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FATTY ACYL-ACP REDUCTASES AND THEIR USES

FIELD OF THE INVENTION
The invention relates to fatty acyl-ACP reductase (FAR) enzymes and their use in the prodaction of

fatty alcohol compositions.

BACKGROUND

Fatty alcohols (FOHs) are used for the commercial production of surfactants, soaps, detergenis,
cosmetics, lubricants, plastics, etc. More than 70% of commercial fatty alcohols are obtained from
plant-derived otls, particudarly palm oils. Between the years 2000 and 2010, the amount of fatty

alcohols produced from palm and palm kemel oif grew by 160% (Biermann, Bomscheuer ef of. 2011).

in 2010, approxamately 50 million tons of palm and palm kemel oil were produced. representing more
than 1/3 of the annual global production of all plant-derived oils (Biermann, Bomscheuer er a/. 2011},
Contimuous growth of this mdustry and concerns over rainforest destruction have resulted in the
mmplementation of more sustainable palm o1l processes, as well as the development of more
environmentally foendly approaches via production of fatty aleohols by fermentation of recombinant
microorganisms. Scveral alternative biosyathetic routes have been developed (Reiser and Somerville
1997, Schirmer, Rude er o/ 2010, Steen, Kang er of. 2010, Zheng, Li er af. 2012, Akbtar, Tumer ef ol
2013) and a summary of biosynthetic routes 18 presented in Figure 1. As can be scen, all four routes
{corresponding to Figure 1, parts a-d) start with acvl-ACPs {also referred to herein as “fatty acyl-
ACPs”). Acyl-ACPs are a common intermediary of the fatty acid biosynthetic pathway ez m
bactena. The differences between these four routes are the type, and number of enzymes required to
produce fatty alcohols, as well as the energy (ATP), reducing equivalents (NAD(P)H) and the
requirement for acvl-CoA. One disadvantage of routes a-¢ s that multiple enzymes are requured, and
so to optimize the production process, cach pathway must be optimized for the recombinant cell used.
Furthermore, the routes shown in Figure | parts a-¢ lead to the production of free fatty aldehvdes as
mtermediates and the routes shown in Figure § parts a and b also lead to the production of fatty acids
as intermediates. These intermediates arc undesirable because aldehydes are known to be very
reactive, while fatty acids have been shown to cause membrane stress {Leonen, Kruziki ef af. 2011}
A more attractive and efficient route (shown in Figure 1 part d) involves the direct conversion of fatty
acyl-ACPs into fatty aleohols using a single FAR enzyme which catalvzes the complete reduction to
alcobol, without the hiberation of undesirable intermediates.

Certain plant-derived and bacterial FARs can utilize £ coli fatty acyi-ACPs, and directly produce
fatty alcohols (Metz, Pollard er af. 2000, Doan, Carlsson ef af. 2009, Hotvander, Doan er a/. 2011},

However, plant FARs preferentially use acvl-CoA infermediates that are not normally present in
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bacteria and these enzymes utihize £ cofi fatty acvl-ACPs with low efficiency. Plant plastid-located
FAR enzymes that preforentially use fatty acyl-ACPs as substrates have now been reported (for a
review see Rowland and Domergue 2012). /i vitro characterization of bacterial FAR identified from
Marinobacter agquaeolei VT8 suggests that bacterial FARs have a wider range of specificity and

higher activity than plant FARs (Willis, Wahlen es o, 201 1).

Bacterial FARs are more active than plant FARs and therefore represent ideal candidates for the
production of fatty alcohols from fatty acyl-ACPs. However, only a hmited number of functional
bacterial FARs have been reported. For example, US £,216 815 mentions fatty alcchol production by
FARs dentified in Marinobacter algicola and Oceanobacter sp. REDGS that directly produce fatty
alcohols from fatty acyl-ACP K. coli. Lin ef al. also mentioned the use of Marinobacrer aquaeclei
FAR enzyme (Lig, Chen ef o/ 2016). Previously known FARs (such as FAR identified in
Marinobacter algicola, and reported 1o US 8,216 815) are capable of producing fatty alcohols as short
as Cl4, but these previously known FARs have not been demonstrated to produce highly desirable
fatty alcohols having a shorter chain length. Considerable efforts have been dedicated to engmeering
known enzymes to produce shorter chamn length fatty alcohols but, so far as the Inventors are aware,

such attempts have not been successfild enough to enable commercialization of a FAR-based process.

Based on the huted number of active FARs reported in the literature, there 1s an urgent and unmet
need to identify new FAR enzyvmes that can be used for the production of fatty alcohols. There is
likewise an urgent and unmet need to identify new FAR enzymes that can produce fatty aleohols with

a chaim length of less than 14,

SUMMARY OF THE INVENTION

The present mvention provides new fatty acvl-ACP reductase (FAR) enzymes. The FAR enzymes of
the invention possess highly desirable charactenstics including e.g: (1) efficient production of fatty
alcohols from acyl-ACPs involving a single enzyme {ic. the polvpeptide of the mvention), (1)
production of fatty alechols without undesirable production of aldehyde and fatty acid intermediates;
{u11) production of a high vield of fatty alcohols; (iv) production of a high proportion of saturated fatty
alcohols; (v} production of a high proportion of highly desirable C14:0 fatty alcobol {also known as

Myristyl alcohol); and (vi) production of highly desirable C12 fatty alcohol.

The invention provides a recombinant polypeptide comprising an amino acid sequence having at least
70% sequence wdentity to SEQ 1D NQO: 1.

The mvention also provides an isolated nucleic acid which encodes a polypeptide of the invention. In
some embodiments, the nucleic acid 1s codon optimized for expression in a prokaryotic cell. In some

embodiments, the prokarvotic cell 1s selected from the group consisting of Acinetobacter,
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Agrobacterium, Escherichia, Cupriavidus, Clostridium, Rhodobacter, Marinobacter, Bacillus,
Klebsiella, Tatumella, Pseudomonas, Ralstonia, Rhodococcus, Methylobacterium, Methylophilus,
Methylococcus,  Methylomicrobium, Methviomonas, Pantoea, Streptomyces, Farachlorello,

Svnechococcus, Synechocystis and Thermocynechococcus.

In some ermbodiments, the prokaryotic cell is &. cofi. In some embodiments, the nucleic acid sequence

has at least 70% sequence identity to SEQ D NG 2.

In some embodiments, the nucleic acid sequence is codon optimized for expression in a eukarvotic
cell. In some embodiments, the eukarvotic cell 1s selected from the group consisting of a veast cell, a

fungal cell, an algal cell and a plant cell.

In some embodiments, the veast cell is selected from the group cousisting of Saccharomyces,
Kiuyveromyces, Candida, Pichia, Schizosaccharomyces,  Schefferomyces,  Rhodaosporidium,

Hansenula, Klockera, Schwanniomyces, Issatchenkia, Yarrowio and Rhodotorula.

In some embodiments, the yeast cell s selected from the group consisting of 8 cerevisice, O
lipolytica, R. glutinis, S. bulderi, 8. barnetti, S. exiguus. S wvarum, 8 diastaticus, K. lactis, K.

marxianus K. fragile, P. kudriavzevii, 8. stipitis and I orientolis.

i

In some cmbodiments, the fungal cell is a filamentous fungal cell. In some embodiments, the
filamentous fungal cell is selected from the group consisting of Aspergiflus, Penicillium, Rhizopus,
Chirysosporium, Myceliophthiora, Trichoderma, Humicola, Acremonium and Fusarium. In some
embodiments, the filamentous fumgal cell is selected from the group consisting of 4. niger, 4. orvzae,

7. reesei, P. chrvsogenum, M. thermophila, and R oryzae.

In some embodiments, the algal cell is selected from the group consisting of Bofryococcus,
Nawnnochloropsis, Chlorella, Chlamydomonas, Dunaliella, Chaertoceros, Porphyridium, Scenedesmis
and Pseudochiorococcum. In some embodiments, the algal cell 15 sclected from the group consisting

of B. brawii and N. gaditana.

In some embodiments, the nucleic acid of the mvention comprises a nucleic acid sequence having at

least 70% sequence identity to SEQ (D NO: 3.

The invention also provides a vector comprising the nucleic acid of the invention. In some
embodiments, the vector comprises: {a} an onigin of replication; (b) a promoter sequence
operably hnked to said nucleic acid: and/or (¢) a reporter gene. In some embodiments, the vector

comprises a nucleic acid sequence having at feast 70% sequence identity to SEQ 1D NO: 4.

The mvention also provides a recombinant cell engineered to express a polypeptide of the invention.
In some embodiments, the recombinant cell 1s a prokaryotic cell. In some embodiments, the

rokarvotic cell s selected from Acimetobacter, Aorobacterium, FEscherichia, Cupriavidus,
P > & > )
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Clostridium, Rhodobacter, Marinobacter, Bacillus, Klebsiella, Tarumella, Pseudomonas, Ralstonia,
Rhodococcus, Methviobacterium, Methylophilus, Methylococcus, Methylomicrobium, Methylomonas,

Pantoea, Streptomyces, Parachlorella, Synechococcus, Synechocystis and Thermocynechococcus.

in some emboduments, the prokarvotic cell 1s £ cofi. In some embodiments, the recombinant cell s a
cukaryotic cell. In some embodiments, the eukaryotic cell is selected from the group consisting of a

veast cell, a fungal cell, an algal cell and a plant cell.

In some embodiments, the veast cell is selected from the group consisting of Saccharomyces,
Kluvveromyces, Candida, Pichia, Schizosaccharomyces,  Schefferomyces,  Rhodosporidium,
Hansenula, Klockera, Schwanniomyces, Issatchenkia, Yarrowia and Rhcdeiorula. In some
embodiments, the yeast cell is selected from the group consisting of 8. cerevisiae, C. lipolvfica, R

Zlutinis, S, bulderi, S. barnetsi, S. exiguus, S. wvarnum, S. diastaticus, K. loctis, K. marxianus, K

fragile, P. kadriavzevii, 8. stipitis and 1. orientalis.

In some cmbodiments, the fungal cell is a filamentous fungal cell. In some embodiments, the
filamentous fungal cell is selected from the group consisting of Aspergiflus, Penicillium, Rhizopus,
Chrysosporium, Mveeliophthora, [richoderma, Humicola, Acremownium and Fusarium. In some
cmbodiments, the filamentous fungal ccll is selected from the group consisting of 4. wiger, 4. orvzae,

7 reesei, P. chrysogenum, M. thermophila, and R oryzae.

In some embodiments, the algal cell i3 selected from the group consisting of Bofryocoecus,
Nannochioropsis, Chilorella, Chlamvdomonas, Dunaliella, Chaeloceros, FPorphyvridium, Scenedesmus
and FPseudochlorococcum. In some embodiments, the algal cell 1s selected from the group consisting

of B. brawii and N. gaditana.

In some embodimentis, the recombinant cell of the mvention comprises one or more genetic
modifications resulting in at least one, anv two, any three, any four or all five of the following
phenotypes: {8} an increase in fatty acyl-ACP synthesis; (b) a decrcase in fatty acyl-ACP degradation;
{c} an upregulation of fatty alcchol secretion; (d) an increase in flax through the fatty acid

biosynthetic pathway; (¢} an increase in tolerance to fatty alcohol.

In some embodiments, the recombinant cell comprises one or more genctic modifications resulting m

a change in the degree of saturation ot the fatty alcohols produced.

In some embodiments, the recombinant cell comprises one or more genetic modifications resulting in

a change in the chain length of acyl-ACPs produced by the fatty acid biosynthetic pathway.

The invention also provides a recombinant cell transformed with a vector of the invention. In some
embodiments, the recombinant cell 1s stably transformed with the nucleic acid of the jnvention. In
some embodiments, the recombinant cell is transiontly transtormed with a nucleic acid of the

inveniion.



10

20

W

W

W

WO 2020/181091 PCT/US2020/021199

S

The mvention also provides a method of producing a fatty alcohol composition comprising:  a}
culturing a recombinant cell 1n a suitable culture medium, wherein the recombinant cell comprises a
gene encoding a heterologous FAR enzyme having at least 70% sequence identity to SEQ D NG: 1.
and b) allowing expression of said gene, wherein said expression results in the production of a fatty

alcoho! composition.

