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BIOLOGICAL METHODS FOR PREPARING A FATTY DICARBOXYLIC ACID

Cross Reference to Related Applications

This application claims the benefit under 35 U.S.C. § 1 19(¢) of U.S. Provisional Patent
Application No. 61/739,661, filed December 19, 2012 which is herein incorporated by

reference in its entirety.

Field
The technology relates in part to biological methods for producing a fatty dicarboxylic acid and

engineered microorganisms capable of such production.

Background

Microorganisms employ various enzyme-driven biological pathways to support their own
metabolism and growth. A cell synthesizes native proteins, including enzymes, in vivo from
deoxyribonucleic acid (DNA). DNA first is transcribed into a complementary ribonucleic acid
(RNA) that comprises a ribonucleotide sequence encoding the protein. RNA then directs
translation of the encoded protein by interaction with various cellular components, such as
ribosomes. The resulting enzymes participate as biological catalysts in pathways involved in

production of molecules by the organism.

These pathways can be exploited for the harvesting of the naturally produced products. The
pathways also can be altered to increase production or to produce different products that may be
commercially valuable. Advances in recombinant molecular biology methodology allow
researchers to isolate DNA from one organism and insert it into another organism, thus altering
the cellular synthesis of enzymes or other proteins. Advances in recombinant molecular
biology methodology also allow endogenous genes, carried in the genomic DNA of a
microorganism, to be increased in copy number, thus altering the cellular synthesis of enzymes
or other proteins. Such genetic engineering can change the biological pathways within the host
organism, causing it to produce a desired product. Microorganic industrial production can
minimize the use of caustic chemicals and the production of toxic byproducts, thus providing a
“clean” source for certain compounds. The use of appropriate plant derived feedstocks allows
production of “green” compounds while further minimizing the need for and use of petroleum

derived compounds.
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Summa

Provided in certain aspects is a genetically modified yeast comprising (i) an active, modified
endogenous acyl-coA oxidase polypeptide or an active, modified endogenous acyl-coA
dehydrogenase polypeptide; (i1) a genetic modification that alters an enoyl co-A isomerase
activity; and (iii) a genetic modification that alters a dienoyl CoA reductase (DCR) activity,
wherein the yeast is capable of producing a diacid from a feedstock comprising one or more
components from a vegetable oil. Also provided in some aspects is a method for using such a
genetically modified yeast to produce a diacid from a feedstock comprising one or more

components from a vegetable oil.

Also provided in certain aspects is a method for producing a diacid, comprising: (a) contacting
a genetically modified yeast of any of embodiments Al to A44, B1 to B33, C1 to C15 and G1
to G65 with a feedstock comprising an unsaturated vegetable fatty acid capable of being
converted by the yeast to a diacid; (b) culturing the yeast under conditions in which diacid
containing one or more unsaturations is produced from the feedstock; and (¢) hydrogenating
and removing one or more of the unsaturations.

Certain embodiments are described further in the following description, examples, claims and

drawings.

Brief Description of the Drawings

The drawings illustrate embodiments of the technology and are not limiting. For clarity and
case of illustration, the drawings are not made to scale and, in some instances, various aspects
may be shown exaggerated or enlarged to facilitate an understanding of particular
embodiments.

FIG. 1 is a schematic representation of the conversion of decane to sebacic acid in a beta-
oxidation blocked microorganism. Capric acid is formed as an intermediate during omega

oxidation.

FIG. 2 is a schematic representation of the conversion of dodecane to dodecanedioic acid in a
beta-oxidation blocked microorganism. Lauric acid is formed as an intermediate during omega

oxidation.
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FIG. 3 is a schematic representation of the conversion of a feedstock containing mixed chain-
length alkanes to mixed diacids products, including sebacic acid in a beta-oxidation blocked
microorganism. Mixed chain-length fatty acids are formed as intermediates during omega
oxidation. Sebacic acid can be separated from other diacid products by the use of appropriate

separation techniques.

FIG. 4 is a schematic representation of the conversion of a feedstock containing mixed chain-
length alkanes to mixed diacids products, including dodecanedioic acid in a beta-oxidation
blocked microorganism. Mixed chain-length fatty acids are formed as intermediates during
omega oxidation. Dodecanedioic acid can be separated from other diacid products by the use of

appropriate separation techniques.

FIG. 5 is a schematic representation of the conversion of a long-chain alkane into sebacic acid
in a partially beta-oxidation blocked microorganism. The long-chain alkane is first converted
into a long-chain fatty acid and then into a long-chain diacid by activities in the omega-

oxidation pathway. The long-chain diacid can be converted to sebacic acid by activities in the

beta-oxidation pathway, with the simultaneous generation of acetyl-CoA.

