coding region of at least one of the polynucleotides of the present disclosure.
The number of polynucleotides (3 nucleotides per amino acid) that can be used to determine a
codon usage frequency can be any integer from 3 to the number of polynucleotides of the present
disclosure as provided herein. Optionally, the polynucleotides will be full-length sequences. An
exemplary number of sequences for statistical analysis can be at least 1, 5, 10, 20, 50 or 100.
[0069] “Correspondence" to another sequence (e.g., regions, fragments, nucleotide or amino acid
positions, or the like), for example, SEQ ID NO: 1, is based on the convention of numbering
according to nucleotide or amino acid position number and then aligning the sequences in a
manner that maximizes the percentage of sequence identity. Because not all positions within a
given "corresponding region" need be identical, non-matching positions within a corresponding

region may be regarded as "corresponding positions."

"non
2

[0070] The term "derived" encompasses the terms "originated from", "obtained" or "obtainable
from", and "isolated from".

[0071] "Equivalent amino acids" can be determined either on the basis of their structural
homology with the amino acids for which they are substituted or on the results of comparative
tests of biological activity between the various variants likely to be generated. As a non-limiting
example, the list below summarizes possible substitutions often likely to be carried out without
resulting in a significant modification of the biological activity of the corresponding variant:
[0072] 1) Alanine (A), Serine (S), Threonine (T), Valine (V), Glycine (G), and Proline (P);,
[0073] 2) Aspartic acid (D), Glutamic acid (E);

[0074] 3) Asparagine (N), Glutamine (Q);

[0075] 4) Arginine (R), Lysine (K), Histidine (H);

[0076] 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and

[0077] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
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[0078] See also, Creighton, Proteins, W H. Freeman and Co. (1984).

[0079] In making such changes/substitutions, the hydropathic index of amino acids may also be
considered. The importance of the hydropathic amino acid index in conferring interactive
biologic function on a protein is generally understood in the art (Kyte and Doolittle; (1982) .J
Mol Biol. 157(1):105-32). It is accepted that the relative hydropathic character of the amino acid
contributes to the secondary structure of the resultant protein, which in turn defines the
interaction of the protein with other molecules, for example, enzymes, substrates, receptors,
DNA, antibodies, antigens and the like.

[0080] It is known in the art that certain amino acids may be substituted by other amino acids
having a similar hydropathic index or score and still result in a protein with similar biological
activity, i.e., still obtain a biological functionally equivalent protein. Each amino acid has been
assigned a hydropathic index on the basis of its hydrophobicity and charge characteristics (Kyte
and Doolittle, ibid). These are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-
0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-
3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9) and arginine (-4.5). In
making such changes, the substitution of amino acids whose hydropathic indices are within +2 is
preferred; those which are within +1 are particularly preferred and those within +0.5 are even
more particularly preferred.

[0081] It is also understood in the art that the substitution of like amino acids can be made
effectively on the basis of hydrophilicity. U.S. Pat. No. 4,554,101, states that the greatest local
average hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent amino acids,
correlates with a biological property of the protein.

[0082] As detailed in U.S. Pat. No. 4,554,101, the following hydrophilicity values have been
assigned to amino acid residues; arginine (+3.0); lysine (+3.0); aspartate (+3.0.+0.1); glutamate
(+3.0.4+0.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4);
proline (-0.5.40.1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-
1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4).
[0083] The term "exogenous" as used herein with reference to a nucleic acid (or a protein) and a
host refers to a nucleic acid that does not occur in (and cannot be obtained from) a cell of that

particular type as it is found in nature or a protein encoded by such a nucleic acid. Thus, a non-
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naturally occurring nucleic acid is considered to be exogenous to a host once in the host. It is
important to note that non-naturally occurring nucleic acids can contain nucleic acid
subsequences or fragments of nucleic acid sequences that are found in nature, provided the
nucleic acid as a whole does not exist in nature. For example, a nucleic acid molecule containing
a genomic DNA sequence within an expression vector is a non-naturally occurring nucleic acid,
and thus is exogenous to a host cell once introduced into the host, since that nucleic acid
molecule as a whole (genomic DNA plus vector DNA) does not exist in nature. Thus, any vector,
autonomously replicating plasmid, or virus (e.g., retrovirus, adenovirus, or herpes virus) that as a
whole does not exist in nature is considered to be a non-naturally occurring nucleic acid. It
follows that genomic DNA fragments produced by PCR or restriction endonuclease treatment as
well as cDNAs are considered to be non-naturally occurring nucleic acids since they exist as
separate molecules not found in nature. It also follows 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 a non-naturally occurring nucleic acid. A nucleic acid that is
naturally occurring can be exogenous to a particular host microorganism.

[0084] In contrast, the term "endogenous" as used herein with reference to a nucleic acid (e.g., a
gene) (or a protein) and a host refers to a nucleic acid (or protein) that does occur in (and can be
obtained from) that particular host as it is found in nature. Moreover, a cell "endogenously
expressing" a nucleic acid (or protein) expresses that nucleic acid (or protein) as does a host of
the same particular type as it is found in nature. Moreover, a host "endogenously producing" or
that "endogenously produces" a nucleic acid, protein, or other compound produces that nucleic
acid, protein, or compound as does a host of the same particular type as it is found in nature.
[0085] As used herein, Enzyme Classification (EC) Numbers (EC numbers) are established by
the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology
(IUBMB), description of which is available on the IUBMB Enzyme Nomenclature website on
the World Wide Web. EC numbers classify enzymes according to the reaction catalyzed. For
example, in some embodiments, the m-transaminase is classified under EC 2.6.1.18, EC 2.6.1.19,
EC2.6.1.29, EC2.6.1.48 or EC 2.6.1.82. In some embodiments, a polypeptide having a o-
transaminase activity or a functional fragment thereof has a w-transaminase activity of an
enzyme classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC 2.6.1.48 or EC 2.6.1.82 In

specific embodiments, the w-transaminase converts pimelate semialdehyde to 7-AHA.
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[0086] As used herein, "expression" refers to the process by which a polypeptide is produced
based on the nucleic acid sequence of a gene. The process includes both transcription and
translation.

[0087] An "expression vector" as used herein means a DNA construct comprising a DNA
sequence which is operably linked to a suitable control sequence capable of effecting expression
of the DNA in a suitable host. Such control sequences may include a promoter to effect
transcription, an optional operator sequence to control transcription, a sequence encoding
suitable ribosome binding sites on the mRNA, or enhancers and sequences which control
termination of transcription and translation.

[0088] Functional fragments of any of the polypeptides described herein can also be used in the
methods of the disclosure. The term "functional fragment" as used herein refers to a peptide
fragment of a protein that has at least 25% (e.g., at least 30%, 40%, 50%, 60%, 70%, 75%, 80%,
85%, 90%, 95%, 98%, 99%, 100%, or even greater than 100%) of the activity of the
corresponding mature, full-length, wild-type protein. The functional fragment can generally, but
not always, be comprised of a continuous region of the protein, wherein the region has functional
activity.

[0089] A "gene" refers to a DNA segment that is involved in producing a polypeptide and
includes regions preceding and following the coding regions as well as intervening sequences
(introns) between individual coding segments (exons).

[0090] A “host strain", "host cell" or “host organism” means a suitable host for an expression
vector or DNA construct comprising a polynucleotide encoding a polypeptide according to the
disclosure. Populations of host cells are also suitable for performing any of methods descrbied
herein. Specifically, host strains may be bacterial cells, mammalian cells, insect cells, and other
cloning or "expression systems." Host organisms or microorganisms described herein can
include endogenous pathways that can be manipulated such that selected carbon-based products
blocks can be produced, for example, an aminated aliphatic compound having a carbon chain
length of C5-C19. In an endogenous pathway, the host microorganism naturally expresses all of
the enzymes catalyzing the reactions within the pathway. A host microorganism containing an
engineered pathway does not naturally express all of the enzymes catalyzing the reactions within
the pathway but has been engineered such that all of the enzymes within the pathway are

expressed in the host. In some embodiments, the host organism comprises exogenous enzymes
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and endogenous enzymes such that all of the enzymes within the pathway are expressed in the
host.

[0091] In an embodiment of the disclosure, "host cell" means both the cells and protoplasts
created from the cells of a microbial strain. It should be understood that such terms are intended
to refer not only to the particular subject cell but to the progeny of such a cell. Because certain
modifications may occur in succeeding generations due to either mutation or environmental
influences, such progeny may not, in fact, be identical to the parent cell, but are still included
within the scope of the term "host cell" as used herein.

[0092] "Heterologous" with reference to a polynucleotide or protein refers to a polynucleotide or
protein/polypeptide that does not naturally occur in a host cell. In some embodiments, the protein
is a commercially important industrial protein. It is intended that the term encompass proteins
that are encoded by naturally occurring genes, mutated genes, and/or synthetic genes.

[0093] The terms "identical" or percent "identity," in the context of two or more nucleic acids or
polypeptide sequences, refer to two or more sequences or subsequences that are the same or have
a specified percentage of nucleotides or amino acid residues that are the same (e.g., 60% identity,
optionally 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity over a specified region), when
compared and aligned for maximum correspondence over a comparison window, or designated
region as measured using one of the following sequence comparison algorithms or by manual
alignment and visual inspection. Sequences are "substantially identical" to each other if they are
at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, or
at least 55% identical. Optionally, the identity exists over a region that is at least about 50
nucleotides in length, or more typically over a region that is 100 to 500 or 1000 or more
nucleotides in length.

[0094] As used herein, "percentage of sequence identity" is determined by comparing two
optimally aligned sequences over a comparison window, wherein the portion of the sequence in
the comparison window can comprise additions or deletions (i.e., gaps) as compared to the
reference sequence (which does not comprise additions or deletions) for optimal alignment of the
two sequences. The percentage is calculated by determining the number of positions at which
the identical nucleic acid base or amino acid residue occurs in both sequences to yield the

number of matched positions, dividing the number of matched positions by the total number of
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positions in the window of comparison and multiplying the result by 100 to yield the percentage
of sequence identity.

[0095] For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. Default program parameters are
commonly used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities or similarities for the test sequences
relative to the reference sequence, based on the program parameters.

[0096] A "comparison window," as used herein, includes reference to a segment of any one of
the number of contiguous positions selected from the group consisting of from 20 to 600, usually
about 50 to about 200, more usually about 100 to about 150 in which a sequence may be
compared to a reference sequence of the same number of contiguous positions after the two
sequences are optimally aligned. Methods of alignment of sequences for comparison are well
known in the art. Optimal alignment of sequences for comparison can be conducted, for
example, by the local homology algorithm of Smith and Waterman (Adv. Appl. Math. 2:482,
1970), by the homology alignment algorithm of Needleman and Wunsch (J. Mol. Biol. 48:443,
1970), by the search for similarity method of Pearson and Lipman (Proc. Natl. Acad. Sci. USA
85:2444, 1988), by computerized implementations of these algorithms (e.g., GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, Wis.), or by manual alignment and visual inspection (see, e.g.,
Ausubel et al., Current Protocols in Molecular Biology (1995 supplement)).

[0097] When percentage of sequence identity is used in reference to proteins it is recognized that
residue positions which are not identical often differ by conservative amino acid substitutions,
where amino acid residues are substituted for other amino acid 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 substitutions, the percent sequence
identity may be adjusted upwards to correct for the conservative nature of the substitution and
this process results in "sequence homology" of, e.g., at least 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 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
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mismatch, thereby increasing the percentage sequence identity. Thus, for example, where an
identical amino acid is given a score of 1 and a non-conservative substitution is given a score of
zero, a conservative substitution is given a score between zero and 1. The scoring of conservative
substitutions is calculated, e.g., according to the algorithm of Meyers and Miller, (1988)
Computer Applic. Biol. Sci. 4:11-17, e.g., as implemented in the program PC/GENE
(Intelligenetics, Mountain View, Calif., USA).

[0098] "Introduced" in the context of inserting a nucleic acid sequence into a cell, includes
"transfection”, or "transformation" or "transduction" and includes reference to the incorporation
of a nucleic acid sequence into a eukaryotic or prokaryotic cell wherein the nucleic acid
sequence may be incorporated into the genome of the cell (e.g., chromosome, plasmid, plastid, or
mitochondrial DNA), converted into an autonomous replicon, or transiently expressed (e.g.,
transfected mRNA). The term can also refer to the translocation of the nucleic acid sequence
from outside a cell to inside a cell. In some cases, introducing refers to translocation of a nucleic
acid from outside the cell to inside the nucleus of the cell.

[0099] With regard to enzymatic activity, “Kcar (s™)” is the overall catalytic rate of the enzyme,
or the maximum number of enzymatic reactions catalyzed per second. This constant is also
referred to as the “turnover number” of the enzyme or the number of substrate molecules each
enzyme site converts to product per unit time. “Km” is the substrate concentration required for
the enzymatic reaction to occur at one-half Vmax, or one-half its maximal rate.

[0100] As used herein, a metabolically engineered microorganism is an organism produced via
the introduction of genetic material into a host or parental microorganism of choice thereby
modifying or altering the cellular physiology and biochemistry of the microorganism.

[0101] The term "mutant," refers to both polypeptides and nucleic acids. The term “mutant”
may be used interchangeably with the term “variant” or “synthetic”. Mutants or variants include
alterations, insertions, substitutions, transversions, truncations, and/or inversions at one or more
locations in the amino acid or nucleotide sequence, respectively, of a parent sequence. In the
context of a synthetic polypeptides having an »-TAM activity, a mutant ®-TAM means a
polypeptide, typically recombinant, that comprises one or more amino acid modifications, for
example, one or more substitutions, relative to a corresponding, o-TAM, for example, a wild-
type ®-TAM . In some embodiments, the mutant @-TAMs of the present invention are non-

naturally occurring.
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[0102] As used herein, "nucleotide sequence" or "nucleic acid sequence" refers to an
oligonucleotide sequence or polynucleotide sequence and variants, homologues, fragments and
derivatives thereof. The nucleotide sequence may be of genomic, synthetic or recombinant origin
and may be double-stranded or single-stranded, whether representing the sense or anti-sense
strand. As used herein, the term "nucleotide sequence" includes genomic DNA, cDNA, synthetic
DNA, and RNA.

[0103] The term "nucleic acid" encompasses DNA, cDNA, RNA, heteroduplexes, and synthetic
molecules capable of encoding a polypeptide. RNA includes mRNA, RNA, RNAi, siRNA,
cRNA and autocatalytic RNA. Nucleic acids may be single stranded or double stranded, and may
be chemical modifications. The terms "nucleic acid" and "polynucleotide" are used
interchangeably. Because the genetic code is degenerate, more than one codon may be used to
encode a particular amino acid, and the present compositions and methods encompass nucleotide
sequences which encode a particular amino acid sequence. A nucleic acid comprises a nucleotide
sequence which typically includes nucleotides that comprise an A, G, C, T or U base. However,
nucleotide sequences may include other bases such as, without limitation inosine,
methylcytosine, methylinosine, methyladenosine and/or thiouridine, although without limitation
thereto. Unless specifically limited, the term encompasses nucleic acids containing known
analogues of natural nucleotides that have similar binding properties as the reference nucleic acid
and are metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise
indicated, a particular nucleic acid sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and
complementary sequences as well as the sequence explicitly indicated. A nucleic acid can be or
can include, e.g., a chromosome or chromosomal segment, a vector (e.g., an expression vector),
an expression cassette, a naked DNA or RNA polymer, or the product of a polymerase chain
reaction (PCR), an oligonucleotide, a probe, and a primer. Unless otherwise indicated, a
particular nucleic acid sequence optionally comprises or encodes complementary sequences, in
addition to any sequence explicitly indicated.

[0104] The term "operably linked" and its variants refer to chemical fusion or bonding or
association of sufficient stability to withstand conditions encountered in the nucleotide
incorporation methods utilized, between a combination of different compounds; molecules or

other entities such as, but not limited to: between a mutant polymerase and a reporter moiety
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(e.g., fluorescent dye or nanoparticle); between a nucleotide and a reporter moiety (e.g.,
fluorescent dye); or between a promoter and a coding sequence, if it controls the transcription of
the sequence.

[0105] A "promoter" is a regulatory sequence that is involved in binding RNA polymerase to
initiate transcription of a gene. The promoter may be an inducible promoter or a constitutive
promoter. An exemplary promoter used herein is a T7 promoter, which is an inducible promoter.
[0106] A "periplasmic tag" or "periplasmic leader sequence" is a sequence of amino acids which,
when attached to/present at the N-terminus of a protein/peptide, directs the protein/peptide to the
bacterial periplasm, where the sequence is often removed by a signal peptidase. Protein/peptide
secretion into the periplasm can increase the stability of recombinantly-expressed
proteins/peptides. An example of a periplasmic tag disclosed herein is provided as SEQ ID NO:
2. (MKYLLPTAAAGLLLLAAQPAMAMG).

