wo 2014/144649 A1 |[IN I/ 0FV 00O OO0 O

(43) International Publication Date
18 September 2014 (18.09.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/144649 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
CI2N 9/10 (2006.01)

International Application Number:
PCT/US2014/029150

International Filing Date:
14 March 2014 (14.03.2014)

English
English

Filing Language:
Publication Language:

Priority Data:
61/788,346 15 March 2013 (15.03.2013) Us

Applicant: MODULAR GENETICS, INC. [US/US]; 12-
T Cabot Road, Woburn, Massachusetts 01801 (US).

Inventors: JARRELL, Kevin A.; 19 Moccasin Hill Road,
Lincoln, Massachusetts 01773 (US). REZNIK, Gabriel
0O.; 124 Bishops Forest Drive, Waltham, Massachusetts
02452 (US). VISHWANATH, Prashanth; 186 Gardner
Street, Apt. 1-3, Arlington, Massachusetts 02474 (US).
PYNN, Michelle; 2A Florence Street, Andover, Massachu-
setts 01810 (US).

Agents: JARRELL, Brenda Herschbach et al.; Choate,
Hall & Stewart LLP, Two International Place, Boston,
Massachusetts 02110 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a

patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: GENERATION OF ACYL AMINO ACIDS

Anionic Surfactants

(m) CHy (CH)
p-hydroxy myristoyl glutamate [slolon
|
(CH,)
OH
CH, i I
. N . . o — — CH
(is0) CH (CH)— R — ((,.17)5711 — CH — CH, co NH \
[efeley
CH,
CH,
AN
(anteiso) cHg — (two carboxyl groups)
4 +
CH,

a 13-16 carbon fatty acid component

(57) Abstract: In certain embodiments, the present invention comprises compositions and methods useful in the generation of acyl
amino acids. In certain embodiments, the present invention provides an engineered polypeptide comprising a peptide synthetase do -
main; in some such embodiments, the engineered polypeptide comprises only a single peptide synthetase domain. In some embodi-
ments, the present invention provides an engineered peptide synthetase that is substantially free of a thioesterase domain, and/or a re-
ductase domain. In certain embodiments, the present invention provides an acyl amino acid composition comprising a plurality of
difterent forms of an acyl amino acid. In some such compositions, substantially all of the acyl amino acids within the composition
contain the same amino acid moiety and differ with respect to acyl moiety. We also described populations where the fatty acid si for
example 95% one length (C14, myristic).



WO 2014/144649 PCT/US2014/029150

GENERATION OF ACYL AMINO ACIDS

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Application No. , filed

March 15, 2013, the contents of which are hereby incorporated herein in its entirety.

Background
[0002] Acyl amino acids are commercially important compounds. Many have advantageous
characteristics and are sold as surfactants, antibiotics, anti-insect agents and as a variety of other
important agents.
[0003] Traditionally, acyl amino acids have been manufactured chemically. Such chemical
manufacturing methods are hampered by a variety of shortcomings including the ease of
obtaining and storing the starting materials, the necessity of using harsh and sometimes
dangerous chemical reagents in the manufacturing process, the difficulty and efficiency of the
synthesis itself, the fiscal and environmental cost of disposing of chemical by-products, etc.
Thus, new compositions and methods for the efficient and cost-effective synthesis of acyl amino
acids and manufacture on a commercial scale would be beneficial.
[0004] Recently, important technologies have been developed that permit production of acyl
amino acids by engineered peptide synthetase polypeptides (See US Patent Number 7981685,
issued July 19, 2011 and incorporated herein by reference in its entirety). Improvements and/or

supplements to such technologies would be desirable and beneficial.

Summary of the Invention
[0005] In certain embodiments, the present invention comprises compositions and methods
useful in the generation of acyl amino acids. In certain embodiments, the present invention
provides an engineered polypeptide comprising a peptide synthetase domain; in some such
embodiments, the engineered polypeptide comprises only a single peptide synthetase domain. In
some embodiments, the present invention provides an engineered peptide synthetase that is

substantially free of a thioesterase domain, and/or a reductase domain.
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[0006] In certain embodiments, the present invention provides an acyl amino acid
composition comprising a plurality of different forms of an acyl amino acid. In some such
compositions, substantially all of the acyl amino acids within the composition contain the same
amino acid moiety and differ with respect to acyl moiety. We also described populations where
the fatty acid si for example 95% one length (C14, myristic)

[0007] In some embodiments, the present invention provides a method of making an acyl
amino acid composition by contacting an engineered peptide synthetase with an amino acid
substrate and an acyl entity substrate for the engineered peptide synthetase, under conditions and
for a time sufficient for an acyl amino acid composition to be made. In some embodiments, the
method comprises providing a cell engineered to express the engineered peptide synthetase. In
some embodiments, the engineered peptide synthetase does not include a thioesterase domain; in
some embodiments, the engineered peptide synthestase does not include a reductase domain; in
some embodiments, the engineered peptide synthetase includes neither a thioesterase domain not
a reductase domain.

[0008] In some embodiments, an amino acid substrate is or comprises an amino acid as set
forth herein.

[0009] In some embodiments, an acyl entity substrate is or comprises a fatty acid moiety. In
some embodiments, an acyl entity substrate is or comprises a fatty acid.

[0010] The present invention provides cells engineered to express at least one engineered
peptide synthetase that synthesizes an acyl amino acid.

[0011] In some embodiments, the present invention comprises an an acyl amino acid
composition produced by an engineered peptide synthetase.

[0012] The present invention provides methods of preparing a product comprising: providing
or obtaining an acyl amino acid composition prepared in an engineered host (e.g., microbial)
cell; optionally enriching the acyl amino acid composition for a particular acyl amino acid; and,
in some embodiments, combining the enriched acyl amino acid composition with at least one
other component to produce a product.

[0013] In some embodiments, the invention provides a method comprising steps of:
contacting an engineered peptide synthetase polypeptide that comprises a single peptide

synthetase domain and lacks either of a thioesterase domain, and/or a reductase domain with (i)
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an amino acid substate of the peptide synthetase polypeptide; and (ii) an acyl moiety substrate of
the peptide synthetase polypeptide, the contacting being performed under conditions and for a
time sufficient that the engineered peptide synthetase polypeptide covalently links the acyl

moiety from the acyl moiety substrate to the amino acid so that an acyl amino acid is generated.

Description of Certain Embodiments
Definitions
[0014] Acyl amino acid: The term “acyl amino acid” as used herein refers to an amino acid
that is covalently linked to a fatty acid moiety. In some embodiments, the amino acid and fatty
acid are covalently linked via an amide bond formed between a carboxylic acid group of a fatty
acid and an amino group of an amino acid. In some embodiments, a fatty acid moiety or entity
utilized or included in an acyl amino acid includes a B-hydroxyl group; in some embodiments, a
fatty acid moiety or entity utilized or included in an acyl amino acid does not include a 3-
hydroxyl group. In some embodiments, a fatty acid moiety utilized or included in an acyl amino
acid includes a -amino group; in some embodiments, a fatty acid moiety or entity utilized or
included in an acyl amino acid does not include a 3-aminno group. In some embodiments, a

fatty acid moiety utilized or included in an acyl amino acid is unmodified at the B-position.

[0015] Amino acid: As used herein, the term “amino acid,” in its broadest sense, refers to
any compound and/or substance that can be utilized in peptide synthesis (e.g., ribosomal or non-
ribosomal synthesis). In some embodiments, an amino acid is any compound and/or substance
that can be incorporated into a polypeptide chain, e.g., through formation of one or more peptide
bonds. In some embodiments, an amino acid is any compound and/or substance that is a
substrate for a peptide synthetase; in some such embodiments, an amino acid is any compound
and/or substance onto which a peptide synthetase can link an acyl entity, for example through
formation of an amide bond. In some embodiments, an amino acid has the general structure
H,;N-C(H)(R)-COOH. In some embodiments, an amino acid is a naturally-occurring amino
acid. In some embodiments, an amino acid is a synthetic amino acid; in some embodiments, an
amino acid is a D-amino acid; in some embodiments, an amino acid is an L-amino acid.

“Standard amino acid” refers to any of the twenty standard L-amino acids commonly found in
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naturally occurring peptides. “Nonstandard amino acid” refers to any amino acid, other than the
standard amino acids, regardless of whether it is prepared synthetically or obtained from a
natural source. In some embodiments, an amino acid, including a carboxy- and/or amino-
terminal amino acid in a polypeptide, can contain a structural modification as compared with the
general structure above. For example, in some embodiments, an amino acid may be modified by
methylation, amidation, acetylation, and/or substitution as compared with the general structure.
In some embodiments, such modification may, for example, alter the circulating half life of a
polypeptide containing the modified amino acid as compared with one containing an otherwise
identical unmodified amino acid. In some embodiments, such modification does not
significantly alter a relevant activity of a polypeptide containing the modified amino acid, as
compared with one containing an otherwise identical unmodified amino acid. As will be clear
from context, in some embodiments, the term “amino acid” is used to refer to a free amino acid;
in some embodiments it is used to refer to an amino acid residue of a polypeptide. In some
embodiments, a “naturally occurring” amino acid is one of the standard group of twenty amino
acids that are the building blocks of polypeptides of most organisms, including alanine, arginine,
asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and
valine. In certain embodiments a "naturally occurring" amino acid may be one of those amino
acids that are used less frequently and are typically not included in this standard group of twenty
but are nevertheless still used by one or more organisms and incorporated into certain
polypeptides. For example, the codons UAG and UGA normally encode stop codons in most
organisms. However, in some organisms the codons UAG and UGA encode the amino acids
selenocysteine and pyrrolysine. Thus, in certain embodiments, selenocysteine and pyrrolysine

are naturally occurring amino acids.

[0016] Associated with: Two events or entities are “associated” with one another, as that
term is used herein, if the presence, level and/or form of one is correlated with that of the other.
For example, a particular entity (e.g., polypeptide) is considered to be associated with a
particular disease, disorder, or condition, if its presence, level and/or form correlates with

incidence of and/or susceptibility of the disease, disorder, or condition (e.g., across a relevant
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population). In some embodiments, two or more entities are physically “associated” with one
another if they interact, directly or indirectly, so that they are and remain in physical proximity
with one another. In some embodiments, two or more entities that are physically associated with
one another are covalently linked to one another; in some embodiments, two or more entities that
are physically associated with one another are not covalently linked to one another but are non-
covalently associated, for example by means of hydrogen bonds, van der Waals interaction,

hydrophobic interactions, magnetism, and combinations thereof.

[0017] Beta-hydroxy fatty acid linkage domain: The term “beta-hydroxy fatty acid linkage
domain” as used herein refers to a polypeptide domain that covalently links a beta-hydroxy fatty
acid to an amino acid to form an acyl amino acid. A variety of beta-hydroxy fatty acid linkage
domains are known to those skilled in the art. However, different beta-hydroxy fatty acid
linkage domains often exhibit specificity for one or more beta-hydroxy fatty acids. As one non-
limiting example, the beta-hydroxy fatty acid linkage domain from surfactin synthetase is
specific for the beta-hydroxy myristic acid, which contains 13 to 15 carbons in the fatty acid
chain. Thus, the beta-hydroxy fatty acid linkage domain from surfactin synthetase can be used in
accordance with the present invention to construct an engineered polypeptide useful in the
generation of an acyl amino acid that comprises the fatty acid beta-hydroxy myristic acid.

[0018] Beta-hydroxy fatty acid: The term “beta-hydroxy fatty acid” as used herein refers to a
fatty acid chain comprising a hydroxy group at the beta position of the fatty acid chain. Asis
understood by those skilled in the art, the beta position corresponds to the third carbon of the
fatty acid chain, the first carbon being the carbon of the carboxylate group. Thus, when used in
reference to an acyl amino acid of the present invention, where the carboxylate moiety of the
fatty acid has been covalently attached to the nitrogen of the amino acid, the beta position
corresponds to the carbon two carbons removed from the carbon having the ester group. A beta-
hydroxy fatty acid to be used in accordance with the present invention may contain any number
of carbon atoms in the fatty acid chain. As non-limiting examples, a beta-hydroxy fatty acid may
contain 3,4, 5,6, 7, 8,9, 10, 11, 12, 3, 14, 15, 15, 16, 17, 18, 19, 20 or more carbon atoms. Beta-
hydroxy fatty acids to be used in accordance with the present invention may contain linear
carbon chains, in which each carbon of the chain, with the exception of the terminal carbon atom

and the carbon attached to the nitrogen of the amino acid, is directly covalently linked to two
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other carbon atoms. Additionally or alternatively, beta-hydroxy fatty acids to be used in
accordance with the present invention may contain branched carbon chains, in which at least one
carbon of the chain is directly covalently linked to three or more other carbon atoms. Beta-
hydroxy fatty acids to be used in accordance with the present invention may contain one or more
double bonds between adjacent carbon atoms. Alternatively, beta-hydroxy fatty acids to be used
in accordance with the present invention may contain only single-bonds between adjacent carbon
atoms. A non-limiting exemplary beta-hydroxy fatty acid that may be used in accordance with
the present invention is or comprises a beta-hydroxy, acid which contains 13 to 15 carbons in the
fatty acid chain; in some embodiments, an exemplary beta-hydroxy fatty acid that may be used in
accordance with the present invention is or comprises myristic acid myrisitc is usually used to
mean 14 carbons Those of ordinary skill in the art will be aware of various beta-hydroxy fatty
acids that can be used in accordance with the present invention. Different beta-hydroxy fatty
acid linkage domains that exhibit specificity for other beta-hydroxy fatty acids (e.g., naturally or
non-naturally occurring beta-hydroxy fatty acids) may be used in accordance with the present

invention to generate any acyl amino acid of the practitioner’s choosing.

[0019] Characteristic sequence element: As used herein, the phrase “characteristic sequence
element” refers to a sequence element found in a polymer (e.g., in a polypeptide or nucleic acid)
that represents a characteristic portion of that polymer. In some embodiments, presence of a
characteristic sequence element correlates with presence or level of a particular activity or
property of the polymer. In some embodiments, presence (or absence) of a characteristic
sequence element defines a particular polymer as a member (or not a member) of a particular
family or group of such polymers. A characteristic sequence element typically comprises at least
two monomers (¢.g., amino acids or nucleotides). In some embodiments, a characteristic
sequence element includes at least 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40,
45, 50, or more monomers (e.g., contiguously linked monomers). In some embodiments, a
characteristic sequence element includes at least first and second stretches of continguous
monomers spaced apart by one or more spacer regions whose length may or may not vary across

polymers that share the sequence element.

[0020] Combination therapy: As used herein, the term “combination therapy” refers to those
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situations in which a subject is simultancously exposed to two or more therapeutic agents. In
some embodiments, such agents are administered simultaneously; in some embodiments, such
agents are administered sequentially; in some embodiments, such agents are administered in

overlapping regimens.

[0021] Comparable: The term “comparable”, as used herein, refers to two or more agents,
entities, situations, sets of conditions, etc that may not be identical to one another but that are
sufficiently similar to permit comparison therebetween so that conclusions may reasonably be
drawn based on differences or similarities observed. Those of ordinary skill in the art will
understand, in context, what degree of identity is required in any given circumstance for two or

more such agents, entities, situations, sets of conditions, etc to be considered comparable.

[0022] Corresponding to: As used herein, the term “corresponding to” is often used to
designate the position/identity of a residue in a polymer, such as an amino acid residue in a
polypeptide or a nucleotide residue in a nucleic acid. Those of ordinary skill will appreciate that,
for purposes of simplicity, residues in such a polymer are often designated using a canonical
numbering system based on a reference related polymer, so that a residue in a first polymer
“corresponding to” a residue at position 190 in the reference polymer, for example, need not
actually be the 190" residue in the first polymer but rather corresponds to the residue found at
the 190" position in the reference polymer; those of ordinary skill in the art readily appreciate
how to identify “corresponding” amino acids, including through use of one or more

commercially-available algorithms specifically designed for polymer sequence comparisons.

[0023] Domain, Polypeptide domain: The terms “domain” and “polypeptide domain™ as
used herein generally refer to polypeptide moicties that display a particular activity, even when
isolated (e.g., cleaved) from other polypeptides or polypeptide domains. In some embodiments,
a polypeptide domain folds into a particular discrete structure in three-dimensional space. In
some embodiments, a polypeptide domain within a longer polypeptide is separated from one or
more other polypeptide domains within the longer polypeptide by virture of a linker element, for
example, that may comprise a substantially unstructured stretch of amino acids. In some
embodiments, the terms refer to domains that naturally occur in longer polypeptides; in some

embodiments, the term refers to engineered polypeptide moieties that correspond and/or show
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significant homology and/or identity to such naturally occurring polypeptide moieties, or to other
reference polypeptide moieties (e.g., historical engineered moieties). In some embodiments, an
engineered domain that corresponds and/or shows significant homology and/or identity to a
naturally occurring or other reference moiety shares a characteristic structure (e.g., primary
structure such as the amino acid sequence of the domain, and/or secondary, tertiary, quaternary,
etc. structures); alternatively or additionally, such an engineered domain may exhibit one or
more distinct functions that it shares with its reference polypeptide moieties. As will be
understood by those skilled in the art, in many cases polypeptides are modular and are comprised
of one or more polypeptide domains; in some such embodiments, each domain exhibits one or
more distinct functions that contribute to the overall function of the polypeptide. In some
embodiments, the structure and/or function of many such domains are known to those skilled in
the art.

[0024] Engineered: The term “engineered” as used herein refers to a non-naturally occurring
moiety that has been created by the hand of man. For example, in reference to a polypeptide, an
“engineered polypeptide” refers to a polypeptide that has been designed and/or produced by the
hand of man. In some embodiments, an engineered polypeptide has an amino acid sequence that
includes one or more sequence elements that do(es) not occur in nature. In some embodiments,
an engineered polypeptide has an amino acid sequence that includes one or more sequence
elements that does occur in nature, but that is present in the engineered polypeptide in a different
sequence context (e.g., separated from at least one sequence to which it is linked in nature and/or
linked with at least one sequence element to which it is not linked in nature) from that in which it
occurs in nature. In some embodiments, an engineered polypeptide is one in which naturally-
occurring sequence element(s) is/are separated from at least one sequence with which they/it is
associated (e.g., linked) in nature and/or is otherwise manipulated to comprise a polypeptide that
does not exist in nature. In various embodiments, an engineered polypeptide comprises two or
more covalently linked polypeptide domains. Typically such domains will be linked via peptide
bonds, although the present invention is not limited to engineered polypeptides comprising
polypeptide domains linked via peptide bonds, and encompasses other covalent linkages known
to those skilled in the art. One or more covalently linked polypeptide domains of engineered

polypeptides may be naturally occurring. Thus, in certain embodiments, engineered
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polypeptides of the present invention comprise two or more covalently linked domains, at least
one of which is naturally occurring. In certain embodiments, two or more naturally occurring
polypeptide domains are covalently linked to generate an engineered polypeptide. For example,
naturally occurring polypeptide domains from two or more different polypeptides may be
covalently linked to generate an engineered polypeptide. In certain embodiments, naturally
occurring polypeptide domains of an engineered polypeptide are covalently linked in nature, but
are covalently linked in the engineered polypeptide in a way that is different from the way the
domains are linked nature. For example, two polypeptide domains that naturally occur in the
same polypeptide but which are separated by one or more intervening amino acid residues may
be directly covalently linked (e.g., by removing the intervening amino acid residues) to generate
an engineered polypeptide of the present invention. Additionally or alternatively, two
polypeptide domains that naturally occur in the same polypeptide which are directly covalently
linked together (e.g., not separated by one or more intervening amino acid residues) may be
indirectly covalently linked (e.g., by inserting one or more intervening amino acid residues) to
generate an engineered polypeptide of the present invention. In certain embodiments, one or
more covalently linked polypeptide domains of an engineered polypeptide may not exist
naturally. For example, such polypeptide domains may be engineered themselves.

[0025] Fatty acid linkage domain: The term “fatty acid linkage domain™ as used herein
refers to a polypeptide domain that covalently links a fatty acid to an amino acid to form an acyl
amino acid. In some embodiments, a fatty acid linkage domain is a condensation domain; in
some embodiments such a fatty acid linkage domain is part of a single polypeptide or a
polypeptide complex with at least or only an adenylkation domain, a thiolation domain, or both.
A variety of fatty acid linkage domains are known in the art, such as for example, fatty acid
linkage domains present in various peptide synthetase complexes that produce lipopeptides. In
certain embodiments, a fatty acid linkage domain links a beta-hydroxy fatty acid to an amino
acid; in some embodiments, a fatty acid linkage domain links a beta-amino fatty acid to an amino
acid; in some embodiments, a fatty acid linkage domain links a fatty acid that is unmodified at
the beta position to an amino acid. In some embodiments, a fatty acid linkage domain catalyzes
condensation of a fatty acid and an amino acid so that an amide both is formed, for example

between a carboxylic acid moiety on a fatty acid and an amino moiety on an amino acid.
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[0026] Homology: As used herein, the term “homology” refers to the overall relatedness
between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or
RNA molecules) and/or between polypeptide molecules. In some embodiments, polymeric
molecules are considered to be “homologous” to one another if their sequences are at least 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%
identical. In some embodiments, polymeric molecules are considered to be “homologous” to one
another if their sequences are at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 99% similar (e.g., containing residues with related chemical
properties at corresponding positions). For example, as is well known by those of ordinary skill
in the art, certain amino acids are typically classified as similar to one another as “hydrophobic”
or “hydrophilic”’amino acids, and/or as having “polar” or “non-polar” side chains. Substitution
of one amino acid for another of the same type may often be considered a “homologous”

substitution. Typical amino acid categorizations are summarized below:

Alanine Ala A nonpolar neutral 1.8
Arginine Arg R olar ositive -4.5
Asparagine Asn N olar neutral 3.5
Aspartic acid Asp D olar negative 3.5
Cysteine Cys C nonpolar neutral D.5
Glutamic acid Glu E olar negative 3.5
Glutamine Gln Q olar neutral 3.5
Glycine Gly G nonpolar neutral -0.4
Histidine His H olar ositive 3.2
[soleucine [lc [ nonpolar neutral 4.5
Leucine Leu L nonpolar neutral 3.8
Lysine Lys K olar ositive 3.9
Methionine Met M nonpolar neutral 1.9
Phenylalanine Phe 1§ nonpolar neutral D.8
Proline Pro P nonpolar neutral -1.6
Serine Ser S olar neutral -0.8
Threonine [Thr T olar neutral -0.7
[Tryptophan I1p W nonpolar neutral -0.9
Tyrosing Tyr Y olar neutral -1.3
[Valine Val vV nonpolar neutral 4.2
Ambiguous Amino Acids 3-Letter 1-Letter
|Asparagine or aspartic acid Asx B
Glutamine or glutamic acid Glx z
Leucine or Isoleucine Xle J
[Unspecified or unknown amino acid Xaa X

As will be understood by those skilled in the art, a variety of algorithms are available that permit

10
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comparison of sequences in order to determine their degree of homology, including by
permitting gaps of designated length in one sequence relative to another when considering which
residues “correspond” to one another in different sequences. Calculation of the percent
homology between two nucleic acid sequences, for example, can be performed by aligning the
two sequences for optimal comparison purposes (€.g., gaps can be introduced in one or both of a
first and a second nucleic acid sequences for optimal alignment and non-corresponding
sequences can be disregarded for comparison purposes). In certain embodiments, the length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, or substantially 100% of the length of
the reference sequence. The nucleotides at corresponding nucleotide positions are then
compared. When a position in the first sequence is occupied by the same nucleotide as the
corresponding position in the second sequence, then the molecules are identical at that position;
when a position in the first sequence is occupied by a similar nucleotide as the corresponding
position in the second sequence, then the molecules are similar at that position. The percent
homology between the two sequences is a function of the number of identical and similar
positions shared by the sequences, taking into account the number of gaps, and the length of each
gap, which needs to be introduced for optimal alignment of the two sequences. Representative
algorithms and computer programs useful in determining the percent homology between two
nucleotide sequences include, for example, the algorithm of Meyers and Miller (CABIOS, 1989,
4: 11-17), which has been incorporated into the ALIGN program (version 2.0) using a PAM120
weight residue table, a gap length penalty of 12 and a gap penalty of 4. The percent homology
between two nucleotide sequences can, alternatively, be determined for example using the GAP

program in the GCG software package using an NWSgapdna.CMP matrix.

[0027] Identity: Asused herein, the term “identity” refers to the overall relatedness between
polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. In some embodiments, polymeric molecules
are considered to be “substantially identical” to one another if their sequences are at least 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%

identical. As will be understood by those skilled in the art, a variety of algorithms are available

11
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that permit comparison of sequences in order to determine their degree of homology, including
by permitting gaps of designated length in one sequence relative to another when considering
which residues “correspond” to one another in different sequences. Calculation of the percent
identity between two nucleic acid sequences, for example, can be performed by aligning the two
sequences for optimal comparison purposes (€.g., gaps can be introduced in one or both of a first
and a second nucleic acid sequences for optimal alignment and non-corresponding sequences can
be disregarded for comparison purposes). In certain embodiments, the length of a sequence
aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 95%, or substantially 100% of the length of the
reference sequence. The nucleotides at corresponding nucleotide positions are then compared.
When a position in the first sequence is occupied by the same nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position. The percent
identity between the two sequences is a function of the number of identical positions shared by
the sequences, taking into account the number of gaps, and the length of each gap, which needs
to be introduced for optimal alignment of the two sequences. Representative algorithms and
computer programs useful in determinng the percent identity between two nucleotide sequences
include, for example, the algorithm of Meyers and Miller (CABIOS, 1989, 4: 11-17), which has
been incorporated into the ALIGN program (version 2.0) using a PAM120 weight residue table,
a gap length penalty of 12 and a gap penalty of 4. The percent identity between two nucleotide
sequences can, alternatively, be determined for example using the GAP program in the GCG

software package using an NWSgapdna. CMP matrix.