FIG. 6 is a schematic representation of the conversion of a long-chain alkane into
dodecanedioic acid in a partially beta-oxidation blocked microorganism. The long-chain alkane
is first converted into a long-chain fatty acid and then into a long-chain diacid by activities in
the omega-oxidation pathway. The long-chain diacid can be converted to dodecanedioic acid

by activities in the beta-oxidation pathway, with the simultaneous generation of acetyl-CoA.

FIG. 7 is a schematic representation of the conversion of a feedstock containing mixed chain-
length alkanes into sebacic acid in a partially beta-oxidation blocked microorganism. The
mixed chain-length alkanes are first converted into mixed chain-length fatty acids and then
mixed diacids by activities in the omega-oxidation pathway. Mixed diacids can be converted to
sebacic acid by activities in the beta-oxidation pathway, with the simultancous generation of

acetyl-CoA.

FIG. 8 is a schematic representation of the conversion of a feedstock containing mixed chain-

length alkanes into dodecanedioic acid in a partially beta-oxidation blocked microorganism.
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The mixed chain-length alkanes are first converted into mixed chain-length fatty acids and then
mixed diacids by activities in the omega-oxidation pathway. Mixed diacids can be converted to
dodecanedioic acid by activities in the beta-oxidation pathway, with the simultancous

generation of acetyl-CoA.

FIG. 9 graphically illustrates the conversion of decane to sebacic acid in a fully beta-oxidation
blocked Candida yeast strain. After incubation for the times shown in the graph, the media was
subjected to gas chromatography. The results indicate that greater than 99% of the decane was
converted into sebacic acid, with a minimal amount of capric acid also detected by gas
chromatography. No significant accumulation of any other monoacid or diacid was detected by

gas chromatography. Experimental details and results are given in Example 1.

FIG. 10 graphically illustrates the conversion of capric acid to sebacic acid in a Candida yeast
strain. GC analysis was performed after a predetermined period of growth. Nearly all the
capric acid added was converted to sebacic acid using a starting concentration of capric acid.

Experimental details and results are given in Example 2.

FIG. 11 graphically illustrates the distribution of diacids produced during the conversion of
long-chain fatty acids to mixed diacids under fermentation conditions using a partially beta-
oxidation blocked Candida tropicalis strain (e.g., SAA106). Experimental details and results are

given in Example 5.

FIG. 12 graphically illustrates the conversion of decane to sebacic acid in a fully beta-oxidation
blocked Candida yeast strain having additional genetic modifications. Strain sAA003 is the
fully beta-oxidation blocked control strain. +CPR indicates the fully beta-oxidation blocked
strain also includes an increased number of copies of cytochrome P450 reductase. +CPR+A12
indicates starting strain sSAA003 includes the addition genetic modifications of an increased
number of copies of cytochrome P450 reductase and also includes an increased number of
copies of cytochrome P450 A12 (e.g., CYP52A12). +CPR+A18 indicates starting strain
SAA003 includes the addition genetic modifications of an increased number of copies of
cytochrome P450 reductase and also includes an increased number of copies of cytochrome
P450 A18 (e.g., CYP52A18). +CPR+A19 indicates starting strain SAA003 includes the
addition genetic modifications of an increased number of copies of cytochrome P450 reductase

and also includes an increased number of copies of cytochrome P450 A19 (e.g., CYP52A19).
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+CPR+A20 indicates starting strain SAA003 includes the addition genetic modifications of an
increased number of copies of cytochrome P450 reductase and also includes an increased
number of copies of cytochrome P450 A20 (e.g., CYP52A20). The y-axis of FIG. 12 is percent

of theoretical maximum yield. Experimental details and results are given in Example 7.

FIG. 13 graphically illustrates the results of conversion of methyl laurate to dodecanedioic acid
in a fully beta-oxidation blocked Candida yeast strain also contain genetic alterations to a
monooxygenase reductase activity, a monooxygenase activity, or a monooxygenase reductase
activity and a monooxygenase activity. After 48 hours of incubation the media was subjected
to gas chromatography. The results indicate that Candida strains containing an increased
number of copies of a CYP52A18 monooxygenase activity and an increased number of copies
of a monooxygenase reductase activity (e.g., CPR750) gave the highest yield of dodecanedioic
acid (e.g., DDDA), in shake flask fermentation experiments. Experimental details and results

are given in Example 8.

FIG. 14 and FIG. 15 schematically illustrate a screening and/or selection method for identifying
acyl-CoA oxidase activities with specific substrate specificities. The method can be utilized in
conjunction with generating and/or identifying acyl-CoA oxidase activities with altered chain-

length substrate specificities. Screening/selection method details are given in Example 9.

FIG. 16 graphically illustrates the results of engineered microorganisms described herein
converting decane to sebacic acid under fermentation conditions using different amounts of

decane as the feedstock. Experimental details and results are given in Example 3.