[0107] “Polypeptide,” “peptide,” and “protein” are used interchangeably herein to refer to a
polymer of amino acid residues. As used herein, the terms encompass amino acid chains of any
length, including full-length proteins, wherein the amino acid residues are linked by covalent
peptide bonds.

[0108] “Recombinant” when used in reference to an organism, a cell, nucleic acid, protein or
vector indicates that the organism, cell, nucleic acid, protein or vector has been modified by the
introduction of a "heterologous nucleic acid" or protein, or the alteration of a native nucleic acid
or protein, or that the cell is derived from a cell so modified. Thus, for example, recombinant
cells express genes that are not found within the native (non-recombinant) form of the cell or
express native genes that are otherwise abnormally expressed, under expressed or not expressed
at all. A recombinant nucleic acid can be originally formed in vitro, in general, by the
manipulation of a nucleic acid by endonucleases, in a form not normally found in nature. Thus
an isolated w-TAM, in a linear form, or an expression vector formed in vifro by ligating DNA
molecules that are not normally joined, are both considered recombinant for the purposes of this
invention. It is understood that once a recombinant nucleic acid is made and reintroduced into a
host cell, it will replicate non-recombinantly, i.e., using the in vivo cellular machinery of the host
cell rather than in vifro manipulations; however, such nucleic acids, once produced
recombinantly, although subsequently replicated non-recombinantly, are still considered

recombinant for the purposes of the invention. A recombinant protein can be made using
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recombinant techniques, i.e., through the expression of a recombinant nucleic acid as depicted
above. A recombinant protein is typically distinguished from a naturally occurring protein by at
least one or more characteristics.

[0109] A "signal sequence" or "signal peptide" means a sequence of amino acids bound to the N-
terminal portion of a protein, which facilitates the secretion of the mature form of the protein
outside the cell. The definition of a signal sequence is a functional one. The mature form of the
extracellular protein lacks the signal sequence which is cleaved off during the secretion process.
[0110] "Selective marker" refers to a gene capable of expression in a host that allows for ease of
selection of those hosts containing an introduced nucleic acid or vector. Examples of selectable
markers include but are not limited to antimicrobials (e.g., hygromycin, bleomycin, or
chloramphenicol) and/or genes that confer a metabolic advantage, such as a nutritional advantage
on the host cell.

[0111] “Substrate” refers to a molecule that an enzyme binds to and converts to a product.
Pimelate semialdehyde is an example of a substrate that is converted to 7-AHA by a ®-TAM, for
example, any of the polypeptide having an w-TAM activity described herein.

[0112] "Under transcriptional control" is a term well understood in the art that indicates that
transcription of a polynucleotide sequence, usually a DNA sequence, depends on its being
operably linked to an element which contributes to the initiation of, or promotes transcription.
[0113] "Under translational control" is a term well understood in the art that indicates a
regulatory process that occurs after mRNA has been formed.

[0114] As used herein, "transformed cell" includes cells that have been transformed or
transduced by use of recombinant DNA techniques. Transformation typically occurs by insertion
of one or more nucleotide sequences into a cell. The inserted nucleotide sequence may be a
"heterologous nucleotide sequence," i.e., is a sequence that is not natural to the cell that is to be
transformed, such as a fusion protein.

[0115] As used herein, "transformed", "stably transformed", "transduced," and "transgenic" used
in reference to a cell means the cell has a non-native (e.g., heterologous) nucleic acid sequence
integrated into its genome or as an episomal plasmid that is maintained through multiple
generations.

[0116] The term "vector", as used herein, refers to a nucleic acid molecule capable of

transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid",
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which refers to a circular double stranded DNA loop into which additional DNA segments may
be ligated. Another type of vector is a viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors are capable of autonomous replication in a host cell
into which they are introduced (e.g., bacterial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can be
integrated into the genome of a host cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to herein as
"recombinant expression vectors" (or simply, "expression vectors"). In general, expression
vectors of utility in recombinant DNA techniques are often in the form of plasmids. In the
present specification, "plasmid" and "vector" may be used interchangeably as the plasmid is the
most commonly used form of vector. However, the claimed embodiments are intended to include
such other forms of expression vectors, such as viral vectors (e.g., replication defective
retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent functions.
Vectors also include cloning vectors, shuttle vectors, plasmids, phage particles, cassettes and the
like.

[0117] The term “wild-type,” in the context of a nucleotide sequence or polypeptide sequence,
refers to the major or most common allele of the sequence as it occurs in nature. A wild-type
sequence can also be referred to as a naturally occurring typical or normal sequence without
modifications.

[0118] In general, this disclosure provides methods for increasing carbon flux through a reaction
catalyzed by a polypeptide having a w-transaminase activity. Also provided are enzymes,
pathways, cultivation strategies, and host organisms for increased production of one or more
aminated aliphatic compounds having a carbon chain length of C5-C19 or a salt thereof.

Methods of Biosynthesizing Carbon-Based Products

[0119] The present invention provides a method of enhancing biosynthesis in vivo, comprising:
obtaining at least one organism capable of biosynthesizing at least one product, the at least one
organism being unaltered or altered, wherein the organism utilizes a polypeptide having a -
transaminase activity to catalyze a transamination reaction, wherein the polypeptide or a

functional fragment thereof has at least 70% identity to SEQ ID NO: 1; and
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b) culturing the organism under conditions suitable for biosynthesis, wherein the organism
biosynthesizes the at least one product, wherein the product is an aminated aliphatic compound
having a carbon chain length of C5-C19 or a salt thereof.

[0120] In some embodiments, the product is an aminated aliphatic compound having a carbon
chain length of C6-C7, or a salt thereof, for example, 7-AHA or 6-aminohexanoic acid or a salt
thereof. In some embodiments, the product is an amino alcohol, such as 7-aminoheptanol or 6-
aminohexanol or a salt thereof. In some embodiments, the product is a diamine such as
heptamethylenediamine or hexamethylenediamine or a salt thereof.

[0121] In some embodiments, the transamination reaction is catalyzed by a polypeptide or
functional fragment thereof having the activity of a w-transaminase classified under EC 2.6.1.18

EC2.6.1.19,EC2.6.1.29,EC2.6.1.48 or EC 2.6.1.82.

2

[0122] Any of the methods provided herein, can be performed in one or more host organisms or
cells. In some embodiments, the host organism expresses one or more polypeptides having the
activity of at least one enzyme in a pathway for production of an aminated aliphatic compound
having a carbon chain length of C5-C19. For example, one or more polypeptides having the
activity of at least one enzyme in the pathway provided in Fig. 2, for the production of 7-AHA,
can be expressed by the organism. In some embodiments, one or more polypeptides having the
activity of at least one enzyme in the pathway provided in Fig. 9, for the production of 6-AHA
can be expressed in the organism.

[0123] The organism can (a) naturally express polypeptides having the activity of one or more
relevant enzymes in a pathway, (b) be genetically engineered to express one or more
polypeptides having the activity of one or more relevant enzymes in a pathway, or (c) naturally
express one or more polypeptides having the activity of one or more relevant enzymes and be
genetically engineered to express one or more polypeptides having the activity of one or more
relevant enzymes in a pathway. The organism can also naturally express or be engineered to
express one or more polypeptides that modify a product produced by the organism. In the
methods provided by the disclosure, all the steps can be performed in host cells, or some of the
steps can be performed in cells and others can be performed using extracted polypeptides having
the activity of enzymes.

[0124] In any of the methods provided herein, the polypeptide having a m-transaminase activity

to catalyze a transamination reaction, can be a polypeptide or a functional fragment thereof that
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has at least 70% identity to SEQ ID NO: 1. SEQ ID NO: 1, set forth below, is the amino acid
sequence of a Chromobacterium violaceum o-transaminase set forth under Uniprot ID No.
Q7NWGH4. It is understood that any sequence identified herein by a Uniprot ID No. or a
GenBank Accession No. is hereby incorporated in its entirety by reference to the Unipro ID No.

or the GenBank Accession No.

[0125] SEQ ID NO: 1

MQKQRTTSQWRELDAAHHLHPFTDTASLNQAGARVMTRGEGVYLWDSEGNKIIDGMAGLW
CVNVGYGRKDFAEAARRQMEELPFYNTFFKTTHPAVVELSSLLAEVTPAGFDRVFYTNSG
SESVDTMIRMVRRY WDVQGKPEKKTLIGRWNGYHGSTIGGASLGGMKYMHEQGDLPIPGM
AHIEQPWWYKHGKDMTPDEFGVVAARWLEEKILEIGADKVAAFVGEPIQGAGGVIVPPAT
YWPEIERICRKYDVLLVADEVICGFGRTGEWFGHQHFGFQPDLFTAAKGLSSGYLPIGAV
FVGKRVAEGLIAGGDFNHGFTYSGHPVCAAVAHANVAALRDEGIVQRVKDDIGPYMQKRW
RETFSRFEHVDDVRGVGMVQAFTLVKNKAKRELFPDFGEIGTLCRDIFFRNNLIMRACGD
HIVSAPPLVMTRAEVDEMLAVAERCLEEFEQTLKARGLA

[0126] In some embodiments, a polypeptide or a functional fragment has at least about 70%,
75%, 80%, 85%, 90%, 95%, or 100% identity to SEQ ID NO: 1. In certain embodiments, the
polypeptide having a w-transaminase activity has at least 90%, 95%, 98%, 98.1, 98.2%, 98.3%,
98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%. 99.1%, 99.2%. 99.3%. 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, or 99.9% sequence identity to SEQ ID NO: 1. In any of the methods
provided herein, the polypeptide having a w-transaminase activity can comprise, consist
essentially of, or consist of an amino acid sequence has at least about 70%, 75%, 80%, 85%,
90%, 95%, or 100% identity to SEQ ID NO: 1.

[0127] As set forth above, the polypeptide can be naturally expressed by the organism or
engineered to express the polypeptide having a w-transaminase activity. In an engineered or
altered organism, a nucleic acid encoding the polypeptide having a m-transaminase activity can
be introduced into the organism, for example, by transforming the organism or cell with an
expression cassette comprising the nucleic acid or a vector comprising the expression cassette,
which may be stably incorporated or not stably incorporated into the genome of the transformed
organism.

[0128] Any nucleic acid encoding a polypeptide described herein can be stably or transiently
introduced into an organism, such as a host cell, using established techniques, including, but not
limited to, electroporation, calcium phosphate precipitation, liposome-mediated transfection,
contact with nanowires or nanotubes, spheroplasting, PEG 1000-mediated transformation,

biolistics, lithium acetate transformation, lithium chloride transformation, and the like.
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[0129] For stable transformation, a subject nucleic acid will generally further include a
selectable marker, e.g., any of several well-known selectable markers such as neomycin
resistance, and the like.

[0130] In certain embodiments, the polypeptide or functional fragment having a w-transaminase
activity does not comprise the amino acid sequence of any of the enzymes set forth in Table 1.
Table 1 provides the name of the enzyme and the GenBank Accession No.(s) for the amino acid
sequence of the enzyme. Therefore, the present invention provides a method of enhancing
biosynthesis in vivo, comprising: obtaining at least one organism capable of biosynthesizing at
least one product, the at least one organism being unaltered or altered, wherein the organism
utilizes a polypeptide having a w-transaminase activity to catalyze a transamination reaction,
wherein the polypeptide or a functional fragment thereof has at least 70% identity to SEQ ID
NO: 1, wherein the polypeptide does not comprise the amino acid sequence of any of the
enzymes set forth in Table 1; and b) culturing the organism under conditions suitable for
biosynthesis, wherein the organism biosynthesizes the at least one product, wherein the product
is an aminated aliphatic compound having a carbon chain length of C5-C19 or a salt thereof.
Also provided are methods of enhancing biosynthesis iz vivo wherein the organism does not
utilize an enzyme having the amino acid sequence set forth in GenBank Accession No.
BAK39753.1 or a mutant of the enzyme having the amino acid sequence set forth in GenBank
Accession No. BAK39753.1 to catalyze a transamination reaction.

[0131] Table 1

Enzyme GenBank Accession No.
MULTISPECIES: aspartate WP 011135573.1
aminotransferase family protein

[Chromobacterium]

aspartate aminotransferase family WP_081573061.1

protein [Chromobacterium violaceum)|

aspartate aminotransferase family WP_048405256.1

protein [Chromobacterium violaceum)|

aspartate aminotransferase family WP_046156378.1

protein [Chromobacterium vaccinii|

aspartate aminotransferase family WP_104946997.1

protein [Chromobacterium vaccinii|
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aspartate aminotransferase family
protein [Pseudogulbenkiania

ferrooxidans]|

WP_021478068.1

aspartate aminotransferase family
protein [Chromobacterium sp. MWU 14-
2602]

WP_103903523.1

aspartate aminotransferase family
protein [Chromobacterium sp. ATCC
53434]

WP_101708025.1

aspartate aminotransferase family
protein [Chromobacterium sp. MWU13-
2610]

WP_103321487.1

MULTISPECIES: aspartate
aminotransferase family protein

[Chromobacterium]

WP_043629242.1

aspartate aminotransferase family

protein [Chromobacterium amazonense|

WP_106076402.1

MULTISPECIES: aspartate
aminotransferase family protein

[Chromobacterium]

WP_043572477.1

aspartate aminotransferase family

protein [Chromobacterium subtsugae]

WP_047243213.1

MULTISPECIES: aspartate
aminotransferase family protein

[Chromobacterium]

WP_047237256.1

aspartate aminotransferase family

protein [Chromobacterium subtsugae]

WP_047257673.1

aspartate aminotransferase family

protein [Chromobacterium sphagni|

WP_071116856.1

aspartate aminotransferase family

protein [Xenophilus sp. AP218F]

WP_088737038.1

aspartate aminotransferase family

protein [Chromobacterium sp. LK11]

WP_048412320.1

aspartate aminotransferase family

protein [Chromobacterium sp. LK1]

WP_048411976.1
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aspartate aminotransferase family 00QS33371.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family WP_081556739.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family WP_043638691.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family 00QS37730.1
protein [Chromobacterium

haemolyticum]|

MULTISPECIES: aspartate WP _019104435.1
aminotransferase family protein

[Chromobacterium]

aspartate aminotransferase family 00Q832233.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family WP_081576047.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family WP_043593957.1
protein [Chromobacterium

haemolyticum]|

aspartate aminotransferase family WP_088967522.1
protein [Vogesella sp. L1G4]

aspartate aminotransferase family WP_089085350.1

protein [Aquitalea magnusonii]

aspartate aminotransferase family WP_017508334.1

protein [beta proteobacterium 1.13]

aspartate aminotransferase family WP_103523625.1
protein [Pseudomonas sp. MWU 14-
2217]

MULTISPECIES: aspartate WP _045848621.1
aminotransferase family protein

[Aquitalea]
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aspartate aminotransferase family

protein [Aquitalea magnusonii]

WP_059287319.1

aspartate aminotransferase family

protein [Pseudogulbenkiania sp. MAI-1]

WP_024302818.1

aspartate aminotransferase family

protein [Gulbenkiania indica]

WP_055434103.1

aspartate aminotransferase family

protein [Gulbenkiania mobilis|

WP_054286466.1

aspartate aminotransferase family

protein [Pseudogulbenkiania subflaval)

WP_085275708.1

aspartate aminotransferase family
protein [Pseudogulbenkiania

ferrooxidans]|

WP_008952788.1

aspartate aminotransferase family

protein [Pseudogulbenkiania sp. NH8B]

WP_014087389.1

aspartate aminotransferase family

protein [Paludibacterium yongneupense|

WP_028535161.1

aspartate aminotransferase family

protein [Vogesella sp. EB]

WP_047966302.1

aspartate aminotransferase family

protein [Microvirgula aerodenitrificans|

WP_028498438.1

Probable aminotransferase [Laribacter
hongkongensis HLHK9]

ACO75192.1

aspartate aminotransferase family

protein [Laribacter hongkongensis|

WP_0838861121.1

aspartate aminotransferase family

protein [Laribacter hongkongensis|

WP_041825665.1

aspartate aminotransferase family

protein [Laribacter hongkongensis|

WP_034984857.1

BioA homolog [Vitreoscilla sp. C1]

AAD41041.1

MULTISPECIES: aspartate
aminotransferase family protein

[Vitreoscilla]

WP_019957606.1

aspartate aminotransferase family

protein [Neisseria shayeganii]

WP_009118141.1

aspartate aminotransferase family

protein [Stenoxybacter acetivorans)|

WP_037587322.1
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aspartate aminotransferase family AQR66583.1, AQR64576.1

protein [Aquaspirillum sp. LM1] AQR64062.1, AQR66432.1

WP_077302460.1, WP_077297579.1,
WP_077296528.1, WP_077302987.1

[0132] It has been discovered that altering the reaction conditions of a transamination reaction
catalyzed by a polypeptide having a w-transaminase activity increases production of certain
carbon-based products, for example, aminated aliphatic compounds having a carbon chain length
of C5-C19. Therefore, any of the methods provided herein can comprise a step of altering the
reaction conditions of the transaminase reaction catalyzed by the polypeptide having w-
transaminase activity.