[0028] Isolated: As used herein, the term “isolated” refers to a substance and/or entity that
has been (1) separated from at least some of the components with which it was associated when
initially produced (whether in nature and/or in an experimental setting), and/or (2) designed,
produced, prepared, and/or manufactured by the hand of man. Isolated substances and/or entities
may be separated from about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, or more than about 99% of the other components

with which they were initially associated. In some embodiments, isolated agents are about 80%,
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about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, about 99%, or more than about 99% pure. As used herein, a substance is
“pure” if it is substantially free of other components. In some embodiments, as will be
understood by those skilled in the art, a substance may still be considered “isolated” or even
“pure”, after having been combined with certain other components such as, for example, one or
more carriers or excipients (e.g., buffer, solvent, water, etc.); in such embodiments, percent
isolation or purity of the substance is calculated without including such carriers or excipients. In
some embodiments, isolation involves or requires disruption of covalent bonds (e.g., to isolate a
polypeptide domain from a longer polypeptide and/or to isolate a nucleotide sequence element

from a longer oligonucleotide or nucleic acid).

[0029] Naturally occurring: The term "naturally occurring”, as used herein, refers to an

agent or entity that is known to exist in nature.

[0030] Nucleic acid: As used herein, the term “nucleic acid,” in its broadest sense, refers to
any compound and/or substance that is or can be incorporated into an oligonucleotide chain. In
some embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated
into an oligonucleotide chain via a phosphodiester linkage. As will be clear from context, in
some embodiments, “nucleic acid” refers to individual nucleic acid residues (e.g., nucleotides
and/or nucleosides); in some embodiments, “nucleic acid” refers to an oligonucleotide chain
comprising individual nucleic acid residues. In some embodiments, a “nucleic acid” is or
comprises RNA; in some embodiments, a “nucleic acid” is or comprises DNA. In some
embodiments, a nucleic acid is, comprises, or consists of one or more natural nucleic acid
residues. In some embodiments, a nucleic acid is, comprises, or consists of one or more nucleic
acid analogs. In some embodiments, a nuclic acid analog differs from a nucleic acid in that it
does not utilize a phosphodiester backbone. For example, in some embodiments, a nucleic acid
is, comprises, or consists of one or more “peptide nucleic acids”, which are known in the art and
have peptide bonds instead of phosphodiester bonds in the backbone, are considered within the
scope of the present invention. Alternatively or additionally, in some embodiments, a nucleic
acid has one or more phosphorothioate and/or 5’-N-phosphoramidite linkages rather than

phosphodiester bonds. In some embodiments, a nucleic acid is, comprises, or consists of one or
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more natural nucleosides (¢.g., adenosine, thymidine, guanosine, cytidine, uridine,
deoxyadenosine, deoxythymidine, deoxyguanosine, and deoxycytidine). In some embodiments,
a nucleic acid is, comprises, or consists of one or more nucleoside analogs (e.g., 2-
aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 5-
methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, 2-aminoadenosine, C5-
bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5-propynyl-cytidine,
C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-
oxoguanosine, O(6)-methylguanine, 2-thiocytidine, methylated bases, intercalated bases, and
combinations thereof). In some embodiments, a nucleic acid comprises one or more modified
sugars (e.g., 2’-fluororibose, ribose, 2’-deoxyribose, arabinose, and hexose) as compared with
those in natural nucleic acids. In some embodiments, a nucleic acid has a nucleotide sequence
that encodes a functional gene product such as an RNA or protein. In some embodiments, a
nucleic acid includes one or more introns. In some embodiments, nucleic acids are prepared by
one or more of isolation from a natural source, enzymatic synthesis by polymerization based on a
complementary template (in vivo or in vitro), reproduction in a recombinant cell or system, and
chemical synthesis. In some embodiments, a nucleic acid is at least 3, 4, 5,6, 7, 8,9, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 600, 700, 800, 900,
1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more residues long.

[0031] Peptide synthetase complex: The term “peptide synthetase complex” as used herein
refers to an enzyme that catalyzes the non-ribosomal production of peptides. As will be
appreciated by those of ordinary skill in the art, peptide synthetase complexes are modular, and
are comprised of individual peptide synthetase modules that perform different steps in the
synthesis of the ultimate peptide; typically, each module performs one step (e.g., adds a single
amino acid). A peptide synthetase complex may comprise a single enzymatic subunit (e.g., a
single polypeptide), or may comprise two or more enzymatic subunits (e.g., two or more
polypeptides). A peptide synthetase complex typically comprises at least one peptide synthetase
domain, and may further comprise one or more additional domains such as for example, a fatty
acid linkage domain, a thioesterase domain, a reductase domain, etc. Peptide synthetase domains

of a peptide synthetase complex may comprise two or more enzymatic subunits, with two or
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more peptide synthetase domains present in a given enzymatic subunit. For example the
surfactin peptide synthetase complex (also referred to herein simply as “surfactin synthetase
complex”) comprises three distinct polypeptide enzymatic subunits: the first two subunits
comprise three peptide synthetase domains, while the third subunit comprises a single peptide
synthetase domain.

[0032] Peptide synthetase domain: The term “peptide synthetase domain” as used herein
refers to a polypeptide domain that minimally comprises three domains: an adenylation (A)
domain, responsible for selectively recognizing and activating a specific amino acid, a thiolation
(T) domain, which tethers the activated amino acid to a cofactor via thioester linkage, and a
condensation (C) domain, which links amino acids joined to successive units of the peptide
synthetase by the formation of amide bonds. A peptide synthetase domain typically recognizes
and activates a single, specific amino acid, and in the situation where the peptide synthetase
domain is not the first domain in the pathway, links the specific amino acid to the growing
peptide chain.

[0033] Polypeptide: The term “polypeptide” as used herein refers to a series of amino acids
joined together in peptide linkages. In some embodiments, a “polypeptide” has a structure as
achieve through synthesis by ribosomal machinery in naturally occurring organisms. In some
embodiments a “polpeptide” has a structure as achieved through chemical synthesis (e.g., in
vitro). In some embodiments, a “polypeptide” has a structure as achieved through joining of a
series of amino acids joined together by non-ribosomal machinery, such as by way of non-
limiting example, polypeptides synthesized by peptide synthetases. Such non-ribosomally
produced polypeptides exhibit a greater diversity in covalent linkages than polypeptides
synthesized by ribosomes (although those skilled in the art will understand that the amino acids
of ribosomally-produced polypeptides may also be linked by covalent bonds that are not peptide
bonds, such as the linkage of cystines via di-sulfide bonds). In some embodiments, the term is
used to refer to specific functional classes of polypeptides, such as, for example, autoantigen
polypeptides, nicotinic acetylcholine receptor polypeptides, alloantigen polypeptides, etc. For
cach such class, the present specification provides several examples of amino acid sequences of
known exemplary polypeptides within the class; in some embodiments, such known polypeptides

are reference polypeptides for the class. In such embodiments, the term “polypeptide” refers to
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any member of the class that shows significant sequence homology or identity with a relevant
reference polypeptide. In many embodiments, such member also shares significant activity with
the reference polypeptide. For example, in some embodiments, a member polypeptide shows an
overall degree of sequence homology or identity with a reference polypeptide that is at least
about 30-40%, and is often greater than about 50%, 60%, 70%, 80%., 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or more and/or includes at least one region (i.c., a conserved
region, often including a characteristic sequence element) that shows very high sequence
identity, often greater than 90% or even 95%, 96%, 97%, 98%, or 99%. Such a conserved region
usually encompasses at least 3-4 and often up to 20 or more amino acids; in some embodiments,
a conserved region encompasses at least one stretch of at least 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14, 15 or more contiguous amino acids. Polypeptides can be two or more amino acids in length,
although most polypeptides produced by ribosomes and peptide synthetases are longer than two
amino acids. For example, in some embodiments, polypeptides may be 2, 3, 4, 5, 6, 7, 8,9, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 250, 300, 350,
400, 450, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000,
10,000 or more amino acids in length.

[0034] Reductase Domain: The term “reductase domain” as used herein refers to a
polypeptide domain that catalyzes release of an acyl amino acid produced by a peptide
synthetase complex from the peptide synthetase complex. In certain embodiments, a reductase
domain is covalently linked to a peptide synthetase domain and a fatty acid linkage domain such
as a beta-hydroxy fatty acid linkage domain to generate an engineered polypeptide useful in the
synthesis of an acyl amino acid. A variety of reductase domains are found in nature in
nonribosomal peptide synthetase complexes from a variety of species. A non-limiting example
of a reductase domain that may be used in accordance with the present invention includes the
reductase domain from linear gramicidin (ATCC8185). However, any reductase domain that
releases an acyl amino acid produced by a peptide synthetase complex from the peptide
synthetase complex may be used in accordance with the present invention. In some
embodiments, reductase domains are characterized by the presence of the consensus sequence:
[LIVSPADNK]-x(9)-{P}-x(2)-Y-[PSTAGNCV]-[STAGNQCIVM]-[STAGC]-K-{PC}-
[SAGFYR]-[LIVMSTAGD]-x-{K}-[LIVMFYW]-{D}-x-{YR}-[LIVMFYWGAPTHQ]-

16



WO 2014/144649 PCT/US2014/029150

[GSACQRHM] (SEQ ID NO: 1), where square brackets (“[]”’) indicate amino acids that are
typically present at that position, squiggly brackets (“{}”) indicate amino acids that amino acids
that are typically not present at that position, and “x” denotes any amino acid or a gap. X(9) for
example denotes any amino acids or gaps for nine consecutive positions. Those skilled in the art
will be aware of methods to determine whether a give polypeptide domain is a reductase domain.
[0035] Small molecule: As used herein, the term “small molecule” means a low molecular
weight organic compound that may serve as an enzyme substrate or regulator of biological
processes. In general, a “small molecule” is a molecule that is less than about 5 kilodaltons (kD)
in size. In some embodiments, provided nanoparticles further include one or more small
molecules. In some embodiments, the small molecule is less than about 4 kD, 3 kD, about 2 kD,
or about 1 kD. In some embodiments, the small molecule is less than about 800 daltons (D),
about 600 D, about 500 D, about 400 D, about 300 D, about 200 D, or about 100 D. In some
embodiments, a small molecule is less than about 2000 g/mol, less than about 1500 g/mol, less
than about 1000 g/mol, less than about 800 g/mol, or less than about 500 g/mol. In some
embodiments, one or more small molecules are encapsulated within the nanoparticle. In some
embodiments, small molecules are non-polymeric. In some embodiments, in accordance with
the present invention, small molecules are not proteins, polypeptides, oligopeptides, peptides,
polynucleotides, oligonucleotides, polysaccharides, glycoproteins, proteoglycans, etc. In some
embodiments, a small molecule is a therapeutic. In some embodiments, a small molecule is an
adjuvant. In some embodiments, a small molecule is a drug.

[0036] Surfactin: Surfactin is cyclic lipopeptide that is naturally produced by certain
bacteria, including the Gram-positive endospore-forming bacteria Bacillus subtilis. Surfactin is
an amphiphilic molecule (having both hydrophobic and hydrophilic properties) and is thus
soluble in both organic solvents and water. Surfactin exhibits exceptional surfactant properties,
making it a commercially valuable molecule. Due to its surfactant properties, surfactin also
functions as an antibiotic. For example, surfactin is known to be effective as an anti-bacterial,
anti-viral, anti-fungal, anti-mycoplasma and hemolytic compound. Surfactin is capable of
penetrating the cell membranes of all types of bacteria, including both Gram-negative and Gram-
positive bacteria, which differ in the composition of their membrane. Gram-positive bacteria

have a thick peptidoglycan layer on the outside of their phospholipid bilayer. In contrast, Gram-
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negative bacteria have a thinner peptidoglycan layer on the outside of their phospholipid bilayer,
and further contain an additional outer lipopolysaccharide membrane. Surfactin’s surfactant
activity permits it to create a permeable environment for the lipid bilayer and causes disruption
that solubilizes the membrane of both types of bacteria. In order for surfactin to carry out
minimal antibacterial effects, the minimum inhibitory concentration (MIC) is in the range of 12—
50 ug/ml. In addition to its antibacterial properties, surfactin also exhibits antiviral properties,
and its known to disrupt enveloped viruses such as HIV and HSV. Surfactin not only disrupts
the lipid envelope of viruses, but also their capsids through ion channel formations. Surfactin
isoforms containing fatty acid chains with 14 or 15 carbon atoms exhibited improved viral
inactivation, thought to be due to improved disruption of the viral envelope. Surfactin consists
of a seven amino acid peptide loop, and a hydrophobic fatty acid chain (beta-hydroxy myristic
acid) that is thirteen to fifteen carbons long. The fatty acid chain allows permits surfactin to
penetrate cellular membranes. The peptide loop comprises the amino acids L-asparagine, L-
leucine, glycine, L-leucine, L-valine and two D-leucines. Glycine and asparagine residues at
positions 1 and 6 respectively, constitute a minor polar domain. On the opposite side, valine
residue at position 4 extends down facing the fatty acid chain, making up a major hydrophobic
domain. Surfactin is synthesized by the surfactin synthetase complex, which comprises the three
surfactin synthetase polypeptide subunits SrfA-A, SrfA-B, and SrfA-C. The surfactin synthetase
polypeptide subunits SrfA-A and SrfA-B each comprise three peptide synthetase domains, each
of which adds a single amino acid to the growing surfactin peptide, while the monomodular
surfactin synthetase polypeptide subunit SrfA-C comprises a single peptide synthetase domain
and adds the last amino acid residue to the heptapeptide. Additionally the SrfA-C subunit
comprises a thioesterase domain, which catalyzes the release of the product via a nucleophilic
attack of the beta-hydroxy of the fatty acid on the carbonyl of the C-terminal Leu of the peptide,
cyclizing the molecule via formation of an ester. The spectrum of the beta-hydroxy fatty acids
was elucidated as iso, anteiso C13, iso, normal C14 and iso, anteiso C15, and a recent study has
indicated that surfactin retains an R configuration at C-beta (Nagai et al., Study on surfactin, a
cyclic depsipeptide. 2. Synthesis of surfactin B2 produced by Bacillus natto KMD 2311. Chem
Pharm Bull (Tokyo) 44: 5-10, 1996).
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[0037] Surfactin is a lipopeptide synthesized by the surfactin synthetase complex. Surfactin
comprises seven amino acids, which are initially joined by peptide bonds, as well as a beta-
hydroxy fatty acid covalently linked to the first amino acid, glutamate. However, upon addition
the final amino acid (leucine), the polypeptide is released and the thioesterase domain of the
SRFC protein catalyzes the release of the product via a nucleophilic attack of the beta-hydroxy
of the fatty acid on the carbonyl of the C-terminal Leu of the peptide, cyclizing the molecule via
formation of an ester, resulting in the C-terminus carboxyl group of leucine attached via a
lactone bond to the b-hydroxyl group of the fatty acid.

[0038] Thioesterase domain: The term “thioesterase domain” as used herein refers to a
polypeptide domain that catalyzes release of an acyl amino acid produced by a peptide
synthetase complex from the peptide synthetase complex. A variety of thioesterase domains are
found in nature in nonribosomal peptide synthetase complexes from a variety of species. A non-
limiting example of a thioesterase domain that may be used in accordance with the present
invention includes the thioesterase domain from the Bacillus subtilis surfactin synthetase
complex, present in Srf-C subunit. However, any thioesterase domain that releases an acyl
amino acid produced by a peptide synthetase complex from the peptide synthetase complex may
be used in accordance with the present invention. In some embodiments, thioesterase domains
are characterized by the presence of the consensus sequence: [LIV]-{KG}-[LIVFY]-[LIVMST]-
G-[HYWV]-S-{YAG}-G-[GSTAC] (SEQ ID NO: 2), where square brackets (“[]”) indicate
amino acids that are typically present at that position, and squiggly brackets (“{}”) indicate
amino acids that amino acids that are typically not present at that position. Those skilled in the
art will be aware of methods to determine whether a give polypeptide domain is a thioesterase

domain.

Engineered Polypeptides Useful in the Generation of Acyl Amino Acids

[0039] The present invention provides compositions and methods for the generation of acyl
amino acids. In certain embodiments, compositions of the present invention comprise
engineered polypeptides that are useful in the production of acyl amino acids. In certain
embodiments, engineered polypeptides of the present invention comprise a peptide synthetase

domain.
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[0040] In one aspect, the present invention encompasses the recognition that a single peptide
synthetase domain, not associated (e.g., not associated covalently and/or not otherwise
associated) with, for example, another domain typically found in a peptide synthetase complex
(e.g., a fatty acid linkage domain, a thioesterase domain, a reductase domain, etc. and/or a
combination thereof), can be sufficient to produce an acyl amino acid as described herein.

[0041] In accordance with many embodiments of the present invention, peptide synthetase
domains useful for the production of acyl amino acids as described herein, correspond and/or
show significant homology and/or identity to a first peptide synthetase domain found in a
naturally-occurring peptide synthetase complex. That is, as is known in the art, some peptide
synthetase domains (i.e., some polypeptides comprising adenylation (A), thiolation (T), and
condensation (C) domains) catalyze condensation of a fatty acid with an amino acid, and some
catalyze condensation of two amino acids with one another. In accordance with the some
embodiments of the present invention, peptide synthetase domains useful for the production of
acyl amino acids as described herein are those that catalyze condensation of an amino acid with a
fatty acid; such peptide synthetase domains are typically utilized herein in a form (e.g., as part of
a polypeptide) that is separated from and/or does not include another peptide synthetase domain.
Many naturally-occurring peptide synthetase domains are found in nature within peptide
synthetase complexes that synthesize lipopeptides. Such peptide synthetase complexes are
multienzymatic complexes found in both prokaryotes and eukaryotes, and comprising one or
more enzymatic subunits that catalyze the non-ribosomal production of a variety of peptides (see,
for example, Kleinkauf et al., Annu. Rev. Microbiol. 41:259-289, 1987, see also U.S. Patent
Number 5,652,116 and U.S. Patent Number 5,795,738). Non-ribosomal synthesis is also known
as thiotemplate synthesis (see e.g., Kleinkauf et al.). Peptide synthetase complexes typically
include one or more peptide synthetase domains that recognize specific amino acids and are
responsible for catalyzing addition of the amino acid to the polypeptide chain.

[0042] The catalytic steps in the addition of amino acids typically include: recognition of an
amino acid by the peptide synthetase domain, activation of the amino acid (formation of an
amino-acyladenylate), binding of the activated amino acid to the enzyme via a thioester bond

between the carboxylic group of the amino acid and an SH group of an enzymatic co-factor,
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which cofactor is itself bound to the enzyme inside each peptide synthetase domain, and
formation of the peptide bonds among the amino acids.

[0043] A peptide synthetase domain comprises subdomains that carry out specific roles in
these steps to form the peptide product. One subdomain, the adenylation (A) domain, is
responsible for selectively recognizing and activating the amino acid that is to be incorporated by
a particular unit of the peptide synthetase. The activated amino acid is joined to the peptide
synthetase through the enzymatic action of another subdomain, the thiolation (T) domain, that is
generally located adjacent to the A domain. Amino acids joined to successive units of the
peptide synthetase are subsequently linked together by the formation of amide bonds catalyzed
by another subdomain, the condensation (C) domain.

[0044] Peptide synthetase domains that catalyze the addition of D-amino acids often also
have the ability to catalyze the recemization of L-amino acids to D-amino acids. Peptide
synthetase complexes also typically include a conserved thioesterase domain that terminates the
growing amino acid chain and releases the product.

[0045] The genes that encode peptide synthetase complexes have a modular structure that
parallels the functional domain structure of the complexes (see, for example, Cosmina et al.,
Mol. Microbiol. 8:821, 1993; Kratzxchmar et al., J. Bacteriol. 171:5422, 1989; Weckermann et
al., Nuc. Acids res. 16:11841, 1988; Smith et al., EMBO J. 9:741, 1990; Smith et al., EMBO J.
9:2743, 1990; MacCabe et al., J. Biol. Chem. 266:12646, 1991; Coque et al., Mol. Microbiol.
5:1125, 1991; Diez et al., J. Biol. Chem. 265:16358, 1990).

[0046] Hundreds of peptides are known to be produced by peptide synthetase complexes.
Such nonribosomally-produced peptides often have non-linear structures, including cyclic
structures exemplified by the peptides surfactin, cyclosporin, tyrocidin, and mycobacillin, or
branched cyclic structures exemplified by the peptides polymyxin and bacitracin. Moreover,
such nonribosomally-produced peptides may contain amino acids not usually present in
ribosomally-produced polypeptides such as for example norleucine, beta-alanine and/or
ornithine, as well as D-amino acids. Additionally or alternatively, such nonribosomally-
produced peptides may comprise one or more non-peptide moieties that are covalently linked to
the peptide. As one non-limiting example, surfactin is a cyclic lipopeptide that comprises a beta-

hydroxy fatty acid covalently linked to the first glutamate of the lipopeptide. Other non-peptide
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moieties that are covalently linked to peptides produced by peptide synthetase complexes are
known to those skilled in the art, including for example sugars, chlorine or other halogen groups,
N-methyl and N-formyl groups, glycosyl groups, acetyl groups, etc.

[0047] Typically, each amino acid of the non ribosomally-produced peptide is specified by a
distinct peptide synthetase domain. For example, the surfactin synthetase complex which
catalyzes the polymerization of the lipopeptide surfactin consists of three enzymatic subunits.
The first two subunits each comprise three peptide synthetase domains, whereas the third has
only one. These seven peptide synthetase domains are responsible for the recognition, activation,
binding and polymerization of L-Glu, L-Leu, D-Leu, L-Val, L-Asp, D-Leu and L-Leu, the amino
acids present in surfactin.

[0048] A similar organization in discrete, repeated peptide synthetase domains occurs in
various peptide synthetase genes in a variety of species, including bacteria and fungi, for
example srfA (Cosmina et al., Mol. Microbiol. 8, 821-831, 1993), grsA and grsB (Kratzxchmar
et al., J. Bacterial. 171, 5422-5429, 1989) tycA and tycB (Weckermann et al., Nucl. Acid. Res.
16, 11841-11843, 1988) and ACV from various fungal species (Smith et al., EMBO J. 9, 741-
747, 1990; Smith et al., EMBO J. 9, 2743-2750, 1990; MacCabe et al., J. Biol. Chem. 266,
12646-12654, 1991; Coque et al., Mol. Microbiol. 5, 1125-1133, 1991; Diez et al., J. Biol.
Chem. 265, 16358-16365, 1990). The peptide synthetase domains of even distant species
contain sequence regions with high homology, some of which are conserved and specific for all
the peptide synthetases. Additionally, certain sequence regions within peptide synthetase
domains are even more highly conserved among peptide synthetase domains which recognize the
same amino acid (Cosmina et al., Mol. Microbiol. 8, 821-831, 1992).