In some embodiments, the method further comprises punfying the fatty alcohols from cell culture. In
some embodiments, the method further comprises punifving the fatty aleohols from sapernatant. In
some embodiments, the method further compnses harvesting and lysing recombinant cell{s) to obtain
fatty alcohols. In some embodiments, the method further comprises purifying the fatty alcohols from

fysate.

In one embodiment, the nvention provides a method of producing a fatty alcohol composition
comprising. a} culturing a recombinant cell i a suitable culture medium, wherein the recombinant
cell comprises a gene encoding a heterologous FAR enzyme having at least 70% sequence identity to
SEQ 1D NO: 1: b) allowing expression of said gene, wherein said expression resulis in the production

of a fattv aleohol composition; and ¢) purifying the fatty alcobols from cell culiure.

In one embodiment, the nvention provides a method of producing a fatty alcohol composition
comprising. a) culturing a recombinant cell in a suitable culture medium, wherein the recombinant
cell comprises a gene encoding a heterologous FAR enzyme having at least 70% sequence wlentity to
SEQ 1D NO: 1; b) allowing expression of said gene, wherein said expression results in the production

of a fatty aleohol composition; and ¢} punifying the fatty alcohols from supermatant.

In one embodiment, the nvention provides a method of producing a fatty alcohol composition
comprising. a} culturing a recombinant cell in a suitable culture medium, wherein the recombinant
cell comprises a gene encoding a heterologous FAR enzyme having at least 70% sequence identity to
SEQ ID NO: 1, by allowing expression of said gene, wherein said expression results inn the production
of a fatty alcohol composition; and ¢) harvesting and lysing recombinant celi(s) to obtain fatty

alcohols.

In one embodiment, the invention provides a method of producing a fatty alcohol composition
comprising: a} cultering a recombinant cell in a suitable colture medium, wherein the recombmnant
cell comprises a gene encoding a heterologous FAR enzyme having at least 70% sequence wdlentity to
SEQ ID NO: 1, b) allowing expression of said gene, wherein said expression results in the production
of a fatty alcohol composition; ¢} harvesting and lysing recombinant cell{s) to obtain fatty alcchols;

and d} punfyving the fatty alcohols from lysate.

In some embodiments, the recombinant cell 1s defined according to any one of claims 20 to 36.
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The mvention also provides a cell-free method for producing a fatty alcohol composition, the method
comprising incubating a polvpeptide according to the mvention with fatty acyl-ACP and a reductant.
In some embodiments, the reductant is NADPH. In some embodiments, the method further comprises

purifying the fatty alcohol composition.

Tyvpically, the fatty alcohol composition produced by a method of the invention comprises C12 fatty

alcohol.

In some embodiments, the method further comprises reducing the fattv alcohol composition. In some

embodiments, the method further comprises esterifying the fatty aleohol composition.
The mvention also provides a fatty alcohol composition obtained by the method of the invention.

The nvention also provides a composition comprising fatty alcohol composition or esterified fatty

alcohol composition obtained by a method of the invention.

The invention also provides use of a polypeptide of the invention n a method of producing a fatty

alcohol composition.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages will become more readily appreciated as
the same become better understood by reference to the following detailed description, when taken m

conjunction with the accompanying drawings.

FIGURE 1 summarizes current technologies for the production of fatty alcohols from fatty acvl-ACPs
in £, coli. Parts a} and b) depict routes based on the use of thicesterases to produce fatty acids, n
which fatty acids are converted into fatty aldehyde intermediates by different enzymes. Part ¢) depicts
a route that directly produces fatty aldehvdes, which are then converted to fatty alcohols by alcohol
dehydrogenases. Part d) depicts a route that directly converts fatty acyl-ACPs into fatty alcohols using
a FAR enzyme, which catalvzes the 2-step reduction of fatty acyl-ACP to fatty alechols without
liberating fatty aldebyde or fatty alcohol intermediates. FARs of the invention produce fatty alcohols

vig the route depicted 1o part d.

FIGURE 2 shows low copv expression vector, pCL-BP2 with spectinomycin resistance cassetie and

multiple cloning sites for FAR expression under the Tre mducible promoter.

FIGURE 3 shows the relative amount of total fatty alcohols produced by £ coli expressing a FAR
gene from Adesturaiibacter salexigens {AsFAR), Massilia sp. Root335 (MaslFAR), Marinobacier
{(MarlFAR), Hahelle gonghwensis (HgFAR), Marinohacter daepoensis (MdAFAR), Duganelia
{(DugFAR), Herbaspirillum (HerFAR), Spongiibacter marinus (SmFAR, strain 16), Zhongshania
aliphaticivorans (£aFAR), Marinobacter (Mar2FAR), Marinobacter lipolyticus (MIFAR), and



(A

10

15

20

30

WO 2020/181091 PCT/US2020/021199

-
Nanorana parkei {NpFAR). Data are relative to the total amount of fatty alcohols produced by

SmFAR.

DETAILED DESCRIPTION OF THE INVENTION

Fatty Acvl-ACP Reductase Polvpeptides

The present invention is based on the surprising discovery of a previously unknown dehydrogenase
enzyme with fatty acvl-ACP reductase {FAR) activity derived from Spongithacter marinus (herein
“SmFAR”) that catalyzes the direct reduction of fatty acyl-ACP mto fatty alcohols, without the

liberation of undesirable intermediates.

“Fatty acyl-ACP reductases” are sometimes referred 1o in the literatare as “fatty acyl-CoA reductases”
or “fatty acyvl-CoA/ACP reductases” on the basis that they are frequently able to catalvze Acyl-CoA,

as well as Acyl-ACP.

In comparison to previously reported FARs, the Spongiibacter marinus fatty acyl-ACP reductase
(SmFAR) polypeptide of the invention produces a fatty alcohol composition having a distinet and
advantageous fatty alcohol profile. The Inventors found that SmFAR can produce highly desirable
shorter chain length fatty alcohols than previously reported FAR enzymes. The enzyme of the
invention also produces a desirable and advantageously high proportion of saturated fatty alcchols, as
corapared to previously reported FAR enzvmes. Advantageously, this can help simplify downstream

processing when seeking to obtain saturated product.

SmFAR also comprises a unique polypeptide sequence that has low sequence dentity to previously
reported FARs. Sequence identity comparisons between SmFAR and publicly available protem
sequences identified the nearest homolog as having ~65% sequence identity to SmFAR. Indeed,
SmFAR  has abouwt ~30% sequence homology to FAR derived from Marinchacter

fiydrocarbonoclasticus or trom Marinobactoer algicola (“MaFAR”).

A FAR polvpeptide of the invention comprises an amino acid sequence having at least 70% sequence
identity to SEQ 1D NG: 1. In some embodiments, the FAR polypeptide of the invention has at least
75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ 1D NO:
1. In some embodiments, the FAR polypeptide of the invention has at least 75%, at least 80%, at least
83%, at least 90%, at least 919, at lcast 929, at least 9396, at least 94%, at least 95%, at least 96%, at
least 97%, at least 989, or at least 99% sequence identity to a functional fragment or catalytic domain

of SEQ ID NO: 1.
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The SmFAR polvpeptide sequence 1s represenied by SEQ 1D NG: ©

MRDLNRDKSSTIAALTGKOVLITGTTGFLGKVLLEKVLRTTPGVGGIYLLMRGNRHFRDATDRFREEVISSSIFDTLR
HELGOEGFEALIASRVHCVTGEITAPRFGLTRTVFTALADKLDVVINSAASYNFREELDRALEINTFSLENVAKLCELG
GNIPLVHVSTOYVNGYRSGDIHETSEGPVGLELPEGPGSFYETSALIERLQRLVEELRGOYEGRALKAKLIEHGAKEA
GAAGWNDTYTFTKWLGEQYLYKVMRGYSLTVVRPSHESTLREPSPGWIEGVKVADAVLMAYARGKVAFFPGKRA
GVIDHPADLVANGVLESTAEQULEPGOHRIYOQCCSGGRNPLMLIGDHDHLVAEASSHHGDYDKLFKAPPRRRFTAY
DKRVFSSVAMCVOVALTIVGAILRRLGRRGKLRARRNIDTAVELSKIFSFYAQPNYCFHGDKLLSLSKSMGAVDGEL
FPVDAGVIDWQHYIRHVHMPGLNHYALQGOPSYRSQOQRREEVKTAPKNLTATEA (SEGQID NO: 1)

Ar example of an algorithm that 1s suitable for determining sequence similanity is the BLAST
algorithm, which is described in Altschuol ef @l, 1990, J Mol Bicl 215:403-410. Software for
performing BLAST analvses is publicly available through the National Center for Biotechnology
Information. This algorithm involves first identifving high scoring sequence pairs (HSPs) by
identifving short words of length W in the guery sequence that either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in 3 database
sequence. These inttial neighborhood word hits act as starting points to find longer HSPs containing
them. The word hits are expanded in both directions along each of the two sequences being compared
for as far as the cumelative alignment score can be increased. Extension of the word hits s stopped
when: the cumulative alignment score falls off by the quastity X from a maximuom achieved value; the
curnulative score goes to zero or below: or the end of either sequence 1s reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The BLAST
program uses as defaslts a word length (W) of 11, the BLOSUMOG2 scoring matrix (see Henikoft &
Henkoff, 1992, Proc. Nat'l Acad. Sci. USA 89:10915-10919) alignments (B} of 50, expectation (E)

of 10, M'5, N'-4, and a comparison of both strands.

Any of the amino acid sequences described herein can be produced together or in conjunction with at
feast 1, 2.z, at least (or up to) 2, 3, 5, 10, or 20 heterologous amino acids flanking each of the C-
and/or N-terminal ends of the specified amino acid sequence, and or deletions of at least 1, e.g., at

least {orup to} 2, 3, 5, 10, or 20 aming acids from the C- and/or N-terminal ends.

FAR polvpeptides of the invention may have ong or more {e.g.. up to 2, 3, 5, 10, 20, 30, 40, or 50)
conservative amino acid substitutions relative to the polypeptide of SEQ 1D NO: 1. Conservative
substitutions can be chosen from among a group of amino acids having a similar side cham to the
reference amino acid. For example, a group of amino acids having aliphatic side chains is glycine,
alaning, valing, leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side chains
18 serine and threoning; a group of amino acids having amide-containing side chains is asparagine and
clutamine; a group of amino acids having aromatic side chains 1s phenylalanine, tyrosine, and

tryptophan; a group of amino acids having basic side chains 13 lysine, arginine, and histidine; and a
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group of ammo acids having sulphur-containing side chains is cysteine and methionine. Accordingly,
exemplary conservative substitotions for each of the naturally occurring amino acids are as follows:
Alato Ser; Arg to Lys; Asn to Gln or His; Asp to Glu; Cys to Ser or Ala; Gln to Asn; Glu to Asp; Gly
to Pro; His to Asn or Gln; Hle to Leu or Val, Leu to He or Val; Lysto Arg; Glo or Glu; Met to Leu or
Ile; Phe to Met, Leu or Tyr; Ser to Thy; Thr to Ser; Trp to Tyr; Tyr to Trp or Phe; and, Val to lle or

Leu.

The mvention also provides a fusion protein that includes at least a portion (2.2, a fragment or
domain} of a FAR polypeptide of the invention attached to one or more fusion segments, which are
typically heterologous to the FAR polypeptide. Suitable fusion segments include, without imitation,
segments that can provide other desirable biological activity or facilitate punfication of the FAR
polvpeptide (e.g., by affinity chromatography). Fusion segments can be joined to the amino or

carboxy terminus of a FAR polypeptide. The fusion segments can be susceptible to cleavage.

Fatty Acvl-ACP Reductase Nucleic Acids

A FAR nucleic acid of the invention encodes a FAR polypeptide of the mvention. The FAR nucleie

acid may be isolated, synthetic or recombinant,

A FAR nucleic acid of the vention may be optimized for cxpression in a recombinant cell.
“Optimized” nucleic acid sequences encode an ammno acid sequence usig codons that are preferred in
a recombinant cell. The optimized nacleic acid sequence is typically enginecered to retain completely
or as much as possible of the amino acid sequence originally encoded by the starting nucleic acid
sequence, which s also known as the “parental” scquence. Several methods for codon optimization
are known in the art. Preferably, codon optimized sequences avoid nucleotide repeats and restriction
sites that are utilized in cloning the FAR nucleic acids, by adjusting the scttings i commercial
software or by manually altering the sequences to sabstitute codons that introduce undesired

sequences, for example with highly utilized codons in the heterclogous organism of interest.