FIG. 17 graphically illustrates the results of engineered microorganisms described herein
converting a mixed fatty acid feedstock (e.g., mixed chain-length fatty acids) to sebacic acid

under fermentation conditions. Experimental details and results are given in Example 4.

FIG. 18 shows a diagram of a plasmid designated pAA073 containing a POX4 promoter and a
POX4 terminator.

FIG. 19 illustrates the generation of a full-length deletion cassette for ECI1 using PCR overlap

extension.
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FIG. 20 illustrates the generation of a full-length deletion cassette for the second allele of ECI1

using PCR overlap extension.

FIG. 21 shows an acyl CoA oxidase activity profile for Pox5 isolated from a Candida strain.

FIG. 22 illustrates a PCR overlap extension method for introducing site-directed point

mutations into Acyl-CoA Oxidase genes.

FIG. 23 — shows a sequence alignment of the N-terminal 180 amino acids of Acol and Acoll.
The amino acids highlighted in grey are located within alpha helices and those in bold are
located within beta sheets. The center sequence represents the consensus sequence showing

conserved residues.

FIG. 24 — illustrates a HotSpot Wizard analysis of Pox4 (FIG. 24A) and Pox5 (FIG. 24B) from
Candida strain ATCC20336. Residues highlighted in dark grey or light grey are mutagenic
“hot spots”. Dark grey residues show greater variability at that position than light grey

residues. Residues in bold are found within or close to the substrate binding pocket.

FIG. 25 - illustrates a HotSpot Wizard analysis of RnAcoll. Residues highlighted in dark grey
or light grey are mutagenic “hot spots”. Dark grey residues show greater variability at that
position than light grey residues. Residues in bold are found within or close to the substrate

binding pocket.

FIG. 26 shows a multiple sequence alignment of all three proteins. The underlined portion of

RnAcoll (Acoll from R. norvegicus) represents the alternatively spliced exon 3.
FIG. 27 shows the acyl CoA activity profile associated with Pox5 mutants. The substrate
referred to as "C18" is shortened and pertains to a C18:1 substrate.

FIG. 28 shows the acyl CoA activity profile associated with Pox4 mutants.

FIG. 29 shows a diagram of a plasmid designated pAA298.
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FIG.30A and FIG.30B show an amino acid alignment of selected Acyl Co-A enzymes from
Candida viswanathii (POX4 and POX5) and Yarrowia lipolytica (Y1 POX2, Y1 POX3 and Y1

POXS5). Also shown is a consensus sequence alignment.

FIG. 31 shows the synthesis of sebacic acid from linoleic acid.

FIG. 32 shows plasmid vector map of pAA918S.

FIG. 33 shows the activity profiles of six Y. lipolytica acyl-CoA oxidase proteins in addition to
POX4 and POXS5 from ATCC20336. The activity profiles for these enzymes was determined
using an in vitro acyl-CoA oxidase assay (e.g., as described in Ex. 41) and acyl-CoA substrates
of different chain lengths (e.g., C6, six carbons; C8, eight carbons; C10, ten carbons; C12,

twelve carbons; C14, fourteen carbons; and C18-1, eighteen carbons).

FIG. 34 shows a schematic example of a reaction pathway that includes ACO, ECI, DCI

(Dienoyl CoA Isomerase) and a DCR as well as their reaction products and substrates.

Detailed Description

Certain fatty dicarboxylic acids (i.e., diacids, e.g., dodecanedioic acid or sebacic acid) are
chemical intermediates in manufacturing processes used to make certain polyamides,
polyurethanes and plasticizers, all of which have wide applications in producing items such as
antiseptics, top-grade coatings, hot-melt coating and adhesives, painting materials, corrosion
inhibitor, surfactant, engineering plastics and can also be used as a starting material in the
manufacture of fragrances, for example. For example dodecanedioic acid, also known as 1,12
dodecanedioic acid, and DDDA, is a 12 carbon organic molecule that is a fatty dicarboxylic
acid. In another example, sebacic acid, also known as 1,10 decanedioic acid, and 1,8

octanedicarboxylic acid, is a 10 carbon organic molecule that is a fatty dicarboxylic acid.

Provided herein are methods for producing a fatty dicarboxylic acid (also referred to herein as a
diacid). Any suitable diacid can be produced, and a diacid produced often includes acid
moieties at each terminus of the molecule (e.g., alpha omega diacids). A diacid sometimes is a
C4 to a C24 diacid (i.c., a diacid containing 4 carbons to 24 carbons) and sometimes is a C8,

C10, C12, C14, C16, C18, or C20 diacid. Yeast and processes herein are capable of producing
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a diacid containing an odd number of carbons, and sometimes a product contains one or more
diacids chosen from a C5, C7, C9, C11, C13, C15,C17, C19, C21 and C23 diacid. A
hydrocarbon portion of a diacid sometimes is fully saturated and sometimes a diacid includes

one or more unsaturations (e.g., double bonds).