[0049] Exemplary lipopeptides synthesized by peptide synthetase complexes in nature are
listed below in Table 1 (See also the NORINE database, which provides access to information on
peptides and lipopeptides that are known to be, or in some cases believed to be, produced by

peptide synthetase enzymes; still further, see Segolene et al. (Ref 4)).
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Exemplary Lipopeptides Synthesized by Peptide Synthetases

Lipopeptide Name

Fatty Acid Component

Fatty Acid Component nhame

[Ala4]surfactin aC15

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[Ala4]surfactin iC14 iC14:0-OH(3) 3-hydroxy-12-methyl-tridecanoic acid

[Ala4]surfactin iC15 iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic
acid

[Ala4]surfactin nC14 C14:0-OH(3) 3-hydroxy-tetradecanoic acid

[Ala4]surfactin nC15 C15:0-OH(3) 3-hydroxy-pentadecanoic acid

[GIn1]surfactin C15:0-OH(3) 3-hydroxy-pentadecanoic acid

[GIn1]surfactin aC15

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[GIn1]surfactin iC15

iC15:0-OH(3)

3-hydroxy-13-methyl-tetradecanoic
acid

[lle2.4.7]surfactin

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[lled.7]surfactin

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[lled]surfactin

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[lle7]surfactin

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[Leud]surfactin

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

[Phe25]syringopeptin 25A

C10:0-OH(3)

3-hydroxy-decanoic acid

[Val7]surfactin aC15:0-OH(3) 3-hydroxy-12-methyl-tetradecanoic
acid

A21978C1 aC11:0 8-methyldecanoic acid

A21978C2 iC12:0 10-methylundecanoic acid

A21978C3 aC13:0 10-methyldodecanoic acid

A54145 A iC10:0 decanoic acid

A54145 A1 C10:0 decanoic acid

A54145 B C10:0 decanoic acid

A54145 B1 iC10:0 decanoic acid

A54145 C aC11:0 8-methyldecanoic acid

A54145D aC11:0 8-methyldecanoic acid

AS54145 E aC11:0 8-methyldecanoic acid

A54145 F iC10:0 decanoic acid

amphibactin B C14:0-OH(3) 3-hydroxy-tetradecanoic acid

amphibactin C

C16:1(9)-OH(3)

3-hydroxy-9-hexadecenoic acid

amphibactin D

C14:0

tetradecanoic acid

amphibactin E

C16:1(9)

9-hexadecenoic acid

amphibactin F

C16:0-OH(3)

3-hydroxy-hexadecanoic acid

amphibactin G

C18:1(9)-OH(3)

3-hydroxy-9-octadecenoic acid

amphibactin H

C16:0

hexadecanoic acid

amphibactin |

C18:1(9)

9-octadecenoic acid
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amphisin C10:0-OH(3) 3-hydroxy-decanoic acid
amphomycin A1437 A iC13:1(3) 11-methyl-3-dodecenoic acid
amphomycin A1437 B iC14:1(3) 12-methyl-3-tridecenoic acid
amphomycin A1437 D aC15:1(3) 12-methyl-3-tetradecenoic acid
amphomycin A1437 E aC13:1(3) 10-methyl-3-dodecenoic acid
apramide A C8:0:1(7)-Me(2) 2-methylact-7-ynoic acid
apramide B C8:0:1(7) oct-7-ynoic acid

apramide C C9:1(8)-Me(2) 2-methyl-8-noneic acid
apramide D C8:0:1(7)-Me(2) 2-methylact-7-ynoic acid
apramide E C8:0:1(7) oct-7-ynoic acid

apramide F C9:1(8)-Me(2) 2-methyl-8-noneic acid
apramide G C8:0:1(7)-Me(2) 2-methylact-7-ynoic acid

aquachelin A C12:1(5) 2-methyl-5-dodecenoic acid
aquachelin B C12:0 dodecanoic acid
aquachelin C C14:1(7) 7-tetradecenoic acid
aquachelin D C14:0 tetradecanoic acid
arthrofactin C10:0-OH(3) 3-hydroxy-decanoic acid
arylomycin A1 iC11:0 9-methyldecanoic acid
arylomycin A2 iC12:0 10-methylundecanoic acid
arylomycin A3 C12:.0 dodecanoic acid

arylomycin A4 aC13:0 10-methyldodecanoic acid
arylomycin A5 iC14:0 12-methyl-tridecanoic acid
arylomycin B1 iC11:0 9-methyldecanoic acid
arylomycin B2 iC12:0 10-methylundecanoic acid
arylomycin B3 C12:.0 dodecanoic acid
arylomycin B4 aC13:.0 10-methyldodecanoic acid
arylomycin B5 iC13:0 11-methyldodecanoic acid
arylomycin B6 iC14:0 12-methyl-tridecanoic acid
arylomycin B7 aC15:0 12-methyltetradecanoic acid

bacillomycin D-1

C14:0-NH2(3)

3-amino-tetradecanoic acid

bacillomycin D-2

iC15:0-NH2(3)

3-amino-13-methyl-tetradecanoic
acid

bacillomycin D-3

aC15:0-NH2(3)

3-amino-12-methyl-tetradecanoic
acid

bacillomycin D-4

C16:0-NH2(3)

3-amino-hexadecanoic acid

bacillomycin D-5

iC16:0-NH2(3)

3-amino-14-methyl-pentadecanoic
acid

bacillomycin F-1

iC15:0-NH2(3)

3-amino-13-methyl-tetradecanoic
acid

bacillomycin F-2

aC15:0-NH2(3)

3-amino-12-methyl-tetradecanoic
acid

bacillomycin F-3

iC16:0-NH2(3)

3-amino-14-methyl-pentadecanoic
acid

bacillomycin F-4

C16:0-NH2(3)

3-amino-hexadecanoic acid

bacillomycin F-5

iC17:0-NH2(3)

3-amino-15-methyl-hexadecanoic
acid

bacillomycin F-6

aC17:0-NH2(3)

3-amino-14-methyl-hexadecanoic
acid

bacillomycin L-1

C14:0-NH2(3)

3-amino-tetradecanoic acid
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bacillomycin L-2

iC15:0-NH2(3)

3-amino-13-methyl-tetradecanoic
acid

bacillomycin L-3

aC15:0-NH2(3)

3-amino-12-methyl-tetradecanoic
acid

bacillomycin L-4

C16:0-NH2(3)

3-amino-hexadecanoic acid

bacillomycin L-5

iC16:0-NH2(3)

3-amino-14-methyl-pentadecanoic
acid

beauverolide A

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide B

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide Ba

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide C

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide Ca

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide D

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide E

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide Ea

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide F

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide Fa

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide H

C9:0-OH(3)

3-hydroxy-nonanoic acid

beauverolide |

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide Il

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide Il

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide IV

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide Ja

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide Ka

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide L

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide La

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

beauverolide M

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide N

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide V

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide VI

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide VI

C8:0-Me(4)-OH(3)

4-methyl-3-hydroxy-octanoic acid

beauverolide VIl

C10:0-Me(4)-OH(3)

3-hydroxy-4-methyl-decanoic acid

callipeltin A iC8:0-Me(2.4)-OH(3) 2,4_1,6-trimethyl-3-hydroxy-heptanoic
callipeltin C iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin D iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin F iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin G iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin H iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin | iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin J iC8:0-Me(2.4)-OH(3) g?fG-trimethyl-B-hydroxy-heptanoic
callipeltin K iC8:0-Me(2.4)-OH(3) g,céll(,jG-trimethyl-B-hydroxy-heptanoic

acid
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callipeltin L iC8:0-Me(2.4)-OH(3) 2,4 6-trimethyl-3-hydroxy-heptanoic
acid

carmabin A C10:0:1(9)-Me(2.4) 2,4-dimethyl-dec-9-ynoic acid

carmabin B C10:0-Me(2.4)-0x0(9) 9-oxo0-2,4-dimethyldecanoic acid

CDA1b C6:0-Ep(2) 2-epoxy-hexanoic acid

CDAZa C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA2b C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA2d C6:0-Ep(2) 2-epoxy-hexanoic acid

CDAZfa C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA2fb C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA3a C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA3b C6:0-Ep(2) 2-epoxy-hexanoic acid

CDAda C6:0-Ep(2) 2-epoxy-hexanoic acid

CDA4b C6:0-Ep(2) 2-epoxy-hexanoic acid

cormycin A C16:0-OH(3.4) 3,4-dihydroxy-hexadecanoic acid

corpeptin A C10:0-OH(3) 3-hydroxy-decanoic acid

corpeptin B C12:1(5)-OH(3) 3-hydroxy-5-dodecenoic acid

corrugatin C8:0 octanoic acid

daptomycin C10:0 decanoic acid

enduracidin A iC12:2(2.t4) 10-methyl-2 trans4-undecanoic acid

enduracidin B aC13:2(2.t4) 10-methyl-2,trans4-dodecenoic acid

fengycin A C16:0-OH(3) 3-hydroxy-hexadecanoic acid

fengycin B C16:0-OH(3) 3-hydroxy-hexadecanoic acid

friulimicin A iC13:1(3) 11-methyl-3-dodecenoic acid

friulimicin B iC14:1(3) 12-methyl-3-tridecenoic acid

friulimicin C aC13:1(3) 10-methyl-3-dodecenoic acid

friulimicin D aC15:1(3) 12-methyl-3-tetradecenoic acid

fuscopeptin A C8:0-OH(3) 3-hydroxy-octanoic acid

fuscopeptin B C10:0-OH(3) 3-hydroxy-decanoic acid

lle-polymyxin B1 aC9:0 6-methyloctanoic acid

lle-polymyxin E1 aC9:0 6-methyloctanoic acid

lle-polymyxin E2 iC8:0 6-methylheptanoic acid

lle-polymyxin E8 aC10:0 8-methyldecanoic acid

iturin A-1 C13:0-NH2(3) 3-amino-tridecanoic acid

iturin A-2 C14:0-NH2(3) 3-amino-tetradecanoic acid

iturin A-3 aC15:0-NH2(3) 3-amino-12-methyl-tetradecanoic
acid

iturin A-4 iC15:0-NH2(3) 3-amino-13-methyl-tetradecanoic
acid

iturin A-5 C15:0-NH2(3) 3-amino-pentadecanoic acid

iturin A-6 iC16:0-NH2(3) 3-amino-14-methyl-pentadecanoic
acid

iturin A-7 C16:0-NH2(3) 3-amino-hexadecanoic acid

iturin A-8 aC17:0-NH2(3) 3-amino-14-methyl-hexadecanoic
acid

iturin C-1 iC14:0-NH2(3) 3-amino-12-methyl-tridecanoic acid

iturin C-2 aC15:0-NH2(3) 3-amino-12-methyl-tetradecanoic
acid

iturin C-3 iC16:0-NH2(3) 3-amino-14-methyl-pentadecanoic
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acid

iturin C-4

aC17:0-NH2(3)

3-amino-14-methyl-hexadecanoic
acid

kulomo opunalide 1

C8:0:1(7)-Me(2)-OH(3)

2-methyl-3-hydroxy-7-octynoic acid

kulomo opunalide 2

C8:0:1(7)-Me(2)-OH(3)

2-methyl-3-hydroxy-7-octynoic acid

lichenysin A aC13 aC13:0-OH(3) 3-hydroxy-10-methyl-dodecanoic
acid

lichenysin A aC15 aC15:0-OH(3) 3-hydroxy-12-methyl-tetradecanoic
acid

lichenysin A aC17 aC17:0-OH(3) 3-hydroxy-14-methyl-hexadecanoic

acid

lichenysin A iC12 iC12:0-OH(3) 3-hydroxy-10-methyl-undecanoic
acid

lichenysin A iC13 iC13:0-OH(3) 3-hydroxy-11-methyl-dodecanoic
acid

lichenysin A iC14 iC14:0-OH(3) 3-hydroxy-12-methyl-tridecanoic acid

lichenysin A iC15 iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic
acid

lichenysin A iC16 iC16:0-OH(3) 3-hydroxy-14-methyl-pentadecanoic
acid

lichenysin A iC17 iC17:0-OH(3) 3-hydroxy-15-methyl-hexadecanoic
acid

lichenysin A nC12 C12:0-OH(3) 3-hydroxy-dodecanoic acid

lichenysin A nC13 C13:0-OH(3) 3-hydroxy-tridecanoic acid

lichenysin A nC14 C14:0-OH(3) 3-hydroxy-tetradecanoic acid

lichenysin A nC15 C15:0-OH(3) 3-hydroxy-pentadecanoic acid

lichenysin A nC16 C16:0-OH(3) 3-hydroxy-hexadecanoic acid

lokisin C10:0-OH(3) 3-hydroxy-decanoic acid

marinobactin A C12:0 dodecanoic acid

marinobactin B C14:1(7) 7-tetradecenoic acid

marinobactin C C14:0 tetradecanoic acid

marinobactin D1 C16:1(9) 9-hexadecenoic acid

marinobactin D2 C16:1(7) 7-hexadecenoic acid

marinobactin E C16:0 hexadecanoic acid

massetolide A C10:0-OH(3) 3-hydroxy-decanoic acid

massetolide B C11:0-OH(3) 3-hydroxy-undecanoic acid

massetolide C C12:0-OH(3) 3-hydroxy-dodecanoic acid

massetolide D C10:0-OH(3) 3-hydroxy-decanoic acid

massetolide E C10:0-OH(3) 3-hydroxy-decanoic acid

massetolide F C10:0-OH(3) 3-hydroxy-decanoic acid

massetolide G C11:0-OH(3) 3-hydroxy-undecanoic acid

massetolide H C12:0-OH(3) 3-hydroxy-dodecanoic acid

massetolide L C10:0-OH(3) 3-hydroxy-decanoic acid

mycosubtilin 1

C16:0-NH2(3)

3-amino-hexadecanoic acid

mycosubtilin 2

iC16:0-NH2(3)

3-amino-14-methyl-pentadecanoic
acid

mycosubtilin 3

iC17:0-NH2(3)

3-amino-15-methyl-hexadecanoic
acid

mycosubtilin 4

aC17:0-NH2(3)

3-amino-14-methyl-hexadecanoic
acid
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neamphamide A

iC8:0-Me(2.4)-OH(3)

2,4 6-trimethyl-3-hydroxy-heptanoic
acid

Nva-polymyxin E1 aC9:0 6-methyloctanoic acid

papuamide A aC11:2(4.6)-Me(2.6)-OH(2.3) 2,3-dihydroxy-2,6,8-trimethyldeca-
(4Z,6E)-dienoic acid

papuamide B aC11:2(4.6)-Me(2.6)-OH(2.3) 2,3-dihydroxy-2,6,8-trimethyldeca-
(4Z,6E)-dienoic acid

papuamide C aC11:2(4.6)-Me(2.6)-OH(2.3) 2,3-dihydroxy-2,6,8-trimethyldeca-
(4Z,6E)-dienoic acid

papuamide D aC11:2(4.6)-Me(2.6)-OH(2.3) 2,3-dihydroxy-2,6,8-trimethyldeca-
(4Z,6E)-dienoic acid

pholipeptin C10:0-OH(3) 3-hydroxy-decanoic acid

plusbacin A1 C14:0-OH(3) 3-hydroxy-tetradecanoic acid

plusbacin A2 iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic
acid

plusbacin A3 iC16:0-OH(3) 3-hydroxy-14-methyl-pentadecanoic
acid

plusbacin A4 C16:0-OH(3) 3-hydroxy-hexadecanoic acid

plusbacin B1 C14:0-OH(3) 3-hydroxy-tetradecanoic acid

plusbacin B2 iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic
acid

plusbacin B3 iC16:0-OH(3) 3-hydroxy-14-methyl-pentadecanoic
acid

plusbacin B4 C16:0-OH(3) 3-hydroxy-hexadecanoic acid

polymyxin B1 aC9:0 6-methyloctanoic acid

polymyxin B2 iC8:0 6-methylheptanoic acid

polymyxin B3 C8:0 octanoic acid

polymyxin B4 C7:0 heptanoic acid

polymyxin B5 C9:0 nonanoic acid

polymyxin B6 aC9:0-OH(3) 3-hydroxy-6-methyloctanoic acid

polymyxin E1 aC9:0 6-methyloctanoic acid

polymyxin E2 iC8:0 6-methylheptanoic acid

polymyxin E3 C8:0 octanoic acid

polymyxin E4 C7:0 heptanoic acid

polymyxin E7 iC9:0 7-methyloctanoic acid

polymyxin M aC9:0 6-methyloctanoic acid

pseudomycin A C14:0-OH(3.4) 3,4-dihydroxy-tetradecanoic acid

pseudomycin B C14:0-OH(3) 3-hydroxy-tetradecanoic acid

pseudomycin C C16:0-OH(3.4) 3,4-dihydroxy-hexadecanoic acid

pseudomycin C2 C16:0-OH(3) 3-hydroxy-hexadecanoic acid

pseudophomin A C10:0-OH(3) 3-hydroxy-decanoic acid

pseudophomin B C12:0-OH(3) 3-hydroxy-dodecanoic acid

putisolvin | C6:0 hexanoic acid

putisolvin Il C6:0 hexanoic acid

putisolvin Il C6:0 hexanoic acid

ramoplanin A1 C8:2(2.t4) 2 trans4-octenoic acid

ramoplanin A2 iC9:2(2.14) 2 trans4-7-methyl-octenoic acid

ramoplanin A3 iC10:2(2.t4) 2 trans4-8-methyl-noneoic acid

serrawettin W1 C10:0-OH(3) 3-hydroxy-decanoic acid
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serrawettin W2

C10:0-OH(3)

3-hydroxy-decanoic acid

surfactin aC13

aC13:0-OH(3)

3-hydroxy-10-methyl-dodecanoic
acid

surfactin aC15

aC15:0-OH(3)

3-hydroxy-12-methyl-tetradecanoic
acid

surfactin iC12 iC12:0-OH(3) 3-hydroxy-10-methyl-undecanoic
acid
surfactin iC14 iC14:0-OH(3) 3-hydroxy-12-methyl-tridecanoic acid
surfactin iC15 iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic
acid
surfactin iC16 iC16:0-OH(3) 3-hydroxy-14-methyl-pentadecanoic
acid
surfactin nC13 C13:0-OH(3) 3-hydroxy-tridecanoic acid
surfactin nC14 C14:0-OH(3) 3-hydroxy-tetradecanoic acid
surfactin nC15 C15:0-OH(3) 3-hydroxy-pentadecanoic acid
syringafactin A C10:0-OH(3) 3-hydroxy-decanoic acid
syringafactin B C10:0-OH(3) 3-hydroxy-decanoic acid
syringafactin C C10:0-OH(3) 3-hydroxy-decanoic acid
syringafactin D C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringafactin E C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringafactin F C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringomycin A1 C10:0-OH(3) 3-hydroxy-decanoic acid
syringomycin E C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringomycin G C14:0-OH(3) 3-hydroxy-tetradecanoic acid
syringopeptin 22 PhvA C10:0-OH(3) 3-hydroxy-decanoic acid
syringopeptin 22 PhvB C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringopeptin 22A C10:0-OH(3) 3-hydroxy-decanoic acid
syringopeptin 22B C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringopeptin 25A C10:0-OH(3) 3-hydroxy-decanoic acid
syringopeptin 25B C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringopeptin 508A C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringopeptin 508B C14:0-OH(3) 3-hydroxy-tetradecanoic acid
syringopeptin SC 1 C10:0-OH(3) 3-hydroxy-decanoic acid
syringopeptin SC 2 C12:0-OH(3) 3-hydroxy-dodecanoic acid
syringostatin A C14:0-OH(3) 3-hydroxy-tetradecanoic acid
syringostatin B C14:0-OH(3.4) 3,4-dihydroxy-tetradecanoic acid
syringotoxin B C14:0-OH(3) 3-hydroxy-tetradecanoic acid
tensin C10:0-OH(3) 3-hydroxy-decanoic acid
tolaasin A Pda pentanedioic acid
tolaasin B C8:0-OH(3) 3-hydroxy-octanoic acid
tolaasin C C8:0-OH(3) 3-hydroxy-octanoic acid
tolaasin D C8:0-OH(3) 3-hydroxy-octanoic acid
tolaasin E C8:0-OH(3) 3-hydroxy-octanoic acid
tolaasin | C8:0-OH(3) 3-hydroxy-octanoic acid
tolaasin I C8:0-OH(3) 3-hydroxy-octanoic acid
tripropeptin A iC13:0-OH(3) 3-hydroxy-11-methyl-dodecanoic
acid
tripropeptin B iC14:0-OH(3) 3-hydroxy-12-methyl-tridecanoic acid
tripropeptin C iC15:0-OH(3) 3-hydroxy-13-methyl-tetradecanoic

29




WO 2014/144649

PCT/US2014/029150

acid

tripropeptin D iC16:0-OH(3) 3-hydroxy-14-methyl-pentadecanoic
acid

tripropeptin E iC17:0-OH(3) 3-hydroxy-15-methyl-hexadecanoic
acid

tripropeptin Z iC12:0-OH(3) 3-hydroxy-10-methyl-undecanoic
acid

Val-polymyxin E1 aC9:0 6-methyloctanoic acid

Val-polymyxin E2 iC8:0 6-methylheptanoic acid

viscosin C10:0-OH(3) 3-hydroxy-decanoic acid

viscosinamide C10:0-OH(3) 3-hydroxy-decanoic acid

White Line Inducing Principle C10:0-OH(3) 3-hydroxy-decanoic acid

[0050] The present invention appreciates that, typically, in peptide synthetase complexes that

synthesize lipopeptides, the first active peptide synthetase domain is the one that links a fatty

acid to an amino acid; subsequent peptide synthetase domains typically add additional amino

acids. In accordance with certain embodiments of the present invention, an acyl amino acid is

prepared through use of an engineered peptide synthetase that comprises a first peptide

synthetase domain found in a peptide synthetase complex that synthesizes a lipopeptide, and is

engineered in that it is separated from at least some other domains found in the peptide

synthetase complex.

[0051] Fatty acids utilized by naturally-occurring peptide synthetases can be B-hydroxy fatty

acids (e.g., as found in surfactin and other B-hydroxy lipo-peptides described in Table 1). In

other cases, utilized fatty acids are a f-amino fatty acid (for example, Iturin; see Table 1). In

certain instances, utilized fatty acids are unmodified at the B-position (e.g., as in daptomycin and

certain other lipo-peptides described in Table 1).

[0052] As described herein, the present invention encompasses the appreciation that, for all

three types of fatty acids utilized by peptide synthetases that synthesize lipopeptides, the the first

protein domain of the first module of the relevant peptide synthetase complex typically plays a

critical role in lipo-initiation. However, the precise mechanism of lipo-initiation differs for each

of the three types of fatty acid. In general terms, the first modules of a peptide synthetase

enzyme, which naturally creates a lipo-peptide, has a particular organization. Each module

begins with a condensation domain that is required for the lipo-initiation reaction. The

condensation domain is followed by an adenylation domain, which is followed by a thiolation

domain (also known as a peptidyl carrier protein (PCP) domain). The adenylation domain
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selects the 1st amino acid that will be incorporated into the lipo-peptide and creates an amino
acid adenylate. Subsequent to adenylation, the amino acid becomes tethered to the enzyme via
linkage to a phosphopantethione moiety, which is attached to the thiolation domain. The
chemical reaction that results in tethering of the amino acid releases AMP as a byproduct.

[0053] For synthetases that attach a B-hydroxy fatty acid to the bound amino acid, the
condensation domain of the first module utilizes B-hydroxy fatty acid CoA as a substrate, and
transfers the fatty acid to the N-terminus of the amino acid substrate, which is tethered to the
thiolation domain. No enzyme activity, other than the activity of the C-domain itself, is required
for this particular reaction, although it has been reported that the srfD protein stimulates the lipo-
initiation reaction (see Steller et al., which was cited in 7,981,685) (Ref 5).

[0054] For synthetases that attach a B-amino group to the fatty acid, the condensation domain
has several sub-domains, each of which has a particular function (see Figure 6 of Duitman et al.)
(Ref 6). Considering the iturin synthetase as a specific examples (also known as the
mycosubtilin synthetase), the mechanism of lipo-initiation is the following (see Hansen et al.,
(Ref 7) and Aron et al., (Ref 8) for details): the acyl ligase domain adenylates a long-chain fatty
acid (in this case myristic) and the fatty acid is then transferred to an enzyme-linked 4-
phosphopantetheine and AMP is released, in a separate reaction, the fenF gene product catalyzes
the transfer of malonate (from manonyl-CoA) to a second acyl carrier domain (located within
module 1). The B-ketoacyl synthetase domain catalyzes the condensation of the malonyl and
acyl thioesters, creating a -keto thioester, the B-keto thioester is converted into a 3-amino fatty
acid by a transaminase domain homologous to amino acid transferases, the § amino fatty acid is
transferred to a thiolation domain and is then joined to the substrate amino acid (in this case
asparagine), which was previously linked to the enzyme via the action of the module 1
adenylation domain. This series of reactions results in the joining of a beta-amino fatty acid to
an amino acid.

[0055] For synthetases that attach fatty acids that are unmodified at the B-position, the
condensation domain of the 1st module catalyzes the transfer of the fatty acid to the N-terminus
of the amino acid substrate, which is tethered to the thiolation domain. Considering the
daptomycin synthetase as an example, two additional proteins are involved: an acyl-CoA ligase

(DptE) (sequence listing GenBank: AAX31555.1) and an acyl carrier protein (DptF) (sequence
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listing GenBank: AAX31556.1). DptE activates the fatty acid substrate by linking it to CoA, and
the activated fatty acid is then transferred to DptF, and subsequently transferred to the enzyme-
bound amino acid substrate (see Wittmann et al.) (Ref 9). Note that studies conducted in vitro
have confirmed that DptE transfers the fatty acid to DptF, but experiments aimed at
demonstrating the involvement of the condensation domain in subsequent transfer of the fatty
acid from DptF to the amino acid substrate appears not to have been reported in the literature.
[0056] Phylogenetic analysis of peptide synthetase condensation domains is described in
Roongsawang et al. (Ref 2), and in Rausch et al. (Ref 3). Those of ordinary skill in the art,
guided by the present disclosure, and optionally in consultation with such references, can readily
identify, select, and/or engineer appropriate peptide synthetase condensation domains for use in
designing, constructing, producing, and/or otherwise providing engineered peptide synthetases
for production of acyl amino acids in accordance with the present invention.

[0057] Non-limiting examples of peptide synthetase complexes that may contain peptide
synthetase domains useful in the identification, selection, design, and/or production of
engineered peptide synthetases as described herein include, for example, surfactin synthetase,
fengycin synthetase, arthrofactin synthetase, lichenysin synthetase, syringomycin synthetase,
syringopeptin synthetase, saframycin synthetase, gramicidin synthetase, cyclosporin synthetase,
tyrocidin synthetase, mycobacillin synthetase, polymyxin synthetase, bacitracin synthetase, and
combinations thereof.

[0058] Thus, the present invention provides engineered peptide synthetases, which in some
embodiments comprise or consist of isolated peptide synthetase domains from reference peptide
synthetase complexes that synthesize lipopeptides. In some embodiments, such reference
peptide synthetase complexes are known peptide synthetase complexes. In some embodiments,
such reference peptide synthetase complexes are naturally occurring peptide synthetase
complexes. In some embodiments, provided engineered peptide synthetases comprise or consist
of a single peptide synthetase domain. In some embodiments, provided engineered peptide
synthetases comprises or consist of a first peptide synthetase domain from a peptide synthetase
complex that synthesizes a lipopeptide.

[0059] In some embodiments, an engineered peptide synthetase, peptide synthetase domain,

or component thereof (e.g., adenylation (A) domain, thiolation (T) domain, and/or condensation
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(C) domain) may contain one or more sequence modifications as compared with a reference
peptide synthetase, domain, or component. Typically, however, an engineered peptide
synthetase, peptide synthetase domain, or component thereof shows a high overall degree of
sequence identitiy and/or homology with its reference peptide synthetase, domain, or component.
[0060] In some embodiments, an engineered peptide synthetase, peptide synthetase domain,
or component thereof contains insertions, deletions, substitutions or inversions of 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95 or more amino acids as compared to its relevant reference.

[0061] In certain embodiments, such amino acid substitutions result in an engineered
polypeptide that comprises an amino acid whose side chain contains a structurally similar side
chain as compared to the corresponding amino acid in the relevant reference. For example,
amino acids with aliphatic side chains, including glycine, alanine, valine, leucine, and isoleucine,
may be substituted for each other; amino acids having aliphatic-hydroxyl side chains, including
serine and threonine, may be substituted for each other; amino acids having amide-containing
side chains, including asparagine and glutamine, may be substituted for each other; amino acids
having aromatic side chains, including phenylalanine, tyrosine, and tryptophan, may be
substituted for each other; amino acids having basic side chains, including lysine, arginine, and
histidine, may be substituted for each other; and amino acids having sulfur-containing side
chains, including cysteine and methionine, may be substituted for each other.

[0062] In certain embodiments, amino acid substitutions result in an engineered polypeptide
that comprises an amino acid whose side chain exhibits similar chemical properties to a
corresponding amino acid present in a relevant reference. For example, in certain embodiments,
amino acids that comprise hydrophobic side chains may be substituted for each other. In some
embodiments, amino acids may be substituted for each other if their side chains are of similar
molecular weight or bulk. For example, an amino acid in an engineered domain may be
substituted for an amino acid present in the relevant reference if its side chains exhibits a
minimum/maximum molecular weight or takes up a minimum/maximum amount of space.
[0063] In certain embodiments, an engineered polypeptide shows at least about 50, 55, 60,
65, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% homology or identity with a relevant
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reference (e.g., over a portion that spans at least 5, 6, 7, §, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more amino acids).