In some embodiments, the nucleic acid is codon optimized for expression in a prokarvotic cell. In
some embodiments, the nucleic acid 15 codon optimized for cxpression i Acimefohacter,
Agrobacterium, Hscherichia, Cupriavidus, Clostridium, Rhodobacter, Marinobacter, Bacillus,
Kiebsiella, Tatumello, Pseudomonas, Ralstonia, Rhodococcus, Methylobacterium, Methylophilus,
Methylococcus, Methylomicrobium, Methylomonas, Pantoea, Sireptomyces, Parachlorelia,
Synechococcus, Synechocystis and Thermocynechococcus. Tn some embodiments, the nucleie acid is
codon optinmized for expression in K. cofli. In some embodiments, the nucleic acid sequence has at
least 70% sequence identity to SEQ 1D NO: 2. In some embodiments, the nucleic acid seguence has at

least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
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98%, or at least 99%, or 100% sequence identity to SEQ 1D NO: 2, over a region of at least about 10,
e.g., at least about 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1230, 1300, 1350, 1400, 1450,

1500, or 1557 nucleotides, or a catalytic domain thereof.

SEQ 1D NO: 2 represents a nucleic acid sequence corresponding to the SmFAR polypeptide (SEQ [D

NO: 1) codon optinized for expression in F. cofi:

ATGCGTGATTTAAACCGLGATAAAAGTAGCACCATTGCCGLACTGACCOGCAAACAGGTGCTGATCACCGGL
ACCACCGOITTITCTGGGTAAGGTGLTGCTGGAAAAAGTGLTGLGTACAACCCCGGOGTGTTGHCGGCATTTATC
TGCTGATGCGLGGCAACCGTCACTTCCGCGACGCAACAGATCGTTTCCGCGAAGAAGTTATCAGTAGCAGCAT
CTTCGACACACTGCGCCATGAACTGGGTCAAGAAGGTTTTGAGGLCCTGATCGLAAGCCGLGTTCATTGTGTG
ACCGGCGAAATTACAGCLCCGLGCTTCGGTTTAACCCGCACCGTOGTTTACCGLLCTGGLCGATAAACTEGACG
TGGTGATCAACAGLGCAGCCAGCGTGAACTTTCGTGAAGAACTGGATCGCGLCCTGLAGATCAATACCTTCA
GTCTGGAGAACGTGGCCAAACTGTGTGAGCTGGGCGGTAATATCCCTCTGGTGCACGTGAGCACCTGLTALG
TTAACGGCTACCGTAGCGGLGACATTICACGAAALTAGTGAAGGCCCGETEGETTTAGAATTACCGGAAGGCC
COGGCAGCTTCTATGAAACTAGTGCCCTGATTGAACGCTTACAGCGTCTGGTGGAGGAALTGCGLGGLCAGT
ATGAGGGTCGTGCCCTGAAAGLCAAGCTGATTGAACATGGLGLCAAGGAAGCACAGGCAGCLGGLTGGAAL
GACACCTATACCTTCACAAAGTOGCTGGGTGAGCAGTACCTGTACAAGGTGATGLGLGGLTATAGTITGALCC
GTTGTGCGTCCGAGCATTATCGAGAGCACACTGCGTGAACCGAGTCCTGGTTGGATCGAAGGTGTGAAGGTT
GCAGACGLCGTGLTGATGGCATATGCCCGLGOCAAAGTGGCATTTTTTCCGGGCAAGLGCGCLGGTGTGATT
GATATCATCCCGGLAGATCTGGTGGCCAATGGTGTTCTGCTGAGCACAGLAGAACAGCTGCTGGAALCGGGC
CAACATCGCATCTATCAGTGTTGCAGTGGLGGTCGLAACCCGLITGATGUTGOGCGATTITATTGACCALCTGG
TGGCCGAAGCCAGCAGCCATCACGGLGACTACGACAAACTGTTTAAAGCACCGLOGCGTCGCCGTITTACCGC
COTTGACAAGLGTOTGTTTAGCAGCGTGECAATGTGCETTCAGGTGGCCCTGACCATTGTTGGTGCAATICTG
CETCGTCTGGRLCGTCRTGGTAAGCTGCGTGLCCGTCOTAACATTGACACCGCAGTGGAGCTGAGCAAAATC
TTCAGCTTTTACGLCCAGCCGAACTACTGCTTTCACGGTGACAAACTGCTGAGLCTGAGCAAAAGCATGGGTG
CCGTGGATCAAGAALTGTTTCCGGTGGACGCAGGTGTGATCGACTGGCAGCACTATATTCGCCACGTTCACAT
GCCGGGCCTGAACCATTACGCACTGCAGGGTCAGLCGAGTGTGCGTAGLCAGCAACGLLGLGAGGAAGTGA
AAACCGCCCCTAAGAATCTGACCGLCACCGAGGCATGA {SEQID NO: 2)

In some embodiments, the nucleie acid is codon optimized for expression in a eukarvotic cell. In some
embodiments, the nucleic acid is codon optimized for expression in a veast cell, a fungal cell, an algal
cell and a plant cell. In some cmbodiments, the nucleic acid is codon optimized for expression in
Saccharomyces,  Kluyveromyces, Candida,  Pichia,  Schizosaccharomyees,  Schefferomvces,
Rhodosporidium, Hansenula, Kiockera, Schwanniomyces, Issatchenkia, Yarrowia or Rhodotornla. In
some embodiments, the nucleic acid is codon optimized for expression in 8. cerevisiae, C. lipolytica,
R glutinis, S, bulderi, S. harnetti, S. exiguus, S wvarum, 8. diasiaticus, K. lactis, K marxianus K.

fragile, P. kudriavzevii, 8. stipitis or I. orienialis.

In some embodiments, the nucleic acid 1s codon optimized for expression in a filamentous fungal cell.

In some embodiments, the nucleic acid is codon optimized for expression in Aspergilius, Penicillium,
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Rhizopus, Chrysosporium, Myceliophthora, Trichoderma, Humicola, Acremonium or Fusarium. In
some embodiments, the nucleic acid is codon optimized for expression in 4 niger, 4. oryzae, 1.

reesel, F. chrysogenum, M. thermophila, or R oryzae.

In some cmbodiments, the nucleic acid is codon optimized for expression in Bofryococcus,
Nannochloropsis, Chlorella, Chicmydomaonas, Dunaliella, Chaetoceras, Porphyridium, Scenedesmus
ot Pseudochiorococcum. In some ernbodiments, the nucleic acid is codon optimized for expression in

B. braunii or N. gadifana.

In some embodiments, the nucleic acid has at least 70% sequence identity to SEQ ID NG: 3. In some
embodiments, the nucleic acid sequence has at least 75%, at least 80%, at least 85%, at least 90%, at
fcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%. at least 97%, at least
98%, or at least 999, or 100% sequence identity to SEQ 1D NO: 3, over a region of at least about 10,
e.g., at least about 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 730, 800, 830, 900, 930, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1430,

1500, or 1557 nucleotides, or a catalytic domain thercof.

SEQ 1D NO: 3 represents the native S marinus FAR nucleic acid sequence corresponding to the

SmFAR polypeptide sequence (SEQ [D NO: 1)

ATGCGGGATCTGAATCGAGATAAGTCGTCGACGATAGCGGLCCTGACGGGTAAGCAGGTGCTGATTACCGGT
ACAACGGGGTTCTTGOGCAAGGTGTTGTTAGAGAAGGTTCTGCRLACGACGLCGGGCGTGGGLGGTATTTAC
TTGLCTCATGCGGGGCAATCGCCATTITCOTGATGLCACTGACCGCTTTCGGOAAGAAGTGATCTCCTCCTCCAT
TITIGACACCTTGCGGLATGAACTGGGGCAGGAGGGCTTTGAGGLGCTGATTGCAAGTCGLGTTCACTGTGT
GACGGGGOAAATTACCGCACCGLGOTTTGETCTGACGCGCACAGTCTTTACGGLGTTGGLCGACAAGCTCGA
TOTGGTGATCAATTCCGCAGCGAGTGTAAATTTTCGTGAGGAGTTGGATCGAGCGCTGGAAATCAATACGTIC
TCCCTGGAAAALGTCGLGAAACTCTGTGAGTTGGGLGGEGAATATACCACTTGTTCACGTGTCCALCTGCTALG
TAAACGGCTACCGOTCOGETOATATCCACGAGACGTCCGAGGGLCCTGTTGLGETGLAGTTACCTGAGGGGL
COGGTAGTTTCTACGAAACCTCGGLOTTGATTGAGCGCTTGCAGCGLCTTGTTGAGGAGTTGCGLGGGLAATA
COAGGGACGEGLGITGAAGGLCAAGLTCATAGAGCATGOLGCGAAGGAAGLGLAAGLTGLGGGLTGGAAL
GATACCTATACCTTCACCAAGTGOLTGOGGTGAGCAATATTTGTACAAGGTGATGLGAGGLTACTCGOTGALGG
TTGTTCGTCCGTCGATCATCGAGAGCACACTGLGLOAGCCAAGLCCAGGGTGGATTGAGGRAGTLAAGGTCG
CCGACGLGGTGTTOATGGCATATGCGLGCGGTAAGGTTGCGTTCTTTCCLOGGTAAGLGGGLCGLGHLTGATIG
ATATTATTCCGGLOGATCTCRTGQLCAATGGGOTATTGCTCTCGACAGCCGAGCAGTTGCTCGAACTGHGLCA
GCATCGCATCTATCAATOTTGTAGCGGTGGLCOTAACCCACTAATGCTGGGAGACTTTATTGACCACTTGGTG
GCAGAAGCCAGCAGTCATCACGGTGACTACGACAAGCTTTTTAAGGLGCCGLCCCOLLGGCRATTCACGRLG
GTGGATAAGCGTGTATTCAGTAGCGTCGCAATGTGCGTTCAGGTGGCGLTGACGATTGTTGGCGCGATATTG
COTCOTCTCGLACGGLGCGGELAAGCTTAGAGLGCGGLGAAATATCGACACGGLTGTCGAGCTCTCCAAAATA
TTCTCTTTCTATGCTCAGCCCAATTACTGCTTTCACGGCGACAAGCTGCTTTCATTATCGAAGTCGATGGGCRLT
GTCGATCAGGAGCTGTTCCCTGTGGATGCCGGLGTGATTGATTGGCAGCACTATATTCGTCACGTTCATATGC
CGGGATTAAACCACTATGLGOTGCAGGGGLAGLLCTCAGTAAGGTCACAGLAGLGGLGLGAGGAAGTGAAA
ACGGCGCCGAAAAACCTGACGGCGACCGAGGCTTGA {SEQ 1D NO: 3}
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Yectors

A vector of the invention comprises a FAR nucleic acid of the invention. A vector may comprise one
or more of an origin of replication, a promoter sequence operably linked to a nucleic acid of the

invention and a reporter gene or selectable marker,

Vectors according to the invention mmchude, but are not limuted to, pCL-BP2Z, pBR322, pBR327,
pACYCI84, pACYC177, pSCI01, pCL1920, and pCL1I921,

Vectors of the invention comprising an origin of replication include, but arc not limited to, ColEl,

pMBI, piSA, pSCI0L, RoK, RK2 and pRSFI010.
The promoter may be homologous or heterologous. The promoter may be constitutive or mducible.

In one embodiment, the promoter is inducibie and is activated n the presence of an inducing agent.
Inducing agents include, but are not limited to, sugars, metal salts, and antibiotics. In some cases, the

promoter allows constitutive expression of the FAR polypeptide.
In one embodiment, promoters that are active at different stages of growth can be used.

The promoter sequence may be operable in a prokarvotic cell, for example an £ cofi cell. In one

embodiment the promoter is a Tre promoter.

The promoter sequence may be operable 1n a eukaryotic cell. for example a yeast cell, a fungal cell, an

algal cell or a plant ccll.