[0133] The reaction conditions of the transaminase reaction in any of the methods provided
herein can be altered through one or more modes to increase m-transamination activity of the
polypeptide or fragment thereof having a w-transaminase activity, as compared to an organism
where transamination reaction conditions have not been altered. In some embodiments, reaction
conditions are altered to shift the transaminase reaction equilibrium in favour of product
formation. In some embodiments, altering the reaction conditions of the transamination reaction
results in an increase in total product yield. In some embodiments, an increase in total product
yield is an increase in the production of an aminated aliphatic compound having a carbon chain
length of C5-C19, for example, an increase in the total yield of an aminated aliphatic compound
having a carbon chain length of C6-C7. In some embodiments, the increase in total product yield
is an increase in the total yield of 7-AHA.

[0134] In some embodiments, the increase in total product yield is at least about 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, or 500% greater than the
product yield in an organism where reaction conditions have not been altered.

[0135] In some embodiments, the step of altering the reaction conditions comprises catalyzing
the reaction with a polypeptide or a functional fragment thereof having a w-transaminase activity
comprising one or more amino acid substitution(s) relative to a wild-type w-transaminase,
wherein the one or more amino acid substitution(s) are at amino acid(s) that occupy position(s)

corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID NO: 1.
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[0136] In some embodiments, the polypeptide or a functional fragment thereof having a ®-
transaminase activity comprises one or more amino acid substitution(s) relative to a wild-type -
transaminase, wherein the one or more amino acid substitution(s) are at amino acid(s) that
occupy position(s) corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of the
amino acid sequence set forth in Uniprot ID No. K2KXB1.

[0137] In some embodiments, the amino acid corresponding to position 2 is substituted with
valine (V). In some embodiments, the amino acid corresponding to position 13 is substituted
with serine (S). In some embodiments, the amino acid corresponding to position 15 is
substituted with serine (S). In some embodiments, the amino acid corresponding to position 16
is substituted with serine (S). In some embodiments, the amino acid corresponding to position
134 is substituted with asparagine (N). In some embodiments, the amino acid corresponding to
position 288 is substituted with glutamine (Q). In some embodiments, the amino acid
corresponding to position 345 is substituted with arginine (R). In some embodiments, one or
more substitutions are in the substrate binding site or substrate entry site of polypeptide. For
example, amino acids at position 20 and/or 87 in the substrate binding site can be substituted.
For example, the amino acid corresponding to position 20 is substituted with tyrosine (Y). In
some embodiments, the amino acid corresponding to position 87 is substituted with glycine (G),
alanine (A), serine (S) or threonine (T).

[0138] In some embodiments, the wild-type w-transaminase is an w-transaminase classified
under EC 2.6.1.18, EC2.6.1.19,EC 2.6.1.29, EC 2.6.1.48 or EC 2.6.1.82.

[0139] In some embodiments, the one or more amino acid substitutions are in the small binding
pocket (O-pocket) and/or in the large binding pocket (P-pocket) of the polypeptide having -
transaminase activity.

[0140] In some embodiments, the substituted or mutant polypeptide has increased enzymatic
activity and/or improved substrate specificity relative to a wild-type w-transaminase classified
under EC 2.6.1.18, EC2.6.1.19,EC 2.6.1.29, EC 2.6.1.48 or EC 2.6.1.82.

[0141] In some embodiments, the mutant polypeptide has an increase in enzymatic activity of at
least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, or at
least 500% relative to the activity of the wild-type ®-TAM.

[0142] In certain embodiments, enzymatic activity is specific activity, 1.e., enzymatic activity for

reaction of the mutant polypeptide with a specific substrate, for example, pimelate semialdehyde.
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In some embodiments, the increase in enzymatic activity results in an increase in total product
yield of an aminated aliphatic compound having a carbon chain length of C5-C19 or a salt
thereof, for example, 7-AHA or a salt thereof, when the polypeptide is expressed in an organism
described herein.

[0143] In some embodiments, the improved substrate specificity of the mutant polypeptide,
relative to the substrate specificity of the wild-type o-TAM results in a polypeptide that can
convert at least one substrate into at least one product at a keat (s™!) greater than that of the wild-
type o-TAM.

[0144] In some embodiments, the improved substrate specificity of the mutant polypeptide,
relative to the activity of the wild-type w-TAM results in a polypeptide that can convert at least
one substrate into at least one product at a Km lower than that of the wild-type ®-TAM. In some
embodiments, the improved substrate specificity is improved substrate specificity for pimelate
semialdehyde.

[0145] In some embodiments, the mutant polypeptide has a reduced Km for an amino donor
relative to the wild-type w-transaminase. In some embodiments, the amino donor is L-alanine.
In some embodiments, the Km for the amino donor, for example, L-alanine, is less than about 4
mmol-L!. In some embodiments, the polypeptide having a w-transaminase activity has an
increased Km for an aminated aliphatic compound having a carbon chain length of C5-C19 as an
amino group donor relative to the wild-type w-transaminase. In some embodiments, the
polypeptide having a m-transaminase activity has an increased Km for the aminated aliphatic
compound that has a carbon chain length of C6-C7. In some embodiments, the polypeptide
having a o-transaminase activity has an increased Km for 7-AHA. In some embodiments, the
wild-type w-transaminase is a Chromobacterium violaceum w-transaminase or a
Chromobacterium violaceum-like w-transaminase, for example, SEQ ID NO: 1.

[0146] In some embodiments substitution of one or more amino acid(s) corresponding to
position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID NO: 1, increases enzymatic activity
and/or improves substrate specificity. It is understood that any wild-type ©»-TAM can be mutated
with any combination of the amino acid substitutions described to obtain a polypeptide with
increase enzymatic activity and/or improved substrate specificity. In some embodiments, the

mutant ®-TAM comprises two or more, three or more, four or more, five or more, six or more,
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seven or more, or eight or more substitutions at amino acid(s) that occupy position(s)
corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID NO: 1.

[0147] As set forth above, the mutant ®-TAM can have one or more amino acid substitutions
described above, relative to a wild-type w-TAM, for example, and not to be limiting, relative to a
wild-type w-TAM classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC 2.6.1.48 or EC
2.6.1.82. In some embodiments, the mutant ®-TAM has one or more additional modifications.
Protein modifications include amino acid sequence modifications. Modifications in amino acid
sequence may arise naturally as allelic variations (e.g., due to genetic polymorphism), may arise
due to environmental influence (e.g., by exposure to ultraviolet light), or may be produced by
human intervention (e.g., by mutagenesis of cloned DNA sequences), such as induced point,
deletion, insertion, and substitution mutants. Modifications in a nucleic acid encoding an ®-
TAM can result in changes in the amino acid sequence, provide silent mutations, modify a
restriction site, or provide other specific mutations. Amino acid sequence modifications typically
fall into one or more of three classes: substitutional, insertional, or deletional modifications.
Insertions include amino and/or terminal fusions as well as intrasequence insertions of single or
multiple amino acid residues. Insertions ordinarily will be smaller insertions than those of amino
or carboxyl terminal fusions, for example, on the order of one to four residues. Deletions are
characterized by the removal of one or more amino acid residues from the protein sequence.
Typically, no more than about from 2 to 6 residues are deleted at any one site within the protein
molecule. Amino acid substitutions are typically of single residues, but can occur at a number of
different locations at once; insertions usually will be on the order of about 1 to 10 amino acid
residues; and deletions will range from about 1 to 30 residues. Deletions or insertions preferably
are made in adjacent pairs, i.e., a deletion of 2 residues or insertion of 2 residues. Substitutions,
deletions, insertions or any combination thereof may be combined to arrive at a final construct.
Substitutional modifications are those in which at least one residue has been removed and a
different residues inserted in its place. In some embodiments, conservative or equivalent
substitutions are made. A conservative substitution results in substitution of an amino acid with a
chemically and/or functionally similar amino acid. Modifications, including specific amino acid
substitutions, are made by known methods.

[0148] By way of example, modifications are made by site-specific mutagenesis of nucleotides

in the DNA encoding the protein, thereby producing DNA encoding the modification, and
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thereafter expressing the DNA in recombinant cell culture. Techniques for making substitution
mutations at predetermined sites in DNA having a known sequence are well known, for example,
PCR mutagenesis, primer extension or inverse PCR mutagenesis.

[0149] Fusion polypeptides comprising any of the polypeptides described herein are also
provided. The polypeptides can be fused to heterologous sequences, for example, and not to be
limiting, tags or sequences designed to facilitate expression, purification and/or detection of
recombinantly-expressed proteins. Non-limiting examples include a periplasmic tag, a poly-
histidine tag, a maltose binding protein (MBP), Protein A, glutathione S-transferase (GST),
fluorescent protein sequences (e.g. GFP), and epitope tags such as myc, FLAG, and
haemagglutinin tags.

[0150] In some embodiments, the amino acid sequence of the polypeptide having an -TAM
activity, for example, a mutant ®-TAM has at least 70%, 75%, 80%, 85%, 90%, 95%, 99%
amino acid sequence identity with the amino acid sequence of the wild-type w-TAM, and has
enzymatic activity. In certain embodiments, the amino acid sequence of the polypeptide having
an o-TAM, for example, a mutant ®-TAM has at least 90%, 95%, 98%, 98.1, 98.2%, 98.3%,
98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%. 99.1%, 99.2%. 99.3%. 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, or 99.9% sequence identity to the wild-type ®w-TAM and has enzymatic
activity. In certain embodiments, the enzymatic activity is specific for conversion of pimelate
semialdehyde to 7-AHA.

[0151] Derivatives of any of the mutant polypeptides described herein also provided. In some
embodiments, derivative polypeptides are polypeptides that have been further altered, for
example by conjugation or complexing with other chemical moieties, by post-translational
modification (e.g. phosphorylation, acetylation and the like), modification of glycosylation (e.g.
adding, removing or altering glycosylation), and/or inclusion/substitution of additional amino
acid sequences as would be understood in the art. Derivatives also include fusion proteins, as
described above. Other derivatives contemplated by the embodiments include, but are not
limited to, modification to side chains, incorporation of unnatural amino acids and/or their
derivatives during peptide, or protein synthesis and the use of crosslinkers and other methods
which impose conformational constraints on the polypeptides and fragments thereof.

[0152] In some methods, the step of altering reaction conditions comprises cyclization, for

example, cyclization of the product. In certain embodiments, altering reaction conditions
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comprises cyclizing at least one product into a lactam, for example, cyclizing 7-AHA into
heptanolactam. In some embodiments, the organism utilizes a polypeptide having Clostridium
propionicum B-alanine CoA transferase activity to cyclize the product. In some embodiments,
the polypeptide having B-alanine CoA converts 7-AHA to heptanolactam, wherein the amount of
pimelate semialdehyde formed from the reverse reaction of w-transaminase with 7-AHA is
reduced. In some embodiments, the amount of pimelate semialdehyde formed from the reverse
reaction of w-transaminase with 7-AHA is reduced by at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or 100%. In some embodiments, cyclization of the product removes or
otherwise reduces the availability of the product for a reverse reaction catalyzed by a polypeptide
having a o-transaminase activity. The reduction can be a reduction as compared to the reduction
in the availability of the product in an organism that that does not cyclize the product. In some
embodiments, the reduction is at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or
100%.

[0153] In some embodiments, the method further comprises processing the cyclized product to
obtain an aminated aliphatic compound having a carbon chain length of C5-C19, for example, 7-
AHA or 6-aminohexanoic acid or a salt thereof. In some embodiments, the product is an amino
alcohol, such as 7-aminoheptanol or 6-aminohexanol or a salt thereof. In some embodiments,
the product is a diamine such as heptamethylenediamine or hexamethylenediamine or a salt
thereof.

[0154] In some embodiments, the step of altering the reaction conditions comprises increasing
the level of an intracellular amino group donor in the organism. In some embodiments, the
amino group donor is exogenously introduced into the organism. In some embodiments, the
organism utilizes a polypeptide having L-amino acid dehydrogenase activity to increase the
intracellular level of the amino group donor in the cell introduced into the organism. In some
embodiments, the L-amino acid dehydrogenase is L-alanine dehydrogenase. In some
embodiments, the concentration of the amino group donor is increased to a concentration from
about 4-10 mmol L.

[0155] In some embodiments, the step of altering the reaction conditions comprises removing or
otherwise reducing availability of the product. In some embodiments, the organism utilizes a
polypeptide having amino acid transporter activity to remove or otherwise reduce the availability

of the product. For example, and not to be limiting, the organism can naturally express or be
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engineered to express one or more of the polypeptides having amino acid transporter activity

provided in Table 2, to remove or otherwise reduce the availability of the product. The reduction

in the availability of the product can be a reduction as compared to the reduction in the

availability of the product in an organism that that does not utilize a polypeptide having amino

acid transporter activity to remove or otherwise reduce the availability of the product. In some

embodiments, the reduction is at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or

100%

[0156] Table 2

amino acid transporter

Uniprot ID

Organism

Sequence

P15993

Escherichia coli (strain K12)

MMEGQQHGEQLKRGLKNRHIQLIALGGAIGTGLFLG
SASVIQSAGPGIILGY ATIAGFIAFLIMRQLGEMVVEEP
VAGSFSHFAYKYWGSFAGFASGWNYWVLYVLVAM
AELTAVGKYIQFWYPEIPTWVSAAVFFVVINAINLTN
VKVFGEMEFWFAIIKVIAVVAMIIFGGWLLFSGNGGP
QATVSNLWDQGGFLPHGFTGLVMMMAIIMFSFGGLE
LVGITAAEADNPEQSIPKATNQVIYRILIFYIGSLAVLL
SLMPWTRVTADTSPFVLIFHELGDTFVANALNIVVLT
AALSVYNSCVYCNSRMLFGLAQQGNAPKALASVDK
RGVPVNTILVSALVTALCVLINYLAPESAFGLLMALV
VSALVINWAMISLAHMKFRRAKQEQGVVTRFPALLY
PLGNWICLLFMAAVLVIMLMTPGMAISVYLIPVWLIV
LGIGYLFKEKTAKAVKAH

P94499

Bacillus subtilis (strain
168)

MSKKVSASYIIIGLMLFALFFGAGNLIFPPMLGQLAG
KNVWVANAGFLVTGVGLPLLAITAFVFSGKQNLQSL
ASRVHPVFGIVFTTILYLAIGPFFAIPRSGNVSFEIGVK
PFLSNDA
SPVSLIFTILFFALACLLSLNPSKIIDIVGKFLTPIKLTFI
GLLVAVALIRPIGTIQAPSKGYTSQAFFKGFQEGYLTL
DALVAFVFGIIVNALKEQGASTKKQLIVVCAKAAAI
AAV
LLAVMYTALSYMGASSVEELGILENGAEVLAKVSSY
YFGSYGSILLGLMITVACLTTSVGLITACSSFFHELFPN
ISYKKIAVVLSVFSTLVANIGLTQLIKVSMPVLLTMYP
TAISLIF

LTFLHSVFKGKTEVY QGSLLFAFIISLFDGLKAAGIKIE
VVNRIFTQILPMYNIGLGWLIPATAGGICGYILSIFRTK
TS

H7C6B6

Corynebacterium ghitamicum
{Brevibacterium
saccharalyvticum)

MLSFATLRGRISTVDAAKAAPPPSPLAPIDLTDHSQV
AGVMNLAARIGDILLSSGTSNSDTKVQVRAVTSAYG
LYYTHVDITLNTITIFTNIGVERKMPVNVFHVVGKLD
TNFSKLSEVD
RLIRSIQAGATPPEVAEKILDELEQSPASYGFPVALLG
WAMMGGAVAVLLGGGWQVSLIAFITAFTIIATTSFL
GKKGLPTFFQNVVGGFIATLPASIAYSLALQFGLEIKP
SQIIASGI
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VVLLAGLTLVQSLQDGITGAPVTASARFFETLLFTGGI
VAGVGLGIQLSEILHVMLPAMESAAAPNYSSTFARII
AGGVTAAAFAVGCYAEWSSVIIAGLTALMGSAFYYL
FVVYLGPVS
AAAIAATAVGFTGGLLARRFLIPPLIVAIAGITPMLPG
LATYRGMYATLNDQTLMGFTNIAVALATASSLAAGV
VLGEWIARRLRRPPRFNPYRAFTK ANEFSFQEEAEQN
QRRQRKRPK