[0064] In certain embodiments, engineered polypeptides of the present invention comprise
two or more polypeptide domains that occur in one or more naturally occurring or other known
reference polypeptides, but that are 1) separated from one or more sequence elements with which
they are associated in the reference polypeptide; ii) associated with one or more sequence
elements with which they are not associated in the reference polypeptide(s); and/or iii) associated
in a different way (e.g., in a different order or via a different linkage) with one or more sequence
elements with which they are associated in the reference polypeptide. As a non-limiting
example, two naturally occurring polypeptide domains that are directly covalently linked in
nature may be separated in an engineered polypeptide by one or more intervening amino acid
residues. Additionally or alternatively, two naturally occurring polypeptide domains that are
indirectly covalently linked in nature may be directly covalently linked in an engineered
polypeptide, e.g. by removing one or more intervening amino acid residues.

[0065] In certain embodiments, two naturally occurring peptide domains that are from
different peptide synthetases are covalently joined to generate an engineered polypeptide of the
present invention.

[0066] In some embodiments, engineered peptide synthetases provided by and/or for use in
accordance with the present invention do not include thioesterase and/or reductase domains.
Such domains are known to function in the release of peptides and lipopeptides from the
nonribosomal peptide synthetase complexes that produce them. In one aspect, the present
invention provides the surprising finding that, notwithstanding their central role in release of
lipopeptides from peptide synthetase complexes, such domains are often not required for release
of acyl amino acids from engineered peptide synthetases as described herein. This thioesterase
and/or reductase domains may optionally be included in some embodiments of the present
invention, but are specifically excluded in some embodiments.

[0067] In certain embodiments, compositions and methods of the present invention are useful
in large-scale production of acyl amino acids. In certain embodiments, acyl amino acids are
produced in commercially viable quantities using compositions and methods of the present

invention. For example, engineered polypeptides of the present invention may be used to
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produce acyl amino acids to a level of at least 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 150, 200, 250, 300, 400, 500, 600,
700, 800, 900, 1000 mg/L or higher. As will be appreciated by those skilled in the art, biological
production of acyl amino acids using engineered polypeptides of the present invention achieves
certain advantages over other methods of producing acyl amino acids. For example, as
compared to chemical production methods, production of acyl amino acids using compositions
and methods of the present invention utilizes more readily available and starting materials that
are easier to store, reduces the necessity of using harsh and sometimes dangerous chemical
reagents in the manufacturing process, reduces the difficulty and efficiency of the synthesis itself
by utilizing host cells as bioreactors, and reduces the fiscal and environmental cost of disposing
of chemical by-products. Other advantages will be clear to practitioners who utilize

compositions and methods of the present invention.

Acyl Amino Acids and Compositions

[0068] The present invention provides compositions comprising acyl amino acids produced
by engineered peptide synthetases as described herein. In some embodiments, such
compositions comprise a collection of individual acyl amino acid molecules, that are related to
one another in that they are each synthesized by the same engineered peptide synthetase and
together represent a distribution of chemical entities, varied in precise chemical structure (e.g.,
due to varying length and/or composition of acyl chains, linkages within such acyl chains and/or
between an acyl chain and the amino acid, etc), that are synthesized by the relevant engineered
peptide synthetase, under the conditions of synthesis (e.g., in vivo or in vitro). In some
embodiments, a provided composition includes straight-chain acyl moieties, branched acyl
moieties, and/or combinations thereof.

[0069] That is, it will be appreciated by those skilled in the art that, in some embodiments,
one feature of engineered production of acyl amino acids is that engineered peptide synthetases
may not generate pure populations of single chemical entities, particularly when acting in vivo.
Thus, as noted above, the present invention provides acyl amino acid compositions comprising

distributions of chemical entities. In some embodiments, the present invention provides acyl
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amino acid compositions in which substantially all acyl amino acids comprise the same amino
acid moiety, but the composition includes a distribution of acyl moieties.

[0070] As described herein, the present invention provides a wide variety of acyl amino acids
and compositions. In some embodiments, the present invention provides acyl amino acids and
compositions in which the amino acid moiety is or comprises one found in an amino acid
selected from the group consisting of alanine, arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and/or valine. Alternatively or
additionally, in some embodiments, the present invention provides acyl amino acids and
compositions in which the amino acid moiety is or comprises one found in an amino acid
selected from the group consisting of selenocysteine and/or pyrrolysine. In some embodiments,
the present invention provides acyl amino acids and compositions in which the amino acid
moiety is or comprises one found in an amino acid selected from the group consisting of
norleucine, beta-alanine and/or ornithine. In some embodiments, the present invention provides
acyl amino acids and compositions in which the amino acid moiety is or comprises one found in
an amino acid selected from the group consisting of L-amino acids. In some embodiments, the
present invention provides acyl amino acids and compositions in which the amino acid moiety is
or comprises one found in an amino acid selected from the group consisting of D-amino acids.
In some embodiments,the present invention provides acyl amino acids and compositions in
which the amino acid moiety is or comprises or comprises one found in an amino acid D-glu or
D-diaminopropionic acid. Those skilled in the art will be aware of appropriate amino acid
substrates, usable by peptide synthetases as described herein (and particularly by engineered
peptide synthetases as described herein) to generate acyl amino acids containing such amino acid
moieties. In some embodiments, the amino acid substrate is or comprises the recited amino acid.
In some embodiments, the present invention provides acyl amino acids and compositions in
which the acyl group is found in a saturated fatty acid such as butryic acid, caproic acid, caprylic
acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic arachidic acid, behenic acid,
and/or lignoceric acid. the present invention provides acyl amino acids and compositions in
which the acyl group is found in an unsaturated fatty acids such as, without limitation,

myristoleic acid, palmitoleic acid, oliec acid, linoleic acid, alpha-linolenic acid, arachidonic acid,
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eicosapentaenoic acid, erucic acid, and/or docosahexaenoic acid. Other saturated and
unsaturated fatty acids whose acyl moieties may be used in accordance with the present
invention will be known to those of ordinary skill in the art. In certain embodiments, acyl amino
acids and compositions provided by present invention comprise beta-hydroxy fatty acids as the
fatty acid moiety. As is understood by those of ordinary skill in the art, beta-hydroxy fatty acids
comprise a hydroxy group attached to the third carbon of the fatty acid chain, the first carbon
being the carbon of the carboxylate group.

[0071] In some embodiments, the present invention provides acyl amino acids and
compositions in which the acyl group comprises or consists of fatty acid chains with a length
within a range bounded by a shorter length selected from the group consisting of C2, C3, C4, C5,
Ce, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, C22, C23, C24,
C25, C26, C27, C28, C29, C30, and an upper length selected from the group consisting of C30,
C29, C28, C27, C26, C25, C24, C23, C22, C21, C20, C19, C18, C17, C16, C15, C14, C13, C12,
Cl11, C10, C9, C8, C7, C6, C5, C4, C3, C2, and C1, wherein the upper length is the same as or
larger than the lower length. In some particular embodiments, the present invention provides
acyl amino acids and compositions in which the acyl group comprises or consists of C10-C14
fatty acid chains, C13-16 fatty acid chains, C13-15 fatty acid chains, C16-24 fatty acid chains,
C18-22 fatty acid chains, C18-24 fatty acid chains, C8-C16 fatty acid chains. In some
embodiments, the present invention provides acyl amino acids and compositions in which the
acyl group comprises, consists predominantly of, or consists of C5, C6, C7, C8, C9, C10, C11,
C12,C13,C14, C15, C16, C17, C18, C19, and/or C20 fatty acid chains. In some embodiments,
the present invention provides acyl amino acids and compositions in which the acyl group
comprises, consists predominantly of, or consists of comprises, consists predominantly of, or
consists of C8, C9, C10, C11, C12, C13, C14, C15, and/or C16 fatty acid chains. In some
embodiments, the present invention provides acyl amino acids and compositions in which the
acyl group comprises, consists predominantly of, or consists of comprises, consists
predominantly of, or consists of C12, C13, C14, C15, and/or C16 fatty acid chains.

[0072] In some embodiments, the present invention provides acyl amino acid compositions
in which all acyl amino acids comprise the same amino acid moiety (or comprise an amino acid

moiety from the same amino acid.
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[0073] In some embodiments, the present invention provides acyl amino acid compositions
in which different acyl amino acids within the composition have different acyl moieties (e.g.,
acyl moieties that differ, in composition, structure, branching, and/or length (of one or more
chains). In some embodiments, such compositions predominantly include acyl moieties of a
length (or within a range of lengths) as set forth above. In some such embodiments, such
predominant acyl moieties are present in the composition at a level of at least 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%., 58%., 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%., 73%, 14%, 75%., 76%, 17%, 78%, 719%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%< 98%, or 99%.

The Figures and Examples herein depict and/or describe certain particular acyl amino acids
and/or acyl amino acid compositions that are provided by and can be prepared in accordance
with certain embodiments of the present invention. To give but a few particular examples, the
present invention specifically exemplifies and/or otherwise provides certain acyl amino acids
and/or acyl amino acid compositions comprising, consisting predominantly of, or consisting of
2,4 diaminobutyric acid, (2S)-2,3-diaminobutyric acid, 2, 3-diaminoproprionic acid, B-hydroxy
myristoyl glutamate, -hydroxy myristoyl diaminopropionic acid, betaines, cocyl glycinate,
gycine laureate, glutamine laureate, etc. For example, in some particular embodiments, the
present invention provides acyl amino acid compositions in which the amino acid moiety within
acyl amino acids in the composition is from glycine or glutamate, and the fatty acid moiety is
predominantly a C12 fatty acid (i.e.g, is from lauric acid).; in some such embodiments, all acyl

amino acids in the composition have the same amino acid moiety.

Host Cells

[0074] Engineered polypeptides of the present invention may be introduced in any of a
variety of host cells for the production of acyl amino acids. As will be understood by those
skilled in the art, engineered polypeptides will typically be introduced into a host cell in an
expression vector. So long as a host cell is capable of receiving and propagating such an
expression vector, and is capable of expressing the engineered polypeptide, such a host cell is
encompassed by the present invention. An engineered polypeptide of the present invention may

be transiently or stably introduced into a host cell of interest. For example, an engineered
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polypeptide of the present invention may be stably introduced by integrating the engineered
polypeptide into the chromosome of the host cell. Additionally or alternatively, an engineered
polypeptide of the present invention may be transiently introduced by introducing a vector
comprising the engineered polypeptide into a host cell, which vector is not integrated into the
genome of the host cell, but is nevertheless propagated by the host cell.

[0075] In certain embodiments, a host cell is a bacterium. Non-limiting examples of bacteria
that are useful as host cells of the present invention include bacteria of the genera Escherichia,
Streptococcus, Bacillus, and a variety of other genera known to those skilled in the art. In certain
embodiments, an engineered polypeptide of the present invention is introduced into a host cell of
the species Bacillus subtilis.

[0076] Bacterial host cells of the present invention may be wild type. Alternatively, bacterial
host cells of the present invention may comprise one or more genetic changes as compared to
wild type species. In certain embodiments, such genetic changes are beneficial to the production
of acyl amino acids in the bacterial host. For example, such genetic changes may result in
increased yield or purity of the acyl amino acid, and/or may endow the bacterial host cell with
various advantages useful in the production of acyl amino acids (e.g., increased viability, ability
to utilize alternative energy sources, etc.).

[0077] In certain embodiments, the host cell is a plant cell. Those skilled in the art are aware
of standard techniques for introducing an engineered polypeptide of the present invention into a
plant cell of interest such as, without limitation, gold bombardment and agrobacterium
transformation. In certain embodiments, the present invention provides a transgenic plant that
comprises an engineered polypeptide that produces an acyl amino acid of interest. Any of a
variety of plants species may be made transgenic by introduction of an engineered polypeptide of
the present invention, such that the engineered polypeptide is expressed in the plant and produces
an acyl amino acid of interest. The engineered polypeptide of transgenic plants of the present
invention may be expressed systemically (e.g. in each tissue at all times) or only in localized
tissues and/or during certain periods of time. Those skilled in the art will be aware of various
promoters, enhancers, etc. that may be employed to control when and where an engineered

polypeptide is expressed.
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[0078] Insects, including insects that are threats to agriculture crops, produce acyl amino
acids that are likely to be important or essential for insect physiology. For example, an enzyme
related to peptide synthetases produces the product of the Drosophila Ebony genes, which
product is important for proper pigmentation of the fly, but is also important for proper function
of the nervous system (see e.g., Richardt et al., Ebony, a novel nonribosomal peptide synthetase
for beta-alanine conjugation with biogenic amines in Drosophila, J. Biol. Chem., 278(42):41160-
6,2003). Acyl amino acids are also produced by certain Lepidoptera species that are a threat to
crops. Thus, compositions and methods of the present invention may be used to produce
transgenic plants that produce an acyl amino acid of interest that kills such insects or otherwise
disrupts their adverse effects on crops. For example, an engineered polypeptide that produces an
acyl amino acid that is toxic to a given insect species may be introduced into a plant such that
insects that infest such a plant are killed. Additionally or alternatively, an engineered
polypeptide that produces an acyl amino acid that disrupts an essential activity of the insect (e.g.,
feeding, mating, etc.) may be introduced into a plant such that the commercially adverse effects
of insect infestation are minimized or eliminated. In certain embodiments, an acyl amino acid of
the present invention that mitigates an insect’s adverse effects on a plant is an acyl amino acid
that is naturally produced by such an insect. In certain embodiments, an acyl amino acid of the
present invention that mitigates an insect’s adverse effects on a plant is a structural analog of an
acyl amino acid that is naturally produced by such an insect. Compositions and methods of the
present invention are extremely powerful in allowing the construction of engineered
polypeptides that produce any of a variety of acyl amino acids, which acyl amino acids can be

used in controlling or eliminating harmful insect infestation of one or more plant species.

Producing Acyl Amino Acids and Compositions

[0079] Acyl amino acids and compositions may be produced by engineered peptide
synthetases as described herein. In some embodiments, acyl amino acids are produced in vitro.
In some embodiments, acyl amino acids are produced in vivo, for example in host cells
engineered to express an engineered peptide synthetase or component or domain thereof.

In some embodiments, acyl amino acids are produced in association with one or more

components of a cell and/or with an engineered peptide synthetase. In some embodiments, acyl
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amino acid compositions are subjected to one or more isolation procedures, for example as is
known in the art, ¢.g., to separate produced acyl amino acid compounds from one or more
components of their production system (e.g., from an engineered peptide synthetase or
component or domain thereof, and/or from one or more components of a cell such as an

engineered cell.

Exemplification

Example 1: Engineering Peptide Synthetases to Produce Acyl Amino Acids with -Hydroxy
Amino Acids

[0080] In some embodiments of the present invention, an engineered peptide synthetase that
produces an acyl amino acid is designed and/or produced by isolating and/or otherwise
engineering a known peptide synthetase domain (e.g., by separating a first peptide synthetase
domain that is found in a peptide synthetase complex that synthesizes a lipopeptide from other
clements, domains, or components of the lipopeptide-synthesizing complex) to produce the acyl

amino acid.

[0081] For example, an acyl amino acid with a B-hydroxy fatty acid can be created by
expressing Module 1 of a synthetase, such as the srf (surfactin) synthetase in an appropriate host
organism. Since Module 1 of the srfAA (sequence listing srfAA module 1) is glutamate-specific,
the expression of Module 1 in an appropriate host leads to the production of B-hydroxyl

myristoyl glutamate.

[0082] The same approach can be used to link fatty acids to a variety of different amino acids
since there are known (sequenced) “Module 1 DNA segments”, which can be cloned from
various natural systems, with adenylation domains specific for four distinct amino acids (Leu,
Glu, Ser or Dhb; see Table). In addition, a variety of naturally occurring B-hydroxy lipo-
peptides (which are believed to be produced by peptide synthetase enzymes) have been reported,
for which the gene cluster encoding the synthetase responsible for their production has not been

sequenced. A new P -hydroxy acyl amino acid can be produced by using standard molecule
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biology techniques to specifically identify “Module 17 of one of those synthetases (which
belongs to the set “Module 1°s” that have not yet been sequenced) and expressing that Module 1
in an appropriate host. This approach would lead to the generation of additional new B-hydroxy
acyl amino acids, including f -hydroxy acyl : Phe, D-Ala, 2,3-dehydro-2-aminobutyric acid,
NMe-lIle, Gly, Thr and D-allo-threonine. The Table below summarizes various attributes of
known lipopeptides and the peptide synthetases that synthesize them in nature, including the

amino acid acyl group and amino acid specificity of the relevant Module 1.

number | lipopeptide length | Reference for name of | refererice for amino gene gene gen
of fatty acid module  .gene acid encoding i encoding:| e

fatty | information 1 information specifcity | adenylate- | ACP enc
acid of.the forming odin
chain module | enzyme g
mal
ohyl

tran
540
ylas

1 | amphisin C-10 | ANew arfA Cloning and Leu N/A N/A N/A
(one form is Lipopeptide module1 | Characterization
arthrofactin) Biosurfactant of the Gene
Produced by Cluster
Arthrobacter sp. Encoding
Strain MIS38 Arthrofactin
(database 692) Synthetase from
Pseudomonas
sp. MIS38
(database 691)
2 | beauverclide | C8 to | Extraribosomal ND synthetase Phe N/A N/A N/A
C-10 | cyclic genes have not
tetradepsipeptides been identified
beauverolides:
profiling and
modeling the
fragmentation

pathways (citation
from PubMed)

3 | callipeltin C-8 Isolation of ND synthetase D-Ala N/A N/A N/A
callipeltins A-C and genes have not
of two new open- been identified

chain derivatives of
callipeltin A from the
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marine sponge
Latrunculia sp. A
revision of the
stereostructure of
callipeltins (ref from
Norine database)
corpeptin C-10 | Zampella A, ND synthetase 2,3- N/A N/A N/A
to C- Randazzo A, genes have not | dehydro-
12 Borbone N, been identified | 2-
Luciani S, Trevisi aminobu
L, Debitus C, D tyric
Auria acid
MV, Tetrahedron
Letters, 2002,43
(35), pp. 6163-
6166
fengycin C-14 | Application of fenC1 Functional and Glu N/A N/A N/A
to C- | electrospray Transcriptional
18 ionization mass Analyses of a
spectrometry in Fengycin
rapid typing of Synthetase
fengycin Gene, fenC,
homologues from Bacillus
produced by subtilis
Bacillus subtilis
fuscopeptin | C-8 to | Structure of ND synthetase 2,3- N/A N/A N/A
C-10 | fuscopeptins, genes have not | dehydro-
phytotoxic been identified 2-
metabolites of aminabu
Pseudomonas tyric
fuscovaginae. acid
kulomo 2- More Peptides ND synthetase NMe-lle | N/A N/A N/A
opunalide hydro | and Other Diverse genes have not
xyiso | Constituents of been identified
valeri | the Marine
cand | Mollusk
CB8:01 | Philinopsis
(7)- speciosa
Me(2)
OH(3)
and
2-
hydro
Xyiso
valeri
c
lichenysin C-15 | Structural and licA Molecular and Glu N/A N/A N/A
Immunoalogical module | Biochemical
Characterization 1 Characterization
of a Biosurfactant of the Protein
Produced by Template
Bacillus Controlling
licheniformis JF-2 Biosynthesis of
the Lipopeptide

43




WO 2014/144649 PCT/US2014/029150
Lichenysin
9 | papuamdie C-11 Papuamides A-D, | ND synthetase Gly N/A N/A N/A
HIV-inhibitory and genes have not
cytotoxic been identified
depsipeptides
from the sponges
Theonella
mirabilis and
Theonella
swinhaei collected
in Papua New
Guinea,

10 | plusbacin C-14 | Structures of new | ND synthetase Thr N/A N/A N/A
to G- | peptide genes have not
16 antibiotics, been identified

plusbacins A1-A4
and B1-B4,

11 | serrawettin C-10 | A Novel Serratia | D-Leu N/A N/A N/A
Extracellular marcesc
S - ens

Cyc!lc Lipopeptide gene
Which Promotes required
Flagellum- for
Dependent and - | surfacta
Independent nt serra
Spreading Growth | wettin W
of Serratia ! .
producti
marcescens on
encodes
putative
aminolip
id
syntheta
se
belongin
gto
nonribos
omal
peptide
syntheta
se
family

12 | surfactin C13 Separation and srfA Sequence and Glu N/A N/A N/A
to Characterization module | analysis of the
C15 of Surfactin 1 genetic locus

Isoforms responsible for
Produced by surfactin
Bacillus subtilis synthesis in
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[0083] As is specifically described in Examples herein, additional new B-hydroxy acyl amino
acids can be produced by operationally linking a condensation domain, which specifies the
addition of a B-hydroxy fatty acid, to an adenylation domain which specifies a particular desired
amino acid. In Example XXX, a condensation domain is operationally linked to an adenylation
domain that is specific for glycine and, upon expression of the chimera in an appropriate host, p-
hydroxy myristyl glycine is produced. One who is skilled in the art will appreciate that this
approach can be used to create any desired p-hydroxy acyl amino acid, as long as an adenylation

domain is available that is specific for the desired amino acid.

[0084] Naturally occurring peptide synthetase modules are available that specify the use of
each of the standard 20 amino acids, and in addition adenylation domains are available that are
specific for about 300 additional amino acids, or amino acid-like molecules (Kleinkauf et al)

(Ref 10). This approach can be used to link a B-hydroxy fatty acid to any of these amino acids,

or amino acid-like molecules.
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Example 2: Engineered Peptide Synthetases Comprising or Consisting of Mycosubtilin Module 1
(MycA)

[0085] Strategies analogous to those described above can be used to link a $-amino fatty acid
to any desired amino acid. One approach is to identify a naturally occurring “Module 1” (such as
MycA of the mycosubtilin synthetase, see Duitman et. al.) (Ref 6) and to express the module in
an appropriate host. In this specific example, the FenF gene is desirably also be expressed in the

host (sequence listing AAF08794.1).

[0086] In general, a particular B-amino fatty acid can be produced in an appropriate host by
expressing a module known to specify the joining of a 3 -amino fatty acid to a particular amino
acid, along with any gene or genes that encode critical additional functions that are not naturally
found in the host organism (such as for example FenF). Additional new 3 -amino acyl amino
acids can be produced by operationally linking a condensation domain, which specifies the
addition of a  -amino fatty acid, to an adenylation domain which specifies a particular desired
amino acid. Again, and genes that encode additional required factors (such as homologs of
FenF) can also be expressed in the host. This approach can be used to link a 3-amino fatty acid
to any amino acid, as long as an adenylation domain is available that is specific for the desired

amino acid.

Example 3: Engineered Peptide Synthetases Comprising or Consisting of Daptomycin
Synthetase Module 1

[0087] Strategies analogous to those described above can be used to link a fatty acid (which
is unmodified at the B-position) to any desired amino acid. One approach is to identify a
naturally occurring “Module 17 (such as the Trpl module of the daptomycin synthetase, see
Miao et. al.) (Ref 11) and to express the module in an appropriate host (Sequence listing: dptAl
module 1 of daptomycin synthetase). In addition, in this specific example, the DptE and DptF

genes should also be express in the host.

[0088] In general, a particular acyl amino acid (unmodified at the B-position) can be

produced in an appropriate host by expressing a module known to specify the joining of a fatty
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acid to a particular amino acid, along with any gene or genes that encode critical additional
functions that are not naturally found in the host organism (such as for example DptE and DptF).
Additional new acyl amino acids can be produced by operationally linking a condensation
domain, which specifies the addition of a fatty acid, to an adenylation domain which specifies a
particular desired amino acid. For example, fatty acid that is unmodified at the beta position can
be attached to glycine using a chimeric synthetase composed of the condensation domain of
dptAl module 1 linked to that adenylation and thiolation domains of dptA1l module 5 (which is
specific for glycine) (sequence listing dptA1 Module 5)

Example 4: Additional Genes Useful or Necessary for Some Embodiments
[0089] For the Calcium-Dependent Antibiotic (CDA) system, it is believed that specific

locus-associated fatty acid synthases produce the hexanoic acid, which is joined to the first
amino acid of CDA; in particular, the ACP (SC03249), FabH4 (SC03246), FabF3 (SC03248)
gene products are believed to be important for production of the hexanoic acid, which is then

joined to the amino acid substrate, in this case Ser (Ref 12).
Example 5: FA-Glu Compositions

[0090] In some embodiments, the distribution of fatty acids produced by a typical engineered
strain that utilizes an engineered peptide synthetase to synthesisze FA-Glu is composed of fatty
acids that all have a B-hydroxyl but that have varying chain lengths. In some particular
embodiments, the chain lengths vary in the following manner: C12, 1.6%; C13, 16.2%; C14,
55%; C15, 25.9%; C16, 1.2% and C17, 0.01%.

[0091] In some embodiments, some of the even numbered fatty acids are branched and some

are straight chain.

[0092] In some embodiments, none of the odd numbered fatty acids are straight chain (i.e,
they are all branched). Odd numbered chains can be either iso or anteiso; in some embodiments,
the present invention provides different compositions with different relative amounts (e.g.,

ratios) of these forms. Branching nomenclature is well presented in Figure 1 of Ref 16. Fatty

50



WO 2014/144649 PCT/US2014/029150

Acids of the Genus Bacillus: an example of branched-chain preference, Toshi Kaneda,

Bacteriological Review, 1977,Vol 41(2), 391-418.

[0093] In some embodiments, for an engineered strain that produces FA-Glu with an
engineered peptide synthetase, the fatty acid chain distribution changes when particular keto
acids are fed to the strain (see Table 1 below). Dramatic changes in fatty acid chain distribution
can be generated when the enzyme that synthesizes the keto acids used to initiate fatty acid
synthesis in Bacillus is knocked out and single keto acids are fed to the strain. In some
embodiments, as the concentration of the keto acid is changed, the pattern of fatty acid species is

altered.

[0094] In some embodiments, compositions are provided containing FA-Glu with 95% C14

fatty acid by feeding 20 mM isobutyric to the mutant.

[0095] In some embodiments, feeding of low levels of keto acids that can only be used to
produce branched fatty acids with odd number chains, is utilized to produce a population of fatty
acids with about 80% (100 uM 2-methylbutyric or 100 uM isovaleric) surfactant with C14 length
fatty acid.

[0096] Significantly, since the mutant cannot synthesize its own keto acid starters for even
numbered branched chain fatty acid synthesis, feeding of low concentrations of either of these
ketos acids (100 uM 2-methylbutyric or 100 uM isovaleric) allows the production of a population
of surfactant that is predominantly even numbered and straight chain. Thus, the present
invention surprising provides methods and compositions for generating, and compositions
comprising mostly straight chain (rather than branched) fatty acid, produced by B. subtilis.
Indeed, the present invention specifically describes strategies for generating a Bacillus strain

(and strains so generated) that exclusively produces straight chain fatty acid.