Where the recombinant cell is a fungal cell, the promoter can be a fungal promoter (including, but not
bEmited to, a filamentous fungal promoter}, a promoter operable in plant cells, or a promoter operable
in mammalian cells. Mammalian, mammalian viral, plant and plant viral promoters can drive
particularly high expression when the associated 5° UTR sequence (i.¢., the scquence which begins at
the transcnption start site and ends one nucleotide before the start codon), normally associated with
the mammalian or mammalian viral promoter 1s replaced by a fimgal 37 UTK sequence. The source
of the 37 UTR can vary provided it is operable in the filamentous fungal cell. In various embodiments,
the 57 UTR can be derived from a veast gene or a filamentous fungal gene. The 57 UTR can be from

the same specics as the recombinant cell or from a different specics.

Promoters for recombinant cxpression i veast arc known i the art. Suttable promoters for §
cerevisioe mclude, bot are not limited to, the MFul promoter, galactose mducible promoters such as
GALL GAL7, and GAL1O promoters, glycolvtic enzyme promoters nciuding the TP and PGK
promoters, the TIIH3 promoter, the TEF1 promoter, the TRP1 promoter, the CYCI promoter, the
CUPL promoter, the PHOS promoter, the ADHI promoter, and the HDP promoter. A suitable

promoter in the genus FPickhia sp. 1s the AOXI promoter.
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Suitable reporter genes or selectable markers include, but are not limited to, a drug resistance gene, a
metabolic enzvme, a factor required for survival of the recombinant cell, a fluorescent marker, or an
enzyme that generates a detectable product. Cells transformed with the vector can be selected based
on their ability to grow in the presence of inhibitors {e.g. antibiotics) or under conditions in which

untransformed cells cannot grow.

The vector may be a bigh copy mumber vector, an intermediate copy nwmber vector, or a low copy

number vector. Preferably, the vector is a low copy number vector, e.g. vector pCL-BP2.

In some embodiments, the vector comprises a nucleic acid sequence having at least 70% sequence
wdentity to SEQ 1D NG 4. In some embodiments, the vector comprises a nucleic acid sequence having
at least 75%, at fcast 80%, at least 85%, at least 90%, at least 91%. at fcast 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ

ID NO: 4. Vector corresponding to SEQ ID NQ: 4 s also referred to herein as pCH-BP2.

CGCGCGOGAAGGCGAAGCOGGCATGCATTITACGTIGACACCATCGAATGGTGCAAAACCTT
TCGCOGOTATGGCATGATAGCGCCCGGAAGAGAGTCAATICAGGOTGGTGAATGTGAAACC
AGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTICCCGLGTG
GTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGUGGLGATGGC
GGAGCTGAATTACATICCCAACCGCOTGGCACAACAACTGGUGGGUAAACAGTCOTTIGT
GATTGGCOTTGCCACCTCCAGTCTGGCCOTGCACGUGCCOTCGCAAATTGTCGCOGGUGATT
AAATCTCGCGCCGATCAACTGGOUTGCCAGCOGTGGTGOTGTCGATGGTAGAACGAAGCGGC
GTCGAAGCCTOGTAAAGCGGUGGTGCACAATCTTCTCGCGCAACGUGTCAGTGGGCTGATC
ATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTYC
CGGCGTTATTTICTTIGATGTCTCTGACCAGACACCCATCAACAGTATTATITICTCCCATGAA
GACGGTACGCGACTGGGCOGTGCAGCATCTIGOTUGCATIGGGTCACCAGCAAATCGUGCTG
TTAGCGGGCCCATTAAGTTCTGTCTCOGGCGLGTCTGCGTCTGOCTGGUTGGUATAAATATC
TCACTCGCAATCAAATTCAGCCGATAGCGOGAACGGGAAGGCGACTGGAGTGCCATGTCCG
GTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCOGTTCCCACTGCGATGOTGGTTIGC
CAACGATCAGATGGCGCTGGGUGCAATGCGCGUCATTACCCGAGTCCGGGCTGCGLGTTIGG
TGCGGATATCTCGGTAGTGGCATACGACGATACCGAAGACAGCTCATGTTATATCCCGLC
GTCAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGUGTGCACCGLUTTGLT
GCAACTCTCTCAGGGUCAGGUCGGTCGAAGGGCAATCAGCTOTTGCCCGTCTCACTGGTGAA
AAGAAAAACCACCCTOGGCGUCCAATACGCAAACCGCCTCTCCCCGCGCGTIGGCCGATTC
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGOGGCAGTGAGCGCAACGCAA
TTAATGTGAGTTAGCGCGAATTGATCTGOTTTGACAGCTTATCATCGACTGCACGGTGCAC
CAATGCTTCTGGCGTCAGGCAGCCATCGGAAGUTGTGGTATGGCTGTGCAGGTUGTAAAT
CACTGCATAATTCGTGTCGCTCAAGGCGCACTCCCOGTTICTGGATAATGTITITIGCGCUGA
CATCATAACGOGTTCTGGCAAATATTCTGAAATCAGCTGTTGACAATTAATCATCCGOGCTCG
TATAATGTGTGGAATTGTCGAGCGGATAACAATITCACACAGGAAACAGCGCCGCTGAGAA
AAAGCGAAGCGGCACTOGCTCTTTAACAATTTATCAGACAATCTGTGTOGGGCACTCGACCE
GAATTATCGATTAACTTTATTATTAAAAATTAAAGAGGTATATATTAATGTATCGATTAAA
TAAGGAGGAATAAACCATGGATCCGAGCTCGAGATCTGCAGCTGGTACCATATGGGAATT
CGAAGUTTACGTAGAACAAAAACTCATCTCAGAAGAGGATCTGAATAGCGUCGTUGACCA
TCATCATCATCATCATTGAGTTTAAACCAAATAAAACGAAAGGCTCAGTCGAAAGACTGG
GCCTTTCGTITTATCTGTIGTTTIGTCGOGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGG
GAGCGGATITGAACGTTGCGAAGCAACGGUCCGGAGGOGTGGCOGGCAGGACGCCCGCCA
TAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTGACGGATGGCCTTTITGCOGTTTIC
TACAAACTCTTITATGTGCTTAGTGUATCTAACGCTTIGAGTTAAGCCGCGCCGLGAAGCGGL




10

15

25

40

WO 2020/181091 PCT/US2020/021199

-14-

GTCGOGCTTGAACGAATTGTTAGACATTATTTGCCGACTACCTTGGTGATCTCGCCTTTICAC
GTAGTGGACAAATTICTTCCAACTGATCTGCGCGCGAGGUCAAGCGATCTTICTICTTGTCCA
AGATAAGCCTGTCTAGCTTCAAGTATGACGGGUTGATACTGGGCCGGCAGGCGCTCCATT
GCCCAGTCGGCAGCGACATCCTTICGGCGUGATTTTGCCGGTTACTGCGCTGTACCAAATGL
GGGACAACGTAAGCACTACATTITCOGCTCATCGCCAGCCCAGTCGOGGCOGGCGAGTTCCATA
GCGTTAAGOTTITCATTTAGCGCCTCAAATAGATCCTGTTCAGGAACCGGATCAAAGAGTTC
CTCCGCCGUTGGACCTACCAAGGCAACGCTATGTTCTCTTIGCTTTTGTCAGCAAGATAGCC
AGATCAATGTCGATCGTGGCTGGUTCGAAGATACCTGCAAGAATGTCATIGCGCTGCCATT
CTCCAAATTGCAGTTCGCGCTTAGCTGOATAACGCCACGGAATGATGTCGTCGTGCACAAC
AATGOGTGACTICTACAGCGCGUAGAATCTCGCTCTCTCCAGGGGAAGUCGAAGTTICCAA
AAGGTCOTTGATCAAAGUTCGCCGUGTIGTTTCATCAAGCUTTACGGTCACCGTAACCAGT
AAATCAATATCACTOGTGTOGGCTTCAGGCCGCCATCCACTGCGGAGCCGTACAAATOTACG
GCCAGCAACGTCGUTTCGAGATGOGCGCTCGATGACGUCAACTACCTCTGATAGTTGAGTC
GATACTTCGGCGATCACCGCTTCCCTCATGATGTTTAACTTTIGTTITTAGGGCGACTGCCCTG
CTGCGTAACATCGTIGCTGCTCCATAACATCAAACATCCGACCCACGGCGTAACGCGCTTIGC
TCCTTGGATGCCCGAGGCATAGACUTGTACCCCAAAAAAACAGTCATAACAAGCCATGAAA
ACCGCCACTGUGCCOTTACCACCGCTGUGTTICGGTCAAGGTTUTGCACCAGTTGCGTGAGC
GCATACGCTACTTGCATTACAGCTTACGAACCGAACAGGCTTATGTCCACTOGOTTCGTGC
CTTCATCCGTTTCCACGUGTGTGOGTCACCCGGCAACCTTGGOGCAGCAGCGAAGTCGAGGC
ATTTCTGTCCTGGCTGGUGAACGAGCGCAAGGTTTCGUTCTCCACGCATCGTCAGGCATTG
GCGGCCTTGCTGTTCTTICTACGGCAAGGTGUTCGTGCACGGATCTGCCCTGGCTTCAGGAGA
TCGGAAGACCTCGGLCGTCGCGGCGCTTIGCCGOTGGTGUTCGACCCCGGATCGAAGTGOTIC
GCATCCTCGOTTTITCTGGAAGGCGAGCATCOTTTIGTTCGCCCAGCTTICTGTATGGAACGGG
CATGCGGATCAGTGAGGUTTTGCAACTGCOGOGGTCAAGGATCTGGATTTCGATCACGGCAC
GATCATCOTGCOGGGAGGGCAAGGGCTCCAAGGATCOGGGCCTTGATGTTACCCGAGAGCTT
GGCACCCAGCCTGCGCGAGCAGGGGAATTAATTCCCACGGOTTTTIGCTGCCCGCAAACGE
GCTGTTCTGGTIGTIGCTAGTTIGTTATCAGAATCGCAGATCCGGCTTCAGCCGOTITGLCG
GCTGAAAGCGCTATTTCTTCCAGAATTGCCATGATTTTTTCCCCACGGGAGGCGTCALCTGE
CTCCCGTGTTIGTCGGCAGCTITGATTCGATAAGCAGCATCGCCTGTTTCAGGUIGTCTATGT
GTGACTGTTGAGCTOTAACAAGTTGTCTCAGGTOTTCAATTTICATGTICTAGTTGCOTTTGTT
TTACTGGTTTCACCTGTITCTATTAGGTGTTACATGCTOTTCATCTGTTACATIGTCGATCTG
TTCATGGTGAACAGCTTTGAATGCACCAAAAACTCGTAAAAGCTCTGATGTATCTATCTTT
TITACACCGTTTTCATCTGTGCATATGGACAGTTITCCCTTTGATATGTAACGGTGAACAGT
TCTTCTACTTTIGTTTGTTAGTCTIGATGCTTCACTGATAGATACAAGAGUCATAAGAACCT
CAGATCCTTCCGTATTTAGCCAGTATOTTCTCTAGTGTGGTTCGTTGTITTTGCGTGAGCCA
TCGAGAACGAACCATTGAGATCATACTTACTTITGCATGTCACTCAAAAATTTIGCCTCAAAA
CTGGTGAGCTGAATTTITGCAGTTAAAGCATCOTGTAGTGTTTITCTTAGTCCGTTATGTAG
GTAGGAATCTGATGTAATGOTTGTTGOTATTTTGTCACCATTCATTITITATCTGGTIGTICT
CAAGTTCGGTTACGAGATCCATTIGTCTATCTAGTICAACTTGGAAAATCAACGTATCAGT
CGOGGUGGCCTCGCTTATCAACCACCAATTITCATATIGCTGTAAGTGTTTAAATCTTTACTTA
TTGOGTITCAAAACCCATTIGOGTTAAGCCTTTITAAACTCATGGTAGTTATTTTCAAGCATTAAC
ATGAACTTAAATTCATCAAGGUTAATCTCTATATTTGCCTTIGTGAGTITICTTITGTGTTAG
TICTTITAATAACCACTCATAAATCCTCATAGAGTATITGTTITCAAAAGACTTAACATOTT
CCAGATTATATTTTATGAATITITITAACTGGAAAAGATAAGGCAATATCTCTICACTAAA
AACTAATICTAATTTTICGCTTGAGAACTTGGCATAGTTIGTCCACTGGAAAATCTCAAAG
CCTTTAACCAAAGGATTICCTGATTTCCACAGTTICTCGTCATCAGCTCTCTGGTTGCTTTAGT
TAATACACCATAAGCATTTITCCCTACTGATGTTCATCATCTGAGCGTATTGGTTATAAGTG
AACGATACCGTCCGTICTTITCCTTGTAGGOGTTITCAATCOGTGGGOGTTGAGTAGTGCCACAC
AGCATAAAATTAGCTIGGTITCATGCTCCOGTTAAGTCATAGCGACTAATCGCTAGTTCATT
TCCTTTGAAAACAACTAATTICAGACATACATCTCAATTIGGTCTAGUGTGATTITAATCACTA
TACCAATTGAGATGGGCTAGTCAATGATAATTACTAGTCCTTITICCTTTGAGTTGTGGGTA
TCTGTAAATTICTGCTAGACCTTIGCTGGAAAACTTIGTAAATTCTGCTAGACCCTCTGTAAA
TTCCGCTAGACCTTTIGTOTOTTITITTTITOGTITATATTCAAGTGGTTATAATTTATAGAATAA
AGAAAGAATAAAAAAAGATAAAAAGAATAGATCCCAGCCUTGTGTATAACTCACTACTTT
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AGTCAGTTICCGCAGTATTACAAAAGGATOGTCGCAAACGCTGTTTGCTCCTCTACAAAACAG
ACCTTAAAACCCTAAAGGCTTAAGTAGCACCCTCGCAAGCTCGOGGCAAATCGUTGAATAT
TCCTTTIGTCTCCCGACCATCAGGCACCTGAGTCGUTGTCTTITICGTGACATICAGTTCGCT
GCGCTCACGGCTCTGGCAGTGAATGGOGGTAAATGGUACTACAGGCGCCTTTTATGGATT
CATGCAAGGAAACTACCCATAATACAAGAAAAGCCCGTCACGGOGUTTCTCAGGGCGTTTT
ATGGCGGOTCTGCTATOTGGTGCTATCTGACTTITIGCTGTICAGCAGTTCCTGCCOTCTGA
TITICCAGTCTGACCACTTCGUGATTATCCCGTGACAGGTCATTICAGACTGGCTAATGCACC
CAGTAAGGCAGCGGTATCATCAACAGGUTTACCCGTCTTACTGT (SEQ 1D NO: 4)