Non-limiting examples of diacids include octadecanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) and other organic intermediates using biological systems. Non-limiting
examples of fatty dicarboxylic acids include suberic acid (i.e., octanedioic acid, 1,8-octanedioic
acid, octanedioic acid, octane-1,8-dioic acid, 1,6-hexanedicarboxylic acid, capryllic diacids),
sebacic acid (i.e., 1,10-decanedioic acid, decanedioic acid, decane-1,10-dioic acid, 1,8-
octanedicarboxylic acid, capric diacid), dodecanedioic acid (i.e., DDDA, 1,12-dodecanedioic
acid, dodecanedioic acid, dodecane-1,12-dioic acid, 1,10-decanedicarboxylic acid,
decamethylenedicaboxylic acid, 1,10-dicarboxydecane, lauric diacid), tetradecanedioic acid
(i.e., TDDA, 1,14-tetradecanedioic acid, tetradecanedioic acid, tetradecane-1,14-dioic acid,
1,12-dodecanedicarboxylic acid, myristic diacid), thapsic acid (i.e., hexadecanedioic acid, 1,16-
hexadecanedioic acid, hexadecanedioic acid, hexadecane-1,16-dioic acid, 1,14-
tetradecanedicarboxylic acid, palmitic diacid), cis-9-hexadecenedioic acid (i.e., palmitoleic
diacids), octanedioic acid (i.e., 1,18-octadecanedioic acid, octadecanedioic acid, octadecane-
1,18-dioic acid, 1,16-hexadecanedicarboxylic acid, stearic diacid), cis-9-octadecenedioic acid
(i.e., oleic diacids), cis-9,12-octadecenedioic acid (i.e., linoleic diacids), cis-9,12,15-
octadecenedioic acid (i.e., linolenic diacids), arachidic diacid (i.c., eicosanoic diacid, icosanoic
diacid), 11-eicosenoic diacid (i.e., cis-11-eicosenedioic acid), 13-eicosenoic diacids (i.e., cis-

13-eicosenedioic acid), arachidonic diacid (i.e., cis-5,8,11,14-¢cicosatetraecnedioic acid).

A genetically modified yeast can be provided with a feedstock to produce a diacid, and the
feedstock sometimes includes a substantially pure aliphatic molecule from which the diacid is
produced. In certain embodiments, the feedstock contains a mixed set of aliphatic molecules
from which diacids may be produced. In some embodiments, an aliphatic molecule in the
feedstock is the predominant aliphatic species and sometimes a particular diacid produced from
that aliphatic molecule is the predominant diacid species produced. A predominant species
generally is 51% or more by weight of aliphatic molecule species in a feedstock or 51% or
more by weight of diacid species in a product (e.g., about 55% or more, 60% or more, 65% or

more, 70% or more, 75% or more, 80% or more, 85% or more, 90% or more or 95% or more).
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Such production systems may have significantly less environmental impact and could be
economically competitive with current manufacturing systems. Thus, provided in part herein
are methods for manufacturing a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) by engineered microorganisms. In some embodiments microorganisms are
engineered to contain at least one heterologous gene encoding an enzyme, where the enzyme is
a member of a novel and/or altered pathway engineered into the microorganism. In certain

embodiments, an organism may be selected for elevated activity of a native enzyme.

Microorganisms

A microorganism selected often is suitable for genetic manipulation and often can be cultured at
cell densities useful for industrial production of a target fatty dicarboxylic acid product. A

microorganism selected often can be maintained in a fermentation device.

The term "engineered microorganism” as used herein refers to a modified microorganism that
includes one or more activities distinct from an activity present in a microorganism utilized as a
starting point (hereafter a "host microorganism"). An engineered microorganism includes a
heterologous polynucleotide in some embodiments, and in certain embodiments, an engineered
organism has been subjected to selective conditions that alter an activity, or introduce an
activity, relative to the host microorganism. Thus, an engineered microorganism has been
altered directly or indirectly by a human being. A host microorganism sometimes is a native

microorganism, and at times is a microorganism that has been engineered to a certain point.

In some embodiments an engineered microorganism is a single cell organism, often capable of
dividing and proliferating. A microorganism can include one or more of the following features:
acrobe, anaerobe, filamentous, non-filamentous, monoploid, dipoid, auxotrophic and/or non-
auxotrophic. In certain embodiments, an engineered microorganism is a prokaryotic
microorganism (e.g., bacterium), and in certain embodiments, an engineered microorganism is a
non-prokaryotic microorganism. In some embodiments, an engineered microorganism is a
cukaryotic microorganism (e.g., yeast, fungi, amoeba). In some embodiments, an engineered

microorganism is a fungus. In some embodiments, an engineered organism is a yeast.