Example 6: Production of amphoteric surfactants

[0097] The present Example describes use of engineered peptide synthetases (in engineered
host cells) to produce amphoteric surfactants with one region or regions that harbor a negative

charge and another region or regions that harbor a positive charge. Examples of amino acids that
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can be used to produce such surfactants are shown in the Figure below. The amino acids all have
two amino groups and include: 2,4-diaminobutyric acid, (2S)-2,3-diaminobutyric acid, 2,3-

diaminopropionic acid, ornithine and lysine.

2 4-diaminobutyric acid (25)-2,3-diaminobutyric acid 2,3-Diaminopropionic acid

:
N
N,
& o

Ornithine

§
Rl

[0098] One particular example of a surfactant of this sort is shown in the Figure below, it is

B-hydroxy myristoyl diaminopropionic acid:
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(n) CH; (CHy) 7 B-hydroxy myristoyl diaminopropionic acid
OH ;
CH, I I
(1s50) CH (CH,)— > R= (CH;), ,;, = CH—CH, =COT NH ™ (i - COO0"
CH g CHs
’ |
NH
CH, L
N\
(anteiso) CH —} (two carboxyl groups)
7 +
CH,
/ a 13-16 carbon fatty acid component
CH,

[0099]

This surfactant will be zwitterionic at physiological pH given that the pKa of the beta

amine of 2,3 diaminoprionic acid is 9.57 and the pKa of an alpha carboxyl is about 2.2. To

generate this surfactant, a condensation domain capable of directing the linkage of B-hydroxyl

fatty acid to an amino acid (such as the condensation domain of SRFAA module 1) (sequence

listing srfAA Module 1) is linked to the adenylation and thiolation domain of a module that is

specific for 2,3-diaminopropionic acid (DAP). Felnagle et al., described a peptide synthetase

that incorporates DAP. The synthetase is found in Saccharothrix mutabilis subsp. capreolus

ATCC 23892. The DAP-specific module is the second module of CmnA (Sequence listing

CmaA, A2).
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[00100] Bacillus subtilis 168 does not synthesize DAP. Two genes need to be added to
Bacillus in order to enable conversion of serine to DAP. The genes are described in references
cited below. The genes are found in Staphylococcus aureus and other bacteria. The genes are
called sbnA and sbnB. For example, the genes are present in Staphylococcus aureus strain JH9,
and also in Staphylococcus aureus strain Mu50 / ATCC 700699. The sbnA gene (sequence
listing sbnA) is also known as SaurJH9 0103. The sbnB gene (sequence listing sbnB) is also
known as SaurJH9 0104.

[00101] Homologues of the sbnA and sbnB genes can be used instead of, or in addition to,
sbnA and sbnB. For example, Bacillus cereus strains that synthesize zwittermicin encode
homologues of sbnA and sbnB, called ZmaU (sequence listing ZmaU) and ZmaV (sequence

listing ZmaV), respectively.

[00102] The charge of the primary amine of the surfactant shown in the Figure above will
depend on pH, and will be positive in the vicinity of pH 7.0. As the pH is elevated, the amine
will lose a hydrogen and become neutral in charge. A surfactant with a positive charge that is
independent of pH can be produced by converting the surfactant shown above into a betaine

(which harbors a quaternary ammonium group) see Figure below.

(n) CH, (CH,) — Betaine derived from
p-hydroxy myristoyl diaminopropionic acid
OH H
CH,4 I I
(is0) CH (CH,) ™ > R — (CH2)5_11 — CH—CH, =—CO= NH — C =CO0
/ o
CH, : 3
N
CH, 7 I+\
N\
(anteiso) CH —} (two carboxyl groups)
/7 +
CH, _
/ a 13-16 carbon fatty acid component
CH,
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[00103] This can be done in vitro using a method described by Simon and Shokat. (see
reference in reference list). 100 mg of (2-bromoethyl) trimethylammonium bromide are added
to a microfuge tube. 1 mL of a solution of the fatty Acid-DAP (FA-DAP) surfactant is added to
the tube. The mixture is shaken at 50°C until the solid dissolves. Reaction proceeds for about 5
hours. To consume the remaining alkylating agent, the reaction is quenched with 50 pl

20mercaptocthanol and incubated at room temperature for 30 minutes.

[00104] Alternatively or additionally, methylation can be accomplished in vivo using a
methyltransferase. One of the symbols did not translate it’s shown as a boxBacterial -N-
methyltrasferases have been described by Zhang, et al. As example, genes encoding
methyltrasnferases can be obtained from Bacillus subtilis (sequence listing Bacillus prmA) or E.
coli (sequence listing E. coli prmA). A methyltransferase that modifies cypemycin can be used
(sequencing listing cypemycin methyltrasferase) ; the gene is found in Streptomyces sp. OH-
4156. A gene encoding a similar protein (76% identical) can be obtained from Streptomyces
griseus subsp. griseus NBRC 13350 (sequencing listing Streptomyces griseus

methyltransferase).

Example 7: Production of fatty acids and fatty acid derivatives with particular fatty acid

branching patterns

[00105] Naturally occurring fatty acids produced by living organisms typically have two sorts
of modifications that affect the melting temperature of the fatty acids and their derivatives.
These modifications are branching and desaturation (i.e., the presence of particular double

bonds), and both modifications lower the melting point of the fatty acid.

[00106] Certain organisms, including particular gram positive and gram negative bacteria, as
well as typical eukaryotes such as yeast, control the fluidity of membranes by desaturation of
fatty acids. The ability to introduce desaturated fatty acids into membranes is important with
regard to maintenance of membrane fluidity as temperature decreases. Certain bacteria, such as

Bacillus subtilis, do not rely on desaturation to increase membrane fluidity. Instead, these
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bacteria control membrane fluidity via the synthesis of branched fatty acids (for a list of

representative bacterial genera that synthesize branched fatty acids, see Table 3 of Ref 13.).

[00107] Given the general need of organisms to control membrane fluidity, biologically
produced oils typically contain branches, double bonds, or both. From the perspective of
commercial production of fatty acids and their derivatives, there is a need to control these
branching and desaturation reactions in order to produce fatty acids with particular
characteristics that provide specific benefits to customers. Methods for controlling branching

and desaturation are described below.

[00108] As background information, we will consider E. coli as an example of an organism
that synthesizes straight chain fatty acids (i.e., fatty acids that lack branching), fatty acid
synthesis initiates when the enzyme fadH (B-ketoacyl-ACP synthase III) catalyzes condensation
of acetyl-coenzyme A (acetyl CoA) with malonyl-acyl carrier protein (malonyl-ACP)(Ref 14).
This condensation produces an acetoacetyl-ACP that is then elongated by the iterative action of

the E. coli fatty acid synthesis machinery.

[00109] Initiation of fatty acid synthesis in Bacillus subtilis occurs by a different, but similar,
mechanism. Bacillus subtilis encodes two B-ketoacyl-ACP synthase Il enzymes (fadHA and
fadHB). Although these enzymes will utilize acetyl-CoA as a substrate, they prefer to use
branched substrates such as isobutyryl-CoA, 2-methylbutyryl-CoA and isovaleryl-CoA (REF
15). These CoA derivatives are produced from the amino acids L-valine, L-isoleucine and L-

leucine, respectively (REF 16).

[00110] Initiation of fatty acid synthesis with a branched starter unit leads to the syntheses of
a terminally branched fatty acid. The precise chemical composition of the branched starter
impacts the length and specific branching of the synthesized fatty acid. For example,initiation
with isobutyrate in Bacillus leads to production of “iso” fatty acids with even number lengths,
such as 14 carbons (C14) and 16 carbons (C16). Initiation with 2-methyl butyrate leads to

synthesis of odd numbered “anteiso” fatty acids (e.g., C15 and C17). Initiation with isovalerate
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[00111] The enzymatic activity responsible for conversion of particular amino acids (L-valine,
L-isoleucine and L-leucine) to their respective keto acids is a-keto acid dehydrogenase. Mutant
Bacillus cells that lack a-keto acid dehydrogenase activity require the addition of at least one
keto acid for growth (isobutyrate, 2-methyl butyrate or isovalerate) (Ref 17). Feeding a specific
keto acid to a strain that lacks -keto acid dehydrogenase activity not only rescues the growth
deficiency of the mutant strain but also specifically affects the fatty acid composition of the cells.
For example, feeding isobutyrate to the mutant leads to the exclusive synthesis of fatty acids with
even numbered chain length. These fatty acid chains include fatty acids derived from the
isobutyrate starter (114:0, 33%; 116:0, 51%) and also straight chain fatty acids produced using de
novo synthesized acetate as a starter (14:0, 2%; 16:0, 13%) (see Ref 17). Furthermore, note that
the odd numbered fatty acids are eliminated when a strain that lacks 3-keto acid dehydrogenase

activity is fed isobutyrate (but not fed 2-methyl butyrate and/or isovalerate).

[00112] Feeding of 2-methyl butyrate leads to the production of al15:0, 51% and al17:0, 39%,
with some straight chain even numbered fatty acid still produced via utilization of de novo

produced acetate (14:0, 2%; 16:0, 8%) (Ref 17).

[00113] Feeding of isovalerate leads to the following pattern: 115:0, 56%; a15:0, 7%; 117:0,
12%; al7:0, 2%; 14:0, 3% and 16:0, 16%). The presence of anteiso fatty acids is unexpected and
suggests that the isovalerate used in the study was contaminated with a keto acid such as 2-
methyl butyrate. The straight chain even numbered fatty acids are produced utilizing de novo

produced acetate (these data are taken from Ref 17).

[00114] There is a commercial need to produce fatty acids and fatty acid derivatives with
precise lengths and branching. In Examples herein, we describe methods for producing
particular populations of fatty acids and fatty acid derivatives, such as acyl amino acid

surfactants.

[00115] In addition to specifically controlling the branching of fatty acids in organisms such
as Bacillus, it is advantageous in certain cases to eliminate branching in organisms such as
Bacillus, for example in order to produce surfactants with straight chain rather than branched

fatty acid tails. This can be accomplished by expressing a B-ketoacyl-ACP synthase 11l enzyme
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in Bacillus that prefers to use straight chain starts, such as acetyl CoA. As an example of this, Li
and coworkers converted a strain of Streptomyces coelicolor (which typically predominantly
synthesizes branched fatty acids) into a strain that synthesizes 86% straight chain fatty acids by
replacing the endogenous fB-ketoacyl-ACP synthase I1I enzyme with E. coli fabH (Ref 18). A
general method can be followed to identify enzymes that function in a manner analogous to E.
coli fadH, that is they initiate fatty acid synthesis using predominantly straight chain starter units,

such as acetyl CoA, which will result in the synthesis of straight chain fatty acids.

[00116] Methods such as gas-liquid-chromatography can be used to determine whether an
organism synthesizes straight chain fatty acids, or instead synthesizes a mixture of straight chain
and branched fatty acids. For example, Kaneda (Ref 16) used gas-liquid-chromatography to
characterize the fatty acids of sixteen species of Bacillus, and found that all sixteen species
synthesized a mixture of straight chain and branched fatty acids. In contrast, a similar study
reported by Kaneda and Smith (Ref 19) showed that certain bacteria and yeasts exclusively
synthesize straight chain fatty acids, and indeed it is true that most organisms synthesize
exclusively straight chain fatty acids. Kaneda and Smith reported that the bacteria E. coli and
Pseudomonas fluorescens exclusively synthesize straight chain fatty acids. Other examples of
organisms that exclusively synthesize straight chain fatty acids are reported in Ref 20 and

include various Streptococcus and Enterococcus species, and other species.

[00117] Once an organism has been identified that exclusively synthesizes straight chain fatty
acids, assuming the genome of the organism has been sequenced, comparative sequence analysis
can be used to determine whether the organism encodes a protein similar to £. coli fabH. For
example, the gene encoding the Streptococcus pneumonia fabH homologue is 39% identical to
E. coli fabH. The Streptococcus fabH has been cloned and, when the enzyme was produced and
studied in vitro, it was found to prefer to utilize short straight CoA primers and to synthesize

straight chain fatty acids (Ref 21)(SEE SEQUENCE LISTING AF384041).

[00118] In certain instances, an organism that exclusively or predominantly synthesizes
straight chain fatty acids will encode an enzyme that is functionally equivalent to E. coli fabH,

but that does not have homology to fabH. As an example, the Pseudomonas aeruginosa PA5174
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gene encodes a fabY enzyme that is not homologous to fadH, but serves the same function and
prefers to use acetyl CoA as the starter for fatty acid synthesis(see this Ref 22 Fatty Acid
Biosynthesis in Pseudomonas aeruginosa is initiated by the FabY Class of -Ketoacyl Acyl
Carrier Protein Synthases). Genes homologus to PA5174, that can be used for this purpose,
include the following genes and their homologues--see Sequence listing: Pmen 0396,

MDS 0454, Psefu 4068, Avin 05510, PSPA7 5914, PLES 55661 and PA14 68360.

[00119] In order to convert a strain that produces branched fatty acids (such as Bacillus
subtilis) into a strain the produces predominantly or exclusively straight chain fatty acids a gene
such as E. coli fabH or Pseudomonas aeruginosa PA5174 is introduced into the strain such that
it is expressed at the correct time and level. In the specific case of Bacillus subtilis, to ensure
that the heterologous enzyme, which prefers straight chain starters, is expressed at the correct
time and at the correct level, it is advantageous to place the heterologous gene that encodes the
B-ketoacyl-ACP synthase Il enzyme under the control of the promoter that that usually controls
the expression of Bacillus fadHA (the fadhA promoter, see sequence listing “fabhA promoter

[00120] Once the heterologous B-ketoacyl-ACP synthase 111 enzyme is being expressed in
Bacillus, branched fatty acid synthesis can be further reduced by reducing, altering or
eliminating 3-keto acid dehydrogenase activity. In addition, the level of branched fatty acid can
be reduced by reducing, altering or eliminating the activity of the endogenous Bacillus fadHA

and/or fadHB genes (also known as fadH1 or fadH2).

[00121] When engineered strains are developed with lower levels of branched fatty acids, it is
advantageous to express a desaturase enzyme in Bacillus in order to introduce sufficient double
bonds into a subset of the Bacillus fatty acids to enable the Bacillus to maintain membrane
fluidity. Examples of deasturases that can be used include 9-fatty acid desaturase from
Psychrobacter urativorans (Ref 23)(sequence listing EF617339) and the 9-fatty acid desaturase
from Mortierella alpine (Ref 24) (sequence listing AB015611).

[00122]  Alternatively or additionally, genetic changes can be made that result in the
constitutive expression of the endogenous Bacillus desaturase, des (Ref 25) (sequence listing

AF037430). For example, constitutive des expression can be enabled via deletion of desk (Seq
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listing DesK gen)(Ref 26). It has been demonstrated that strains with a lipA (yutB) knockout are
not able to synthesize fatty acids and require both keto acids and acetate for growth Ref 26.
Constitutive expression of des was achieved by knocking out desK, which leads to
overexpression of the transcriptional activator DesR, resulting in constitutive expression of des.
Overexpression of des led to desaturation of about 13% of the Bacillus fatty acids and eliminated
the keto acid requirement, indicating that the growth defect caused by an inability to produce
branched fatty acids can be overcome by desaturation of a certain population of Bacillus fatty

acids.

[00123] An alternative strategy to produce acyl amino acid surfactants with straight chain
fatty acids is to express the peptide synthetase enzyme that produces the acyl amino acid in a
strain that does not produce branched fatty acids, such as E. coli. It has been reported that the
srfA operon required for production of surfactin has been cloned and expressed in E. coli (Ref
27). However, the lipopoetide was not characterized directly, rather the authors report that the
engineered strain produces a new hydrophobic compound, which was analyzed by TCL using
surfactin as a control. Surfactin’s Rf value was 0.63 and the new hydrophobic compound

showed an Rf value of 0.52. The authors did not speculate on why the Rf values differed.

[00124] An acyl amino acid with a straight chain fatty acid can be produced by cloning a gene
that encodes a peptide synthetase enzyme capable of directing the synthesis of an acyl amino
acid (such as Module 1 of srfAA) into an E. coli plasmid under the control of a promoter such as
the T7 promoter and introducing the cloned gene into E. coli. It is also necessary to clone and
express a gene such as Bacillus sfp, which is a phosphpantetheinyl transferase needed to modify
peptide synthetase, enzymes in order to functionally activate those enzymes (see Ref 28). The
amount of surfactant produced, and the length of the fatty acid tails present on the population of

surfactant molecules, can be determine using LCMS as described in Ref 29.

[00125] Once a strain is generated that produces a desired acyl amino acid, the strain can be
further modified to increase the yield of the acyl amino acid. One strategy for increasing yield is
to inactivate (e.g., delete) genes that limit production of the acyl amino acid. Once genes are
identified that, when deleted, increase yield of an acyl amino acid, a strain harboring multiple

such deletions can be generated. In addition, genes that either do not affect surfactant yield, or
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that negatively affect surfactant yield, can be replaced with genes that stimulate acyl amino acid
production. Examples herein describe genes that, when deleted, increase yield of an acyl

glutamate surfactant referred to as FA-Glu
Example 8: Production of B-hydroxy myristoyl glycinate by fermentation

[00126] As described in US 7,981,685, Modular Genetics, Inc. (Modular) has shown that an
engineered peptide synthetase enzyme can be used to produce an acyl amino acid (B-hydroxy
myristoyl glutamate). This approach has been expanded to produce 3-hydroxy myristoyl

glycinate. Here is the detailed information on production of B-hydroxy myristoyl glycinate.

[00127] Engineering of a FA-GLY-TE Construct Using a Fusion Between DNA encoding the
condensation domain of srfAA module 1 and DNA encoding the adenylation domain of Module

2 of Linear Gramicidin

[00128] In this Example, we amplified the genomic DNA from OKB105A(upp)SpectRFA-
GLU-TE-MG that encodes for the genes responsible for FA-GLU production, and this region
was amplified using primers 35664-C4:5°-
TTGTACTGAGAGTGCACCATAtATCGACAAAAATGTCATGAAAGAATCG-3"and 35664-
D4:5’-ACGCCAAGCTTGCATGCCtTTATGAAACCGTTACGGTTTGTGTATT-3". This
fragment was annealed to the PCR product obtained from the template pUC19 and primers
35664-B4:5’-AGGCATGCAAGCTTGGCGtAATCATGGTCATAGCTGTTTCCTGTG-3’ and
35664-A4:5’-ATATGGTGCACTCTCAGTACAaTCTGCTCTGATGCCGCATAGTT-3". The
annealed mixture was transformed into SURE cells to produce the plasmid Psrf-Glu-TE-pUCI19.

[00129] Psrf-Glu-TE-pUC19 was used as a template to engineer a variant of this plasmid that
contained a fusion of the condensation domain of srfAA module 1 to the adenylation domain of
Module 2 of Linear Gramicidin (which adenylation domain is specific for the amino acid

glycine), followed by the TE.

[00130] The DNA sequence corresponding to Module 2 of Linear Gramicidin was amplified
from genomic DNA of strain Bacillus brevis (ATCC 8185) using primers 35664-G4:5°-
GCTTGCTTGCGGAGCAGATCA-3’ and 35664-H4:5’-TCGAATCTCCGCCCAGTTCGA-3".
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The resulting PCR was used as a template for primers 35664-H2:5°-
CACTGATTTCTGATGCGGAgAAACGCGATTTGTTTTTGCGG-3’ and 35664-F2:5°-
CTCCGAGCGCAAAGAAATcGTCGCGAATCCCGATCCG-3".

[00131] This fragment was annealed to the PCR product obtained from the template Psrf-Glu-
TE-pUC19 using primers 35664-C7:5’-
GATTTCTTTGCGCTCGGAgGGCATTCCTTGAAGGCCATGA-3’ and 35664-E7:5°-
CTCCGCATCAGAAATCAGTETTAATTCATCAATTGTATGTTCTGGATGC-3". The
annealed mixture was transformed into SURE cells to produce the plasmid Psrf-Gly-lgr m2-F3-
TE-pUC19. This plasmid was used to transform 23844-d1 OKB105A(upp)SpectR(A mod(2-
T)upptKanR. The resulting strain was named OKB105A(upp)SpectRFA-GLY-TE.

[00132]  One strain derived from this strategy, which had the correct sequence to produce FA-
GLY, was named 37237-d3. Analysis of the production of FA-GLY by strain
OKB105A(upp)SpectRFA-GLY-TE shows that the strain was able to produce detectable
amounts of FA-GLY. Data was obtained using LC-MS analysis. MS-MS analysis of the material
derived from OKB105A(upp)SpectRFA-GLY-TE revealed that the product was indeed FA-
GLY. (sequence listing Psrf-Gly-lgr m2-F3-TE-pUC19).

[00133] LCMS analysis of FA-Gly. The 300 Dalton species is FA-Glu with a 14 carbon fatty
acid tail. The 600 Dalton species is a dimer of the 300 Dalton species. The 314 Dalton species
18 FA-Glu with a 15 carbon fatty acid tail. The 628 Dalton species is a dimer of the 314 Dalton

species.
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MS/MS analysis of the 314 Dalton and 328 Dalton species: The 314 species fragments into one
species that has Gly+CH3CO and a second species that is the expected size of the remainder of
the fatty acid (labeled “-Gly”). The 328 species fragments into one species that has Gly+CH3;CO
and a second species that is the expected size of the remainder of the fatty acid (labeled “-Gly”).
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Example 9

[00134] The Bacillus a-keto acid dehydrogenase activity was knocked out by deleting the
genes that encode two enzymes bkdAA and bkdAB. These genes encode the Bacillus E1  and
E1B components of a-keto acid dehydrogenase (also known as branched chain  -oxo acid
dehydrogenase) see Ref 30. These genes were knocked out in a strain that produces an acyl
amino acid surfactant called FA-Glu, which is composed of fatty acid (FA) linked to the amino
acid glutamic acid (Glu).

[00135] Asis shown in Table A for the control strain (which retains a-keto acid
dehydrogenase activity), the surfactant is composed of a population of molecules with fatty acid
tails that vary in length from C12 to C17, with C14 predominant (55%). When the mutant strain
(which lacks a-keto acid dehydrogenase activity) is fed 20mM isobutyrate the fatty acid
composition of the surfactant population narrows to about 95% C14. Surfactants with a fatty
acid tail length of C14 are particularly useful for certain applications, such as use in personal
care products such as shampoos, body washes and other products. The population of surfactant
fatty acid tail lengths can be specifically modified by feeding the mutant strain a starter keto acid
that results in production of odd numbered branched fatty acids. Specifically, a population of
surfactant molecules with a fatty acid tail composition of C13:0,27%;C15:0,65% was produced
upon feeding the mutant 20mM 2-methylbutyric acid. Thus, the strain produced surfactant with
over 90% odd numbered branched fatty acid tails (presumably anteiso). A population of
surfactant molecules with a fatty acid tail composition of
C12:0,3.71%;C14:0,76.04%;C16:0,2.20% was produced upon feeding the mutant 100uM 2-
methylbutyric acid. Thus, the strain produced surfactant with over 80% even numbered fatty
acid tails. Given that the mutant strain is incapable of producing branched fatty acids with even
numbered chain lengths, and was fed a keto acid that can only be used to produce odd numbered
branched fatty acids this population of even numbered fatty acid molecules is comprised of
straight chain (unbranched) fatty acids. Feeding of 20mM isovaleric produced surfactant with
over 90% odd numbered branched fatty acid tails (presumably iso). Feeding of 100uM

isovaleric produced surfactant with over 80% even numbered (straight chain) fatty acid tails.
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[00136] We have demonstrated previously that acylases can be used to specifically cleave an
acyl amino acid surfactant to generate a free fatty acid and an amino acid. This approach can be
used with the surfactant populations described above to produce particular purified populations
of fatty acids, for example a population composed of over 90% C14 fatty acid or a population
composed of over 90% anteiso C13 and C15 or over 90% iso C13 and C15, or over 80% straight

chain (even numbered fatty acids).

Experimental Details:

[00137] In this example, we amplified the genomic region of B. subtilis strain OKB105
encoding for the bkdAA and bkdAB genes and upstream and downstream flanking genes (buk,
IpdV, bkdB, bmrR, and bmr) using primers 47014:5°-
AATATCGTATTGAATAGACAGACAGG-3’ and 47015:5°-
ATCTTTATTTGCATTATTCGTGGAT-3". The resulting PCR was used as a template to

amplify both upstream and downstream fragments.

[00138] The upstream fragment was amplified using primers 47020:5’-
GTGTAAATCATTTAATGAAAAAAGGAAAAATTGACGTG-3’ and 47023:5°-
ATCATTAAGCCTTCCTGGCAGTCAGCCCTAGTGCTTGATGTCGGTTTG-3’. The
downstream fragment was amplified using primers 47026:5’-
AATTAAAAGCCATTGAGGCAGACGTAAGGGAGGATACAATCATGGCAATT-3’ and
47021:5’-GGTATTCTTGCTGACAACGGTACATTCATATG-3’. The genes encoding for
UPP/Kan were amplified from the template pUC19-UPP-KAN using primers 47024:5’-
ACACGATATAGCCAGGAAGGCGGGTTTTTTGACGATGTTCTTGAAACTC-3’ and
47025:5-AATTAAAAGCCACAAAGGCCTAGGTACTAAAACAATTCATCCAGTAA-3’.

[00139] The upstream, downstream and UPP/Kan fragments were all digested to completion
with restriction endonuclease Bgll. All 3 fragments were subsequently ligated together with T4
DNA ligase. The ligated DNA mix was transformed into FA-Glu producing strain 43074-B2
and transformants were selected for ability to grow on LB agar supplemented with Kanamycin

(30ug/mL) and Isobutyric, Isovaleric and 2-methylbutyric acids (100uM). One strain derived
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from this strategy, which had the correct sequence to replace bkdAA and bkdAB with UPP/Kan,

was named 47392-A6 and was used in subsequent experiments.