TNQRFGNKR

MKKLIAFQILIALAVGAVIGHFFPDFGMALRPVGDGFI
RLIKMIVVPIVFSTIVIGAAGSGSMKKMGSLGIK TITWF
EVITTLVLGLGLLLANVLKPGVGLDLSHLAKKDIHEL
SGYTDK
VVDFKQMILDIIPTNIIDVMARNDLLAVIFFAILFGVA
AAGIGK ASEPVMKFFESTAQIMFKLTQIVMVTAPIGV
LALMAASVGQYGIELLLPMFKLVGTVFLGLFLILFVL
FPLVGLIF
QIKYFEVLKMIWDLFLIAFSTTSTETILPQLMDRMEK
YGCPKRVVSFVVPSGLSLNCDGSSLYLSVSCIFLAQA
FQVDMTLSQQLLMMLVLVMTSKGIAAVPSGSLVVLL
ATANAVGLPA
EGVAITAGVDRVMDMARTGVNVPGHAIACIVVSKWE
KAFRQKEWVSANSQTESI

WO 2019/191772
P39817 Bacillus subtilis (strain 168)
P35865 Corynebacterium glutanticum

(strain ATCC 13032 7/ DSM
20300/ JCM 1318/ LMG
3730/ NCIMB 10025)

MNTQSDSAGSQGAAATSRTVSIRTLIALIIGSTVGAGI
FSIPQNIGSVAGPGAMLIGWLIAGVGMLSVAFVFHVL
ARRKPHLDSGVYAYARVGLGDYVGFSSAWGYWLG
SVIAQVGYATL

FFSTLGHY VPLFSQDHPFVSALAVSALTWLVFGVVSR
GISQAAFLTTVTTVAKILPLLCFIILVAFLGFSWEKFTV
DLWARDGGVGSIFDQVRGIMVYTVWVFIGIEGASVY
SRQARSRS
DVSRATVIGFVAVLLLLVSISSLSFGVLTQQELAALPD
NSMASVLEAVVGPWGAALISLGLCLSVLGAYVSWQ
MLCAEPLALMAMDGLIPSKIGAINSRGAAWMAQLIS
TIVIQIFIIIF
FLNETTYVSMVQLATNLYLVPYLFSAFYLVMLATRG
KGITHPHAGTRFDDSGPEISRRENRKHLIVGLVATVY
SVWLFY AAEPQFVLFGAMAMLPGLIPY VWTRIYRGE

QVFNRFEIGVV
VVLVVAASAGVIGLVNGSLSL
Fatty acyl-CoA reductase (FAR)
Unirpot ID Organism Sequence
W5YTA4 Marinobacter salarius MATQQQQNGASASGVLEQLRGKHVLITGTTGFLGK

VVLEKLIRTVPDIGGIHLLIRGNKRHPAARERFLNEIA
SSSVFERLRHDDNEAFESFLEERVHCITGEVTEPRFGL
TQERFRALA
GQVDAFINSAASVNFREELDKALKINTLCLENVAALA
ELNSTMAVIQVSTCYVNGKNSGQITESVIKPAGESIPR
SADGYYETEELVHLLQDKISDVKARYSGKVLEKKLV
DLGIREANN
YGWSDTYTFTKWLGEQLLMKALSGRSLTIVRPSIIES
ALEEPSPGWIEGVKVADAIILAYAREKVSLFPGKRSGI
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IDVIPVDLVANSIILSLAEAISEPGHRRIYQCCSGGSNPI
SLGTF
IDYLMAEAKSNYAAYDQLFYRRPTKPFVAVNRKLFD
VVVGGMRVPLSIAGKALRLAGQNRELKVLKNLDTT
RSLATIFGFYTAPDYIFRNDSLMALASRMGELDRVLF
PVDARQIDWQLY
LCKIHLGGLNRYALKERKLYSLRAAQTRKKAA

R8AYU1 Marinobacter lipolyvticus MVQQLQTSELSSTVLEQLRGKHVLVTGTTGFLGKVV
SAMT9 LEKLIRAVPDIGGIHLLIRGNKRHPNARERFFHEIATSS
VFERLRQEDNEAFEAFIEERVHCITGEVTKPRFGLTPE

RFTTLAN

QADAFINSAASVNFREELDKALTINTLCLNNVVELAR
RNRKMA VIQVSTCY VNGKNSGQVTESVIKPAGESIPR
STAGYYEIEELVRLLEDKIADVRSRY SGKVLEKKLVD
LGIQEANRY
GWSDTYTFTKWLGEQLLMKALDQRALTIVRPSIIESA
LEEPAPGWIEGVKVADAIILAY AREKVTLFPGKRSGII
DVIPVDLVANATILSLAEALAEAPQRRIYQCCSGSSNPI
SLGEFI
DHLMAESKANYAAYDQLFYRQPSKPFIAVNRKLFDA
VVGGMRVPLSLTSRVMRMLGQNRELKTLRNLDTSR
SLATIFGFYTAPDYIFRNDSLQALASRMGERDQALFP
VDARRIDWSLYL
RKIHLAGLNQYALKERKLYSLRSAKARKQAA

[0157] In some embodiments, the polypeptide having amino acid transporter activity has LysE
amino acid transporter activity.

[0158] In some embodiments, the organism utilizes a polypeptide having amino acid transporter
activity to reduce the amount of at least one product formed from a reverse reaction of the
polypeptide having a w-transaminase activity and an aminated aliphatic compound having a
carbon chain length of C5-C19. In some embodiments, the amount of pimelate semialdehyde
formed from the reverse reaction of w-transaminase with 7-AHA is reduced when the organism
utilizes a polypeptide having amino acid transporter activity.

[0159] In some embodiments, the step of altering the reaction conditions comprises using an
amino donor which forms a volatile product and drives the transamination reaction towards
product formation. In an embodiment, the volatile product may be isopropylamine.

[0160] As described above, any of the methods provided herein can comprise the step of altering
the reaction conditions of the transamination reaction catalyzed by any of the polypeptides

having a w-TAM activity described herein, including wild-type o-TAMs and modified ®»-TAMs.
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[0161] In some embodiments, altering the reaction conditions comprises increasing the amount
of an intracellular amino group donor, cyclizing the product, using isopropylamine or an
equivalent compound to drive the transamination reaction towards product formation, and/or
removing the product from the cell.

[0162] In some embodiments, altering the reaction conditions comprises increasing the amount
of an intracellular amino group donor and cyclizing the product.

[0163] In some embodiments, altering the reaction conditions comprises increasing the amount
of an intracellular amino group donor and removing the product from the cell.

[0164] In some embodiments, altering the reaction conditions comprises increasing the amount
of an intracellular amino donor, cyclizing the product, using isopropylamine or an equivalent
compound to drive the transamination reaction towards product formation, and removing the
product from the cell.

[0165] In some embodiments, the method further comprises purifying the product.

[0166] In some embodiments, the organism is a prokaryote. For example, the prokaryote can be
from the bacterial genus FEscherichia such as Escherichia coli; from the bacterial genus
Clostridia, such as Clostridium [jungdahlii, Clostridium autoethanogenum or Clostridium
kluyveri; from the bacterial genus Corynebacteria, such as Corynebacterium glutamicum, from
the bacterial genus Cupriavidus, such as Cupriavidus necator or Cupriavidus metallidurans,
from the bacterial genus Pseudomonas, such as Pseudomonas fluorescens, Pseudomonas putida
or Pseudomonas oleavorans; from the bacterial genus Delftia such as Delftia acidovorans; from
the bacterial genus Bacillus such as Bacillus subtillis, from the bacterial genus Lactobacillus,
such as Lactobacillus delbrueckii; or from the bacterial genus Lacfococcus, such as Lactococcus
lactis.

[0167] In some embodiments, the organism is a eukaryote (e.g., a fungus such as a yeast). For
example, the eukaryote can be from the fungus genus Aspergillus such as Aspergillus niger; from
the yeast genus Saccharomyces, such as Saccharomyces cerevisiae; from the yeast genus Pichia
such as Pichia pastoris; from the yeast genus Yarrowia such as Yarrowia lipolytica; from the
yeast genus Issatchenkia, such as Issathenkia orientalis; from the yeast genus Debaryomyces
such as Debaryomyces hansenii, from the yeast genus Arxula such as Arxula adenoinivorans; or

from the yeast genus Kluyveromyces such as Kluyveromyces lactis.

42



WO 2019/191772 PCT/US2019/025218

[0168] Exemplary species of yeast or fungi species include any species selected from the order
Saccharomycetales, family Saccaromycetaceae, including the genera Saccharomyces,
Kluyveromyces and Pichia; the order Saccharomycetales, family Dipodascaceae, including the
genus Yarrowia, the order Schizosaccharomycetales, family Schizosaccaromycetaceae, including
the genus Schizosaccharomyces; the order Eurotiales, family Trichocomaceae, including the
genus Aspergillus; and the order Mucorales, family Mucoraceae, including the genus Rhizopus.
Non-limiting species of host yeast or fungi include Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Kluyveromyces lactis, Kluyveromyces marxianus, Aspergillus
terreus, Aspergillus niger, Pichia pastoris, Rhizopus arrhizus, Rhizopus oryzae, Yarrowia
lipolytica, and the like. F. coli is a particularly useful host organism since it is a well
characterized microbial organism suitable for genetic engineering. Other particularly useful host
organisms include yeast such as Saccharomyces cerevisiae. It is understood that any suitable
microbial host organism can be used to introduce metabolic and/or genetic modifications to
produce a desired product.

[0169] In some embodiments, the organism is a recombinant organism. In some embodiments,
the recombinant organism comprises at least one exogenous nucleic acid encoding at least one
polypeptide having the activity of at least one enzyme depicted in Fig. 2. In some embodiments,
the polypeptide having the activity of at least one enzyme depicted in Fig. 2 has the activity of a
a o-transaminase, a thioesterase or carboxylate reductase.

[0170] For example, a polypeptide having thioesterase (TE) activity described herein can have at
least 70% sequence identity (e.g., at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or
100%) to the amino acid sequence of an Lscherichia coli thioesterase encoded by tesB (see
GenBank Accession No. AAA24665.1) or the gene products encoded by tesA or fatB (see
GenBank Accession No. ABJ63754.1 and GenBank Accession No. CCC78182.1, respectively).
In some embodiments, the polypeptide having thioesterase activity is classified under EC 3.1.2.-
at least 70% sequence identity (e.g., at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or
100%) to an enzyme classified under EC 3.1.2.-. In some embodiments, the polypeptide having
thioesterase activity is classified under 3.1.2.14, EC3.1.1.1, EC3.1.1.2, or EC3.1.1.5.

[0171] In some embodiments, a polypeptide having carboxylate reductase activity described
herein can have at least 70% sequence identity (e.g., at least 75%, 80%, 85%, 90%, 95%, 97%.,

98%, 99%, or 100%) to the amino acid sequence of a Mycobacterium marinum (see Genbank
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Accession No. ACC40567.1), a Mycobacterium smegmatis (see Genbank Accession No.
ABK71854.1), a Segniliparus rugosus (see Genbank Accession No. EFV11917.1), a
Mycobacterium smegmatis (see Genbank Accession No. ABK75684.1), a Mycobacterium
massiliense (see Genbank Accession No. EIV11143.1) or a Segniliparus rotundus (see Genbank
Accession No. ADG98140.1) carboxylate reductase. In some embodiments, a polypeptide having
carboxylate described herein is classified, for example, under EC 1.2.99.6. In other
embodiments, a polypeptide having carboxylate described herein can have at least 70% sequence
identity (e.g., at least 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%) to the amino acid
sequence of a carboxylate reductase classified under EC 1.2.99.66.

[0172] In some embodiments, a polypeptide having the activity of a carboxylate reductase may
be the gene product of car (e.g., a Mycobacterium marinum carboxylate reductase (see
UniProtKB Accession No. BZHN69) or a Nocardia iowensis carboxylate reductase (see
UniProtKB Accession No. Q6RKB1). In some embodiments, a polypeptide having the activity
of carboxylate reductase is the gene product of fadD9 (e.g., Mycobacterium smegmatis fatty-
acid-CoA ligase (see UniProtKB Accession No. AOQWI7) or Mycobacterium smegmatis fatty-
acid-CoA ligase (see UniProtKB Accession No. AOAOD6J1A6).

[0173] In some embodiments, a carboxylate reductase may be selected from: a Mycobacterium
smegmatis carboxylate reductase (see UniProtKB Accession No. AOR484); a Mycobacterium
avium carboxylate reductase (see GenBank Accession No. WP _019730046.1); a Segniliparus
rugosus carboxylate reductase (see UniProtKB Accession No. ESXUS9); a Mycobacterium sp.
JS§623 carboxylate reductase (see UniProtKB Accession No. LOIYJ8), a Mycobacterium
heckeshornense carboxylate reductase (see UniProtKB Accession No. AOA0J8X8T4); a
Mycobacterium goodii I carboxylate reductase (see UniProtKB Accession No. AOAOKOXCM7);,
a Mycobacterium goodii carboxylate reductase (see UniProtKB Accession No. AOAOK0X557); a
Mycobacterium intracellulare carboxylate reductase (see UniProtKB Accession No. H8ITF4; a
Mycobacterium massiliense carboxylate reductase (see Genbank Accession No. EIV11143.1); a
Segniliparus rotundus (see Genbank Accession No. D6Z860 ); and a Segniliparus rotundus (see
UniProtKB Accession No. D6ZDT]1).

[0174] In some embodiments, a carboxylate reductase may be selected from: a Mycobacterium

smegmatis carboxylate reductase (see UniProtKB Accession No. AOR484); a Mycobacterium
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avium carboxylate reductase (see GenBank Accession No. WP_019730046.1); and a Segniliparus
rugosus carboxylate reductase (see UniProtKB Accession No. ESXUS9).

[0175] In some embodiments, a carboxylate reductase may be selected from: a Mycobacterium sp.
JS§623 carboxylate reductase (see UniProtKB Accession No. LOIYJ8), a Mycobacterium
heckeshornense carboxylate reductase (see UniProtKB Accession No. AOAOJ8X8T);, a
Mycobacterium goodii I (see UniProtKB Accession No. AOAOKOXCMY7); a Mycobacterium
goodii carboxylate reductase (see UniProtKB Accession No. AOAOKO0XS557); a Mycobacterium
intracellulare I (see UniProtKB Accession No. H81TF4); and a Mycobacterium smegmatis fatty-
acid-CoA ligase (see UniProtKB Accession No. AOAOD6J1A6).

[0176] In some embodiments, a polypeptide having a o-transaminase activity can have at least
70% sequence identity (e.g., at least 750%, 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%) to
the amino acid sequence of a Chromobacterium violaceum om-transaminase (see Genbank
Accession No. AAQ59697.1; Uniprot ID No. Q7NWGH4 (SEQ ID NO: 1)).

[0177] In some embodiments, the recombinant organism comprises an exogenous nucleic acid
encoding an L-amino acid dehydrogenase, for example, a L-alanine dehydrogenase.

[0178] In some embodiments, the recombinant organism overexpresses one or more genes
encoding: an acetyl-CoA synthetase, a f-alanine CoA transferase, a 6-phosphogluconate
dehydrogenase; a transketolase; a puridine nucleotide transhydrogenase; a glyceraldehyde-3P-
dehydrogenase; a malic enzyme; a glucose-6-phosphate dehydrogenase; a glucose
dehydrogenase; a fructose 1,6 diphosphatase; a L-alanine dehydrogenase; a L-glutamate
dehydrogenase; a formate dehydrogenase; a L-glutamine synthetase; a diamine transporter, a
dicarboxylate transporter, an amino acid transporter, and/or a multidrug transporter. In some
embodiments, the recombinant organism overexpresses a gene encoding an amino acid
transporter, for example, any of the amino acid transporters set forth in Table 2. In some
embodiments, the amino acid transporter is a LysE transporter.

[0179] In some embodiments, the recombinant organism produces an increased level of 7-AHA
converted from pimelic acid or pimelic acid derivatives, as compared to a wild-type organism.

In some embodiments, the pimelic acid derivatives comprise pimelyl-ACP and pimelate
semialdehyde. In some embodiments, the pimelate semialdehyde is transaminated to produce 7-
AHA. In some embodiments, the recombinant organism comprises a nucleic acid encoding a

polypeptide having Clostridium propionicum [-alanine CoA transferase activity, wherein the
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polypeptide cyclizes the product. In some embodiments, the polypeptide having -alanine CoA
converts 7-AHA to heptanolactam, thereby decreasing the amount of pimelate semialdehyde
formed from the reverse reaction of ®-transaminase with 7-AHA.