Recombinant cells

The mvention provides recombinant cells engineered to express a polypeptide of the invention. The
mvention also provides recombinant cclls transformed with a nucleic acid of the mvention. The
nucleic acid may be extrachromosomal, on a vector (typically a plasmid), which can be a low copy
number vector, an intermediate copy number vector, or a ligh copyv number vector. In some
embodiments, the recombinant cell is transformed with a vector of the wvention. In some
cmbodiments, the recombinant cell s transiently transformed. The nucleic acid may be maintained
episomally and thus comprise a sequence for autonomous replication, such as an autosomal
rephication sequence. Alternatively, the recombinant cell may be stably transformed wherein the
nucleic acid is integrated in ong or more copies into the genome of the cell. Integration into the cell’s
genome may occur al random by non-homologous recombination but preferably, the nucleic acid
construct may be integrated mto the cell’s genome by homologous recombination, as 1s well known in

the art.

In some embodiments, the recombinant cell 13 a prokarvotic cell. In some embodiments, the
prokaryotic cell is selected from Acinetobacter, Agrobocterium, Escherichia, Cupriavidus,
Clostridium, Rhodobacter, Marinobacier, Bacillus, Klebsielln, Tatumella, Pseudomonas, Ralsionia,
Rhodococcus, Methylobacrerium, Methyvlophilus, Methylococcus, Methylomicrobium, Methylomonas,
Pantoea, Streptomyvees, Parachiorella, Synechococcus, Svnechocystis and Thermocynechococcus. In
some embodiments, the prokaryotic cell is £ cofi. Suttable cells of the bacterial genera melude, but
are not limited to, cells of Laciobacillus, Pseudomonas, and Sirepiomyces. Suitable cells of bacterial
species include, but are not hinuted to, cells of Bacillus subtilis, Bacillus licheniformis, Lactobacillus
brevis, Pseudomonas aeruginosa, and Streplomyces lividans, Typically, the recombinant cell 13 not

Spongibacter marinus.

In some embodiments, the recombinant cell is a eukarvotic cell. In some embodiments, the cukarvotic
cell is selected from the group cousisting of a veast cell, a fungal cell, an algal cell and a plant cell. In
some embodiments, the veast cell 1s selected from the group cousisting of Saccharomyces,
Kluvveromyces, Candida, Pichia, Schizosaccharomyces,  Schefferomyvees,  Rhodosporidium,
Hansenula, Klockera, Schwanniomyces, Issatchenkio, Yarrowia and Rhodoloruia. In some

embodiments, the veast cell is selected from the group consisting of 5. cerevisiae, C. lipolviica, R
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Zlutinis, S, bulderi, S. barnetii, S. exiguus, S. wvarum, S. diastaticus, K. loctis, K. marxianus, K

fragile, P. kudriavzevii, 8. stipitis and 1. orfentalis. Suitable cells of veast mehude, but are not hmited

to C. albicans, S. pombe, H. polymorpha, F. pastoris, P. canadensis, ot P. vhodozyma.

In some cmbodiments, the fungal cell is a filamestous fungal cell In some embodiments, the
flamentous fungal ccll is selected from the group consisting of Aspergiilus, Fenicillium, Rhizopus,
Chrvsosporium, Myeeliophthora, Trichoderma, Humicola, Acremonium and Fusarium. In some
embodiments, the filamentous fungal cell 1s selected from the group consisting of 4. niger, 4. orvzae,
1. reesei. P. chrysogenum, M. thermophila, and R oryzae. Suitable cells of filamentous fungal genera
include, but arc not hmited to, cells of Aureobasidium, Bjerkondera, Ceriporiopsis, Coprinus,
Coriolus,  Corynascus, Chaetomium, Cryptococcus,  Filobasidium,  (Gibberella,  Hypocrea,
Magnaporthe,  Mucor, Neccallimastix, Neurospora, Paecilomyces, Phanerochaete, Phlebig,
Piromyces, Plewrotus, Scvialdium, Schizophvilum, Sporotfrichum, Talaromyces, Thermoascus,
Thielavia, rolypocladium and Trametes. In certain aspects, the recorabinant cell is a Trichoderma sp.,
Penicillium sp., Humicola sp. {e.g., Humicola insolens); Aspergillus sp., Chrysosporium sp.,
Fusarium sp., or Hypocrea sp.. Suitable cells can also include cells of varions anamorph and

teleomorph forms of these filamentous fungal genera.

Suitable cells of filamentous fumgal species include, but are not himited to, cells of Aspergillus
awamori, Aspergillus fumigatus, Aspergillus joetidus, Aspergillus joponicus, Aspergillus nidulans,
Aspergilius  niger, Aspergillus orvzae, Chrysosporium  [ucknowense, Fusarium bactridioides,
Fusarium cerealis, Fusarium crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium
graminum, Fusarium heterosporum, Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum
Fusarium vosewm, Fusarium sambucinum, Fusarium sarcochroum, Fusarium sporvotrichioides,
Fusarium sulplnreum, Fusarium torulosum, Fusarium Grichothecioides, Fusarium venenatum,
1

Bjertundera  odusta, Ceriporiopsis  aneiving, Ceriporiopsis aneiving, Ceriporiopsis  caregieq,
Ceriporiopsis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis rivulosa, Ceriporiopsis subrufa,
Ceriporiopsis subvermispora, Coprinus cinereus, Coriolus hirsutus, Humicola insolens, Humicola
lanuginosa, Mucor miehei, Myceliophthora thermophila, Neurospora crassa, Neurospora infermedia,
Penicillium purpurogenum, Penicillium canescens, Penicillium solitum, Penicillium funiculosum,
Phanerochaete chrysosporium, Phlebia radiate, Pleurotus eryngii, Talaromyces flavus, Thielavia
terresiris, Trametes villosa, Trametes versicolor, Trichoderma havzionum, Trichoderma kowingii,
Trichoderma longibrachiatum, Trichoderma reesei, and Trichoderma viride.

In some embodiments, the algal cell is selected from the group consisting of Bofryococcous,
Nannociloropsis, Chlorella, Chlamvdomaonas, Dunaliella, Chaetoceros, Porphyridium, Scenedesmus

and Psendochlorococcum. In some embodiments, the algal cell is selected from the group consisting

of B. braunii and N. gaditona.
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Recombinant cells may be cultured i conventional nuirient media modified as appropriate for
activating promoters (if an inducible promoter is present), sclecting transformants, or amplifving the
nucleic acid sequence encoding the FAR polypeptide. Culture conditions, such as temperature, pH
and the like, are those previously used with the recombinant cell selected for expression, and will be
apparent 1o those skilled in the art. Many references are available for the culture and production of
many cells, including cells of bacterial and fungal ongin. Cell culture media 10 general are set forth in
Atlas and Parks (eds.}. 1993, The Handbook of Microbiological Media, CRC Press, Boca Raton, FL,
which 1s incorporated herein by refercnce. Preforred culture conditions for a given recombinant cell
may be found i the scientific literature and/or from the source of the recombinant ccll such as the

American Type Culture Collection (ATCC).

In cases where a FAR coding sequence is under the control of an inducible promoter, the mdacing
agent, e.g., a sugar, metal salt or antibictic, may be added to the medium at a concentration effective
to induce expression of FAR polvpeptide.

A recombinant cell of the invention may comprise one or more genctic modifications to mcrease the
vield and/or recovery of fatty alcohol. Such genctic modifications may result in at feast one, any two,
any three, any four or all five of the following phenotypes: (a8) an merease in fatty acyl-ACP
production; (b} a decrease n fatty acyl-ACP degradation; (¢} an upregulation of fatty alcohol
secretion; {d) an increase in flux through the fatty acid biosynthetic pathway; and (e) an increase n

tolerance to fatty alcohol.
{(a) Increase m fatty acyl~ACP production

The vield of fatty alcohols may be mmproved by increasing the production of the SmFAR substrate,
fatty acyl-ACP. Fatty acyl-ACP production may be mcreased by vartous modifications of the fatty
acid biosynthetic (FAB) pathway in which fatty acvl-ACP is an intermediate. This may inclade
overexpression of endogencus genes and/or expression of exogenous genes from different organisms.
Methods for increasing fatty acyl-ACP production are known i the art (see for cxample,
US 8,110,670, mcorporated hercin by reference). For example, increased fatty acvi-ACP production
may be achieved 1 bactenia by overexpression of malonyl-CoA-ACP transacvlase (fabDd), B-ketoacyi-
ACP synthase I (fubH), P-ketoacyl-ACP synthases (fabB and fabF), B-ketcacyl-ACP reductase
{fab(), 3-hvdrox-acyl-ACP dehvdratase (fabA) and/or enoyl-ACP reductase (fabl).

(b) Decrease in acyl-ACP degradation
The yield of fatty alcohols may be improved by decreasing the degradation of the SmFAR substrate,
fatty acvl-ACP. Methods to increase fatty alcohol vigld by reducing acvl-ACP degradation are known
i the art (see for example, Liy, Chen er o/, 2016, incorporated herein by reference). In the FAB

pathway, fatty acyl-ACP is converted to fatty acids by thioesterases. Reduced degradation of fatty



10

WO 2020/181091 PCT/US2020/021199

218
acvl-ACP may therefore be achieved in bacteria by, for example, downregulation or deletion of

thioesterases.
(¢} Upregulation of fatty alcohol secretion

Increasing the recovery of fatty alcohols may be achieved by increasing the rate of fatty alcohol
secretion from the recombinant cell. Methods for increasing the secretion of fatty alcchols by
microorganisis are known in the ait, e.g. by overexpression of efftux pumps (see for example, Zhang
er af. Biochem. Eng. J. 133 149-156 (2018), incorporated heren by reference). For example,
prokarvotic multidrug resistance (MDR) transporters can export a wide variety of substrates,
including fatty alechols, and so recombinant upregulation of these transporters may lead to increased

fatty alcohol seerction. Examples of MDR transporters in £. coli include Mdtl, Ber and MdtH.
(d} Increase in flux through the faity acid biosvnthetic pathway

The main precursors for the faity acid biosynthetic pathway are malonvi-CoA and acetyl-CoA.
Increasing the availability of these precursors may increase the rate of fatty acyl-ACP generation and
thercfore increase flux through the FAB pathway. Methods of increasing flux through the FAB
pathway are known in the ant {sce for example, W02013/152051, mcorporated hercin by reference).
In bacteria, overexpression of acetyl-CoA carboxylase {accA, acceB, accC, and accD), which catalyzes

the conversion of acetyl-CoA to malonyi-CoA, may increase the vield of fatty acyl-ACPs.
(e} Increase m tolerance to fattv alcohol

High levels of intracellular fatty alcohols could potentially lead to toxic cffects in recombinant cells.
If requured, increased tolerance to fatty alcohols may be achieved by upregulating secrction of fatty

alcohols from: the recombinant cell {see point {¢) above).