[00140]

PCT/US2014/029150

47392-A6 was grown alongside 43074-B2 in S7(Phos7.5) (minimal media containing

100mM Potassium Phosphate Buffer pH7.5, 10mM Ammonium Sulfate, 20mM Monosodium

Glutamate, 2% Glucose and trace metals) supplemented with 0, 100uM, 1mM, 5mM or 20mM 2-
methylbutyric, Isovaleric, Isobutyric acids (all neutralized to pH7.5) in 10mM cultures for 4 days

at 37C.
Table A
FA-Glu
344=C12 | 358=C13 | 372=C14 | 386=C15 | 400=C16 | 414=C17 me/L)
No Acid 1.60% | 16.29% | 54.78% | 26.02% | 1.19% | 0.12% 439.2
m:f:y‘:m tzy'ric 1.76% | 18.27% | 52.08% | 26.68% | 1.09% | 0.12% 397.1
1mM 2-methylbutyric | 1.25% | 23.84% | 34.54% | 39.28% | 0.74% | 0.35% 443.8
5mM 2-methylbutyric | 0.99% | 26.91% | 22.05% | 49.22% | 038% | 0.46% 409.6
20mM 2-methylbutyric | 0.57% | 26.79% | 16.49% | 55.19% | 030% | 0.65% 3336
100uM lIsovaleric 1.66% | 17.42% | 53.04% | 26.70% | 1.05% | 0.12% 451.4
Control 1mM lIsovaleric 1.15% | 24.84% | 39.84% | 33.28% | 0.75% | 0.15% 437.6
5mM Isovaleric 0.64% | 34.26% | 19.87% | 44.67% | 033% | 0.22% 434.4
20mM Isovaleric 0.53% | 34.06% | 855% | 56.54% | 0.14% | 0.19% 338.5
100uM Isobutyric 1.72% | 15.64% | 58.19% | 23.08% | 1.23% | 0.13% 457.1
1mM Isobutyric 153% | 11.44% | 63.98% | 21.51% | 1.45% | 0.10% 470.1
5mM Isobutyric 155% | 9.43% | 69.63% | 17.76% | 1.53% | 0.09% 433.2
20mM Isobutyric 133% | 9.09% | 69.83% | 17.86% | 1.82% | 0.07% 434.5
No Acid no growth observed
m:f:y‘:m tzy'ric 3.71% | 10.41% | 76.04% | 7.56% | 2.20% | 0.07% 401.4
1mM 2-methylbutyric | 2.38% | 25.73% | 32.49% | 38.46% | 057% | 0.36% 441.4
5mM 2-methylbutyric | 1.00% | 31.76% | 10.00% | 56.32% | 0.21% | 0.71% 415.2
Mutant 1= 5 iM 2-methylbutyric | 0.68% | 27.28% | 6.37% | 64.77% | 017% | 0.73% 307.2
100uM Isovaleric 3.53% | 8.30% | 78.33% | 7.89% | 1.93% | 0.02% 417.9
1mM Isovaleric 1.28% | 22.86% | 36.65% | 38.72% | 0.43% | 0.06% 370.8
5mM Isovaleric 0.48% | 38.41% | 11.76% | 49.02% | 0.20% | 0.13% 425.8
20mM Isovaleric 0.31% | 36.41% | 4.14% | 58.89% | 0.09% | 0.16% 334.9
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100uM Isobutyric 2.88% 5.96% 84.74% 4.67% 1.72% 0.03% 250.1
1mM Isobutyric 2.34% 3.37% 90.10% 2.08% 2.08% 0.02% 420.3
5mM lIsobutyric 1.82% 0.66% 94.03% 1.01% 2.48% 0.01% 433.0
20mM Isobutyric 1.68% 0.30% 94.50% 0.81% 2.69% 0.02% 390.7

BKD up-U/K-down sequence using restriction sites:

AATATCGTATTGAATAGACAGACAGGAGTGAGTCACCAT
GGCAACTGAGTATGACGTAGTCATTCTGGGCGGCGGTACCGGCGGTTATG
TTGCGGCCATCAGAGCCGCTCAGCTCGGCTTAAAAACAGCCGTTGTGGAA
AAGGAAAAACTCGGGGGAACATGTCTGCATAAAGGCTGTATCCCGAGTAA
AGCGCTGCTTAGAAGCGCAGAGGTATACCGGACAGCTCGTGAAGCCGATC
AATTCGGAGTGGAAACGGCTGGCGTGTCCCTCAACTTTGAAAAAGTGCAG
CAGCGTAAGCAAGCCGTTGTTGATAAGCTTGCAGCGGGTGTAAATCATTT
AATGAAAAAAGGAAAAATTGACGTGTACACCGGATATGGACGTATCCTTG
GACCGTCAATCTTCTCTCCGCTGCCGGGAACAATTTCTGTTGAGCGGGGA
AATGGCGAAGAAAATGACATGCTGATCCCGAAACAAGTGATCATTGCAAC
AGGATCAAGACCGAGAATGCTTCCGGGTCTTGAAGTGGACGGTAAGTCTG
TACTGACTTCAGATGAGGCGCTCCAAATGGAGGAGCTGCCACAGTCAATC
ATCATTGTCGGCGGAGGGGTTATCGGTATCGAATGGGCGTCTATGCTTCA
TGATTTTGGCGTTAAGGTAACGGTTATTGAATACGCGGATCGCATATTGC
CGACTGAAGATCTAGAGATTTCAAAAGAAATGGAAAGTCTTCTTAAGAAA
AAAGGCATCCAGTTCATAACAGGGGCAAAAGTGCTGCCTGACACAATGAC
AAAAACATCAGACGATATCAGCATACAAGCGGAAAAAGACGGAGAAACCG
TTACCTATTCTGCTGAGAAAATGCTTGTTTCCATCGGCAGACAGGCAAAT
ATCGAAGGCATCGGCCTAGAGAACACCGATATTGTTACTGAAAATGGCAT
GATTTCAGTCAATGAAAGCTGCCAAACGAAGGAATCTCATATTTATGCAA
TCGGAGACGTAATCGGTGGCCTGCAGTTAGCTCACGTTGCTTCACATGAG
GGAATTATTGCTGTTGAGCATTTTGCAGGTCTCAATCCGCATCCGCTTGA
TCCGACGCTTGTGCCGAAGTGCATTTACTCAAGCCCTGAAGCTGCCAGTG
TCGGCTTAACCGAAGACGAAGCAAAGGCGAACGGGCATAATGTCAAAATC
GGCAAGTTCCCATTTATGGCGATTGGAAAAGCGCTTGTATACGGTGAAAG
CGACGGTTTTGTCAAAATCGTGGCTGACCGAGATACAGATGATATTCTCG
GCGTTCATATGATTGGCCCGCATGTCACCGACATGATTTCTGAAGCGGGT
CTTGCCAAAGTGCTGGACGCAACACCGTGGGAGGTCGGGCAAACGATTCA
CCCGCATCCAACGCTTTCTGAAGCAATTGGAGAAGCTGCGCTTGCCGCAG
ATGGCAAAGCCATTCATTTTTAAAAGCATAAAGGAGGGGCTTGAATGAGT
ACAAACCGACATCAAGCACTAGGGCTGACTGCCAGGAAGGC
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AGGLAGACGTAAGGGAGGAT
ACAATCATGGCAATTGAACAAATGACGATGCCGCAGCTTGGAGAAAGCGT
AACAGAGGGGACGATCAGCAAATGGCTTGTCGCCCCCGGTGATAAAGTGA
ACAAATACGATCCGATCGCGGAAGTCATGACAGATAAGGTAAATGCAGAG
GTTCCGTCTTCTTTTACTGGTACGATAACAGAGCTTGTGGGAGAAGAAGG
CCAAACCCTGCAAGTCGGAGAAATGATTTGCAAAATTGAAACAGAAGGCG
CGAATCCGGCTGAACAAAAACAAGAACAGCCAGCAGCATCAGAAGCCGCT
GAGAACCCTGTTGCAAAAAGTGCTGGAGCAGCCGATCAGCCCAATAAAAA
GCGCTACTCGCCAGCTGTTCTCCGTTTGGCCGGAGAGCACGGCATTGACC
TCGATCAAGTGACAGGAACTGGTGCCGGCGGGCGCATCACACGAAAAGAT
ATTCAGCGCTTAATTGAAACAGGCGGCGTGCAAGAACAGAATCCTGAGGA
GCTGAAAACAGCAGCTCCTGCACCGAAGTCTGCATCAAAACCTGAGCCAA
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AAGAAGAGACGTCATATCCTGCGTCTGCAGCCGGTGATAAAGAAATCCCT
GTCACAGGTGTAAGAAAAGCAATTGCTTCCAATATGAAGCGAAGCAAAAC
AGAAATTCCGCATGCTTGGACGATGATGGAAGTCGACGTCACAAATATGG
TTGCATATCGCAACAGTATAAAAGATTCTTTTAAGAAGACAGAAGGCTTT
AATTTAACGTTCTTCGCCTTTTTTGTAAAAGCGGTCGCTCAGGCGTTAAA
AGAATTCCCGCAAATGAATAGCATGTGGGCGGGGGACAAAATTATTCAGA
AAAAGGATATCAATATTTCAATTGCAGTTGCCACAGAGGATTCTTTATTT
GTTCCGGTGATTAAAAACGCTGATGAAAAAACAATTAAAGGCATTGCGAA
AGACATTACCGGCCTAGCTAAAAAAGTAAGAGACGGAAAACTCACTGCAG
ATGACATGCAGGGAGGCACGTTTACCGTCAACAACACAGGTTCGTTCGGG
TCTGTTCAGTCGATGGGCATTATCAACTACCCTCAGGCTGCGATTCTTCA
AGTAGAATCCATCGTCAAACGCCCGGTTGTCATGGACAATGGCATGATTG
CTGTCAGAGACATGGTTAATCTGTGCCTGTCATTAGATCACAGAGTGCTT
GACGGTCTCGTGTGCGGACGATTCCTCGGACGAGTGAAACAAATTTTAGA
ATCGATTGACGAGAAGACATCTGTTTACTAAATAAGCAAAAAGAGCATTT
TTTGAAGTTTTGTTTCAAAAAATGCTCTTTTTCTATGCTTTATTATTCAG
CGATCCGTATTTTCATTTCGACTCGATATTCTTCTTGTTTTTTCGGGGAG
TAATGAATCGGTATGATTAACTCGTATACATCACTGACAACTGTTAATTG
GCGGTCCGCGATATATTTGATAAGCTTCTGTAAGTTGAGAAAATAATGTT
CAGGCGAAAAATTATACGCGATACACGCATACCTCCCTTTAGGGATCGTT
GTGATTTCCATATCCGGCGTAATTGATGAAATCTGTTTATTCGTCAATAC
AGGTGTGAAAATATGACGGTAAGTCATTTCATCAATGCTGGTGTAGGGCT
GAAAAGAGAAAGTAGCGCCGTAGCTATTGTTCGTAAATCCATCTGCTGAC
TCGATAAATTTTTTTAATTTGCTGTAGGAGGCGTTGAGCACGTTTTCAGG
CCCGATTCCTTCTGCCTCTGTCTGAATGATCCGTATTTCTTCTTCATCTA
AAACAAACACCTCACCGAGCGCGGGATATTCCATCTGCCGTTTCATCCGC
TTTTTCACCAATGAAATGGTTTGCTCCAGGGCTGATAAAAAGTCTAATTT
CTCCCTGATTTGCCTCTCCTGCTCTGTATAAAAAGCAAACAGTTCTTCCA
TCTCTAAGTCCTGTGCTTTTTTCATCTCTTCTAAAGGTGTGCCGATATAT
TTCAATGATTTGATCAAATCCAGATGAATGAGCTGAGAATCTGTATAATA
GCGGTAGCTGGTATCCGGGTCGACGTAGGCTGGTTTAAATAAATCAATTT
TATCGTAATAACGGAGCGCTTTTATCGACACGTTTGCCAGTTTTGATACT
TCCCCAATTGAGTAATACGATTCCTTCATGCCATCACTCCTTCTATCATC
AGTATAAAGAAGAAGCGCATTCTTTGCAGTACACAAAGAATGCGCTTCTT
ATCACGTGCTGGCTTTAAGATGTGCAGGCGCTTTCCAAGCAATGGTCAGT
GCAATCCCTATGGCTAAGGTGACCGTTGCAAAGTAGAAAGGATAGTTTAC
ATCTATATCGAACAGCATTCCGCCGATAATAGGCCCGAATACATTGCCGA
TACTTGTAAACATTGAATTCATACCGCCGGCAAACCCCTGTTCATTTCCC
GCAATCTTTGACAGGTAAGTCGTTACCGCAGGCCGCATGAGATCAAATCC
GACAAATACGGTGACTGTCACCAGCAGAATCGCAACATATGAATGTACCG
TTGTCAGCAAGAATACCAGACTCGTCGAGAGAATTAAGCTGTACCGAATT
AAATGAATTTCGCCAAACCATCTTGTGAAGCGGTCGAATAAGACGACTTG
CGTAATGGCGCCAACAATCGCTCCTCCTGTAATCATAATGGCAATGTCGC
TGGCCGTAAATCCGAATTTATGATCCACGAATAATGCAAATAAAGAT
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Example 10
[00141] The following genes were deleted by replacing the coding sequence of each gene with

a upp/kan cassette. The effect on FA-Glu yield is shown in Table #: Maf, Abh, RocG, degU,
RapC, eps, yngF, yhaR, mmgB. spxA.

[00142] An additional copy of each of the following gene was introduced into Bacillus under
the control of either a constitutive promoter (e.g., PgroEL or under the control of the Psrf
promoter, which normally controls expression of genes in the srf operon (which genes are
required for production of surfactin). The effect on FA-Glu yield is shown in Table B:

FA-Glu
Increase
Single Knockouts relativeto | Ave
parental
strain
34.1% o
RapC 17.6% 25.9%
plip 21.2% 21.2%
yqxM 19.7% 19.7%
eps 19.1% 19.1%
13.3% o
degU 2 8% 18.0%
yngF 14.5% 14.5%
RocG 12.0% 12.0%
13.3%
haR 11.59
v 9.6% >
mmgB 11.4% 11.4%
6.2%
abh 16.0% 9.7%
6.9%
15.6%
maf 0.5% 8.0%
spollIAC 7.8% 7.8%
3.3%
fapR 4.89
P 6.3% 8%
SpxA 2.7% 2.7%
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FA-Glu
Increase
Knockin relative to
parental
strain
eps->pGroEL-IcfA 11.5%
amyE->Pspac-srfD 12.7%
amyE->PgroEL-sfp- 44.3%
srfD
phe+ 79.2%

NOTE: All Single knockouts are in the
43074-B2 background that contains 1) plip
KO, 2) phet, 3)amyE->PgroEL-sfp-srfD
and 4) spollAC KO

References

1.

2.

10.

11.

Krass et al., “Functional Dissection of Surfactin Synthetase Initiation Module Reveals
Insights into the Mechanism of Lipoinitiation” Chemistry & Biology, 17:872-880, 2010.
Roongsawang et al., “Phylogeneticv analysis of condensation domains in nonribosomal
peptide synthetases” FEMS Microbiology Letters, 252:143-151, 2005.

Rausch et al., “Phylogenetic analysis of condensation domains in NRPS sheds light on
their functional evolution” BMC Evolutionary Biology 7(78): 1-15, 2007.

Segolene et al., “NORINE: a database of nonribosomal peptides.” Nucleic Acids
Research, 36: D327-D331, 2008.

Steller, et al., “initiation of Surfactin Biosynthesis and the Role of the SrfD-Thioesterase
Protein.” Biochemistry, 43:11331-11343, 2004.

Duitman et al., “The Mycosubtilin synthetase of Bacillus subtilis ATCC6633: A
Multifunctional Hybrid Between a Peptide Synthetase, an Amino Transferase, and a fatty
Acid Synthase” PNAS, 96(23):13294-13299, 1999.

Hansen et al., “The Loading Module of Mycosubtilin: An adenylation Domain with fatty
Acid Selectivity” J Am Chem Soc, 129(20): 6366-6367, 2007.

Aron et al., “FenF: Servicing the Mycosubtilin Synthetase Assembly Line in trans”
ChemBioChem, 8: 613-616, 2007.

Wittmann et al., “Role of DptE and DptF in the lipidation reaction of daptomycin” FEBS
Journal, 275:5343-5353, 2008.

Kleinkauf et al., “A nonribosomal system of peptide biosynthesis” Eur J Biochem, 236:
335-351, 1996.

Miao et al., “Daptomycin biosynthesis in Streptomyces roseosporus: cloning and
analysis of the gene cluster and revision of peptide stereochemistry” Microbiology, 151:
1507-1523, 2005.

72



WO 2014/144649 PCT/US2014/029150

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zohreh et al., “Structure, biosynthetic origin, and engineering Biosynthesis of calcium-
Dependent Antibiotics from Streptomyces coelicolor” Chemistry & Biology, 9:1175-
1187, 2002.
Kaneda, “Iso- and anteiso-fatty acids in bacteria: biosynthesis, function, and taxonomic
significance,” Microbiological Reviews, 55(2):288-302, 1991.
Isolation and characterization of the  -ketoacyl-acyl carrier protein synthatse 111 gene
(fabH) from Escherichia coli K-12, Tsay, et al., JBC, 267(10), 6807-6814, 1992.
Choi et al., ““ -ketoacyl-acyl carrier protein synthase Il (FabH) is a determining factor in
branched-chain fatty acid biosynthesis,” Journal of Bacteriology, 182(2):365-370, 2000.
Kaneda, “Fatty acids of the genus Bacillus: an example of branched-chain preference,”
Bacteriological Reviews, 41(2):391-418, 1977.

Willecke et al., “Fatty acid-requiring mutant of bacillus subtilis defective in branched
chain a-keto acid dehydrogenase,” The Journal of Biological Chemistry, 246(17):5264-
5272.

Alteration of the fatty acid profile of Streptomyces coelicolor by replacement of
the initiation enzyme 3-ketoacyl acyl carrier protein synthase 111 (FabH).

Relationship of primer specificity of fatty acid de novo synthetase to fatty acid
composition in 10 species of bacteria and yeasts. Kaneda dn Smith. Can. J. Microbiol.,
Vol 26, 1980.

Application of cellular fatty acid analysis, david welch, Clinical Microbiology
Reviews, Oct. 1991, 422-438.

Identification, substrate specificity, and inhibition of the Streptococcus pneumonia b-
ketoacyl-acp carrier protein synthase I1I (FabH), Khandekar, et al., JBC, 276(32), 2001.

Fatty Acid Biosynthesis in Pseudomonas aeruginosa Is Initiated by the FabY Class of -
Ketoacyl Acyl Carrier Protein Synthases

Identification and functional expression of a  9-fatty acid desaturase from
Psychrobacter urativorans in Escherichia coli, Li et al., Lipids, 43, 207-213, 2008.

A9-fatty acid desaturase from arachidonic acid-producing fungus unique gene sequence
and its heterologous expression in a fungus, Aspergillus, Sakuradani et al., Eur. J.
Biochem., 260, 208-219, 1999.

A Bacillus subtilis gene induced by cold shock encodes a membrane phospholipid
desaturase, Aguilar et al., Journal of bacteriology, 180(8):2194-2200, 1998.

Martin, et al., “a lipA (yutB) mutant, encoding lipoic acid synthase, provides insight
into the interplay between branched-chain and unsaturated fatty acid biosynthesis in
Bacillus subtilis,” Journal of Bacteriology, 191(24):7447-7455, 2009.

Lee et al., “Cloning of srfA operon from Bacillus subtilis C9 and its expression in E.
coli,” Appl Microbiol Biotechnol, 75(3):567-572, 2007.

73



WO 2014/144649 PCT/US2014/029150

28.

29.

30.

31.

32.

33.

34.

35.

Quadri et al., “Characterization of Sfp, a Bacillus subtilis phosphopantetheinyl
transferase for peptididyl carrier domains in peptide synthetases,” Biochemistry,
37(6):1585-1595, 1998.

Reznik et al., “Use of sustainable chemistry to produce an acyl amino acid surfactant,”,
Appl Microbiol Biotechnol, published online, 2010.

Wang, et al., “The primary structure of branched-chain a-oxo acid dehydrogenase from
bacillus subtilis and its similarity to other a-oxo acid dehydrogenases,” Eur. J. Biochem.,
213:1091-1099, 1993.

This reference is out of order relative to its position in the text. Felnagle, et al.,
“Identification of the biosynthetic gene cluster and an additional gene for resistance to the
antituberculosis drug capreomycin,” Applied and Environmantal Microbiology,
73(13):4162-4170, 2007.

This reference is out of order relative to where it is mentioned in the text. Beasley et
al., “Mutation of L-2,3-diaminopropionic acid synthase genes blocks staphyloferrin B
synthesis in Staphylococcus aureus,” BMC Microbilogy, 11:199, 2011.

This reference is out of order relative to its position in the text. Simon and Shokat, “A
method to site-specifically incorporate methyl-lysine analogues into recombinant
proteins,” Methods in Enzymology, Volue 512, Nuclososomes: Histones & Chromatin,
Part A, edited Carl Wu and C. David Allis, Elsevier, Inc., 2012.

This reference is out of order relative to its position in the text. Zhang et al., “Catalytic
promiscuity of a bacterial -N-methyltransferase,” FEBS Letters, 586:3391-3397, 2012.

This reference is out of order relative to its position in the text. Komiyama, et al., “A
new antibiotic, cepemycin taxonomy, fermentation, isolation and biological
characteristics,” The Journal of Antibiotics, 46(11):1666-1671, 1993.

74



WO 2014/144649 PCT/US2014/029150

Sequence Listing

Proteins for synthesis of 2,3-diaminopropionic acid

sbnA

>sp|Q7AlZ6 | SBNA STAAW Probable siderophore biosynthesis protein SbnA
OS=Staphylococcus aureus (strain MW2) GN=sbnA PE=3 SV=1
MIEKSQACHDSLLDSVGQTPMVQLHQLFPKHEVFAKLEYMNPGGSMKDRPAKYITIEHGIK
HGLITENTHLIESTSGNLGIALAMIAKIKGLKLTCVVDPKISPTNLKIIKSYGANVEMVE
EPDAHGGYLMTRIAKVQELLATIDDAYWINQYANELNWQSHYHGAGTEIVETIKQPIDYF
VAPVSTTGSIMGMSRKIKEVHPNAQIVAVDAKGSVIFGDKPINRELPGIGASRVPEILNR
SEINQVIHVDDYQSALGCRKLIDYEGIFAGGSTGSITAAIEQLITSIEEGATIVTILPDR
GDRYLDLVYSDTWLEKMKSROGVKSE

sbnB

>tr|Q6X7U6|Q6X7U6 STAAU SbnB OS=Staphylococcus aureus GN=sbnB PE=4 3V=1
MNREMLYLNRSDIEQAGGNHSQVYVDALTEALTAHAHNDEVQPLKPYLRODPENGHIADR
ITAMPSHIGGEHAISGIKWIGSKHDNPSKRNMERASGVIILNDPETNYPIAVMEASLISS
MRTAAVSVIAAKHLAKKGFKDLTIIGCGLIGDKQLOSMLEQFDHIERVEFVYDQFSEACAR
FVDRWOQOORPEINFIATENAKEAVSNGEVVITCTVTDOQPYIEYDWLQKGAFISNISIMDV
HKEVFIKADKVVVDDWSQCNREKKTINQLVLEGKFSKEALHAELGQLVTGDIPGREDDDE
IILLNPMGMAIEDISSAYFIYQQAQQONIGTTLNLY

Zmal

>gi|223047493|gb|ACM79820.1| ZmaU [Bacillus cereus]
MSFRYKFYLKYIRKNIYTYLSLITIFLDFNQERKQIMLKKLESLERVIGNTPMIKLEHEKINLYAKLEYYN
LMNSVKVRAAYHILKSAINRGEVNENSTIIESSSGNFAVALATLCRYIGLKFIPVIDPNINDSYENFLRA
TSYQVANVDERDETGGYLLTRLNKVKELLNTIPNAYWTNQYNNADNFEAHYQGIGGEISNDFKQLDYAFRF T
GVSTGGTIAGVSTRLKEKFPNIKIIAVDSQGSIIFGDKPRKRYIPGIGASMIPGMVKKALIDDVMIVPEV
HTVAGCYELEFNKHAIFAGGSSGTSYYATQKYFENRDVONTPNVVELCPDNGQAYTSTIYNVEWVEWLNTQ
KSVEDQLVSL

ZmavVv

>gi223047494 |gb|ACM79821.1| ZmaV [Bacillus cereus]
MMYLNTKHFNEMGVNWEETINVISKAVKSLDSEDFSQPIKPYLRFDDPANRIIAMPAY IGGEFKVSGIKW
IASFPKNIEKGIQRAHSVTILNDAMTGKPFATLNTAMVSVIRTASVTGLMIREFAKLRDLNNVKVGIIGE
GPIGOMHLKMVTALLGDKIEGVYLYDINGIKDELIPEEIYSKTQKVNAYEEAYNDADIFITCTVSAEGYTI
DKKPKDGALLLNVSLRDFKPDILEYTKSLVVDNWEEVCREKTDVERMHLERGLOKEDTVSIADVVIRGAL
ONFPYDKAILFNPMGMAIFDVAIAAYYYQRARENEMGVLLED

Methyltrasferases

otein

subti

7 nt{ 160, L2622 )
WSELETHT THEAVEPISN ILHEAGASG
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ISSFALABA
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AGEPYTARSREMLV

Streptomyces griseus m&tny
>gi|182440155|ref|YP 001827874 1]
subsp. griseus NBRC 13350]
MSEPTVYDAAAIDAYDLISSMLSPGAGLAAWVSSHRPLAGRTVLDLGAGTGVSSFALADAGAQVVAVDAS
RPSLDLLESRRGERKVDTVEADFRDLRLDSAFDVVTIMSKNTFFLAQSHDEKIELLRAIGRHLKPGGAVFEL
DCTDPVEYLRADGAAHTVTYPLGREQMVTITQNADRATQAIMSIFMVQSASTLTSFHEMATWASLPEIRL
LARAAGLEVTAVDGSYAGDAYTARSREMLVVLEAK

rigfarazs [Streptomyces griseus

Proteins for initiation of straight chain fatty acid synthesis

fadH family members for initiation of straight chain fatty acid synthesis

M77744

>M77744 1(M77744 |pid:none) Escherichia coli beta-ketoacyl-acyl carrier
protein synthase III (fabH) gene, complete cds.
MYTKIIGTGSYLPEQVRTNADLEKMVDTSDEWIVTRTGIRERHIAAPNETVSTMGEFEAAT
RATEMAGIEKDQIGLIVVATTSATHAFPSAACQIQSMLGIKGCPAFDVAAACAGFTYALS
VADQYVKSGAVKYALVVGSDVLARTCDPTDRGTIIIFGDGAGAAVLAASEEPGIISTHLH
ADGSYGELLTLPNADRVNPENSIHLTMAGNEVFKVAVTELAHIVDETLAANNLDRSQLDW
LVPHQANLRITSATAKKLGMSMDNVVVTLDRHGNTSAASVPCALDEAVRDGRIKPGQLVL
LEAFGGGFTWGSALVRE
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AF384041