WO 2014/100504 PCT/US2013/076739
10

Any suitable yeast may be selected as a host microorganism, engineered microorganism,
genetically modified organism or source for a heterologous or modified polynucleotide. Yeast
include, but are not limited to, Yarrowia yeast (e.g., Y. lipolytica (formerly classified as
Candida lipolytica)), Candida yeast (e.g., C. revkaufi, C. viswanathii, C. pulcherrima, C.
tropicalis, C. utilis), Rhodotorula yeast (e.g., R. glutinus, R. graminis), Rhodosporidium yeast
(e.g., R. toruloides), Saccharomyces yeast (¢.g., S. cerevisiae, S. bayanus, S. pastorianus, S.
carlsbergensis), Cryptococcus yeast, Trichosporon yeast (e.g., T. pullans, T. cutaneum), Pichia
yeast (¢.g., P. pastoris) and Lipomyces yeast (¢.g., L. starkeyii, L. lipoferus). In some
embodiments, a suitable yeast is of the genus Arachniotus, Aspergillus, Aureobasidium,
Auxarthron, Blastomyces, Candida, Chrysosporuim, Chrysosporuim Debaryomyces,
Coccidiodes, Cryptococcus, Gymnoascus, Hansenula, Histoplasma, Issatchenkia,
Kluyveromyces, Lipomyces, Lssatchenkia, Microsporum, Myxotrichum, Myxozyma,
Oidiodendron, Pachysolen, Penicillium, Pichia, Rhodosporidium, Rhodotorula, Rhodotorula,
Saccharomyces , Schizosaccharomyces, Scopulariopsis, Sepedonium, Trichosporon, or
Yarrowia. In some embodiments, a suitable yeast is of the species Arachniotus flavoluteus,
Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Aureobasidium pullulans,
Auxarthron thaxteri, Blastomyces dermatitidis, Candida albicans, Candida dubliniensis,
Candida famata, Candida glabrata, Candida guilliermondii, Candida kefyr, Candida krusei,
Candida lambica, Candida lipolytica, Candida lustitaniae, Candida parapsilosis, Candida
pulcherrima, Candida revkaufi, Candida rugosa, Candida tropicalis, Candida utilis, Candida
viswanathii, Candida xestobii, Chrysosporuim keratinophilum, Coccidiodes immitis,
Cryptococcus albidus var. diffluens, Cryptococcus laurentii, Cryptococcus neofomans,
Debaryomyces hansenii, Gymnoascus dugwayensis, Hansenula anomala, Histoplasma
capsulatum, Issatchenkia occidentalis, Isstachenkia orientalis, Kluyveromyces lactis,
Kluyveromyces marxianus, Kluyveromyces thermotolerans, Kluyveromyces waltii, Lipomyces
lipoferus, Lipomyces starkeyii, Microsporum gypseum, Myxotrichum deflexum, Oidiodendron
echinulatum, Pachysolen tannophilis, Penicillium notatum, Pichia anomala, Pichia pastoris,
Pichia stipitis, Rhodosporidium toruloides, Rhodotorula glutinus, Rhodotorula graminis,
Saccharomyces cerevisiae, Saccharomyces kluyveri, Schizosaccharomyces pombe,
Scopulariopsis acremonium, Sepedonium chrysospermum, Trichosporon cutaneum,
Trichosporon pullans, Yarrowia lipolytica, or Yarrowia lipolytica (formerly classified as
Candida lipolytica). In some embodiments, a yeast is a Y. lipolytica strain that includes, but is
not limited to, ATCC20362, ATCC8862, ATCC18944, ATCC20228, ATCC76982 and LGAM
S(7)1 strains (Papanikolaou S., and Aggelis G., Bioresour. Technol. 82(1):43-9 (2002)). In
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certain embodiments, a yeast is a Candida species (i.c., Candida spp.) yeast. Any suitable
Candida species can be used and/or genetically modified for production of a fatty dicarboxylic
acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,
hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid). In some embodiments,
suitable Candida species include, but are not limited to Candida albicans, Candida dubliniensis,
Candida famata, Candida glabrata, Candida guilliermondii, Candida kefyr, Candida krusei,
Candida lambica, Candida lipolytica, Candida lustitaniae, Candida parapsilosis, Candida
pulcherrima, Candida revkaufi, Candida rugosa, Candida tropicalis, Candida utilis, Candida
viswanathii, Candida xestobii and any other Candida spp. yeast described herein. Non-limiting
examples of Candida spp. strains include, but are not limited to, SAA001 (ATCC20336),
SAA002 (ATCC20913), sSAA003 (ATCC20962), sAA496 (US2012/0077252), sAA106
(US2012/0077252), SU-2 (ura3-/ura3-), H5343 (beta oxidation blocked; US Patent No.
5648247) strains. Any suitable strains from Candida spp. yeast may be utilized as parental

strains for genetic modification.