The foregoing phenotvpes may be introduced singly or in combinations of two, three, four, five or
more modifications. Une or more of the foregoing phenotvpes may be obtained by increasing or
decreasing expression of an endogenous protein {e.g., by at lcast a factor of about 1.1, about 1.2,
about 1.3, about 2, about 5, about 10 or about 20) or a result of mtroducing expression of a
heterclogous polypeptide. For avoidance of doubt, “decreasing” or “reducing” gene expression
encompasses eliminating expression. Decreasing (or reducing) the cxpression of an endogenous
protein may be accomplished by inactivating one or more {or all} endogenous copics of a genc in a
cell. A gene may be inactivated by deletion of at least part of the gene or by disruption of the gene e g
bv deleting some or all of a gene coding sequence or regulatory sequence whose delction resulis in a

reduction of gene cxpression in the cell.
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Fatty aleohol production

The invention provides a method of producing a fatty alcohol composition comprising: a) culturing a
recombinant cell in a svitable culture medium, wherein the recombinant cell comprises a gene
encoding a heterologous FAR enzyme having at least 70% sequence identity to SEQ 1D NO: 1 and b}
allowing expression of said gene, whercin said expression resufts in the production of a fatty alechol

coOmposition.

Recombmant cells of the invention may be cultured under suitable conditions m a ligmd or solid
mediom. In some embodiments, recombinant cells of the invention undergo fermentation.
Fermentation conditions include batch, fed-batch and continuous fermentation. Classical batch
fermentation is a closed system, wherein the composition of the medinm s not subject to artificial
alterations during fermentation. In fed-batch fermentation, the substrate is added i mcrements as
fermentation progresses. In both classical batch fermentation and batch-fed fermentation, the
product{s} remain in the bioreactor until the end of the process. Baich and fed-batch fermentation are
comnmon and well-known i the art. In continuous formentation, a defined medium i3 added
contimiously to the biorcactor and an equal volume of product containing medium is removed
simuitaneously. Continuous fermentation aims to maintain steady state growth condifions. Methods
for modulating nutrients and growth factors for continuous fermentation processes as well as
technigues tfor maximizing the rate of product formation are well known in the art of industrial

microbiology. The fermentation process may be an aerobic or an anacrobic fermentation process.

The fermentation process is typically run at a temperature that is optimal for growth of the
recombinant FAR-expressing cell. Fermentation is typically carried out at a temperature within the
range of from about 10°C to about 70°C, from about 15°C to about 60°C, from about 20°C to about
50°C, or from about 25°C to about 40°C. Fermentation is typically carried out for a period of time
within the range of from about 8 to 240 hours, from about 12 hours to about 168 bours, from about 16
hours to about 144 hours, from about 20 hours to about 128 hours, or from about 24 hours to about 72
hours. Fermentation is typically carried out at a pH in the range of 4 to §, in the range of 5t0 7, or the

range of 5.5 10 6.5

The method of the invention mav comprise purifying fatty alcohols from cell culture to provide a
purified fatty alcoho! composition.

The method of the nvention may compnse purifving fatty alcohols from culture supernatant to
provide a purified fatty alcohol composttion.

The method of the mvention may comprise harvesting and lysing recombinant cells to release

mitracellular fatty alcchols from the recombinant cell. The method of the invention may further
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comprise purifving the fatty alcohol composition from the lvsate to provide a purified fatty alcohol

COMPOSIIoN,

The nvention also provides a cell-fiee method for producing a fatty alcohol composition comprising
incobating a FAR polypeptide of the invention with acyl-ACP and a reductant. In some embodiments,
the reductant 1s NADPH. Typically a celi-free method of the jovention involves incubating the FAR
polvpeptide of the invention under suitable conditions of temperature, pH, and 1onic strength with a
suitable substrate, .2 acvi-ACP, and a suitable reductant, e.g. NAD(P)H. A cell-free method of the
mvention may comprise use of an unmobilized FAR polypeptide of the invention. In one
embodiment, an immobilized FAR polypeptide of the invention i1s tamobilized on an inert, imsoluble
substrate. An immobilized FAR polypeptide may have greater stability compared with a soluble form
and may be more readily recovered from reaction mixtures. A cell-free method of the invention may
further comprise purifving fatty alcohols from the cell-free reaction mixture to provide a purified fatty

alcohol composition.

Wherein the fatty alcohol composition was produced in a recombinant cell of the invention, purifving
the fatty alcohol composition typically comprises scparating fatty alcchols from components of the
cultore medinm, fermentation process, and/or cellular material. Wherein the fatty alcohol composition
was produced i a cell-free method of the invention, purifving the fatty alechol composition typically

comprises separating fatty alcohols from the cell-free reaction mixture,

Fatty alcohol compositions may be purified using conventional methods known in the art. For
example, fatty alcohols mayv be purified by solvent extraction with a water immiscible solvent. In
some embodiments, purification of fatty alcohols occurs contemporaneously with biosynthesis of fatty

alcohols.

Fatty alcohol composition

Fatty alcohol compositions may be characterized using various analviical methods known 1n the art.
Fatty alcohol charactenistics described herein, sach as % faity alccho! distribution and % saturation,
are typically detcrmined using gas chromatographv—mass spectrometry (GUMS). An exemplary

GCMS method is provided herein in Example 3.

Fatty alcohol compositions produced by a method of the invention typically comprise C12 fatty
alcohol. Fatty alcohol compositions produced by a method of the invention typically comprise
saturated C12 fatty alcohol (e, “C12:07 fatty alcohol). In onc embodiment, the fatty alcohol
composition comprises at least 1%, at least 2%, at least 3%, at least 4%, at least 5%, at least 10%, at
Icast 15%, at least 20%, at least 2539%, at least 30%, at least 40%, at least 50%, at least 60%, at least

T0%, at least 80%, or at least 80% of €12 fatty alcohol.



W

10

o
W

20

WO 2020/181091 PCT/US2020/021199

21
In one embodiment, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or at least
90% of the fatty alcohols in the fatty alcohol composition are saturated fatty alcobols. In one
embodiment, at least 45% of the fatty alcchols in the fatty alcohol composition are saturated fatty

alcohols.

FARs of the invention provide fatty alcohol compositions with highly desirable characteristics
{discussed herein). In some embodiments, modification(s} arc mtroduced to the recombinant cell that
alter the characteristics of fatty alcohol compositions produced by FARs of the invention For
example, the recombinant cell may be modified to change the proportion of saturation of the faity

alcohol and/or modified to change the chain-length of fatty acyl-ACPs produced by the FAB pathwav.

The FAB pathway produces a range of saturated and unsaturated fatty acvl-ACPs which can be used
as substrates by a FAR enzyme. Moditving the proportion of saturated and unsaturated fatty
acvl-ACPs produced by the recombinant cell may allow the degree of saturation in the fatty alcchol
composition to be altered. Methods to increase the proportion of saturated fatty acyl-ACPs produced
bv the FAB pathway arc known in the art (see for cxample Heath and Rock, IBC, 271:27793-27801
{1996), incorporated hercin by reference). As disclosed in WO 2013/096092 and US 9260727, in &
coli, overexpression of B-hydroxvacyl-ACP dehydratase enzyvmes FabA or FabZ, and/or enovi-ACP
reductase enzyme Fabl, imcreased the level of intermediates in the satorated branch of the FAB

pathway and therchy increase the degree of saturated fativ acyl-ACPs produced.

The FAB pathway produces fatty acyl-ACPs of varving chain lengths, with C14-C18 fatty acvl-ACPs
typically being the most abundant. The FAB pathway may be engineered 1o increase the proportion of
shorter chain fatty acyvl-ACPs produced thereby increasing the production of shorter chain fatty
afcohols. Methods to alier the chain-length of fatty acyl-A(CPs produced by the FAB pathway are
known in the art (see for example, Torclia ef o/ PNAS, 11G(28):11290-11295 (2013), mcorporated
herein by reference}. In K. coli, an increase in shorter chain fatty acyl-ACP production may be
achieved by altering the chain length specificity of FAB enzymes involved in chain length elongation

{e.g. Fab(s, FabB or FabF}.

In one embodiment, a method of the mvention further compnses reducing the fatty alcohol
composition to produce afkanes. Methods of reducing fatty alcohols are known in the art. In one
embodiment, reduction of fatty alcchols is chemically-mediated. In one embodiment, reduction of
fatty alcohols is biologically-mediated e.g. by a microorganism. In one embodiment, alkanes of the

invention are purified from the fatty alcohol composition from which they are derived.

In ong embodiment, a method of the invention huther comprises esterifyving the fatty alcchol
composition o produce esters. Methods of estenfying fatty alcohols are known in the art. In one
crbodiment, the fatty alcohols are reacted with a carboxylic acid to form esters. In one embodiment,

esterification is carried out n the presence of a strong catalyst, e.g sodium hydroxide. In one



W

10

30

WO 2020/181091 PCT/US2020/021199

22
embodiment, esterification is catalyzed by an enzvme that catalyzes the conversion of fatty alcohols to
eaters. In one embodiment, csters are purified from the fatty alcohol composition from which they are

derived. In one embodiment, purified esters of the invention arg used as biodiesel fuel.

In one embodiment, the method of the invention further comprises processing fatty alcchol

composttions, atkane compositions and/or ester compositions to provide a fuel composition.

In one embodiment, the method of the invention further comprises processing fatty alcchol
corapositions, alkane compositions and/or ester compositions to provide a cleaning composition {e.g.

detergent).

In one embodiment, the method of the invention further comprises processing fatty alcchol
compositions, altkane compositions and/or ester compositions to provide an industrial composition

{¢.g. lubricant}.

In one embodiment, the method of the mvention further comprises processing fatty alcohol
compositions, alkane compositions and/or ester compositions to provide a cosmetic composition e.g.

shampoo or soap.

The mvention also provides fuel compositions, cleaning compositions {(e.g. detergents), industrial
compositions {e.g. lubricants), and cosmetic compositions {(e.g. shampoos, soaps efc.) comprising or
produced from fatty alcchol compositions, alkane compositions and/or ester compositions produced

bv the methods disclosed herein,

Publications cited herein and the matenial for which they are cited are hereby specifically mcorporated

by reference in their entireties.

The following cxamples are provided for the purpose of ilustrating, not limiting, the material

disclosed herein.

EXAMPLE 1

In the hope of identifving novel FAR enzymes, phvlogenetic trees were constructed based on BLAST
searches utilizing the known active FARs from M. aquaeolei, M. aigicolo and Oceanocbacter sp.
RED6SS protein sequences. Based on these trecs, a set of 24 protein sequences, distantly related to
these 3 FARs were selected (see Table 1) FAR homologs were synthesized with codon optimized
sequences for recombinant expression in £, coli by Genewiz (South Plainfield, Ni). The synthesized
genes were cloned mto vector plrcHis2A (nvitrogen Inc. Carlsbad, CA) by Genewiz with the

addition of restriction sites Neol and HindH1L



WO 2020/181091 PCT/US2020/021199
“23.
Table 1. Identity of FARSs selected for analysis.
FAR Name Species Name GenBank Protein 1D
1 AsFAR Aestuarithacter salexigens WP 05127570061
2 OlelFAR Oleiphilus WP 068554578.1
3 MasiFAR Massilic sp. Rooi333 WP 0564511531
4 BbFAR Burkholderiales bacterium OGBR29195.1
3 MmFAR Marinobacter mobilis SPX22907 .1
6 HcFAR Hahella chejuensis WP 011398823.1
7 MhFAR Marinobacter hydrocarbonoclasticus WP 0117859661
8 MarlFAR Marinobacter WP 0148706731
o HgFAR Hahella ganghwensis WP 0204076621
10 MdFAR Marinobacter daepoensis WP 0296556111
11 ALFAR Acidobacteria bacterium OFVB4852.1
12 RiFAR Rubrobacter radiofolerans WP (0386822711
i3 MasZFAR | Massilia WP 0478257581
i4 DugFAR Duganelia WP 0703571341
15 HerFAR Herbaspirilium WP 0524321451
16 SmFAR Spongiibacter marinus WP 0278747191
17 ZaFAR Zhongshania aliphaticivorans WP 008249708.1
18 Mar2FAR Marinobacter WP 0531148821
19 OleZFAR Oleiphilus WP 068482091.1
20 Ole3FAR Oleiphilus WP 068760013 .1
21 Mar3FAR Marinobacter WP 070055810.1
22 MIFAR Marinobacrer lipolyticus WP 0121396201
23 NpFAR Nanorana parkeri XP 0184152481
24 BIFAR Brachybacrerium WP 062947317 .1
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EXAMPLE 2

Clonine of FAR nto expression vector

PCT/US2020/021199

To study FAR expression iz vivo, the 24 FAR synthetic genes were cloned o the low-copy

expression vector pCL-BP2 (see Figure 2} This vector was assembled from 4 syothetic BNA

fragments (DT, Caralville, A}, and is based on vector pCL1920 (Lemner and Inouye 1990), with

some modifications, including the Tre promoter and optimized translation and termination sequences.