>sp | POA3CS |FABH STRPN 3-oxoacyl-[acyl-carrier-protein] synthase 3
OS=Streptococcus pneumoniae serotype 4 (strain ATCC BAA-334 / TIGR4) GN=fabH
PE=3 SvV=1

MAFAKISQVAHYVPEQVVTNHDLAQIMDTNDEWISSRTGIRQRHISRTESTSDLATEVAK
KLMAKAGITGEELDFIILATITPDSMMPSTAARVQANIGANKAFAFDLTAACSGEVFALS
TAEKFIASGRFOQKGLVIGSETLSKAVDWSDRSTAVLFGDGAGGVLLEASEQEHFLAESLN
SDGSRSECLTYGHSGLHSPFSDQESADSFLKMDGRTVEFDFATIRDVAKSTIKQTIDESPIEV
TDLDYLLLHQANDRILDKMARKIGVDRAKLPANMMEYGNTSAASTIPILLSECVEQGLIPL
DGSQTVLLSGFGGGLTWGTLILTT

fadY family members for initiation of straight chain fatty acid synthesis
PA5174

>tr|Q9HUL15 |Q9HU15 PSEAE Probable beta-ketoacyl synthase OS=Pseudomonas
aeruginosa (strain ATCC 15692 / PAOl / 1C / PRS 101 / LMG 12228) GN=PA5174
PE=3 SvV=1

MSRLPVIVGFGGYNAAGRSSFHHGFRRMVIESMDPQARQETLAGLAVMMKLVKAEGGRYL
AEDGTPLSPEDIERRYAERIFASTLVRRIEPQYLDPDAVHWHKVLELSPAEGQALTEFKAS
PKQLPEPLPANWSIAPAEDGEVLVSIHERCEFKVDSYRALTVKSAGQLPTGFEPGELYNS
RFHPRGLOMSVVAATDAIRSTGIDWKTIVDNVQPDEIAVEFSGSIMSQLDDNGFGGLMQSR
LKGHRVSAKQLPLGEFNSMPTDF INAYVLGSVGMTGSITGACATFLYNLQKGIDVITSGQA
RVVIVGNSEAPILPECIEGYSAMGALATEEGLRLIEGRDDVDFRRASRPFGENCGEFTLAE
SSQYVVLMDDELALRLGADIHGAVTDVFINADGFKKSISAPGPGNYLTVAKAVASAVQIV
GLDTVRHASFVHAHGSSTPANRVTESEILDRVASAFGIDGWPVTAVKAYVGHSLATASAD
QLISALGTFKYGILPGIKTIDKVADDVHQQORLSISNRDMRODKPLEVCFINSKGEGGNNA
SGVVLSPRIAEKMLRKRHGQAAFAAYVEKREQTRAAARAYDOQRALQGDLEITIYNFGQODLIT
DEHATEVSAEQVTVPGFSQPLVYKKDARFSDMLD

Pmen_0396

>pmy:Pmen 0396 pyrC; dihydroorotase (EC:3.5.2.3); K01465 dihydroorotase [EC:3.5.2.3]
(2)

MRTAILGARVIDPASGLDQVTDLYIDGTKLVAFGQAPAGFTADKTLNAQGLIAAPGLVDL
SVALREPGYSRKGSIATETLAAAAGGVTSLCCPPLTKPVLDTPAVAELILDRAREAGHTK
VFPIGALSKGLAGEQLAELVALRDAGCVAFGNGLDNFRSARTLRRALEYAATFDLQVIFH
SQODFDLAEGGLAHEGPTASFLGLAGIPETAETVALARDLLLVEQSGVRAHFSQITSARGA
ELIANAQARGLPVTADVALYQLILTDEALIDFSSLYHVQPPLRSRADRDGLREAVKAGVI
SAIASHHQPHERDAKLAPFAATEPGISSVQLQLPLAMSLVQDGLLDLPTLLARLSSGPAA
ALRLPAGTLSVGGAADIVLFDAQASTVAGEQWYSKGSNCPFIGHCLPGAVRYTLVDGHIS

YQS

MDS_0454

>pmk:MDS 0454 beta-ketoacyl synthase (A)

MSRLPVIVGFGGYNAAGRSSFHHGFRRTVQESLEPQARQETLAGLAQMMKILVRVVDGQYQ
DODGQPLSLADIESRYAKQILAGTLVRRIEKQHIDPDAAHWQKSIGVTPADGTSLSFLTQ
RKQLPEPLPANWSIEELEGNEVRVTLHDSCEFKVDSYRPLAVKSAGQLPTGFEPSELYNA
RFHPRGLAMTVVGVTDALRSVGIDWQRIVQHVAPDEIAVFASCIMSQLDENGFGGMMQSR
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LKGGRVTAKQLALGLNTMPADFINAYVLGSVGTTGSITGACATFLYNLQKGIEQIASGKA
RVVIVGSSEAPINQECIEGYGAMGALATEEGLRQIEGKSEVDFRRASRPFGDNCGFTLAE
ACQFVVLMDDELALELGADIHGAVPDVEFINADGFKKSISAPGPGNYLTVAKAVASAVQLL
GLDAVRNRSFVHAHGSSTPANRVTESEILDRVAAAFGIEQWPVTAVKAFVGHSLATASGD
QVIGALGAFKYGIVPGIKTIDAVAGDVHQHHLSLSTEDRKVGDQALDVAFINSKGFGGNN
ASALVLAPHVTERMLRKRHGQAAFDAYLARREGTRAAAAAYDQQALQGKLDIIYNEGNDM
IDDQAISITTEEVKVPGFDQPLVFRKDARYSDMLD

Psefu_4068

>tr|F6AJT1 |F6AJTL PSEF1 Beta-ketoacyl synthase OS=Pseudomonas fulva (strain
12-X) GN=Psefu 4068 PE=3 SV=1
MKSRLPVIVGFGGYNAAGRSSFHHGFRRTVIESLDEQARQETLTGLAVMTKLVRVVDGRY
QSODGEALSPADIERRYGAQILASTLVRRIEKQHLDPDAAHWHKS IAVGGEAGSLTEVSS
RKQLPEPLPANWTVEELGGNDVRVTLHDSCEFKVDSYRALPVKSAGQLPTGFEPGELYNS
RFHPRGLOMAVVGVTDALRATGVPWQTIVDHVAPDEIAVFAGSIMSQLDENGFGGLMQSR
LKGHRVSSKQLALGLNTMPADF INAYVLGSVGTTGSVTGACATFLYNLQKGIEQINAGKA
RVVIVGNSEAPINAECIEGYGAMGALATEDGLRLIEGKDDVDFRRASRPFGENCGEFTLSE
ACQFVVLMDDELALQLGADIHGAATDVE INADGFKKSISAPGPGNYLTVAKAVAAATQLV
GIDAVRRRSFVHAHGSSTPANRVTESELLDRVAAAFATIDSWPVAAVKAFVGHSLATASGD
QVISALGTFKYGIIPGIKTIDEVAADVHQQHLSISNVDRHDOQRMDVCFEFINSKGFGGNNAS
AVVLAPHVVERMLRKRHGEAAFSAYQQORREQTRANAQAYDEQATKGQLETIIYNFGNDLID
DTEIAIDDAQIKVPGFAQPLLYKQDDRYSDMLD

Avin_05510

>avn:Avin 05510 beta-ketoacyl synthase (A)
MSRLPVIVGFGGYNSAGRSSFHHGFRRTVIESLTPQARQETLAGLAVMMKLVSVVDGQYR
DSDGSTLTPAEIERRHGERILAATLIRRIERQYFDVDATHWHKSLTLSGEDQPLHFTTSA
KQLPEPLPANWSVEPLEEHQVRVTIHGSCEFKVDSYREMPVKSAGQLPTGFEPGELYNSR
FHPRGLQLSVVAATDALRSTGIDWQTILDHVQPDEVAVFSGSIMSQLDENGYGGLLQSRL
KGHRVSSKQLPLGFNSMPTDFINAYVLGSVGSTGSITGACATFLYNLQKGIDVITSGQAR
VVVAGNAEAPITPEIVEGYAAMGALATEEGLRHIEGRDQVDFRRASRPFGANCGFTLAEA
AQYVVLMDDSLALELGADIHGAVPDVEFVNADGFKKSISAPGPGNYLTVAKAVASAMQLVG
EDGVRQRSFIHAHGSSTPANRVTESELLDRVAGAFGIADWPVAAVKAYVGHSLATASGDQ
LISALGTFKYGLLPGIKTVDRFADDVHDQHLRLSMRDVRRDDLDVCFINSKGEFGGNNATG
VLLSPRVTEKMLRKRHGEAAFADYRSRREATREAARRYDEQVLQGRFDILYNFGQDMIDE
HATEVNEEGVKVPGFKQAIRFRKDERFGDMLD

PSPA7_5914

>pap:PSPA7 5914 putative beta-ketoacyl synthase (A)
MSRLPVIVGFGGYNAAGRSSFHHGFRRMVIESMDPQARQETLAGLAVMMKLVKAEGGRYL
AEDGTPLSPEDIERRYAERIFASTLVRRIEPQYILDPDAVHWHKVLEATPAEGQALTFKAS
PKQLPEPLPGNWSVTPAADGEVLVSIHERCEFKVDSYRPLTVKSAGQLPTGFEPGELYNS
RFHPRGLQMSVVAATDATIRSTGIDWQTIVDNVQPDEIAVFSGSIMSQLDDNGFGGLMQSR
LKGHRVSAKQLPLGFNSMPTDFINAYVLGSVGMTGSITGACATFLYNLQKGIDVITSGQA
RVVIVGNSEAPILPECIEGYSAMGALATEEGLRLIEGRDEVDFRRASRPFGENCGFTLAE
SSQYVVLMDDELALRLGADIHGAVTIDVEFINADGFKKSISAPGPGNYLTVAKAVASAVQIV
GLDTVRHASFVHAHGSSTPANRVTESEILDRVASAFGIDGWPVTAVKAYVGHSLATASAD
QLISALGTFKYGILPGIKTIDKVADDVHQQORLSISNRDVROQDKPLEVCFINSKGFGGNNA
SGVVLSPRIAEKMIRRRHGEAAFAAYVEKREQTRGAARAYDQRALQGDLETI IYNFGQDLI
DEQATEVSAEQVIVPGFSQPLVYKKDARFSDMLD
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PLES_55661

>pag:PLES 55661 putative beta-ketoacyl synthase (A)
MYRLPVIVGFGGYNAAGRSSFHHGFRRMVIESMDPQARQETLAGLAVMMKLVKAEGGRYL
AEDGTPLSPEDIERRYAERIFASTLVRRIEPQYILDPDAVHWHKVLELSPAEGQALTFKAS
PKQLPEPLPANWIIAPAEDGEVLVSIHERCEFKVDSYRALTVKSAGQLPTGFEPGELYNS
RFHPRGLOQMSVVAATDATIRSTGIDWKTIVDNVQPDEIAVFSGSIMSQLDDNGFGGLMQSR
LKGHRVSAKQLPLGFNSMPTDFINAYVLGSVGMTGSITGACATFLYNLQKGIDVITSGQA
RVVIVGNSEAPILPECIEGYSAMGALATEEGLRLIEGRDDVDFRRASRPFGENCGFTLAE
SSQYVVLMDDELALRLGADIHGAVTIDVEFINADGFKKSISAPGPGNYLTVAKAVASAVQIV
GLDTVRHASFVHAHGSSTPANRVTESEILDRVASAFGIDGWPVTAVKAYVGHSLATASAD
QLISALGTFKYGILPGIKTIDKVADDVHQQORLSTISNRDMRODKPLEVCFINSKGFGGNNA
SGVVLSPRIAEKMIRKRHGQAAFAAYVEKREQTRAAARAYDQRALQGDLETI IYNFGQDLI
DEHATEVSAEQVITVPGFSQPLVYKKDARFSDMLD

PA14_68360

>tr|Q02EJ1 |Q02EJL PSEAB Putative beta-ketoacyl synthase OS=Pseudomonas
aeruginosa (strain UCBPP-PAl4) GN=PAl4 68360 PE=3 sV=1
MSRLPVIVGFGGYNAAGRSSFHHGFRRMVIESMDPQARQETLAGLAVMMKLVKAEGGRYL
AEDGTPLSPEDIERRYAERIFASTLVRRIEPRYLDPDAVHWHKVLELSPAEGQALTEFKAS
PKQLPEPLPANWSIAPAEDGEVLVSIHERCEFKVDSYRALTVKSAGQLPTGFEPGELYNS
RFHPRGLOMSVVAATDAIRSTGIDWKTIVDNVQPDEIAVEFSGSIMSQLDDNGFGGLMQSR
LKGHRVSAKQLPLGEFNSMPTDFINAYVLGSVGMTGSITGACATFLYNLQKGIDVITSGQA
RVVIVGNSEAPILPECIEGYSAMGALATEEGLRLIEGRDDVDFRRASRPFGENCGEFTLAE
SSQYVVLMDDELALRLGADIHGAVTDVFINADGFKKSISAPGPGNYLTVAKAVASAVQIV
GLDTVRHASFVHAHGSSTPANRVTESEILDRVASAFGIDGWPVTAVKAYVGHSLATASAD
QLISALGTFKYGILPGIKTIDKVADDVHQQORLSISNRDMRODKPLEVCFINSKGEGGNNA
SGVVLSPRIAEKMLRKRHGQAAFAAYVEKREQTRAAARAYDOQRALRGDLEITIYNFGQODLIT
DEHATEVSAEQVTVPGFSQPLVYKKDARFSDMLD

fabHA promoter
ACGCCTCCTTTCCATATACCATACTCTATGAGTAAGATGAACTGATAGTTTAGACGAATATATTGCCATGTGAAARAA

AAATAGGATAGAATTAGTACCTGATACTAATAATTGATCACAACCTGATTGATCTTCTAAATTTAAGATATAAAGGA
GTCTTCCCTA

Proteins that prefer to initiation fatty acid synthesis using short straight chain starters
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lement (1083747, .1032770)
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Desaturase enzymes

EF617339

>gi 148791377 |gb|ABR12480.1| D9-fatty acid desaturase [Psychrobacter
urativorans]
MIAKTAMGLPLKGLRLAIKSSDILIQTAGTQALRLKTWYEEGKANEAASEQPTATSNVNELSPANDDTST
NTKTSASTSDNNKTLSTEKPIDIRELEFKKAPINWIPATILITTPIAAAVITPWYLEFTHQVSAPVWGVEG
AFMVWTGISITAGYHRLLAHRAYKAHPIVKNFLLLGSTLAVQGSAFDWVSGHRSHHRHVDDRMDDPY SAK
RGFFFSHIGWMLKNYPSGKEDYKNIPDLTKDRTLOIQHKYYGLWVLAANVGLVAAIGWLIGDVWGTLVLA
GLLRLVLTHHFTFFINSLCHMEFGSRPYTDTNTARDNFFLALFTWGEGYHNYHHEFFQYDYRNGVKWWQYDP
TKWLIAGLSKVGLTTELRTIDDTTIKHAEVOMOFKKAQOQIDTVNAGGLDIPHAMKTFODRIKFEFEAFT
OTVEEWQALKAKATEMKKTEFADRLHEVDDKLKHEYANIEQKIHEHNDNLKVAFRSIGHNSKAA
ABO15611

>tr|0947471094747 MORAP Delta-9 fatty acid desaturase OS=Mortierella alpina
PE=2 SvV=1

MATPLPPSFVVPATQTETRRDPLOHEELPPLFPEKITIYNIWRYLDYKHVVGLGLTPLIA
LYGLLTTEIQTKTLIWSIIYYYATGLGITAGYHRLWAHRAYNAGPAMSFVLALLGAGAVE
GSIKWWSRGHRAHHRWTDTEKDPYSAHRGLFFSHIGWMLIKRPGWKIGHADVDDLNKSKL
VOWOHKNYLPLVLIMGVVFPTLVAGLGWGDWRGGYFYAATILRLVEFVHHATFCVNSLAHWL
GDGPFDDRHSPRDHFITAFVTLGEGYHNFHHOFPQDYRNAIRFYQYDPTKWVIALCAFFG
LASHLKTFPENEVRKGOLOMIEKRVLEKKTKLOWGTPIADLPILSFEDYQHACKNDNKKW
ILLEGVVYDVADFMSEHPGGEKY IKMGVGKDMTAAFNGGMYDHSNAARNLLSLMRVAVVE
YGGEVEAQKKNPSMPIYGTDHAKAE

AF037430

>sp| 034653 |DES_BACSU Fatty acid desaturase OS=Bacillus subtilis (strain 168)
GN=des PE=2 SV=1
MTEQTIAHKQKQLTKQVAAFAQPETKNSLIQLLNTFIPFFGLWFLAYLSTLDVSYLLTLAL
TVIAAGFLTRIFITIFHDCCHQSFFKOQKRYNHILGFLTGVLTLFPYLQWQHSHSTHHATSS
NLDKRGTGDIWMLTVNEYKAASRRTKLAYRLYRNPFIMFILGPIYVFLITNRENKKGARR
KERVNTYLTNLATIVALAAACCLIFGWQSFLLVQGPIFLISGSIGVWLEFYVQHTFEDSYFE
ADENWSYVQAAVEGSSFYKLPKLLOWLTGNIGYHHVHHLSPKVPNYKLEVAHEHHEPLKN
VPTITLKTSLOSLAFRLWDEDNKQFVSFRATKHIPVSLPPDSPEKQKLRKNA

Regulatory factors
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Peptide synthetase modules
srfAA module 1

(condensation domain, adenylation domain, thiolation domain, it is glutamate
specific)

MEITFYPLTDAQKRIWYTEKFYPHTSISNLAGIGKLVSADAIDYVLVEQAIQEFIRRNDA
MRLRLRLDENGEPVQYISEYRPVDIKHTDTTEDPNAIEFISQWSREETKKPLPLYDCDLF
RFSLFTIKENEVWEYANVHHVISDGISMNILGNAIMHIYLELASGSETKEGISHSFIDHV
LSEQEYAQSKRFEKDKAFWNKQFESVPELVSLKRNASAGGSLDAERFSKDVPEALHQQOIL
SFCEANKVSVLSVFQSLLAAYLYRVSGONDVVTGTFMGNRTNAKEKQMLGMEVSTVPLRT
NIDGGQOAFSEFVKDRMKDLMKTLRHOQKYPYNLLINDLRETKSSLTKLFTVSLEYQVMOWQ
KEEDLAFLTEPIFSGSGLNDVSIHVKDRWDTGKLTIDFDYRTDLFSREEINMICERMITM
LENALTHPEHTIDELTLISDAEKEKLLARAGGKSVSYRKDMTIPELFQEKAELLSDHPAYV
VFEDRTLSYRTLHEQSARIANVLKQKGVGPDSPVAVLIERSERMITAIMGILKAGGAYVP
IDPGFPAERIQYILEDCGADFILTESKVAAPEADAELIDLDQATIEEGAEESTLNADVNARN
LAYTIYTSGTTGRPKGVMIEHRQVHHLVESLOQTIYQSGSQTLRMALLAPFHFDASVKQI
FASLLLGQTLYIVPKKTVINGAALTAYYRKNSIEATDGTPAHLOMLAAAGDFEGLKLKHM
LIGGEGLSSVVADKLLKLFKEAGTAPRLTNVYGPTETCVDASVHPVIPENAVQSAYVPIG
KALGNNRLYILDQKGRLOPEGVAGELYIAGDGVGRGYLHLPELTEEKFLODPEFVPGDRMY
RTGDVVRWLPDGTIEYLGREDDQVKVRGYRIELGEIEAVIQQAPDVAKAVVLARPDEQGN
LEVCAYVVQKPGSEFAPAGLREHAARQLPDYMVPAYFTEVTEIPLTPSGKVDRRKLFALE
VKAVSGTAYTAPRNETEKATIAATWQODVLNVEKAGIFDNFFETGGHSLKAMTLLTKIHKET
GIEIPLQFLFEHPTITALAEEADHRESKAFAVIEPAEKQEHYPL

dptAl module 1 of daptomycin synthetase

MDMQOSQRLGVTAAQQSVWLAGQLADDHRLYHCAAYLSLTGSIDPRTLGTAVRRTLDETEALRTREVPQODG
ELLQILEPGAGQLLLEADFSGDPDPERAAHDWMHAATAAPVRLDRAGTATHALLTLGPSRHLLYFGYHHT
ALDGYGALLHLRRLAHVYTALSNGDDPGPCPFGPLAGVLTEEAAYRDSDNHRRDGEFWTRSLAGADEAPG
LSEREAGALAVPLRRTVELSGERTEKLAASAAATGARWSSLLVAATAAFVRRHAAADDTVIGLPVTARLT
GPALRTPCMLANDVPLRLDARLDAPFAALLADTTRAVGTLARHQRFRGEELHRNLGGVGRTAGLARVTVN
VLAYVDNIRFGDCRAVVHELSSGPVRDFHINSYGTPGTPDGVQLVESGNPALYTATDLADHQERFLREFLD
AVTADPDLPTGRHRLLSPGTRARLLDDSRGTERPVPRATLPELFAEQARRTPDAPAVQHDGTVLTYRDLH
RSVERAAGRLAGLGLRTEDVVALALPKSAESVAILLGIQRAGAAYVPLDPTHPAERLARVLDDTRPRYLV
TTGHIDGLSHPTPQLAAADLLREGGPEPAPGRPAPGNAAYITQTSGSTGRPKGVVVTHEGLATLAADQIR
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RYRTGPDARVLQFISPGFDVFVSELSMTLLSGGCLVIPPDGLTGRHLADFLAAEAVTTTSLTPGALATMP
ATDLPHLRTLIVGGEVCPPEIFDOWGRGRDIVNAYGPTETTVEATAWHRDGATHGPVPLGRPTLNRRGYV
LDPALEPVPDGTTGELYLAGEGLARGYVAAPGPTAERFVADPFGPPGSRMYRTGDLVRRRSGGMLEEFVGR
ADGQVKLRGFRIELGEVQAALTALPGVRQAGVLIREDRPGDPRLVGYIVPAPGAEPDAGELRAALARTLP
PHMVPWALVPLPALPLTSNGKLDRAALPVPAARAGGSGORPVTPQEKTLCALFADVLGVTEVATDDVEFE
LGGHSILNGTRLLARIRTEFGTDLTLRDLFAFPTVAGLLPLLDDNGROQHTTPPLPPRPERLPLS

dptAl module 5

IDRRPERLPLSFAQRRLWEL
SKLEGPSATYNIPVAVRLTGALDVPALRAALGDVTARHESLRTVFPDDGGEPRQLVLPHAEPPFLTHEVT
VGEVAEQAASATGYAFDITSDTPLRATLLRVSPEEHVLVVVIHHIAGDGWSMGPLVRDLVTAYRARTRGD
APEYTPLPVQYADYALWQHAVAGDEDAPDGRTARRLGYWREMLAGLPEEHTLPADRPRPVRSSHRGGRVR
FELPAGVHRSLLAVARDRRATLFMVVQAALAGLLSRLGAGDDIPIGTPVAGRGDEALDDVVGFEFVNTLVL
RTNLAGDPSFADLVDRVRTADLDAFAHQDVPFERLVEALAPRRSLARHPLFQIWYTLTNADOQDITGQALN
ALPGLTGDEYPLGASAAKFDLSFTFTEHRTPDGDAAGLSVLLDYSSDLYDHGTAAALGHRLTGFFAALAA
DPTAPLGTVPLLTDDERDRILGDWGSGTHTPLPPRSVAEQIVRRAALDPDAVAVITAEEELSYRELERLS
GETARLLADRGIGRESLVAVALPRTAGLVTTLLGVLRTGAAYLPLDTGYPAERLAHVLSDARPDLVLTHA
GLAGRLPAGLAPTVLVDEPQPPAAAAPAVPTSPSGDHLAYVIHTSGSTGRPKGVAIAESSLRAFLADAVR
RHDLTPHDRLLAVTTVGFDIAGLELFAPLLAGAATIVLADEDAVRDPASITSLCARHHVIVVQATPSWWRA
MLDGAPADAAARLEHVRILVGGEPLPADLARVLTATGAAVTNVYGPTEATIWATAAPLTAGDDRTPGIGT
PLDNWRVHILDAALGPVPPGVPGEIHIAGSGLARGYLRRPDLTAERFVANPFAPGERMYRTGDLGRFRPD
GTLEHLGRVDDQVKVRGFRIELGDVEAALARHPDVGRAAAAVRPDHRGOGRLVAYVVPRPGTRGPDAGEL
RETVRELLPDYMVPSAQVTLTTLPHTPNGKLDRAALPAPVFGTPAGRAPATREEKILAGLFADILGLPDV

GADSGFFDLGGDSVLSIQLVSRARREGLHITVRDVFEHGTVGALAAAATLPAPADDADDTVPGTDVLPSIS
DDEFEEFELELGLEGEEEQW

Module 2 of CmnA (Sequence listing CmaZA, A2)