[0180] In some embodiments, the organism can be subjected to a cultivation strategy under
aerobic, anaerobic, micro-aerobic or mixed oxygen/denitrification cultivation conditions. The
organism can be cultured under conditions of nutrient limitation. The organism can be retained
using a ceramic hollow fiber membrane to maintain a high cell density during fermentation.
[0181] The principal carbon source fed to the fermentation can derive from biological or non-
biological feedstocks. In some embodiments, the biological feedstock is, includes, or derives
from, at least one chosen from monosaccharides, disaccharides, lignocellulose, hemicellulose,
cellulose, lignin, levulinic acid and formic acid, triglycerides, glycerol, fatty acids, agricultural
waste, condensed distillers' solubles, or municipal waste.

[0182] In some embodiments, the non-biological feedstock is, or derives from, at least one
chosen from natural gas, syngas, CO2/Hz, methanol, ethanol, benzoate, non-volatile residue
(NVR) or a caustic wash waste stream from cyclohexane oxidation processes, or a terephthalic
acid/isophthalic acid mixture waste stream.

[0183] In any of the methods, the organism’s tolerance to high concentrations of at least one
product, for example, an aminated aliphatic compound having a carbon chain length of C5-C19
can be improved through continuous cultivation in a selective environment.

[0184] In any of the methods provided herein, one or more products can be produced by
providing an organism, for example, any recombinant organism described herein, and culturing
the provided organism with a culture medium containing a suitable carbon source as described
above. In general, the culture media and/or culture conditions can be such that the
microorganisms grow to an adequate density and produce at least one aminated aliphatic
compound having a carbon chain length of C5-C19 efficiently. For large-scale production
processes, any method can be used such as those described elsewhere (Manual of Industrial
Microbiology and Biotechnology, 2nd Edition, Editors: A. L. Demain and J. E. Davies, ASM
Press; and Principles of Fermentation Technology, P. F. Stanbury and A. Whitaker, Pergamon).
Briefly, a large tank (e.g., a 100 gallon, 200 gallon, 500 gallon, or more tank) containing an
appropriate culture medium is inoculated with a particular organism. After inoculation, the

organism is incubated to allow biomass to be produced. Once a desired biomass is reached, the
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broth containing the organisms can be transferred to a second tank. This second tank can be any
size. For example, the second tank can be larger, smaller, or the same size as the first tank.
Typically, the second tank is larger than the first such that additional culture medium can be
added to the broth from the first tank. In addition, the culture medium within this second tank
can be the same as, or different from, that used in the first tank.

[0185] Once transferred, the organisms can be incubated to allow for the production of an
aminated aliphatic compound having a carbon chain length of C5-C19. Once produced, any
method can be used to isolate aminated aliphatic compounds having a carbon chain length of C5-
C19. For example, aminated aliphatic compounds having a carbon chain length of C5-C19 can
be recovered selectively from the fermentation broth via adsorption processes. In the case of 7-
AHA, the resulting eluate can be further concentrated via evaporation, crystallized via
evaporative and/or cooling crystallization, and the crystals recovered via centrifugation.

Recombinant Organisms

[0186] In another embodiment, provided herein is a recombinant organism comprising an
exogenous nucleic acid encoding a polypeptide having o transaminase activity, wherein the
polypeptide or a functional fragment thereof has at least 70% identity to SEQ ID NO: 1, and
wherein the recombinant organism produces an increased level of an aminated aliphatic
compound having a carbon chain length of C5-C19 as compared to a wild-type organism. In
some embodiments, the recombinant organism is prokaryotic. In some embodiments, the
recombinant organism is eukaryotic.

[0187] In some embodiments, the aminated aliphatic compound produced by the recombinant
organism has a carbon chain length of C6-C7. In some embodiments, the aminated aliphatic
compound produced by the recombinant organism is 7-AHA. In some embodiments, the
exogenous nucleic acid encodes a polypeptide having w-transaminase activity comprising one or
more amino acid substitution(s) relative to a wild-type w-transaminase, wherein the one or more
amino acid substitution(s) are at amino acid(s) that occupy position(s) corresponding to
position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID NO: 1, or a functional fragment
thereof.

[0188] In some embodiments, the recombinant organism comprises at least one exogenous
nucleic acid encoding at least one polypeptide having the activity of at least one enzyme depicted

in FIG. 2. In some embodiments, the recombinant organism comprises at least one exogenous
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nucleic acid encoding at least one polypeptide having w-transaminase, thioesterase activity or
carboxylate reductase activity. In some embodiments, the recombinant organism further
comprises an exogenous nucleic acid encoding an L-amino acid dehydrogenase. In some
embodiments, the L-amino acid dehydrogenase is L-alanine dehydrogenase. In some
embodiments, the recombinant organism overexpresses one or more genes encoding: an acetyl-
CoA synthetase; a B-alanine CoA transferase; a 6-phosphogluconate dehydrogenase; a
transketolase; a puridine nucleotide transhydrogenase; a glyceraldehyde-3P-dehydrogenase; a
malic enzyme; a glucose-6-phosphate dehydrogenase; a glucose dehydrogenase; a fructose 1,6
diphosphatase; a L-alanine dehydrogenase; a L-glutamate dehydrogenase; a formate
dehydrogenase; a L-glutamine synthetase; a diamine transporter; a dicarboxylate transporter; an
amino acid transporter; and/or a multidrug transporter. In some embodiments, the recombinant
organism overexpresses a gene encoding an amino acid transporter. In certain embodiments, the
recombinant organism overexpresses a gene encoding a LysE transporter.

[0189] Any of the nucleic acids described herein can be introduced into the organism, for
example, by transforming the organism or cell with an expression cassette comprising the nucleic
acid or a vector comprising the expression cassette, which may be stably incorporated or not
stably incorporated into the genome of the transformed organism using established techniques,
described above.

[0190] Any of the recombinant organisms provided herein can be cultured using the methods
described above to produce an aminated aliphatic compound having a carbon chain length of C5-
C19.

Methods of Biosynthesizing Caprolactam

[0191] In another embodiment, provided herein is a method of increasing production of
caprolactam comprising: culturing a host organism comprising (i) a nucleic acid encoding a
polypeptide having w-transaminase activity or a functional fragment thereof, wherein the
polypeptide has at least 70% identity to SEQ ID NO: 1; and (i1) a nucleic acid encoding a
polypeptide having the activity of a B-alanine CoA transferase in the presence of a suitable
substrate or metabolic intermediate and under conditions suitable for the conversion of adipic
acid or adipic acid derivatives to caprolactam; and purifying the caprolactam.

[0192] In some embodiments, the polypeptide having w-transaminase activity or a functional

fragment thereof has one or more amino acid substitution(s) relative to a wild-type -
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transaminase, wherein the one or more amino acid substitution(s) are at amino acid(s) that
occupy position(s) corresponding to position(s) 2, 13, 15, 16, 20, 87, 134, 288 or 345 of SEQ ID
NO: 1 of SEQ ID NO: 1, or a functional fragment thereof. In some embodiments, the
polypeptide having the activity of a B-alanine CoA transferase converts 6-AHA to caprolactam,
wherein the amount of adipic acid semialdehyde formed from the reverse reaction of ®-
transaminase with 6-AHA is thereby reduced.

[0193] In some embodiments, the polypeptide having a m-transaminase activity or a functional
fragment therof has the activity of a w-transaminase classified under EC 2.6.1.18, EC 2.6.1.19,
EC2.6.1.29, EC2.6.1.48 or EC 2.6.1.82.

[0194] In some embodiments, the adipic acid derivatives comprise adipoyl-ACP and adipic acid
semialdehyde. In some embodiments, the adipic acid semialdehyde is transaminated to produce
6-AHA. In some embodiments, the host organism is recombinant. In some embodiments, the
host organism comprises at least one exogenous nucleic acid encoding at least one polypeptide
having the activity of at least one enzyme depicted in FIG. 9.

[0195] In some embodiments, the host organism is engineered to increase intracellular levels of
adipic acid and/or acetyl CoA.

[0196] Any of the culturing methods described above can be used in the methods for producing
caprolactam.

Products

[0197] Other embodiments relate to bioderived or fermentation derived products produced by
the methods disclosed herein, for example, a bioderived aminated aliphatic compound having a
carbon chain length of C5-C19, such as, for example, 7-AHA. Other biodervied or fermentation
derived products produced by the methods disclosed herein include, but are not limited to,
products of the pathway depicted in Fig. 3, products of the pathway depicted in Fig. 9,
heptanolactam or caprolactam. In related embodiments, products comprising a chemical
produced from any of the bioderived products produced using the methods disclosed herein are
also provided. In some embodiments, the product comprises a nylon intermediate, a polyester, a
pharmaceutical, a biofuel, a fragrance or a food additive.

[0198] Other embodiments include a bio-based or fermentation-derived product, wherein said
product comprises: i. a composition comprising at least one bio-derived, bio-based or

fermentation-derived compound, or salts thereof, produced or biosynthesized according to any
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one of the methods provided herein; ii. a bio-derived, bio-based or fermentation-derived
polymer comprising the bio-derived, bio-based or fermentation-derived composition or
compound of 1., 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
substance obtained by molding the 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 1., 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
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 1., 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.

Compositions

[0199] Some embodiments relate to compositions comprising one or more disclosed
polypeptides or nucleic acids encoding the polypeptides described herein. In some
embodiments, the composition comprises one or more disclosed polypeptides with improved
enzymatic activity and/or substrate specificity. In some embodiments, the composition comprises
one or more polypeptides with improved specific activity for the conversion of pimelate
semialdehyde to 7-AHA.

[0200] In some embodiments the composition is composed of one or more disclosed
polypeptides, from (1) commercial suppliers; (2) cloned genes expressing said polypeptides; (3)
complex broth (such as that resulting from growth of a microbial strain or any other host cell in
media, wherein the strains/host cells secrete the disclosed polypeptides into the media; (4) cell

lysates of strains/host cells grown as in (3); and/or (5) any other host cell material expressing the
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disclosed polypeptide. Different disclosed polypeptides in a composition may be obtained from
different sources.

Embodiments

[0201] The following embodiments are contemplated. All combinations of features and
embodiment are contemplated.

[0202] Embodiment 1: A method for improved biosynthesis of an aminated aliphatic compound,
the method comprising: a) providing a recombinant organism capable of biosynthesizing an
aminated aliphatic compound; wherein the recombinant organism has been engineered to
comprise one or more exogenous, modified, or overexpressed polypeptides; wherein each of the
one or more polypeptides independently encodes at least one enzyme of an aminated aliphatic
compound biosynthesis or export pathway; and wherein at least one of the one or more
polypeptides encodes an m-transaminase having at least 70% identity to SEQ ID NO: 1, or a
functional fragment thereof; and b) culturing the recombinant organism under conditions suitable
for the recombinant organism to produce the aminated aliphatic compound or a salt thereof.
[0203] Embodiment 2: An embodiment of embodiment 1, wherein the recombinant organism has
been engineered to comprise two or more exogenous, modified, or overexpressed polypeptides;
and wherein the two or more polypeptides each independently encode at least one enzyme
selected from the group consisting of an ®-transaminase, a thioesterase, a carboxylate reductase,
an acetyl-CoA synthetase, a B-alanine CoA transferase, a 6-phosphogluconate dehydrogenase, a
transketolase, a puridine nucleotide transhydrogenase, a glyceraldehyde-3P-dehydrogenase, a
malic enzyme, a glucose-6-phosphate dehydrogenase, a glucose dehydrogenase, a fructose 1,6
diphosphatase, an L-alanine dehydrogenase, a L-glutamate dehydrogenase, a formate
dehydrogenase, an L-glutamine synthetase, a diamine transporter, a dicarboxylate transporter, an
amino acid transporter, and a multidrug transporter.

[0204] Embodiment 3: An embodiment of embodiment 1 or 2, wherein the aminated aliphatic
compound has a carbon chain length of C5-C19.

[0205] Embodiment 4: An embodiment of embodiment 3, wherein the aminated aliphatic
compound has a carbon chain length of C6-C7.

[0206] Embodiment 5: An embodiment of embodiment 4, wherein the aminated aliphatic

compound is 7-aminoheptanoic acid (7-AHA).
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[0207] Embodiment 6: An embodiment of embodiment 5, wherein the recombinant organism
produces 7-AHA is from pimelic acid or one or more derivatives thereof.

[0208] Embodiment 7: An embodiment of embodiment 6, wherein the one or more pimelic acid
derivatives comprise pimelate semialdehyde, 1,7-heptanediol, 7-hydroxyheptanoic acid, or 7-
hydroxyheptanal.

[0209] Embodiment 8: An embodiment of embodiment 7, wherein the production of 7-AHA
comprises transamination of pimelate semialdehyde.

[0210] Embodiment 9: An embodiment of embodiment 4, wherein the aminated aliphatic
compound is 6-aminohexanoic acid (6-AHA).

[0211] Embodiment 10: An embodiment of embodiment 4, wherein the aminated aliphatic
compound is an aliphatic amino alcohol.

[0212] Embodiment 11: An embodiment of embodiment 10, wherein the aliphatic amino alcohol
is 7-aminoheptanol.

[0213] Embodiment 12: An embodiment of embodiment 10, wherein the aliphatic amino alcohol
is 6-aminoheptanol.

[0214] Embodiment 13: An embodiment of embodiment 4, wherein the aminated aliphatic
compound is a diamine.

[0215] Embodiment 14: An embodiment of embodiment 13, wherein the diamine is
heptamethylenediamine.

[0216] Embodiment 15: An embodiment of embodiment 13, wherein the diamine is
hexamethylenediamine.

[0217] Embodiment 16: An embodiment of any of the embodiments of embodiment 1-15,
wherein the m-transaminase is classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC
2.6.1.48,0or EC 2.6.1.82.

[0218] Embodiment 17: An embodiment of any of the embodiments of embodiment 1-16,
wherein the recombinant organism has increased m-transaminase activity as compared to that of
a corresponding organism not engineered to comprise the one or more exogenous, modified, or
overexpressed polypeptides.

[0219] Embodiment 18: An embodiment of any of the embodiments of embodiment 1-17,

wherein the recombinant organism produces the aminated aliphatic compound or a salt thereof at
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a higher yield as compared to that of a corresponding organism not engineered to comprise the
one or more exogenous, modified, or overexpressed polypeptides.

[0220] Embodiment 19: An embodiment of any of the embodiments of embodiment 1-18,
wherein at least one of the one or more polypeptides encodes a modified w-transaminase having
one or more amino acid substitutions relative to a wild-type w-transaminase, and wherein the
substitutions are at positions 2, 13, 15, 16, 20, 87, 134, 288, or 345 of SEQ ID NO: 1.

[0221] Embodiment 20: An embodiment of embodiment 19, wherein the one or more amino acid
substitutions are in the small binding pocket (O-pocket) and/or in the large binding pocket (P-
pocket) of the at least one polypeptide encoding the modified w-transaminase.

[0222] Embodiment 21: An embodiment of embodiment 19 or 20, wherein the modified ®-
transaminase has enhanced amination rate towards a target aliphatic aldehyde and/or improved
substrate specificity towards the target aliphatic aldehyde relative to the wild-type -
transaminase.

[0223] Embodiment 22: An embodiment of any of the embodiments of embodiment 19-21,
wherein the wild-type o-transaminase has at least 70% sequence identity with a
Chromobacterium violaceum m-transaminase.

[0224] Embodiment 23: An embodiment of any of the embodiments of embodiment 19-22,
wherein the modified w-transaminase has at least 10% greater activity relative to the wild-type
o-transaminase.

[0225] Embodiment 24: An embodiment of any of the embodiments of embodiment 19-23,
wherein the modified w-transaminase has a reduced Km for an amino donor relative to that of the
wild-type o-transaminase.

[0226] Embodiment 25: An embodiment of embodiment 24, wherein the amino donor is L-
alanine.

[0227] Embodiment 26: An embodiment of embodiment 24 or 25, wherein the modified ®-
transaminase has a K of less than 4 mmol-L-! for the amino donor.

[0228] Embodiment 27: An embodiment of embodiment 19-26, wherein the modified ®-
transaminase has an increased Km for the aminated aliphatic compound relative to that of the

wild-type o-transaminase.
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[0229] Embodiment 28: An embodiment of any of the embodiments of embodiment 1-27,
wherein at least one of the one or more peptides encodes a cyclizing enzyme capable of
catalyzing a conversion of the aminated aliphatic compound to a lactam.

[0230] Embodiment 29: An embodiment of embodiment 28, wherein the cyclizing enzyme has
at least 70% sequence identity with a Clostridium propionicum B-alanine CoA transferase.
[0231] Embodiment 30: An embodiment of embodiment 28 or 29, wherein the cyclizing enzyme
is capable of catalyzing a conversion of 7-AHA to heptanolactam.

[0232] Embodiment 31: An embodiment of any of the embodiments of embodiment 1-30,
wherein the culturing comprises introducing to the recombinant organism an amino group donor
that is a precursor of the aminated aliphatic compound.