The pCL-BP2 DNA sequence 1s shown in SEQ 1D NG: 4. FAR genes were amplified by PCR using

primers shown in Table 2. PCR products were cloned into vector pCL-BP2 using the In-Fusion

cloning kit {Takara Bio} per manufacturer’s protocol using hincarized pCL-BP2 by restniction

enzvmes Neol and HindHI. All DNA constructs were transformed into TOPI10O £ coli strain and

sequence verified.

Table 2. PCR primer sequences used to amplify FAR for cloning into pCL-BP2

FAR Forward primer Reverse primer
SEQIDNG:4 SEQ D NO: 5

AsFAR GAGGAATAAACCATGGAAAGCAGTACCACCTT | TGTTCTACGTAAGCTTCATGCGGCLTGATTCACGC
SEQIDNG: 6 SEQIDNO:7

OlelFAR | GAGGAATAAACCATGACCCAGGAAAGCAGCAT | TGTTCTACGTAAGCTTCAGTCGGETCACACTCAGLT
SEQIDNG: 8 SEQIDNO: 9

MasiFAR | GAGGAATAAACCATGACCACCAGTATCAALGA | TGTTCTACGTAAGCTTCAGCGCACTGCLTGLGETG
SEQ D NO: 10 SEQID NO: 11

BbFAR GAGGAATAAACCATGAATACCGCCCCTGATCT | TGTTCTACGTAAGCTTCAACGAACATTAACGGTGS
SEQIDNO: 12 SEQ D NO: 13

MmFAR GAGGAATAAACCATGACCAAACACCAGATCGA | TGTTCTACGTAAGCTTCAGGLGGCTTTACGGGCGL
SEQIDNO: 14 SEQID NG: 15

MhFAR GAGGAATAAACCATGAACTATTTTTTAACCGG TGTTCTACGTAAGCTTCACCAGTARATGLCGLGCA
SEQIDNO: 16 SEQID NG: 17

MarlFAR | GAGGAATAAACCATGAATTATTTCGTTACAGG TGTTCTACGTAAGCTTCACCAATGAATGCCACGCA
SEQID NO: 18 SEQID NG: 19

HgFAR GAGRAATAAACCATGAACTATITCGTGACAGG | TGTTCTACGTAAGCTTCACCAGTGGATGCCACGCA
SEQID NO: 20 SEQID NG: 21

MdFAR GAGGAATAAACCATGAATTACTTTTTAACCGG TGTTCTACGTAAGCYTCACCAATAAATACCACGCA
SEQIDNO: 22 SEQ 1D NG: 23

AbFAR GAGGAATAAACCATGAATCACTTAGATCLGTG | TGTTCTACGTAAGCTTCAAAACGGCACGGTTTIGE
SEQIDNO: 24 SEQ 1D NG: 25

RrFAR GAGGAATAAACCATGACAGATGTGGACCGCAG | TGTTCTACGTAAGCTTCACAGGGCCAGACTTTTCA
SEQID NO: 26 SEQ 1D NG 27

MasZFAR | GAGGAATAAACCATGACCATCACCCCGCTGAG | TGTTCTACGTAAGCTTCATGCGGLGGCTTCAGGTT
SEGQID NO: 28 SEQ D NG 29

DugFAR GAGGAATAAACCATGAAACCTGCACTGAACGT | TGTTCTACGTAAGCTTCAAATTTTCACCEGGLIGEG
SEG D NO: 36 SEQ D NO: 31

HerFAR GAGGAATAAACCATGACCCAACCGGTGCAGAA | TGTTCTACGTAAGCTTCAACGGGCAACCTGCGGGE
SEGID NO: 32 SEQ D NO: 33

SmFAR GAGGAATAAACCATGCGTGATTTAAACCGCGA | TGTTCTACGTAAGCTTCATGCCTCGGTGGCGGETCA
SEGID NO: 34 SEQ D NO: 35

ZaFAR GAGGAATAAACCATGGATACCGCAAGCAGCAA | TGTTCTACGTAAGCTTCAGGCGGCCTGTTTCTGGC
SEGID NO: 36 SEQ D NO: 37

Mar2FAR | GAGGAATAAACCATGAACTATTTTITAACCGG TGTTCTACGTAAGCTTCACCAATAAATGCCGCGCA
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SEGQ D NO: 38 SEQ D NO: 39

Qla2FAR | GAGGAATAAACCATGAGCTACTTCATTACCGG | TGTTCTACGTAAGCTTCACCAATGAATACCGCGCA
SEG ID NG: 40 SEQ D NO: 41

Qle3FAR | GAGGAATAAACCATGAGTTATTTCCTGACCGG | TGTTCTACGTAAGCTTCAGGLGAAGGCCACTTGTT
SEQIDNO: 42 SEQ D NO: 43

Mar3FAR | GAGGAATAAACCATGAATTATTTCCTGACCGS TGTTCTACGTAAGCTTCACCAATGAATGCCGCGCA
SEGQID NO: 44 SEQ D NO: 45

MIFAR GAGRAATAAACCATGAACTATITTCTGACCRG TGTTCTACGTAAGCTTCACCAGTAGATACCGLGCA
SEQID NO: 46 SEQID NO: 47

NpFAR GAGRAATAAACCATGACCAGCATCCCGRAGTA | TGTTCTACGTAAGCTTCAATAACGCATTGTGLTAC
SEQID NO: 48 SEQID NO: 49

BLFAR GAGRAATAAACCATGAGCCATACCAGTCCTGL | TGTTCTACGTAAGCTTCACCATTCCAGGATCTGCC

EXAMPLE 3

Evaluation of fatty alcohol production

~

Recombinant TOPIO £ coli strains expressing FAR were grown overnight at 30°C in SOB medium
containing 100 ug/mL spectinomvcein. Overnight cultures were used to inoculate 50 mL SOB medium
with 100 ug/mL spectinomycin to a starting 8D600 of 0.1, Cultures were incubated at 30°C shaking
at 200 RPM uvatil OD600 reached between 0.6 — 0.8, FAR expression was induced with isopropyl-B-
D-thiogalactoside (IPTG) to a final concentration of | mM. Induced culturcs were incubated under the
same condition for about ~20 hours (ovemnight}. 2 x 10 mL cultures were centrifuged at 4000 RPM,

24°C for 10 min. Supematant and pellet were stored at -20°C or -80°C, respectively.

Fatty alcohols were extracted from both supematant and pellets separately. Cell pellets were allowed
to thaw at room temperature, followed by re-suspension 11 0.5 mi heptane, vortexed for 30 seconds,
mcubated at 35°C for 1 nun and vortexed again for 30 seconds. Extracts were centrifuged at 4000
RPM, 10°C for 5 min and the organic layers were analvzed by GC-MS. Supematants were thawed at
room temperatire and vortexed to mix well. T mL supernatant was transferred to a different extraction
vial, 2 mb of heptane were added and vortexed for 1 min at room temperature. The vials caps were
carcfullv opened to allow any gas to vent out, before vortexing again for 1 min. Vials were
centrifuged at 4000 RPM, 10°C for 1 mun, and 1 mL of the organic heptane layers were transferred
into clean vials. Samples were blow-dried with nitrogen and re-dissolved i 0.5 mL of heptane for

GC-MS analysis.

2 ul samples were analyzed by GC-MS {Inlet: splitiess or split ratio 1.2} on an HP-Innowax column
(30 m, 0.25 mm, 0.25 um, Agilent P/N:1909N-133). GC method started at 66°C (hold for 2 min),
mereased the temperature with a rate of 10°C/min to 250°C and held for 15 min with total flow, 41
mi/min with 0.5 min delay. Quantitative analysis was performed using a calibration curve made from
reference fatty aleche! standards: C8:6-0OH, C18:0-0QH, C12:0-0H, C14:6-0H, C15:0-0H, C16:0-
OH, Cl6:1-0H, C18:0-0H, Ci8:1-0H, C18:2-0H, CI18:3-0OH. Calibration curve ranges were 0.5

mg/L to 100 mg/L with LOD: 0.1 mg/L and LOQ: 0.2 mg/L.. Mass spec parameters set-up consisted
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of solvent delay at 3.5 min; mass scan range between 35 to 800 mu; collision energy at 70v.
Compounds were identified by comparing observed spectral data with the NIST library. Agilent
MassHunter software was used for quantitative analysis by calculating concentrations off of an
cstablished standard curve.

Evaluations of 24 FAR genes expressed 1n £, coli indicated that not all FAR enzvmces were functional
in £ coli. Surprisingly, of the 24 FAR genes expressed in £, cofi, only 12 produced fatty alcchols
(Figure 3}. Analysis of the data showed that under the conditions used, FAR homologs that were more
closely related to M. aguaeolei, M. algicola and Oceanobacier sp. RED6S protein sequences did not
always produce fatty alcohols. Unexpectedly, this indicates that sequence homology to previously

reported active FARs is not a good indicator when secking to identify novel active FARs.

Based on level of fatty alcohols produced, some FAR enzymes were more active than others. Of the
12 tested, only the FARs Spongiibacter marinus {strain 16}, Aestuariibacter salexigens {strain 1} and
Zhongshania aliphaticivorans {strain 17}, produced fatty alcohols to a level high enough to make
them attractive for applied purposcs. As shown in Figure 3, SmFAR (stramn 16) markedly

outperformed other FARs in the total level of fatty alcohols produced.

EXAMPLE 4

Production of fattv alechols in 7. coli strain W3110K

Recombinant W3110K strains cxpressing a gene encoding a FAR enzyme from cither Spongiibacter
marinis, Aestuariibacter salexigens or Zhongshania aliphaticivorans were grown overnight at 30°C in
SOB medium containing 100 ag/mb spectinomyein. Overnight cultures were used to inoculate 50 mL
LB medium with 1% glucose and 100 ug/mb spectinomycin to a starting ODesgo of 0.1, Culiures were
incubated at 30°C shaking at 200 RPM untt ODso reached between 0.6 — 0.8, FAR cxpression was
mduced with isopropyi-f-D-thiogalactoside (IPT() to a final concentration of 1 mM. Induced cultures
were incubated under the same conditions for about ~20 hours {overnight). 10 mL cultures were
collected for fatty alcohol analysis. Extraction and quantification of fatty alcohols were performed as

described m Example 3, except 5 mi of heptane was used for extraction.