PSPEPVAEVSRAEQR
IWLLSRLGGHPAEYATPVALRLAGPLDVAKLKNAVDAVVRRHEGLRHVFPEVDGSPTRAVLDPGSITVAE
EANRSVREVILAEGVAALDPATGPLARFTLVNQGPODHVILAIVLHHLIADGWSVDVLLRDIAAHYTGAPTA
TPGRYADYLALERAEEQDGALGRALEHFVTALDGVPDEVSFPPDHPRPAQRTGRGDVVRHRIDAAPVTAL
AERLRTTPFAVLLAAVGVLLHRVGGHRDVVVGTAVARRPDAGLDHLVGLCLNTLALRWPVQPHDTLGEVV
RAVTDRLADGLQHDAASFDRVVDKLAPARDSGRTPVFQVMALYEEPYETALALPDVTTTDVTVHCGSAQA
DAAFGFVPREGGIDLTLQFSTDVFTRATASRWARRLATLLAGARADTRVADLPLLPEDESQDLERWSGTT
GEAPTTTLHALAHETAQRHPDRPATHFGONSLTYGEFDARSAQLAHELRARGVRAETPVVVCLERSPEAL
IAVYGVLKAGGAYVPVETSNPDLRIAELTADSGAATLVLTQRRLADRLAALGAEVVVVDEPLPRHPTTDPE
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PLTGPDHLAYVIYTSGSTGRPKGVMVQHGSVLNFLDALDRRFDLTPDDRLLHKSPLAFDVSVREVEFWALT
RGASVVVAEPGRHADPGHLVDLVERERVTVAHFVPSSLAVFLEGLPGPGRCPTLRHVLTSGETLPVTTAR
AARDLLGARLRNMYGPTETTVEMTDHDVVDDTVDRLPIGHPFEGAVVRVLDADLRPVPPGSTGELCVGGL
PVARGYLGRPALTAERFVPDPLGPAGARLYRTGDLARLLPDGQLDFLGRNDFQVKVRGHRIEPGEVEAVL
GALPGVHGALVTAHDDRLIGYAVTDRDGEELRTALAERLPEHLVPSVVLTLDRFPLTGNGKLDRAALPTP
TGRHTGDSRPLTATEAALAATWRDLLDVPEVRADDHFFALGGHSLLAARVAARAGAALGVALPLPTVLREFE
PRLADLATAVDGTRADREPVRPRPDRRRRAPLSSAQRRLWIEENLRPGTATYTVAEAFRLRGELDEEAFA
AAVDDVLRRHDALRAHVESVEDGEPELVVAPEPRTALRVGDLPADRVRDALAAESARVFDPAGPLVATSL
HRLAPDEWLFQFTAHHLVVDGWSLDVLWRDLAACYHDRRAGRAPRPRDGLTFTDYTWWERDVRSRDLEPH
LAFWRGELAGLRPQPPADAHGPGAVLDFALGAALSDELRATAAGLGVSPEFVLGLTAFALALGEDSPGAIG
VEVANRASAETADLVGLFVNHVPVRVAPRGTGRAAVAAVDEARRRVLPHEHVPFDLVVDLLGPGRAPTSV
AFSHLDVRGHSPRLDGVTATRLTPPHNGTAKFDLLLEVLDTEHGLTGAFEYRPERFTAARVAQVRNHWEA

ALLTLLADPDLPVDARRPDFA

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

mytsqgfgtlv
geivigigen
ldkmkkfaad
gvmlthhnli
lfirrpilwm
elcdefltrc
vskedgncas
raltpdgwvk
acgvydgetr
gkvkryelae
hlndhyfdmg
takpsrsssk
sernekgfvr
sgsglgvyvg
tacssslvav
gsgegvaavl
agliapetlst
ivgliksalm
fsgtnahvvl
sicytastgr
nlskgisdlm
nrcwveavye
gldsimltqgv
eelvisgagp
ktslspksvt
ytdetrfaha
hhpsfitgtv
araatgrtkv

/gene="mycA"

/coded by="AF184956.1:

dvirnrsnis
ksfvvafwac
hdlgdfhhgl
hntcairnal
kkahehkasi
aafnmkrsai
fvevgkpidy
tgdlgfirkg
sreivlfavy
gyesgkfale
atslglsgia
diaiigmsln
ggyldeidrf
yskvgydyer
hmackalltg
lkplgaaird
ieahgtgtkl
1nhkkippla
eceytpeseya
ahldyclami
ghrpctkder
sakerkekge
kkaiadefnv
elehgehmld
akknsageak
nnrnlssfrs
vdsthsalpp
vvifagsyhgt

drgirfiesd
llggmipvpv
ieksdiigdr
aidlkdtlls
lsspnfgyny
lnvyglaeas
cgiricnean
nlvvtgrekd
kksadrfapl
stkikefleg
eriegkfgce
vpgasnksdf
dysffglapk
llsanypeel
dcemalaggi
gdhiygvikg
gdpvefnglc
hfnkpnplip
pedgndphlf
vssngelidk
itwlnriael
valdinhtkt
dipmerffdt
kiiasgngli
pyvipfgrqgtl
ywkemvypii
lgpmsnvage
fdgvlgvant
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3161..15076"

kietfvsyrqg
sigedndhkl
iydhpasqgye
wmplthdmgl
flkflkdnks
vgatfsnige
egledgfigh
iifvngknvy
vkdikkhlyg
hstepvgtpi
ltvadlftyp
whllengehg
takfmdpngr
hhyivgnlps
rtsllpmrig
saingdgttwv
kafekvtekk
fhsspfyvng
vlsahteasl
ltsliggern
yvgravidwr
hiesflktvi
mnniesvvdy
qgtlgaglds
negqvnytpqq
aersdgsrmw
vadriractg
kggaepanpl

lfdeaggflg
kvwriwniln
peadelafig
iachlvpala
ydwdlshirv
rfvpvylhrd
igikgenvtqg
phdiervaie
rggwsikeil
heietallsi
siadlaaflv
ireypaprvk
lflgsawhai
vlasriayfl
ldmessdglt
gitapspaaqg
gfcaigsvka
evmdftpedr
velthayrqy
lpgvhfgykn
avysnevvgk
snasgirade
laenvpsaas
fnllrnnshf
rgylesfiek
didgneyidi
vervafynsg
apgipgsfmn

ylaghigigpk
npfllasetv
fssgstgdpk
gingnlmpte
iangaepilp
hlnlgerave
gyynnpestn
ledidlgrva
pirklpktts
fsevmdgkki
enhseikgtd
daidylrsik
edagyagdti
nlkgpavtvd
ktfskdsdgt
teviemawkd
nighlfeaag
plrggissfg
isddsgsslr
ikemgpaekd
tplplypfer
idsnahfigf
tppgesvtaq
vskeseisqgd
yvdktkgskg
tmgfgvnlfg
teavmvalrl
dliilhynhp
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1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961

dsldvirnlg
lggagewfdi
fvagtfnthp
fgslfrfvss
ggfipegpds
llkgavrniv
dakrpfhfhe
splpshevvs
gdrytvtldr
kgpmlvgncv
dmriifnldr
eimnkwgtgf
avyeepenet
ggffshgtvk
fggisiigky
efeayadgyv
hgnplpeipf
eggrvtceslqg
pniesmigif
ttgkslfintm
pngfegetie
tvcgwfetga
ielivgilav
deessyhedr
ktnfplyssi
hvlkemkiad
dtkrdrrefv
fvhnpfapgt
kavvlareee
kinrkalpap
talaarihke
rmyllshteg
ihpsieftie
sdgvsmnilm
pvldmptdye
sggedivvgt
adypleeliqg
lsigtdgdkh
dnlihsieln

nelaavlvep
gadlvtygki
ltmrmslavl
vdndlffyhl
pndgghkepe
krhdalrtvi
gkplfrvhvl
frgyldwgga
plskaiksls
nmvpvkntas
pfrklhfggmnm
vnllkkmveg
elgiagiwae
elanfirgek
dekaliaslqg
kpfrlegapl
eykdfaewqgn
sslirslgem
igtmgirtkp
fvydgniefge
giirhytsll
egrpddeavi
lkaggayvpi
snleptcgan
sfdltvtsif
gttirkmivg
pigspaants
imyktgdlak
dglgglcayy
evslegiaey
ldvnlsvkdi
geltynmtga
digareeeve
kdlngfykgi
rpairdyege
pvsgrshmdv
hvhllkdssr
hglfeyskkl
f

vagsrrpdlap
iggggplgiv
rylgaegetl
nykgvyvweg
tyelspeqgkg
hvddevggvg
tskgdehliv
dgienghyeeg
irmknsvfat
sestladylg
eaeliaypik
dsasldslkm
llglekvgrs
nvkyppmkpv
gvmgrheafr
vraelikvdn
glligevmeqg
agqgkgttlym
gankrftdyl
ihgdgctfrv
dslvkepeks
fgnerctygg
dpeypedrig
dlaymiytsg
tplvtgntii
genlstrlag
iyvldasmnl
rlrdgnliyl
vsnkpitiae
vppgnevesk
fkfptieqgla
msvegaidle
dhvldfiksf
epdplpiqgyk
sfeflipiel
esvvgmfvnt
nplfdtmivl
fkksrieals

Psrf-Gly-1lgr m2-F3-TE-pUC19

51
101
151
201
251

TCGCGCGTTTCGGTGATGACGGTGAARAACCTCTGACACATGCAGCTCCCG
GAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCG
TCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATG
CGGCATCAGAGCAGATTGTACTGAGAGTGCACCATA TR Rt
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esflkelrai
agkaefmnti
yerlngktty
rncflstaht
lavvsgygnd
arinveipii
ltfthhiiadg
irywrgylse
ilgathlflqg
hmkenmdgvm
cisydlflnv
fskedghdll
dhflslggns
egkafyrtsp
tsfhiidgei
egaellidmh
geeywleqgfk
vllaaynvll
devkrgtlda
kernpgvsly
lssvpmlsdi
lnervnglar
ymlkdseaki
stgnpkgvli
vidgedksav
svseqgfkgqgl
vpvgvpgemy
gridegvkir
ireglslelp
lavlwgemlg
nmalrmekir
rltaafgkli
dlakpplmrv
dyavwggtea
kgrlsgmeea
lvirnhpagr
anldgvelnl
kdylhilsvi
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tggsgtalim
dggtwgygdd
lvdglnsyfe
sddiayiiga
asaalngsim
dftgypnegr
wsiavivgel
pipgailtsm
gltkgaglvi
rhgdvpmtlv
tefdgeyvld
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gragnikkgea
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kifedylnev
dslrftpykl
sggpsigieh
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iltnelfaly
dgsramewss
vgtpvsgrng
lvekvnvgre
kgldihfdfn
dtetpfphnd
gfvaiicphr
ltfdadvvll
wakevyvnde
diikltpahl
avvgcmiyry
wnrpdltaek
aamhkveavqg
leglpltsng
fdlggnsira
syypvssagk
elyegepadgr
v1lvdmhhii
ywlnrfhdei
aaytillsky
kenmlnaygn
hhtvakfdlt
ielsgstaed
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TARCTTTTTACCCTTTAACGGATCGCACARAALNCGALT T TGGTACKCAGAR
ARATTTTATCCTCACACGAGCATTTCARATCTTCGUGEGGGATTGETARGCT
GGTITTCAGCTGATCGCGATTIGATTATGTGCTTGT ICGAGCAGGCGATTCARG
AGTTTATTCGCAGAMTGACGCCATGEGCCTTCGETTGEGCETAGATGAR
AACGEEEAGCCTETTCARATATATTAGCGAGTATCGGCCTETTGATATANK
ACATACTGRCACTACTGRAAGATCCGAATCCGATAGAGTTTATTTCACANT
GGAGCCEEGAGGARACGARGAAACCTTTGCCGCTATAUGATTGTGATTTG
TTCCETTTTICCTTGTTCACCATARRGCGAARRTCGAAGTGTGGTTTTACGEE
AAKRTGTTCATCACGTGATTTCTGATCGTATGTCCATGAATATTGTCGCGEA
ATGCGATCATGCACATTTATTTAGRATTAGCCAGCGGCTCAGAGRCANAR
GAAGGRATCTCGCATTCATTITATCEGATCATGTTTITATCTGARCAGGARTA
TCCTCAATCCAAGEGETTTGARRANGECACARGGCETTTTGCGRACARRCART
TTGAATCGETECCTEGARACTTGTETCCTTGARACGGARTGCATCCGCAGEE
GGAAGTTTAGATGCTGAGAGGTTCTCTARAAGATCTCGCCTGAAGEGCTTCA
TCAGCAGATTCTETCETTTITGTGAGGCGARATARAGTCAGTGTTCTTTCGG
TATTTCAATCGETGCTCGCCECCTATTTGTACAGGGTCAGCGGCCAGRAAT
GATGTTGTGACGCGARCATTTATGGGCARCCEGCAAAATGCCANAGAGAR
GCRAGATGEECTTGGCATGTIIGTTTCTACGETTCCGET TCHEGACARARCATTG
ACGGCGEECAGGEGTITTCAGAATTITIGTCARAGACCGGATGARGGATCTG
ATGAAGACECTTCGCCACCARAAGTATCCGTATAATCTCCTARTCAACGHA
TTTECGTGRARCARAAGAGCTCTCTGACCARAGCTGTTCACGETTTICTCTTG
ARTATCAAGTGATGCAGCGTEECAGABAGAAGAGCATCTTGCCTTTTTIGACT
GAGCCGATTTTCAGCGGCAGCGGATTARANTCGATGCTC TCAATTCATGTARA
GGATCGATGGCGATACTGGGAARACTCACCATAGATTTTIGATTACCGCACTG
AT T AT T T TCACGTGANGAANTCARCATGATTTCTGAGCECATGATTACT
ATGCTGEAGARCGCETTAACGCATCCAGARCATACANTTGATGAATTANG
ACTGATTTCIGCATGEGGAGRARACGCGATTTGTTTITGCEEETCARCGATA
CAGCCAAGGCETATCCGARCAAGETGATCATETCCATGE TGCAGGATTEGE
GCGGCEEECTACCCCTGACARARACAGCGCTAGTCPTCCECGARACARCGCET
GACGTATCGCGAGETGRACGAGCGEETCARCCAGTTGGCACACACTTTGE
GCGARRAAGEEGTGCARCECTGACGATCTCGTGATGE TGATCCCAGAGEGE
TCEETCGAGATGATGETCGECGATTTTICGCTCTCTTGARRAGCCEEECGGAGE
GTACTTIGCCCATCGACCCEEACAGTCCEECGGAGEGARATCEGCCTACATTT
TCECAGACAGCGGAGCCAAGCTGETGCTGGCACAGTCGCCGTTTGTGGAR
AAGGCARAGCATGECEEAAGTGETCCTTGATCTGAACAGTECGAGCAGETA
TGECEGCEGATACGAGCARCCCGECACTGETCARCCAGCEAGGCGATETEG
TCTATGTCATGTACACTTCCCGCTCAACCEGAARRCCARBAGGCETGATG
ATCCAGCACGGAGEGUTCCTCAATGTGCTTCACGGARTGCAGCGACGRAGTA
CCCGCTITTGCAGCACGATGCCTTCITGCTCAAGACARCCTACATATTCG
ATATTTCAGTCECGEARANTTTTCEGEETEGETTCCEEGTCETEGEEANACTE
GTGATTTTGGALACCGEAGEUGGRAARRGARACCCGARGGCTATTTGGCAGGE
GGTAGTCCEAGCGEEARTTACCCACATCARCTTCETGECCTCCATGCTGA
TCCCETTTCTCEGAGTATTTGCARGCEEGARACAGARGCARATCEETTGCGEE
TACATCTTGGETTGEGGCGARGCGATGECEEATGARCTCETGCEARMAGT
GTACGARGTATTGUCAGAGGTGAAGE TGGRARAAACATCTACGGCCCGACAG
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ARGCGACGATTTACGCTTCCCGTTACTCGETCGCGARAGGCTCGCAGGRR
AGTCCTGTTCCARTCGGARAGUCGCTGCCCARCTATCGCATGTATATCAT
CRAATCGGCATGGACAACTGCARCCAATCEGECGTACCAGCAGAGE TATGCA
TCGCAGCGAGCAAGTCTGGCGAGAGGGTATTTCGARCARTCCAGCGCTGACA
GRAAGAARENTTCACTCCTCATCEGCTGGAGAALAGGCGAGCGGATTITATCG
CACGGETGATCTCGECCEGTTATCGCGAGGATGGECARCATCGANTACETCG
GACGEATGGACCATCAGGTGRARARAATTICGCGEATACCGGATCGARCTEERL
GARATCCGCAGCAAGCTGATTCAGGAGGARACGATTCAGGACGLGETGEET
CGTAGCCCGAARCCATCARARCGGCCAAGCGTACTTGTGCGCCTACCTGEE
TETCCGAACAGGAGTGGACAGTCGETCARMCTGCEGCGAGTTGCTTCGCEET
GAACTGCCTGAATACATGATTICCGECCCATTTCGTTITTGCTGARACAGTT
COCGUTCACAGCCARTGECARGECTCGATCECAAGGC TTTIGCCAGRACCGE
ACGGCAGCTCTEARAGCGGARAGCGGARTATCCAGCGLCGECGCACGEAACTG
GAAGCGACTTTGGCCGCACATTTCCGGCEGARGTCCTCCGCAATCGARCGGAT
COGEATTCGCGACGATITCTTTECGC TCGCGAGGGCATTCCTTGARGECCR
TGACCGCCGTCCCGCATCAACARGAGCTCGEEATTGATCTTCCAGTGRALG
CTTTTCTTTGAAGUGCCGACGATCGUCGGCATTTCAGCETATT TGALARA
CEGGEECTCTCATGECTTGCAGGATGTAACGATARTGARTCAGGATCAGG
AGCAGRTCATTTICGCATTTCCGCCEGTTCTECECTATCCCCTTATCTAC
CARAATCTGTCCAGCCGCTTGCCETCATACAAGCTATGCGCECTTTGATTT
TATTGAGGAGGRAGACCGEETTGACCGCTATGCGEATTTGATCCAGRLGE
TGECAGCCGEARGEGCCTTTARCATTGTITGGATATTCAGCGGGATGCAGT
CTGECETITTGAAGCTCGCGARAAAGCTTGAGGAACANGGCCGTATTGTTCA
CCGGATC AT AT e TCEAT TCC AT ARAAARC AAGGTGTCACTEATCTGEE
ACGGRCGCACGETTGARAGTGATGTCGAAGCGTTGATGARTGTCARTCGE
GRACAATGARGCGCTCARCAGCGAAGCCGTCARACACGEGCCTCALGCARDRA
AACACATGCCTTI T TACTCATACTACGTCAACCTEATCAGCECAGGUCAGE
TCARAAGCAGATATTIGATCTCGTTGACTICCEECECTCGATTITTGACATGCCE
AT GG T TG AT CATGGGALAGAAGUTACARCAGETCTTTACCETGTGARA
ARGAGGCTTCEEAACACACECAGARANTECTGCAGGECGARACGETAGATE
GGARTGCGEAGATTITGCTCGRATTTCTTAATACACARACCGTARCGGTT
TCATAAAGGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGT
GTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCA
TAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATT
GCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGC
GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTG
CGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGG
CCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGC
CCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCG
TGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCC
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAG
GATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGT
GGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTA
CGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGG
TCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT
TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
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5801 TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC 5850
5851 CATAGTTGCCIGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCT 5900
5901 TACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCG 5950
5951 GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAG 6000
6001 AAGTIGGTCCTIGCAACTTTATCCGCCICCATCCAGTCTATTAATTGTTGCC 6050
6051 GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTIGCGCAACGTTGTT 6100
6101 GCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTITTGGTATGGCTTC 6150
6151 ATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGT 6200
6201 TGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGT 6250
6251 AAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTC 6300
6301 TCTTACTGTCATGCCATCCGTAAGATGCTTTTICTGTGACTGGTGAGTACT 6350
6351 CAACCAAGTCATTCIGAGAATAGTGTATGCGGCGACCGAGTIGCTCTIGC 6400
6401 CCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGT 6450
6451 GCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTAC 6500
6501 CGCIGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCT 6550
6551 TCAGCATCTTITTACTITTCACCAGCGITTCTGGGTGAGCAAAAACAGGAAG 6600
6601 GCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATAC 6650
6651 TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT 6700
6701 CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGG 6750
6751 GGTTCCGCGCACATTITCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCA 6800
6801 TTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTT 6850
6851 CGTC 6854

CoA Ligases
GanBank: AAX31558.1

acyl-CoA ligase [Streptomyces roseosporus NRRL 11379]

>gi| 60650930 |gb|AARX31555.1] acyl-CoA ligase [Streptomyces
roseosporus NRRL 11379]
MSESRCAGQGLVGALRTWARTRARETAVVLVRDTGTTDDTASVDYGQLDEWARSTAVTLRQQ
LAPGGRAL
LLLPSGPEFTAAYLGCLYAGLAAVPAPLPGGRHFERRRVAATAADSGAGVVLTVAGETASVH
DWLTETTA
PATRVVAVDDRAALGDPAQWDDPGVAPDDVALIQYTSGSTGNPKGVVVTHANLLANARNLAE
ACELTAAT
PMGGWLPMYHDMGLLGTLTPALYLGTTCVLMSSTAFIKRPHLWLRTIDRFGLVWSSAPDFAY
DMCLKRVT
DEQTAGLDLSRWRWAGNGAEPIRAATVRAFGERFARYGLRPEALTAGYGLAEATLEFVSRSQG
LHTARVAT
AATLERHEFRLAVPGEAAREIVSCGPVGHFRARIVEPGGHRVLPPGOVGELVLQGAAVCAGYW
QAKEETEQ
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TEFGLTLDGEDGHWLRTGDLAALHEGNLHITGRCKEALVIRGRNLYPODIEHELRLOHPELES
VGAAFTVP
AAPGTPGLMVVHEVRTPVPADDHPALVSALRGTINREFGLDAQGIALVSRGTVLRTTSGKVR
RGAMRDLC

LRGELNIVHADKGWHATAGTAGEDIAPTDHAPHPHPA

Acyl Carrier proteins
GenBanke AAXSZ1558.1

probable acyl carrier protein [Streptomyces roseosporus NRRL
11379]

ReanDant e
LEnrapt Wie

>gi 60650931 |gb|AAX31556.1| probable acyl carrier protein
[Streptomyces roseosporus NRRL 11379]
MNPPEAVSTPSEVTAWITGQIAEFVNETPDRTIAGDAPLTDHGLDSVSGVALCAQVEDRYGIE
VDPELLWS

VPTLNEFVQALMPQLADRT

malonyl-CoA transacylase

YT ey A

/protein id="AAF(8724,

T

/gene="fenF"

/note="malonyl-CoA transacylase”

/codon start=1

/transl table=11

/product="FenF"

/db xref="GI:6449054"
/translation="MNNLAFLFPGQGSQFVGMGKSFWNDFVLAKRLFEEASDAISMDV
KKLCFDGDMTELTRTMNAQPATILTVSVIAYQVYMOEIGIKPHFLAGHSLGEYSALVCA
GVLSFOEAVKLIRQRGILMONADPEQLGTMAAITOVYIQPLODLCTEISTEDEFPVGVA

CMNSDQOHVISGHROAVEFVIKKAERMGANHTYLNVSAPFHSSMMRSASEQFQTALNQ
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YSFRDAEWPITISNVTATIPYNNGHSVREHLOQTHMTMPVRWAESMHYLLLHGVTEVIEMG
PKNVLVGLLKKITNHIAAYPLGOTSDLHLLSDSAERNENIVNLRKKOLNKMMIQSTITA

RNYNKDAKTYSNLTTPLFPQIQLLKERVERKEVELSAEELEHSTHLCQLICEAKQLPT

WEQLRILK"
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Claims
We claim:

1. A method of making an acyl amino acid composition by contacting an engineered peptide
synthetase with an amino acid substrate and an acyl entity substrate for the engineered peptide
synthetase, under conditions and for a time sufficient for an acyl amino acid composition to be
made.

1A.  The method of claim 1, wherein the engineered peptide sythetase includes an adenylation

(A) domain, a thiolation (T) domain, and a condensation (C) domain.

1A1, The method of claim 1 or claim 1A, wherein the engineered peptide synthetase lacks

thioesterase domain, and/or a reductase domain.

1Ala. The method of claim 1 or 1A1, wherein the engineered peptide synthetase contains only a

single peptide synthetase domain.

1A2. The method of claim 1 or 1Ala, wherein the engineered peptide synthetase is or comprises
a peptide synthetase domain found in as a first domain in a peptide synthetase that synthesizes a

lipopeptide.

IB.  The method of claim 1 or claim 1A, wherein acyl amino acid composition includes, as a
prominent component, an acyl amino acid whose amino acid moiety is from an amino acid
selected from the group consisting of glycine or glutamate and whose acyl moiety is from a fatty
acid selected from the group consisting of myristic acid and or lauric acid.

IC.  The method of any one of the preceding claims, wherein the step of contacting comprises
providing a cell engineered to express at least one engineered peptide synthetase.

2. A cell engineered to express at least one engineered peptide synthetase that synthesizes
an acyl amino acid.

3. An acyl amino acid composition produced by an engineered peptide synthetase.

3B.  The composition of claim 3, wherein substantially all of the acyl amino acids in the
composition contain the same amino acid component.
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3C.  The composition of any one of claims 3-3B, wherein acyl amino acids in the compositon
comprise different acyl moieties.

4. A method of preparing a product comprising:

providing or obtaining an acyl amino acid composition prepared in an engineered
microbial cell;

enriching the acyl amino acid composition for a particular acyl amino acid;

combining the enriched acyl amino acid composition with at least one other component
to produce a product.

5. A method comprising steps of:

contacting an engineered peptide synthetase polypeptide that comprises a single peptide
synthetase domain and lacks a thioesterase domain, and/or a reductase domain with:

an amino acid substate of the peptide synthetase polypeptide; and
an acyl moiety substrate of the peptide synthetase polypeptide,

the contacting being performed under conditions and for a time sufficient that the engineered
peptide synthetase polypeptide covalently links the acyl moiety from the acyl moiety substrate to
the amino acid so that an acyl amino acid is generated.

5A.  The method of claim 5, wherein the engineered peptide synthetase polypeptide is
produced by a cell.

5A1. The method of claim 5A, wherein the cell is a microbial cell.
5Ala. The method of claim 5A1, wherein the cell is a bacterial cell.

5A2. The method of any one of claims 1A, 1A1, or 1Ala, wherein the step of contacting
comprises contacting the cell with the substrates.

5B.  The method of claim 5, wherein the cell is an engineered cell.

IC.  The method of claim 5B, wherein the cell is engineered in that the peptide synthetase
polypeptide is an engineered peptide synthetase polypeptide.
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