[0233] Embodiment 32: An embodiment of embodiment 31, wherein the aminated aliphatic
compound is volatile under microbial fermentation conditions at atmospheric pressure and at a
temperature from 20 °C to 65 °C.

[0234] Embodiment 33: An embodiment of embodiment 32, wherein the amino group donor
comprises isopropylamine.

[0235] Embodiment 34: An embodiment of any of the embodiments of embodiment 1-30,
wherein at least one of the one or more polypeptides encodes an amino donor synthesis enzyme
capable of catalyzing a synthesis of an amino group donor that is a precursor of the animated
aliphatic compound.

[0236] Embodiment 35: An embodiment of embodiment 32, wherein the amino donor synthesis
enzyme is an L-amino acid dehydrogenase.

[0237] Embodiment 36: An embodiment of embodiment 35, wherein the amino donor synthesis
enzyme is L-alanine dehydrogenase.

[0238] Embodiment 37: An embodiment of any of the embodiments of embodiment 1-36,
wherein at least one of the one or more polypeptides encodes an amino acid transporter capable
of catalyzing an export of the aminated aliphatic compound from the organism.

[0239] Embodiment 38: An embodiment of embodiment 37, wherein the transporter is a lysine
exporter.

[0240] Embodiment 39: An embodiment of any of the embodiments of embodiment 1-38,
wherein the amount of at least one product formed from the aminated aliphatic compound in a

reverse reaction catalyzed by the m-transaminase is reduced as compared to that of a
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corresponding organism not engineered to comprise the one or more exogenous, modified, or
overexpressed polypeptides.

[0241] Embodiment 40: An embodiment of embodiment 39, wherein the at least one product
comprises pimelate semialdehyde, and wherein the aminated aliphatic compound is 7-AHA.
[0242] Embodiment 41: An embodiment of any of the embodiments of embodiment 1-40,
further comprising: purifying the aminated aliphatic compound.

[0243] Embodiment 42: An embodiment of any of the embodiments of embodiment 1-41,
wherein the recombinant organism is prokaryotic.

[0244] Embodiment 43: An embodiment of any of the embodiments of embodiment 1-41,
wherein the recombinant organism is eukaryotic.

[0245] Embodiment 44: An embodiment of any of the embodiments of embodiment 1-43,
wherein the culturing is in aerobic conditions.

[0246] Embodiment 45: An embodiment of any of the embodiments of embodiment 1-43,
wherein the culturing is in anaerobic conditions.

[0247] Embodiment 46: An embodiment of any of the embodiments of embodiment 1-43,
wherein the culturing is in micro-aerobic conditions.

[0248] Embodiment 47: An embodiment of any of the embodiments of embodiment 1-46,
wherein the culturing is in conditions of nitrogen, phosphate, carbon, or oxygen nutrient
limitation.

[0249] Embodiment 48: An embodiment of any of the embodiments of embodiment 1-47,
wherein the culturing comprises introducing to the recombinant organism a carbon source
derived from a biological feedstock.

[0250] Embodiment 49: An embodiment of any of the embodiments of embodiment 1-47,
wherein the culturing comprises introducing to the recombinant organism a carbon source
derived from a non-biological feedstock.

[0251] Embodiment 50: An embodiment of any of the embodiments of embodiment 1-49,
further comprising: improving the tolerance of the recombinant organism through a process of
directed evolution and continuous cultivation in a selective environment having increasing
concentrations of the aminated aliphatic compound.

[0252] Embodiment 51: A method for improved biosynthesis of an aminated aliphatic

compound, the method comprising: a) providing an organism capable of biosynthesizing an
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aminated aliphatic compound, wherein the organism comprises at least one polypeptide encoding
an @-transaminase having at least 70% identity to SEQ ID NO: 1, or a functional fragment
thereof, and b) culturing the recombinant organism under conditions suitable for the recombinant
organism to produce the aminated aliphatic compound or a salt thereof, wherein the culturing
comprises introducing to the recombinant organism an amino group donor that is a precursor of
the aminated aliphatic compound.

[0253] Embodiment 52: An embodiment of embodiment 51, wherein the aminated aliphatic
compound is volatile under microbial fermentation conditions at atmospheric pressure and at a
temperature from 20 °C to 65 °C.

[0254] Embodiment 53: An embodiment of embodiment 52, wherein the amino group donor
comprises isopropylamine.

[0255] Embodiment 54: An embodiment of any of the embodiments of embodiment 51-53,
wherein the aminated aliphatic compound has a carbon chain length of C5-C19.

[0256] Embodiment 55: An embodiment of embodiment 54, wherein the aminated aliphatic
compound has a carbon chain length of C6-C7.

[0257] Embodiment 56: An embodiment of embodiment 55, wherein the aminated aliphatic
compound is 7-aminoheptanoic acid (7-AHA).

[0258] Embodiment 57: An embodiment of embodiment 56, wherein the recombinant organism
produces 7-AHA is from pimelic acid or one or more derivatives thereof.

[0259] Embodiment 58: An embodiment of embodiment 57, wherein the one or more pimelic
acid derivatives comprise pimelate semialdehyde, 1,7-heptanediol, 7-hydroxyheptanoic acid, or
7-hydroxyheptanal.

[0260] Embodiment 59: An embodiment of embodiment 58, wherein the production of 7-AHA
comprises transamination of pimelate semialdehyde

[0261] Embodiment 60: An embodiment of any of the embodiments of embodiment 55, wherein
the aminated aliphatic compound is 6-aminohexanoic acid.

[0262] Embodiment 61: An embodiment of embodiment 55, wherein the aminated aliphatic
compound is an aliphatic amino alcohol.

[0263] Embodiment 62: An embodiment of embodiment 61, wherein the aliphatic amino alcohol

is 7-aminoheptanol.
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[0264] Embodiment 63: An embodiment of embodiment 61, wherein the aliphatic amino alcohol
is 6-aminoheptanol.

[0265] Embodiment 64: An embodiment of embodiment 55, wherein the aminated aliphatic
compound is a diamine.

[0266] Embodiment 65: An embodiment of embodiment 64, wherein the diamine is
heptamethylenediamine.

[0267] Embodiment 66: An embodiment of embodiment 64, wherein the diamine is
hexamethylenediamine.

[0268] Embodiment 67: An embodiment of any of the embodiments of embodiment 51-66,
wherein the m-transaminase is classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC
2.6.1.48,0or EC 2.6.1.82.

[0269] Embodiment 68: An embodiment of any of the embodiments of embodiment 51-67,
wherein the o-transaminase has at least 70% sequence identity with a Chromobacterium
violaceum m-transaminase.

[0270] Embodiment 69: An embodiment of any of the embodiments of embodiment 51-68,
further comprising: purifying the aminated aliphatic compound.

[0271] Embodiment 70: An embodiment of any of the embodiments of embodiment 51-69,
wherein the recombinant organism is prokaryotic

[0272] Embodiment 71: An embodiment of any of the embodiments of embodiment 51-69,
wherein the recombinant organism is eukaryotic.

[0273] Embodiment 72: An embodiment of any of the embodiments of embodiment 51-71,
wherein the culturing is in aerobic conditions.

[0274] Embodiment 73: An embodiment of any of the embodiments of embodiment 51-71,
wherein the culturing is in anaerobic conditions.

[0275] Embodiment 74: An embodiment of any of the embodiments of embodiment 51-71,
wherein the culturing is in micro-aerobic conditions.

[0276] Embodiment 75: An embodiment of any of the embodiments of embodiment 51-74,
wherein the culturing is in conditions of nutrient limitation.

[0277] Embodiment 76: An embodiment of any of the embodiments of embodiment 51-75,
wherein the culturing comprises introducing to the recombinant organism a carbon source

derived from a biological feedstock.
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[0278] Embodiment 77: An embodiment of any of the embodiments of embodiment 51-75,
wherein the culturing comprises introducing to the recombinant organism a carbon source
derived from a non-biological feedstock.

[0279] Embodiment 78: An embodiment of any of the embodiments of embodiment 51-77,
further comprising: improving the tolerance of the recombinant organism to increasing
concentrations of the aminated aliphatic compound by continuous cultivation in a selective
environment.

[0280] Embodiment 79: A recombinant organism engineered to comprise one or more
exogenous, modified, or overexpressed polypeptides; wherein each of the one or more
polypeptides independently encodes at least one enzyme of an aminated aliphatic compound
biosynthesis or export pathway; and wherein at least one of the one or more polypeptides
encodes an o-transaminase having at least 70% identity to SEQ ID NO: 1, or a functional
fragment thereof.

[0281] Embodiment 80: An embodiment of embodiment 79, comprising two or more exogenous,
modified, or overexpressed polypeptides; and wherein the two or more polypeptides each
independently encode at least one enzyme selected from the group consisting of an -
transaminase, a thioesterase, a carboxylate reductase, an acetyl-CoA synthetase, a f-alanine CoA
transferase, a 6-phosphogluconate dehydrogenase, a transketolase, a puridine nucleotide
transhydrogenase, a glyceraldehyde-3P-dehydrogenase, a malic enzyme, a glucose-6-phosphate
dehydrogenase, a glucose dehydrogenase, a fructose 1,6 diphosphatase, an L-alanine
dehydrogenase, a L-glutamate dehydrogenase, a formate dehydrogenase, an L-glutamine
synthetase, a diamine transporter, a dicarboxylate transporter, an amino acid transporter, and a
multidrug transporter

[0282] Embodiment 81: An embodiment of embodiment 79 or 80, wherein the w-transaminase is
classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC 2.6.1.48, or EC 2.6.1.82.

[0283] Embodiment 82: An embodiment of any of the embodiments of embodiment 79-81,
wherein the recombinant organism has increased m-transaminase activity as compared to that of
a corresponding organism not engineered to comprise the one or more exogenous, modified, or
overexpressed polypeptides.

[0284] Embodiment 83: The recombinant organism of an embodiment of any of the

embodiments of embodiment 79-82, wherein the recombinant organism produces the aminated
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aliphatic compound or a salt thereof at a higher yield as compared to that of a corresponding
organism not engineered to comprise the one or more exogenous, modified, or overexpressed
polypeptides.

[0285] Embodiment 84: An embodiment of any of the embodiments of embodiment 79-83,
wherein at least one of the one or more polypeptides encodes a modified w-transaminase having
one or more amino acid substitutions relative to a wild-type w-transaminase, and wherein the
substitutions are at positions 2, 13, 15, 16, 20, 87, 134, 288, or 345 of SEQ ID NO: 1.

[0286] Embodiment 85: An embodiment of any of the embodiments of embodiment 84, wherein
the one or more amino acid substitutions are in the small binding pocket (O-pocket) and/or in the
large binding pocket (P-pocket) of the at least one polypeptide encoding the modified w-
transaminase.

[0287] Embodiment 86: An embodiment of embodiment 84 or 85, wherein the modified ®-
transaminase has increased activity and/or improved substrate specificity relative to the wild-
type o-transaminase.

[0288] Embodiment 87: An embodiment of any of the embodiments of embodiment 84-86,
wherein the wild-type o-transaminase has at least 70% sequence identity with a
Chromobacterium violaceum m-transaminase.

[0289] Embodiment 88: An embodiment of any of the embodiments of embodiment 84-87,
wherein the modified w-transaminase has at least 10% greater activity relative to the wild-type
o-transaminase.

[0290] Embodiment 89: An embodiment of any of the embodiments of embodiment 84-88,
wherein the modified w-transaminase has a reduced Km for an amino donor relative to that of the
wild-type o-transaminase.

[0291] Embodiment 90: An embodiment of embodiment 89, wherein the amino donor is L-
alanine.

[0292] Embodiment 91: An embodiment of embodiment 89 or 90, wherein the modified »-
transaminase has a Km of less than 4 mmol-L™! for the amino donor.

[0293] Embodiment 92: An embodiment of any of the embodiments of embodiment 84-91,
wherein the modified m-transaminase has an increased Km for the aminated aliphatic compound

relative to that of the wild-type w-transaminase.
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[0294] Embodiment 93: An embodiment of any of the embodiments of embodiment 79-92,
wherein at least one of the one or more peptides encodes a cyclizing enzyme capable of
catalyzing a conversion of the aminated aliphatic compound to a lactam.

[0295] Embodiment 94: An embodiment of embodiment 93, wherein the cyclizing enzyme has
at least 70% sequence identity with a Clostridium propionicum B-alanine CoA transferase.
[0296] Embodiment 95: An embodiment of any of the embodiments of embodiment 93 or 94,
wherein the cyclizing enzyme is capable of catalyzing a conversion of 7-AHA to heptanolactam.
[0297] Embodiment 96: An embodiment of any of the embodiments of embodiment 79-95,
wherein at least one of the one or more polypeptides encodes an amino donor synthesis enzyme
capable of catalyzing a synthesis of an amino group donor that is a precursor of the animated
aliphatic compound.

[0298] Embodiment 97: An embodiment of embodiment 96, wherein the amino donor synthesis
enzyme is an L-amino acid dehydrogenase.

[0299] Embodiment 98: An embodiment of embodiment 97, wherein the amino donor synthesis
enzyme is L-alanine dehydrogenase.

[0300] Embodiment 99: An embodiment of any of the embodiments of embodiment 79-98,
wherein at least one of the one or more polypeptides encodes an amino acid transporter capable
of catalyzing an export of the aminated aliphatic compound from the organism.

[0301] Embodiment 100: An embodiment of embodiment 99, wherein the transporter is a lysine
exporter.

[0302] Embodiment 101: An embodiment of any of the embodiments of embodiment 79-100,
wherein the amount of at least one product formed from the aminated aliphatic compound in a
reverse reaction catalyzed by the m-transaminase is reduced as compared to that of a
corresponding organism not engineered to comprise the one or more exogenous, modified, or
overexpressed polypeptides.

[0303] Embodiment 102: An embodiment of embodiment 101, wherein the at least one product
comprises pimelate semialdehyde, and wherein the aminated aliphatic compound is 7-AHA.
[0304] Embodiment 103: An embodiment of any of the embodiments of embodiment 79-102,
wherein the recombinant organism is prokaryotic.

[0305] Embodiment 104: An embodiment of any of the embodiments of embodiment 79-102,

wherein the recombinant organism is eukaryotic.
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[0306] Embodiment 105: A method for improved biosynthesis of caprolactam, the method
comprising: a) providing a recombinant organism capable of biosynthesizing caprolactam,;
wherein the recombinant organism has been engineered to comprise two or more exogenous,
modified, or overexpressed polypeptides; wherein each of the one or more polypeptides
independently encodes at least one enzyme of an caprolactam biosynthesis or export pathway;
wherein at least one of the two or more polypeptides encodes an m-transaminase having at least
70% identity to SEQ ID NO: 1, or a functional fragment thereof, and wherein at least one of the
two or more polypeptides encodes a f-alanine CoA transferase; b) culturing the recombinant
organism under conditions suitable for the recombinant organism to convert adipic acid or adipic
acid derivatives to caprolactam; and c) purifying the caprolactam.

[0307] Embodiment 106: An embodiment of embodiment 105, wherein at least one of the two or
more polypeptides encodes a modified w-transaminase having one or more amino acid
substitutions relative to a wild-type w-transaminase, and wherein the substitutions are at
positions 2, 13, 15, 16, 20, 87, 134, 288, or 345 of SEQ ID NO: 1.

[0308] Embodiment 107: An embodiment of embodiment 105 or 106, wherein at least one of the
two or more polypeptides encoding a B-alanine CoA transferase converts 6-AHA to caprolactam.
[0309] Embodiment 108: An embodiment of any of the embodiments of embodiment 105-107,
wherein the m-transaminase is classified under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC
2.6.1.48,0or EC 2.6.1.82.

[0310] Embodiment 109: An embodiment of any of the embodiments of embodiment 105-108,
wherein the adipic acid derivatives comprise adipoyl-ACP and adipic acid semialdehyde.

[0311] Embodiment 110: An embodiment of embodiment 109, wherein the conversion of adipic
acid or adipic acid derivatives to caprolactam comprises transamination of adipic acid
semialdehyde to produce 6-AHA.

[0312] Embodiment 111: A bioderived aminated aliphatic compound having a carbon chain
length of C5-C19, heptanolactam, caprolactam or salt thereof that is produced by an embodiment
of any of the embodiments of embodiment 1-78 and 105-110.