Companson of fatty alcohol production in SmFAR with MaFAR

US 8,216,815 describes charactenstics of fatty alcohol compositions produced by FAR obtamned from
Marinobactoer algicola {denoted “MaFAR™). Table 3 provides a comparison between the fatty
alcohol composition described in US 8,216,815 and the fatty alcohol composition produced using a

FAR of the present invention.
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Table 3. Comparison between fatty aleohol compositions produced by SmFAR and MaFAR

% distribution | C12:0 | C14:0 | C14:1 | C16:0 | Ci6:1 | C18:0 | Ci18:1 | Saturated | Unsaturated

SmFAR i 31 ND 13 48 0 7 43 55
MaFAR ND 8 ND 30 30 ND 32 38 62

ND = not detected

As set out in Table 3, under the conditions described e US 8,216,815, the fatty alcohol composition
produced by MaFAR contained 8% €14 fatty alcohol, 60% C16 fatty alcohol (30% C16:0, 30%
C16:1), and therc was no detection of <C14 fatty alcohol. On the contrary, SmFAR viclded a fatty
alcohol composition containing 31% €4 faity alcohol, 61% C16 faity alcohol {(13% C16:0, 48%
€16:1), and, desirably, a detectable amount of C12 fatty alcohol. Furthermore, the distribution of
saturated vs. unsaturated fatty alcohol was different between MaFAR and SmFAR. Advantageously,
total saturated fatty alcohol produced using SmFAR was ~45%, whercas MaFAR achieved a total

saturation tevel of ~38%.

Dhstribution of fattyv alcohols produced in SmFAR. ZaFAR and AsFAR

As shown in Table 4, the recombinant K. cofi strains produced between 2285 mg/L to 9303 mg/L of
fatty alcohols. The fatty alcohols produced by the recombinant cells had varying levels of distribotion
between cham lengths. Analysis of the type of fatty alcobols produced by cach of the FARs indicate that

C14:0 and C16:0 fatty alcohols are produced at levels greater than 459 of total fatty alcobols produced.

Table 4. distribution of fatty alcohols produced by E. coli W3110K overespressing a FAR gene from

S, marinus {$SmFAR), Z aliphaticivorans (ZaFAR), or A salexigens {AsFAR).

Total Yo distribution
FAR (mg/Ly | C10:0 1 C12:0 { C14:0 | C16:0 | Cl16:1 | C18:0 | C18:1 | saturated | unsaturated
16 SmFAR | 9303 0 1 31 3 48 0 7 45 55
17 ZaFAR | 4259 I i 29 30 30 0 10 60 40
1 AsFAR | 2285 3 i 25 33 30 0 8 62 38

In conclusion, the FAR discovered in this work advantageously makes possible the direct production of
fatty alcohols, without producing undesirable intermediates. In particular the S marinus FAR produced
a high proportion of C14:0 fatty alcohol, also known as Mynastyl aleohol. This aleohol has numerous
commercial apphcations, and is currently obtained from coconut and palm kernel oils. The FAR of the

mvention also produced highly desirable C12 fatty alcohol which, {fo the best of the Inventors
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knowledge, has not been achieved by FARs m the Iterature. Moreover, the FAR of the mvention

provided a high vicld of fatty alcohols, and which contamn a high proportion of saturated fatty alechols.

The FAR polypeptide of the mvention is of considerable value for the production of fatty alcobols.
Moreover, as the FAR polvpeptide is alrcady capable of producing shorter chain fatty alcohols
{namelv C12) than previously reported FARs, the lnventors believe that less strain engineering might
be required {in comparison to strains expressing other FARs), when secking to obtain even shorter

chain fatty alcohols.

While illustrative embodiments bave been ilfostrated and described herein, it will be appreciated that
various changes can be made therein without departing from the spirit and scope of the contents

described herein.
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CLAIMS
L. A recombinant polypeptide comprising an amino acid sequence baving at least 70% sequence
identity to SEQ 1D NG: 1
2. An 1solated nucleic acid which encodes the polypeptide according to clamm 1.
3. The nucleic acid according to claim 2, wherein the nucleic acid 1s codon optimized for
expression in a prokarvotic cell.
4, The nucleic acid according to claim 3, wherein the prokaryotic cell is selected from the group

consisting of Acinerobacier, Agrobacierium, Escherichia , Cupriavidus, Closiridium, Rhodobacier,
Marinobacter, Bacillus, Klebsiella, Tatumella, Pseudomonas, Ralstonia, Rhodococcus,
Methylobacterium, Methyiophilus, Methviococcus, Methvliomicrobium, Methylomonas, Pantoea,

Strepiomyces, Parachioreila, Svnechococcus, Synechocystis and Thermocvnechococeus.

5. The nucleic acid according to claim 4, wherein the prokarvotic coll is £ coli.
6. The nucleic acid according to claim 5 comprising a nucleic acid sequense having at least 70%

sequence identity to SEQ 1D NG: 2.

7. The nucleic acid according to claim 2, wherein the nucleic acid sequence is codon optimized

for expression in a eukaryotic cell.

8. The nucleic acid according to claim 7, wherein the eukaryotic cell is selected from the group

consisting of a veast cell, a fungal cell, an algal cell and a plant cell.

9, The nucleic acid according to claim 8, wherein the yeast cell is selected from the group
consisting of Saccharomyces, Kluyveromyces, Candida, Pichia, Schizosaccharomyces, Hansenula,
Klockera, Schwanniomyces, Schefferomyces, Rhodosporidium, Issatchenkia, Yarrowia and

Bhodotorida,

10 The nucleic acid according to claim 9, wherein the veast cell 1s selected from the group

consisting of 8. cerevisiae, C. lipolytica, R glutinis, 5. bulderi, 8. barnetti, S. exiguus, &. uvarum,

=]

fpitis, and 1. orientalis.

i

8 diastaticus, K. lactis, K. marxianus K. fragile, P. kudriavzevii, S. s
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i1 The nucleic acid according to claim §, wherein the fungal cell is a filamentous fungal cell.
12. The nucleic acid according to claim 11, wherein the filamentous fungal cell is selected from
the group consisting of dspergiliug, Penicillium, Kaizopus, Chrvsasporium, Myceliophthora,
Trichoderma, Flumicola, Acremontum and Fusarbon.

13. The mucleic acid according to claim 12, wherein the filamentous fungal ceil is selected from
the group consisting of 4. wiger, A orvzae, T reesei, 8. chrysogeman, M thermophila, and R oryzoe.
14. The nucleic acid according to claim §, wherein the algal cell is selected from the group
comprising Hoiryococcus, Nannochioropsis, Chiorella, Chlamydomonas, Dunaliella, Chaetoceros,

Porphyridium, Scenedesmus and Pseudochioracoccum.

15. The nucleic acid according to claim 14, whergin the algal cell 1s selected from the group

comprising B. braunii and N. gaditana.

16. The nucleic acid according to claim 2 comprising a nucleic acid sequence having at least 70%

sequence wdentity to SEQ ID NG 3

17. A vector comprising the nucleic acid according to anv onc of claims 2 to 16

18. The vector according to claim 17 comprising:
{a) an origin of replication;
(b} a promoter sequence operably linked to said nucleic acid; and/or

(c) areporter gene.

19, The vector according to claim 17 or claim 18 comprising a nucleic acid sequence having at

keast 70% sequence identity to SEQ 1D NO: 4.

20 A recombinant cell enginecred to express the polypeptide according to claim 1.

21. The recombinant cell according to claim 20, wheremn the recombinant cell s a prokaryotic
cell.

22. The recombinant cell according to claim 21, wherein the prokaryotic cell is selected from the

group consisting of Acinefobacter, Agrobacterium, Escherichia , Cupriavidus, Clostridium.
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Rhodobacter, Marinobacter, Bacillus, Klebsiella, Tatumella, Pseudomonas, Ralstonia, Rhodocoocus,

Methvlobacterium, Methviophilus, Methylococcus, Methylomicrobium, Methvlomonas, Pantoea,

Streptomyees, Farachlorella, Synechococcus, Synechocystis, and Thermocynechococcus.
23 The recombinant cell according to claim 22, wherein the prokaryotic cell 18 £, cofi.

24. The recombinant cell according to claim 24, wherein the recombinant cell is a cukaryotic cell.

25. The recombinant cell according to claim 24, wherem the eukaryotic cell is selected trom the

group consisting of a yeast cell, a fungal cell, an algal cell and a plant cell.

26, The recombinant cell according to claim 23, wherein the veast cell 15 selected from the group
consisting of Saccharomyces, Kluyveromyces, Candida, Pichia, Schiza.‘sacchammyces, Hansenula,
Klockera, Schwanniomyces, Schefferomyces, Rhodosporidium, Issatchenkia, Yarrowia and

Bhodoionida.

27. The recombinant cell according to claim 26, wherein the veast ccll is selected from the group
consisting of 8. cerevisiae, C. lipolytica, R glutinis, 5. bulderi, 8. barnetti, S. exiguus, §. uvarum,

=]

8. diastaticus, K. lactis, K. marxianus, K fragile, P. kudriavzevii, 8. stipites, and I, orientalis.

28, The recombinant cell according to claim 25, wherein the fungal cell 15 a filamentous fungal
cell.

29. The recombinant cell according to claim 28, wherein the filamentous fungal cell is selected
from the group consisting of Aspergilius, Peniciilinm, Rhizopus, Clhrysosporium, Myceliophithora,

lex) 3
l‘.

PUS I S TV Laronas g 3 1 vy
Trichoderma, Humicola, Acremonium and Fusarium.

30. The recombinant cell accarding to claim 29, wherein the filamentous fungal cell is selected
from the group consisting of 4. wiger, A orvzae, T reesel, P olyvsogenom, M thermiophila, and

& QFyzae.

31 The recombinant cell according to claim 25, wherein the algal cell 1s selected from the group
counsisting of Bofryococcus, Nannochloropsis, Chiorella, Chlamydomonas, Dunaliella, Chaetoceros,

Porphyridium, Scenedesmus and Pseudochiorococcum.
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32 The recombinant cell according to claim 31, wherein the algal cell 15 selected from the group
consisting of B. and N. gaditona.
33 The recombinant cell according to any one of claims 20 to 32 comprising one or more genetic

modifications resulting in at least one, any two, any three, any four or all five of the following
phenotypes:

{(a} an increase in acyl-ACP gynthesis;

(b} a decreasc in acvl-ACP degradation;

{c) an upregulation of fatty alcohol secretion;

{(d} an increase in flux through the fatty acid biosynthetic pathway; and

(¢} an ncrease in tolerance to fatty alcohol.

34, The recombinant cell according to any one of claims 20 to 33 comprising one or more genetic

modifications resulting in a change 1n the degree of sataration of the fatty alcohols produced.

35. The recombinant cell according to any one of claims 20 to 34 comprising one or more genetic
modifications resulting in a change in the chain-length of the acvl-ACPs produced by the fatty acid

biosynthetic pathway.

36. A recombinant cell transformed with the vector according to any one of claims 17 to 19,
37. The recombinant cell according to claim 36, wherein the recombinant ccll is stably

transformed with the nucleic acid according to any one of claims 2 to 16

38, The recombinant cell according to claim 36, wherein the recombinant cell is transicntly

transformed with the nucleic acid according to any one of claims 2 to 16,

39, A method of producing a fatty alcohol composition comprising:

a) culturing a recombinant cell in a smitable culture medium, wherein the recombmant cell
coraprises a gene encoding a heterologous fatty acyl-ACP reductase enzyme having at least 70%
sequence wdentity to SEQ ID NQO: 1; and

b) allowing expression of said gene, wherein said expression results in the production of a

fatty alcohol composition.

40. The method according to claim 39, whercin the recombinant cell is defined according to any

one of claims 20 to 38.
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41, The method according to claim 39 or clamm 40, the method further compnising purifving the
fatty alcohol composition from cell culiure.
42, The method according to claims 39 or claim 41, the method further comprising punfving the
fatty alcohol composition from supernatant.
43. The method according to anv one of claims 39 to 42, the method further comprising

harvesting and lysing recombinant cell{s) to obtain a fatty alcohol composition.

44, The method according to any onc of claims 39 to 43, the method further comprising purifving

the fatty alcobol compasition from lysate.

45, The method according to any one of claims 39 to 44, wherein the fatty aleohol composition

comprises C12 fatty alechol.

46. The method according to anv one of claims 39 to 45, wherein at least 45% of the fatty

alcohols in the fatty alcohol composition are saturated fatty alcohols.

47. The method according to any one of the claims 39 to 46, the method further comprising

reducing the fatty alcohol composition.

43. The method according io anv onc of claims 39 to 47, the method further comprising

esterifying the fatty alcohol composition.

49, A fatty alcohol composition obtained by the method according to any one of claims 3% to 48.
50. A composition comprising the fatty alcohol composition or esterified fatty alcobol

corposition obtained by the method of any one of claims 39 1o 49,

51 Use of a polypeptide according to claim 1 1n a method of producing a fatty alcohol

composition.
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