Yeast genera, species and strains are often so closely related in genetic content that they can be
difficult to distinguish, classify and/or name. In some cases strains of C. lipolytica and Y.
lipolytica can be difficult to distinguish, classify and/or name and can be, in some cases,
considered the same organism. In some cases, various strains of C.tropicalis and C.viswanathii
can be difficult to distinguish, classify and/or name (for example see Arie et.al., J. Gen.
Appl.Microbiol., 46, 257-262 (2000). Some C. tropicalis and C.viswanathii strains obtained
from ATCC as well as from other commercial or academic sources can be considered
equivalent and equally suitable for the embodiments described herein. In some embodiments,

some parental strains of C.tropicalis and C.viswanathii are considered to differ in name only.

Any suitable fungus may be selected as a host microorganism, engineered microorganism or
source for a heterologous polynucleotide. Non-limiting examples of fungi include, but are not
limited to, Aspergillus fungi (e.g., A. parasiticus, A. nidulans), Thraustochytrium fungi,
Schizochytrium fungi and Rhizopus fungi (e.g., R. arrhizus, R. oryzae, R. nigricans). In some
embodiments, a fungus is an A. parasiticus strain that includes, but is not limited to, strain
ATCC24690, and in certain embodiments, a fungus is an A. nidulans strain that includes, but is

not limited to, strain ATCC38163.
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Any suitable prokaryote may be selected as a host microorganism, engineered microorganism
or source for a heterologous polynucleotide. A Gram negative or Gram positive bacteria may
be selected. Examples of bacteria include, but are not limited to, Bacillus bacteria (e.g., B.
subtilis, B. megaterium), Acinetobacter bacteria, Norcardia baceteria, Xanthobacter bacteria,
Escherichia bacteria (e.g., E. coli (e.g., strains DH10B, Stbl2, DH5-alpha, DB3, DB3.1), DB4,
DBS5, JDP682 and ccdA-over (e.g., U.S. Application No. 09/518,188))), Streptomyces bacteria,
Erwinia bacteria, Klebsiella bacteria, Serratia bacteria (e.g., S. marcessans), Pscudomonas
bacteria (e.g., P. aecruginosa), Salmonella bacteria (e.g., S. typhimurium, S. typhi), Megasphacra
bacteria (e.g., Megasphaera elsdenii). Bacteria also include, but are not limited to,
photosynthetic bacteria (e.g., green non-sulfur bacteria (e.g., Choroflexus bacteria (e.g., C.
aurantiacus), Chloronema bacteria (e.g., C. gigateum)), green sulfur bacteria (e.g., Chlorobium
bacteria (e.g., C. limicola), Pelodictyon bacteria (e.g., P. luteolum), purple sulfur bacteria (e.g.,
Chromatium bacteria (e.g., C. okenii)), and purple non-sulfur bacteria (e.g., Rhodospirillum
bacteria (e.g., R. rubrum), Rhodobacter bacteria (e.g., R. sphacroides, R. capsulatus), and

Rhodomicrobium bacteria (e.g., R. vanellii)).

Cells from non-microbial organisms can be utilized as a host microorganism, engineered
microorganism or source for a heterologous polynucleotide. Examples of such cells, include,
but are not limited to, insect cells (e.g., Drosophila (e.g., D. melanogaster), Spodoptera (e.g., S.
frugiperda Sf9 or Sf21 cells) and Trichoplusa (e.g., High-Five cells); nematode cells (e.g., C.
clegans cells); avian cells; amphibian cells (e.g., Xenopus laevis cells); reptilian cells;
mammalian cells (e.g., NIH3T3, 293, CHO, COS, VERO, C127, BHK, Per-C6, Bowes
melanoma and HeLa cells); and plant cells (e.g., Arabidopsis thaliana, Nicotania tabacum,
Cuphea acinifolia, Cuphea aequipetala, Cuphea angustifolia, Cuphea appendiculata, Cuphea
avigera, Cuphea avigera var. pulcherrima, Cuphea axilliflora, Cuphea bahiensis, Cuphea
baillonis, Cuphea brachypoda, Cuphea bustamanta, Cuphea calcarata, Cuphea calophylla,
Cuphea calophylla subsp. mesostemon, Cuphea carthagenensis, Cuphea circacoides, Cuphea
confertiflora, Cuphea cordata, Cuphea crassiflora, Cuphea cyanea, Cuphea decandra, Cuphea
denticulata, Cuphea disperma, Cuphea epilobiifolia, Cuphea ericoides, Cuphea flava, Cuphea
flavisetula, Cuphea fuchsiifolia, Cuphea gaumeri, Cuphea glutinosa, Cuphea heterophylla,
Cuphea hookeriana, Cuphea hyssopifolia (Mexican-heather), Cuphea hyssopoides, Cuphea
ignea, Cuphea ingrata, Cuphea jorullensis, Cuphea lanceolata, Cuphea linarioides, Cuphea
llavea, Cuphea lophostoma, Cuphea lutea, Cuphea lutescens, Cuphea melanium, Cuphea