[0313] Embodiment 112: A product comprising a chemical produced from an embodiment of
embodiment 111, wherein the product comprises a nylon intermediate, a polyester, a

pharmaceutical, a biofuel, a fragrance or a food additive.
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[0314] Embodiment 112: An embodiment of any of the embodiments of embodiment A bio-
derived, bio-based or fermentation-derived product, wherein said product comprises: i. a
composition comprising at least one bio-derived, bio-based or fermentation-derived compound,
or salts thereof, produced or biosynthesized according to any one of claims 1-78 and 105-110; ii.
a bio-derived, bio-based or fermentation-derived polymer comprising the bio-derived, bio-based
or fermentation-derived composition or compound of 1., 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 1. or any combination thereof or the bio-derived, bio-based or fermentation-derived polymer of
ii. or any combination thereof; iv. a substance obtained by molding the 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 1.,
bio-derived, bio-based or fermentation-derived compound of 1., 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 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 1., 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.

EXAMPLES
[0315] The following examples are provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily recognize a variety of non-critical parameters that
could be changed or modified to yield essentially the same or similar results.
[0316] Studies were performed to determine whether the low performance of the TA reaction is
substrate dependent (i.e. the given amino donor is not efficiently used up by the specific TA) or
equilibrium dependent (i.e. the transamination of pimelate semialdehyde to 7-AHA itself is

inherently inefficient, regardless of the amino donor or transaminase used, for example, because
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of unfavourable reaction thermodynamics) to develop strategies for the optimization of this
metabolic step. Therefore, an extensive screening of ®-TAM variants from different organisms
was performed to identify TAs that facilitate a higher reaction rate resulting in increased 7-AHA
production levels.

[0317] In this extensive screen, only 14% of the screened TA candidates (172 out of 1229) were
active. This list was narrowed down to 17 TAs from different organisms, which required high
concentrations of L-alanine (Km = 4-10 mmol-L™) in the forward reaction (pimelate
semialdehyde + L-alanine --> 7-AHA + pyruvate) and exhibited very slow kinetics.

[0318] Based on this data, it was hypothesized that either the given amino donor is not
efficiently used up by the specific TA or that the transamination of pimelate semialdehyde to 7-
AHA itself is inherently inefficient, regardless of the amino donor or TA used.

Bioinformatics analysis

[0319] To test whether a better amino donor could be identified, and before conducting in vitro
assays, bioinformatics analysis and literature research aimed at reducing the number of
transaminases to be tested, while maintaining the same diversity in enzyme features, such as
predicted amino donors, Pfam domains and amino acid sequence in proximity of the PLP
binding site, were performed. Pfam conserved domain research suggested that all TA candidates
belong to the Aminotransferase Class III group. Although 14 out of the 17 TAs identified in the
initial screen harboured the BioA conserved domain (E-value=0), which would suggest S-
adenosyl methionine (SAM) to be the preferred amino donor, all of them also showed over 60 %
sequence identity to aspartate and/or 4-aminobutyrate transaminases. Clear-cut data on the
activities of the TAs towards specific amino donors and amino acceptors could not be found in
the literature.

[0320] In order to maintain the same level of diversity in nine TAs identified from the original
list of TAs, additional selection criteria based on the amino acid sequence observed in proximity
of the PLP binding site were added. After analysis for presence of pyridoxal phosphate (PLP)
binding sequences (identified through multi-alignment based on TA-Cv crystal structure), and
discarding the candidates with highest Km towards pimelate semialdehyde (data provided by
Invista) (except controls TA-Vf and TA-Cv) and greater than 60 % identity with any other TA in

the list (based on Clustal W multi-alignment), the list of candidate TA enzymes was narrowed
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down to 9, including TA-Cv and TA-V{ (Table 3). These nine TAs were further characterized in

vitro using either cell free extract (CFE) or purified enzyme.

[0321] Table 3. List of selected TAs after bioinformatics analysis and literature research. TAs
were selected based on predicted amino donor, amino acidic sequence in proximity of the
pyridoxal phosphate (PLP) binding site, Km value towards pimelate semialdehyde and %
identity with the other TAs provided by Invista.

7
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Initial in vitro amino donor screening with TA CFE (I10517-N7SD-WP2/3-26)

[0322] In this initial test, activity of the 9 selected TAs (Table 3) towards different amino donors
was assayed in cell-free extract derived from IPTG-induced cultures harbouring the
corresponding TA plasmids. As an internal control for recombinant protein expression across
cell-free extracts, SDS-PAGE analysis was carried out (Fig. 4). Besides TA 002 (INV0743), all
selected TAs showed clear visible expression on SDS-PAGE matching the predicted molecular
weights.

[0323] Based on bioinformatics analysis and literature research, the 17 TAs identified in the
screening assay were clustered into 5 major groups and 9 TAs were identified, each having
biochemical properties assumed to be representative of the whole list. For practical and
economic reasons, these TAs were screened for activity towards methylbenzylamine,
isopropylamine, L-alanine, L-glutamate, B-alanine and y-aminobutyric acid, SAM was not

included in this preliminary test. CFE obtained from IPTG-induced cultures expressing one of
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each of the selected TAs were incubated with 10 mmol-L™! pimelate semialdehyde, 0.2 mmol-L!
PLP and 50 mmol-L™! amino donor (or buffer). 7-AHA production was assessed after 1 h of
incubation (Fig. 5); CFE obtained from a control strain was also included in the assay as a
comparison.

[0324] The empty vector control strain exhibited significant production of 7-AHA when v-
aminobutyric acid and L-alanine where used as amino donors, suggesting that endogenous TA(s)
could convert pimelate semialdehyde into the expected product. Interestingly, this control
showed 7-AHA production even when no amino donor was added to the CFE, albeit with a big
standard deviation. Assessed CFE could also be generally grouped into high (TA-Vf, TA 015,
TA 016, TA 017 and TA-Cv) and low (TA_011, TA_ 012, TA 013 and TA_002) activity
towards the amino donors tested. CFE for TA 002 exhibited the lowest levels of 7-AHA with
all the amino donors used (Fig. 5), which is consistent with its lack of visible expression on SDS-
PAGE (Figure 1). In line with the bioinformatics analysis performed on the selected TAs,
showing more than 60 % sequence similarity to 4-Aminobutyrate transaminases, y-aminobutyric
acid and methylbenzylamine exhibited the highest 7-AHA production across all tested CFEs,
with the exception of TA 017 and TA-Cv whose CFE showed higher 7-AHA yields in presence
of L-alanine.

In vitro amino donor screening with CFE and purified TAs (II0517-N7SD-WP2/3-66)

[0325] Based on previous CFE results showing significant 7-AHA production in the empty
vector control sample, an additional in vifro test was performed on purified TAs to discriminate
between background response and TA activity. The CFE test was also repeated alongside in
order to show reproducibility. To this aim, 2 TAs from the high activity group (TA_15 and

TA _017) and one from the low activity group (TA_11), in addition to TA-Cv, which served as a
positive control, were screened with L-alanine (which exhibited particularly high activity with
TA_017 and TA-Cv in previous tests), y-aminobutyric acid (which exhibited high activity across
all TAs) and SAM (which was predicted as an amino donor for all TAs based on the
bioinformatics analysis).

[0326] Purified recombinant protein fractions for each TA were generated by incubating CFE
with Ni-NTA agarose resin followed by wash and elution with increasing concentrations of
imidazole. Relatively pure and concentrated TA fractions were obtained after elution with 200

mmol L™ imidazole (elution 2, lane 9; Fig. 6). These elution fractions were dialyzed overnight
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and used in subsequent in vitro assay. 300 uL CFE or 1.5 pmol-L™! of each respective purified
TA were incubated with 5 mmol-L™! pimelate semialdehyde, 0.1 mmol-L! PLP and 25 mmol-L"!
of amino donor (L-alanine, SAM, GABA or no amino donor). Negative controls were included
both in the purified TA assay (no enzyme control) and CFE-based assay (empty vector control
CFE). Production of both 7-AHA and pimelate was assessed 1 h from the beginning of the
reaction (Fig. 7).

[0327] Low levels of pimelate (4 % conversion) were detected in the assays using purified TAs,
suggesting that pimelate semialdehyde is relatively stable during the 1 h assay. Interestingly, all
tested TAs showed activity towards L-alanine and GABA as amino donors. A =1 mmol L of 7-
AHA (20 % conversion) was observed across all of the tested TAs. However, no 7-AHA was
produced upon enzyme incubation with SAM. These results show a good match between the
two experiments using CFE or purified TAs. Given the comparable yields in 7-AHA across
different TAs and amino donors tested, the overall low performance of the TA step in the 7-AHA
pathway seems to be due to an unfavourable reaction equilibrium, rather than being linked to a
specific enzyme.

[0328] Based on this, it was hypothesized that the low conversion efficiency observed in the
previous experiment could be due to a product loop, whereby the -TAM recycles 7-AHA back
into pimelate semialdehyde. In line with this, similar levels of 7-AHA were detected when L-
alanine or 6-ACA were used as amino donors for TA-Cv.

Assessment of ®-TAM reaction product loop

[0329] The reaction catalysed by o-TAM is reversible, as the produced 7-AHA can, in turn, be
used as an amino donor in the reverse reaction, thereby regenerating pimelate semialdehyde.
Previous results have confirmed the activity of a purified Chromobacterium violaceum TA (TA-
Cv) on both L-alanine and GABA as amino donors in the forward reaction. To assess the
occurrence of a product loop, whereby 7-AHA is used as amino donor to regenerate pimelate
semialdehyde in the reverse reaction, 7-AHA levels were measured upon incubation of TA-Cv
with pimelate semialdehyde (amino acceptor) together with L-alanine (amino donor), 6-ACA
(used was as proxy for 7-AHA in the reverse reaction) or both for 1 h. Similar levels of 7-AHA
(1-1.5 mmol-L) were detected when L-alanine or 6-ACA were used as independent amino
donors for pimelate semialdehyde, indicating the occurrence of a product loop where 6-ACA is

transaminated to pimelate semialdehyde with comparable efficiencies. Moreover, simultaneous
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incubation of L-alanine and 6-ACA with pimelate semialdehyde did not increase further 7-AHA
product formation, confirming that TA-Cv can use both substrates as amino donors for the
transamination reaction, causing the occurrence of the product loop.

Assessment of ®-TAM reaction product loop (II0517-N7SD-WP2/3-70)

[0330] The reaction catalysed by o-TAM is reversible, as the produced 7-AHA can in turn be

used as amino donor in the reverse reaction, thereby regenerating pimelate semialdehyde.
Previous results have confirmed the activity of purified TA-Cv on both L-alanine and GABA as
amino donors in the forward reaction. In order to assess the occurrence of a product loop,
whereby 7-AHA is used as amino donor to re-generate pimelate semialdehyde in the reverse
reaction, 7-AHA levels were measured upon incubation of TA-Cv with pimelate semialdehyde
(amino acceptor) together with L-alanine (amino donor), 6-ACA (used as proxy for 7-AHA in
the reverse reaction) or both for 1 h.

[0331] As seen in Fig. 8, similar levels of 7-AHA (1-1.5 mmol L) were detected when L-
alanine or 6-ACA were used as independent amino donors for pimelate semialdehyde, indicating
the occurrence of a product loop where 6-ACA is transaminated to pimelate semialdehyde with
comparable efficiencies. Moreover, simultaneous incubation of L-alanine and 6-ACA with
pimelate semialdehyde did not increase further 7-AHA product formation, confirming that TA-
Cv can use both substrates as amino donors for the transamination reaction, causing the
occurrence of the product loop.

Cyclization

[0332] Removal of the produced 7-AHA is a potential strategy to shift the w-TAM reaction
equilibrium and prevent the observed product loop accounting for a reduced conversion
efficiency of pimelate semialdehyde to 7-AHA. In a recent paper, Chae et al. (“Metabolic
engineering of Escherichia coli for the production of four-, five- and six-carbon lactams,”
Metabolic Engineering 41: 82-91 (2017)) reported construction of a new and efficient metabolic
pathway for the production of six-carbon lactams (caprolactam) from the respective m-amino
acid. This system did not yield any heptanolactam (seven-carbon lactam) when 7-AHA was
used as a substrate, likely because the chance of cyclization through joining amine and CoA
functional groups is lower for a C7 w-amino acyl-CoA.

[0333] The aim of this work was to determine whether cyclization of 6-ACA, the 6-carbon

equivalent of 7-AHA, to caprolactam, could be used to shift the ®-TAM reaction towards
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formation of the products in vifro. Chae et al. has shown that the conversion of 6-ACA to
caprolactam is a two step-reaction: Clostridium propionicum [-alanine CoA transferase
(CpACT) catalyzes the transfer of CoA to 6-ACA, thus generating 6-ACA-CoA; subsequently,
activated 6-ACA undergoes spontaneous cyclization, resulting in caprolactam formation.
Therefore, studies were performed to determine whether cyclization of 6-ACA, the 6-carbon
equivalent of 7-AHA, to caprolactam could be used to shift the ®-TAM reaction towards
formation of the products.

[0334] For the in vitro assay, purified CpACT activity and the ability to shift the w-TAM
reaction was evaluated by measuring caprolactam formation upon incubation with adipate semi-
aldehyde and purified -TAM. The in vifro test was performed to determine whether
recombinant CpACT was active and to what extent this enzyme was able to shift the equilibrium
of the ®-TAM reaction. In these studies, CpACT was active and able to partially shift the
equilibrium of the o-TAM reaction in vitro.

[0335] For in vivo assays, caprolactam production can be assessed in strains carrying the bottom
part of the 6-ACA pathway (CAR, TAM, lysE, sfp) together with CpACT, both under the control
of constitutive promoters of increasing strength (either ProC or ProD). Constructed plasmids can
be tested in both the control AbioF and AbioF A12ADH (AybbO AyahK AahR AahdP AyghD
AyiaY AfucO AeutG AdkgA AyghZ AdkgB AydfG) genetic backgrounds to assess the impact of
endogenous Alcohol dehydrogenase genes on product formation. These strains can be assessed
for growth, CpACT expression levels and caprolactam formation relative to empty vector

controls.
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What is claimed is:
1. A method for improved biosynthesis of an aminated aliphatic compound, the method
comprising:

a) providing a recombinant organism capable of biosynthesizing an aminated aliphatic
compound; wherein the recombinant organism has been engineered to comprise one or more
exogenous, modified, or overexpressed polypeptides; wherein each of the one or more
polypeptides independently encodes at least one enzyme of an aminated aliphatic compound
biosynthesis or export pathway; and wherein at least one of the one or more polypeptides
encodes an o-transaminase having at least 70% identity to SEQ ID NO: 1, or a functional
fragment thereof, and

b) culturing the recombinant organism under conditions suitable for the recombinant

organism to produce the aminated aliphatic compound or a salt thereof.

2. The method of claim 1, wherein the recombinant organism has been engineered to
comprise two or more exogenous, modified, or overexpressed polypeptides; and wherein the two
or more polypeptides each independently encode at least one enzyme selected from the group
consisting of an w-transaminase, a thioesterase, a carboxylate reductase, an acetyl-CoA
synthetase, a f-alanine CoA transferase, a 6-phosphogluconate dehydrogenase, a transketolase, a
puridine nucleotide transhydrogenase, a glyceraldehyde-3P-dehydrogenase, a malic enzyme, a
glucose-6-phosphate dehydrogenase, a glucose dehydrogenase, a fructose 1,6 diphosphatase, an
L-alanine dehydrogenase, a L-glutamate dehydrogenase, a formate dehydrogenase, an L-
glutamine synthetase, a diamine transporter, a dicarboxylate transporter, an amino acid

transporter, and a multidrug transporter.

3. The method of claim 1 or 2, wherein the aminated aliphatic compound has a carbon chain

length of C5-C19.

4. The method of claim 3, wherein the aminated aliphatic compound has a carbon chain

length of C6-C7.
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5. The method of claim 4, wherein the aminated aliphatic compound is 7-aminoheptanoic
acid (7-AHA).
6. The method of claim 5, wherein the recombinant organism produces 7-AHA 1is from

pimelic acid or one or more derivatives thereof.

7. The method of claim 6, wherein the one or more pimelic acid derivatives comprise

pimelate semialdehyde, 1,7-heptanediol, 7-hydroxyheptancic acid, or 7-hydroxyheptanal,

8. The method of claim 7, wherein the production of 7-AHA comprises transamination of

pimelate semialdehyde.

0. The method of claim 4, wherein the aminated aliphatic compound is 6-aminohexanoic
acid (6-AHA).

10.  The method of claim 4, wherein the aminated aliphatic compound is an aliphatic amino
alcohol.

11. The method of claim 10, wherein the aliphatic amino alcohol is 7-aminoheptanol.

12.  The method of claim 10, wherein the aliphatic amino alcohol is 6-aminoheptanol.

13. The method of claim 4, wherein the aminated aliphatic compound is a diamine.

14. The method of claim 13, wherein the diamine is heptamethylenediamine.

15. The method of claim 13, wherein the diamine is hexamethylenediamine.

16.  The method of any one of claims 1-15, wherein the o-transaminase is classified under EC

2.6.1.18, EC26.1.19,EC2.6.1.29, EC2.6.148, or EC 2.6.1.82.
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17.  The method of any one of claims 1-16, wherein the recombinant organism has increased
o-transaminase activity as compared to that of a corresponding organism not engineered to

comprise the one or more exogenous, modified, or overexpressed polypeptides.