melvilla, Cuphea micrantha, Cuphea micropetala, Cuphea mimuloides, Cuphea nitidula,
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Cuphea palustris, Cuphea parsonsia, Cuphea pascuorum, Cuphea paucipetala, Cuphea
procumbens, Cuphea pseudosilene, Cuphea pseudovaccinium, Cuphea pulchra, Cuphea
racemosa, Cuphea repens, Cuphea salicifolia, Cuphea salvadorensis, Cuphea schumannii,
Cuphea sessiliflora, Cuphea sessilifolia, Cuphea setosa, Cuphea spectabilis, Cuphea
spermacoce, Cuphea splendida, Cuphea splendida var. viridiflava, Cuphea strigulosa, Cuphea
subuligera, Cuphea teleandra, Cuphea thymoides, Cuphea tolucana, Cuphea urens, Cuphea

utriculosa, Cuphea viscosissima, Cuphea watsoniana, Cuphea wrightii, Cuphea lanceolata)

Microorganisms or cells used as host organisms or source for a heterologous polynucleotide are
commercially available. Microorganisms and cells described herein, and other suitable
microorganisms and cells are available, for example, from Invitrogen Corporation, (Carlsbad,
CA), American Type Culture Collection (Manassas, Virginia), and Agricultural Research
Culture Collection (NRRL; Peoria, Illinois).

Host microorganisms and engineered microorganisms may be provided in any suitable form.
For example, such microorganisms may be provided in liquid culture or solid culture (e.g.,
agar-based medium), which may be a primary culture or may have been passaged (e.g., diluted
and cultured) one or more times. Microorganisms also may be provided in frozen form or dry

form (e.g., lyophilized). Microorganisms may be provided at any suitable concentration.

Carbon Processing Pathways and Activities

Figures 1-8 schematically illustrate non-limiting embodiments of engineered pathways that can
be used to produce a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) from various starting carbon sources or feedstocks. FIG. 1 depicts an
embodiment of a non-limiting engineered biological pathway for producing sebacic acid in
microorganisms having a fully blocked beta-oxidation pathway, using decane as the carbon
source starting material. FIG. 2 depicts an embodiment of a non-limiting engineered biological
pathway for producing dodecanedioic acid in microorganisms having a fully blocked beta-
oxidation pathway, using dodecane as the carbon source starting material. Figures 3 and 4
depict an embodiment of a non-limiting engineered biological pathway for producing mixed
chain-length diacids in a microorganism having a fully blocked beta-oxidation pathway, using
mixed chain-length alkanes as the carbon source starting material. Sebacic acid (FIG. 3) and

dodecanedioic acid (FIG. 4) can be separated and/or purified away from other diacid products
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using a suitable combination of centrifugation, organic solvent extraction, chromatography,
and/or other purification/separation techniques. Figures 5 and 6 depict an embodiment of a
non-limiting engineered biological pathway for producing sebacic acid (FIG. 5) and
dodecanedioic acid (FIG. 6) in microorganisms having a partially blocked beta oxidation
pathway, using long-chain alkanes as the carbon source starting material. Figures 7 and 8
depict an embodiment of a non-limiting engineered biological pathway for producing sebacic
acid (FIG. 7) and dodecanedioic acid (FIG. 8) in microorganisms having a partially blocked
beta oxidation pathway, using mixed-chain length alkanes as the carbon source starting
material.

The alkane carbon source starting materials are initially metabolized using naturally occurring
and/or engineered activities in naturally occurring and/or engineered pathways to yield an
intermediate alcohol which can then be converted to a carboxylic acid (e.g., fatty acid) by the
action of other naturally occurring and/or engineered activities in the omega-oxidation pathway

depicted in Figures 1-8.

Alkanes are omega-hydroxylated by the activity of cytochrome P450 enzymes, thereby
generating the equivalent chain-length alcohol derivative of the starting alkane carbon source
material. In certain embodiments, a cytochrome P450 activity can be increased by increasing
the number of copies of a cytochrome P450 gene (e.g., 2, 3,4, 5,6,7, 8,9, 10, 15, 20, 25 or
more copies of the gene), by increasing the activity of a promoter that regulates transcription of
a cytochrome P450 gene, or by increasing the number of copies of a cytochrome P450 gene and
increasing the activity of a promoter that regulates transcription of a cytochrome P450 gene,
thereby increasing the production of target product (e.g., sebacic or dodecanedioic acid) via
increased activity of one or more cytochrome P450 enzymes. In some embodiments, a
cytochrome P450 enzyme is endogenous to the host microorganism. One or more cytochrome
P450 activities can be added and/or increased dependent on the carbon source starting material,
in certain embodiments. Cytochrome P450’s sometimes exhibit increased activities in response
to stimulation by certain feedstocks or carbon source starting materials. In some embodiments,
an engineered microorganism includes an increased number of copies of one or more
cytochrome P450s that are stimulated by a chosen carbon source starting material or feedstock.
Cytochrome P450 responsiveness to a chosen starting carbon source or feedstock can be
determined using any suitable assay. Non-limiting examples of assays suitable for