18. The method of any one of claims 1-17, wherein the recombinant organism produces the
aminated aliphatic compound or a salt thereof at a higher yield as compared to that of a
corresponding organism not engineered to comprise the one or more exogenous, modified, or

overexpressed polypeptides.

19.  The method of any one of claims 1-18, wherein at least one of the one or more
polypeptides encodes a modified w-transaminase having one or more amino acid substitutions
relative to a wild-type w-transaminase, and wherein the substitutions are at positions 2, 13, 15,

16, 20, 87, 134, 288, or 345 of SEQ ID NO: 1.

20. The method of claim 19, wherein the one or more amino acid substitutions are in the
small binding pocket (O-pocket) and/or in the large binding pocket (P-pocket) of the at least one

polypeptide encoding the modified w-transaminase.
21. The method of claim 19 or 20, wherein the modified m-transaminase has enhanced
amination rate towards a target aliphatic aldehyde and/or improved substrate specificity towards

the target aliphatic aldehyde relative to the wild-type w-transaminase.

22. The method of any one of claims 19-21, wherein the wild-type w-transaminase has at

least 70% sequence identity with a Chromobacterium violaceum w-transaminase.

23.  The method of any one of claims 19-22, wherein the modified w-transaminase has at least

10% greater activity relative to the wild-type w-transaminase.

24.  The method of any one of claims 19-23, wherein the modified w-transaminase has a

reduced Km for an amino donor relative to that of the wild-type w-transaminase.
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25. The method of claim 24, wherein the amino donor is L-alanine.

26. The method of claim 24 or 25, wherein the modified m-transaminase has a Km of less

than 4 mmol-L for the amino donor.

27.  The method of any one of claims 19-26, wherein the modified m-transaminase has an
increased Km for the aminated aliphatic compound relative to that of the wild-type ®-

transaminase.

28. The method of any one of claims 1-27, wherein at least one of the one or more peptides
encodes a cyclizing enzyme capable of catalyzing a conversion of the aminated aliphatic

compound to a lactam.

29. The method of claim 28, wherein the cyclizing enzyme has at least 70% sequence

identity with a Clostridium propionicum B-alanine CoA transferase.

30. The method of claim 28 or 29, wherein the cyclizing enzyme is capable of catalyzing a

conversion of 7-AHA to heptanolactam.
31 The method of any one of claims 1-30, wherein the culturing comprises introducing to
the recombinant organism an amino group donor that is a precursor of the aminated aliphatic

compound.

32. The method of claim 31, wherein the aminated aliphatic compound is volatile under

microbial fermentation conditions at atmospheric pressure and at a temperature from 20 °C to 65
°C.

33. The method of claim 32, wherein the amino group donor comprises isopropylamine.
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34.  The method of any one of claims 1-30, wherein at least one of the one or more
polypeptides encodes an amino donor synthesis enzyme capable of catalyzing a synthesis of an

amino group donor that is a precursor of the animated aliphatic compound.

35. The method of claim 32, wherein the amino donor synthesis enzyme is an L-amino acid

dehydrogenase.

36. The method of claim 35, wherein the amino donor synthesis enzyme is L-alanine

dehydrogenase.

37.  The method of any one of claims 1-36, wherein at least one of the one or more
polypeptides encodes an amino acid transporter capable of catalyzing an export of the aminated
aliphatic compound from the organism.

38. The method of claim 37, wherein the transporter is a lysine exporter.

39.  The method of any one of claims 1-38, wherein the amount of at least one product
formed from the aminated aliphatic compound in a reverse reaction catalyzed by the -
transaminase is reduced as compared to that of a corresponding organism not engineered to

comprise the one or more exogenous, modified, or overexpressed polypeptides.

40. The method of claim 39, wherein the at least one product comprises pimelate

semialdehyde, and wherein the aminated aliphatic compound is 7-AHA.

41. The method of any one of claims 1-40, further comprising:

purifying the aminated aliphatic compound.

42. The method of any one of claims 1-41, wherein the recombinant organism is prokaryotic.

43, The method of any one of claims 1-41, wherein the recombinant organism is eukaryotic.
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44.  The method of any one of claims 1-43, wherein the culturing is in aerobic conditions.

45.  The method of any one of claims 1-43, wherein the culturing is in anaerobic conditions.
46. The method of any one of claims 1-43, wherein the culturing is in micro-aerobic
conditions.

47. The method of any one of claims 1-46, wherein the culturing is in conditions of nitrogen,

phosphate, carbon, or oxygen nutrient limitation.

48. The method of any one of claims 1-47, wherein the culturing comprises introducing to

the recombinant organism a carbon source derived from a biological feedstock.

49. The method of any one of claims 1-47, wherein the culturing comprises introducing to

the recombinant organism a carbon source derived from a non-biological feedstock.

50. The method of any one of claims 1-49, further comprising:
improving the tolerance of the recombinant organism through a process of directed
evolution and continuous cultivation in a selective environment having increasing concentrations

of the aminated aliphatic compound.

51. A method for improved biosynthesis of an aminated aliphatic compound, the method
comprising:

a) providing an organism capable of biosynthesizing an aminated aliphatic compound,
wherein the organism comprises at least one polypeptide encoding an w-transaminase having at
least 70% identity to SEQ ID NO: 1, or a functional fragment thereof, and

b) culturing the recombinant organism under conditions suitable for the recombinant
organism to produce the aminated aliphatic compound or a salt thereof, wherein the culturing
comprises introducing to the recombinant organism an amino group donor that is a precursor of

the aminated aliphatic compound.

74



WO 2019/191772 PCT/US2019/025218

52. The method of claim 51, wherein the aminated aliphatic compound is volatile under
microbial fermentation conditions at atmospheric pressure and at a temperature from 20 °C to 65

°C.

53. The method of claim 52, wherein the amino group donor comprises isopropylamine.

54. The method of any one of claims 51-53, wherein the aminated aliphatic compound has a

carbon chain length of C5-C19.

55.  The method of claim 54, wherein the aminated aliphatic compound has a carbon chain

length of C6-C7.

56. The method of claim 55, wherein the aminated aliphatic compound is 7-aminoheptanoic
acid (7-AHA).
57. The method of claim 56, wherein the recombinant organism produces 7-AHA is from

pimelic acid or one or more derivatives thereof.

58. The method of claim 57, wherein the one or more pimelic acid derivatives comprise

pimelate semialdehyde, 1,7-heptanediol, 7-hydroxyheptanoic acid, or 7-hydroxyheptanal.

59.  The method of claim 58, wherein the production of 7-AHA comprises transamination of

pimelate semialdehyde.

60.  The method of claim 55, wherein the aminated aliphatic compound is 6-aminohexanoic
acid.

61.  The method of claim 55, wherein the aminated aliphatic compound is an aliphatic amino
alcohol.

62. The method of claim 61, wherein the aliphatic amino alcohol is 7-aminoheptanol.
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The method of claim 61, wherein the aliphatic amino alcohol is 6-aminoheptanol.

The method of claim 55, wherein the aminated aliphatic compound is a diamine.

The method of claim 64, wherein the diamine is heptamethylenediamine.

The method of claim 64, wherein the diamine is hexamethylenediamine.

The method of any one of claims 51-66, wherein the w-transaminase is classified under

EC26.1.18, EC26.1.19,EC2.6.1.29,EC2.6.1.48, or EC 2.6.1.82.

68.

The method of any one of claims 51-67, wherein the w-transaminase has at least 70%

sequence identity with a Chromobacterium violaceum w-transaminase.

69. The method of any one of claims 51-68, further comprising:
purifying the aminated aliphatic compound.
70. The method of any one of claims 51-69, wherein the recombinant organism is
prokaryotic.
71. The method of any one of claims 51-69, wherein the recombinant organism is eukaryotic.
72.  The method of any one of claims 51-71, wherein the culturing is in aerobic conditions.
73.  The method of any one of claims 51-71, wherein the culturing is in anaerobic conditions.
74. The method of any one of claims 51-71, wherein the culturing is in micro-aerobic
conditions.
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75. The method of any one of claims 51-74, wherein the culturing is in conditions of nutrient
limitation.
76. The method of any one of claims 51-75, wherein the culturing comprises introducing to

the recombinant organism a carbon source derived from a biological feedstock.

77. The method of any one of claims 51-75, wherein the culturing comprises introducing to

the recombinant organism a carbon source derived from a non-biological feedstock.

78. The method of any one of claims 51-77, further comprising:
improving the tolerance of the recombinant organism to increasing concentrations of the

aminated aliphatic compound by continuous cultivation in a selective environment.

79. A recombinant organism engineered to comprise one or more exogenous, modified, or
overexpressed polypeptides; wherein each of the one or more polypeptides independently
encodes at least one enzyme of an aminated aliphatic compound biosynthesis or export pathway;
and wherein at least one of the one or more polypeptides encodes an w-transaminase having at

least 70% identity to SEQ ID NO: 1, or a functional fragment thereof.

80. The recombinant organism of claim 79, comprising two or more exogenous, modified, or
overexpressed polypeptides; and wherein the two or more polypeptides each independently
encode at least one enzyme selected from the group consisting of an w-transaminase, a
thioesterase, a carboxylate reductase, an acetyl-CoA synthetase, a f-alanine CoA transferase, a 6-
phosphogluconate dehydrogenase, a transketolase, a puridine nucleotide transhydrogenase, a
glyceraldehyde-3P-dehydrogenase, a malic enzyme, a glucose-6-phosphate dehydrogenase, a
glucose dehydrogenase, a fructose 1,6 diphosphatase, an L-alanine dehydrogenase, a L-glutamate
dehydrogenase, a formate dehydrogenase, an L-glutamine synthetase, a diamine transporter, a

dicarboxylate transporter, an amino acid transporter, and a multidrug transporter.

81.  The recombinant organism of claim 79 or 80, wherein the w-transaminase is classified

under EC 2.6.1.18, EC 2.6.1.19, EC 2.6.1.29, EC 2.6.1.48, or EC 2.6.1.82.
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82. The recombinant organism of any one of claims 79-81, wherein the recombinant
organism has increased m-transaminase activity as compared to that of a corresponding organism

not engineered to comprise the one or more exogenous, modified, or overexpressed polypeptides.

83. The recombinant organism of any one of claims 79-82, wherein the recombinant
organism produces the aminated aliphatic compound or a salt thereof at a higher yield as
compared to that of a corresponding organism not engineered to comprise the one or more

exogenous, modified, or overexpressed polypeptides.

84.  The recombinant organism of any one of claims 79-83, wherein at least one of the one or
more polypeptides encodes a modified w-transaminase having one or more amino acid
substitutions relative to a wild-type w-transaminase, and wherein the substitutions are at

positions 2, 13, 15, 16, 20, 87, 134, 288, or 345 of SEQ ID NO: 1.

85.  The recombinant organism of claim 84, wherein the one or more amino acid substitutions
are in the small binding pocket (O-pocket) and/or in the large binding pocket (P-pocket) of the at

least one polypeptide encoding the modified w-transaminase.

86.  The recombinant organism of claim 84 or 85, wherein the modified w-transaminase has

increased activity and/or improved substrate specificity relative to the wild-type w-transaminase.
87.  The recombinant organism of any one of claims 84-86, wherein the wild-type -
transaminase has at least 70% sequence identity with a Chromobacterium violaceum -

transaminase.

88.  The recombinant organism of any one of claims 84-87, wherein the modified -

transaminase has at least 10% greater activity relative to the wild-type w-transaminase.
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89.  The recombinant organism of any one of claims 84-88, wherein the modified -

transaminase has a reduced Km for an amino donor relative to that of the wild-type w-

transaminase.
90. The recombinant organism of claim 89, wherein the amino donor is L-alanine.
91.  The recombinant organism of claim 89 or 90, wherein the modified w-transaminase has a

Km of less than 4 mmol-L"! for the amino donor.

92.  The recombinant organism of any one of claims 84-91, wherein the modified -
transaminase has an increased Km for the aminated aliphatic compound relative to that of the

wild-type o-transaminase.

93.  The recombinant organism of any one of claims 79-92, wherein at least one of the one or
more peptides encodes a cyclizing enzyme capable of catalyzing a conversion of the aminated

aliphatic compound to a lactam.

94, The recombinant organism of claim 93, wherein the cyclizing enzyme has at least 70%

sequence identity with a Clostridium propionicum B-alanine CoA transferase.

95. The recombinant organism of claim 93 or 94, wherein the cyclizing enzyme is capable of

catalyzing a conversion of 7-AHA to heptanolactam.
96.  The recombinant organism of any one of claims 79-95, wherein at least one of the one or
more polypeptides encodes an amino donor synthesis enzyme capable of catalyzing a synthesis

of an amino group donor that is a precursor of the animated aliphatic compound.

97. The recombinant organism of claim 96, wherein the amino donor synthesis enzyme is an

L-amino acid dehydrogenase.
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98. The recombinant organism of claim 97, wherein the amino donor synthesis enzyme is L-

alanine dehydrogenase.

99.  The recombinant organism of any one of claims 79-98, wherein at least one of the one or
more polypeptides encodes an amino acid transporter capable of catalyzing an export of the

aminated aliphatic compound from the organism.

100. The recombinant organism of claim 99, wherein the transporter is a lysine exporter.

101.  The recombinant organism of any one of claims 79-100, wherein the amount of at least
one product formed from the aminated aliphatic compound in a reverse reaction catalyzed by the
o-transaminase is reduced as compared to that of a corresponding organism not engineered to

comprise the one or more exogenous, modified, or overexpressed polypeptides.

102.  The recombinant organism of claim 101, wherein the at least one product comprises

pimelate semialdehyde, and wherein the aminated aliphatic compound is 7-AHA.

103.  The recombinant organism of any one of claims 79-102, wherein the recombinant

organism is prokaryotic.

104.  The recombinant organism of any one of claims 79-102, wherein the recombinant

organism is eukaryotic.

105. A method for improved biosynthesis of caprolactam, the method comprising:

a) providing a recombinant organism capable of biosynthesizing caprolactam; wherein
the recombinant organism has been engineered to comprise two or more exogenous, modified, or
overexpressed polypeptides; wherein each of the one or more polypeptides independently
encodes at least one enzyme of an caprolactam biosynthesis or export pathway; wherein at least
one of the two or more polypeptides encodes an w-transaminase having at least 70% identity to
SEQ ID NO: 1, or a functional fragment thereof, and wherein at least one of the two or more

polypeptides encodes a B-alanine CoA transferase;
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b) culturing the recombinant organism under conditions suitable for the recombinant
organism to convert adipic acid or adipic acid derivatives to caprolactam; and

¢) purifying the caprolactam.

106. The method of claim 105, wherein at least one of the two or more polypeptides encodes a
modified w-transaminase having one or more amino acid substitutions relative to a wild-type -
transaminase, and wherein the substitutions are at positions 2, 13, 15, 16, 20, 87, 134, 288, or

345 of SEQ ID NO: 1.

107.  The method of claim 105 or 106, wherein at least one of the two or more polypeptides

encoding a B-alanine CoA transferase converts 6-AHA to caprolactam.

108.  The method of any one of claims 105-107, wherein the w-transaminase is classified under

EC26.1.18, EC26.1.19,EC2.6.1.29,EC2.6.1.48, or EC 2.6.1.82.

109.  The method of any one of claims 105-108, wherein the adipic acid derivatives comprise

adipoyl-ACP and adipic acid semialdehyde.

110. The method of claim 109, wherein the conversion of adipic acid or adipic acid derivatives

to caprolactam comprises transamination of adipic acid semialdehyde to produce 6-AHA.

111. A bioderived aminated aliphatic compound having a carbon chain length of C5-C19,
heptanolactam, caprolactam or salt thereof that is produced by the method of any one of claims

1-78 and 105-110.

112. A product comprising a chemical produced from the bioderived product of claim 111,
wherein the product comprises a nylon intermediate, a polyester, a pharmaceutical, a biofuel, a

fragrance or a food additive.

113. A bio-derived, bio-based or fermentation-derived product, wherein said product

comprises:
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1. a composition comprising at least one bio-derived, bio-based or fermentation-derived
compound, or salts thereof, produced or biosynthesized according to any one of claims 1-78 and
105-110;

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;,

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 or the bio-derived, bio-based or fermentation-
derived polymer of ii. or any combination thereof;

iv. a substance obtained by molding the 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 1., bio-derived, bio-based or
fermentation-derived compound of 1., 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 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 i., bio-
derived, bio-based or fermentation-derived compound of 1., 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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