identification of cytochrome P450 responsiveness to a starting carbon source or feedstock
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include RT-PCR or qRT-PCR after the host microorganism has been exposed to the chosen

carbon source or feedstock for varying amounts of time.

Cytochrome P450 is reduced by the activity of cytochrome P450 reductase (CPR), thereby
recycling cytochrome P450 to allow further enzymatic activity. In certain embodiments, the
CPR enzyme is endogenous to the host microorganism. In some embodiments, host CPR
activity can be increased by increasing the number of copies of a CPR gene (e.g., 2, 3,4, 5,6, 7,
8,9, 10, 15, 20, 25 or more copies of the gene), by increasing the activity of a promoter that
regulates transcription of a CPR gene, or by increasing the number of copies of a CPR gene and
increasing the activity of a promoter that regulates transcription of a CPR gene, thereby
increasing the production of target product (e.g., sebacic or dodecanedioic acid) via increased
recycling of cytochrome P450. In certain embodiments, the promoter can be a heterologous
promoter (e.g., endogenous or exogenous promoter). In some embodiments, the CPR gene is
heterologous and exogenous and can be isolated from any suitable organism. Non-limiting
examples of organisms from which a CPR gene can be isolated include C. tropicalis, S.

cerevisiae and Bacillus megaterium.

Oxidation of the alcohol to an aldehyde may be performed by an enzyme in the fatty alcohol
oxidase family (e.g., long-chain fatty alcohol oxidase EC 1.1.3.20), or an enzyme in the alcohol
dehydrogenase family (e.g., fatty alcohol dehydrogenase; EC 1.1.1.1). The aldehyde may be
oxidized to a carboxylic acid (e.g., sebacic or dodecanedioic acid) by the activity of the enzyme
aldehyde dehydrogenase (e.g., long-chain-aldehyde dehydrogenase or fatty aldehyde
dehydrogenase; EC 1.2.1.48). In some embodiments, the long chain fatty alcohol oxidase, fatty
alcohol dehydrogenase and/or the long-chain-aldehyde dehydrogenase exist in a host organism.
Flux through these two steps may sometimes be augmented by increasing the copy number of
the enzymes, or by increasing the activity of the promoter transcribing the genes. In some
embodiments alcohol and aldehyde dehydrogenases specific for 10, 12 or 14 carbon substrates

may be isolated from another organism, and inserted into the host organism.

FIG. 1 depicts a non-limiting embodiment of an engineered biological pathway for making
sebacic acid using decane (e.g., a C10 alkane) as the carbon source starting material. Due to the
carbon chain length of decane, no chain shortening is necessary to arrive at the10 carbon diacid,
sebacic acid. Thus a fully beta oxidation blocked microorganism can be utilized to minimize

conversion of the desired 10 carbon diacid into diacids having shorter chain lengths.
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FIG. 2 depicts a non-limiting embodiment of an engineered biological pathway for making
dodecanedioic acid using dodecane (e.g., a C12 alkane) as the carbon source starting material.
Due to the carbon chain length of dodecane, no chain shortening is necessary to arrive at the 12
carbon diacid, dodecanedioic acid. Thus a fully beta oxidation blocked microorganism can be
utilized to minimize conversion of the desired 12 carbon diacid into diacids having shorter

chain lengths.

Figures 3 and 4 depict a non-limiting embodiment of an engineered biological pathway for
generating a mixed population of diacid (fatty dicarboxylic acid) products, including sebacic
acid (FIG. 3) and dodecanedioic acid (FIG. 4), using a carbon source or feedstock that contains
mixed-chain-length alkanes as the carbon source starting material. Any suitable mixed-chain-
length alkane, fatty alcohol, mixed chain length fatty alcohol feedstock, fatty acid, mixed fatty
acid feedstock, paraffin, fat or oil can be used. In some embodiments, the distribution of carbon
chain lengths in the starting material is substantially similar to the desired carbon chain length
distribution in the mixed diacid product. In certain embodiments, the feedstock is enriched for a
desired chain length. In some embodiments, the enriched fraction is enriched for carbon chain
lengths of about 10 carbons. In some embodiments, the enriched fraction is enriched for carbon
chain lengths of about 12 carbons. Because, in some embodiments, the diacids generated have
substantially the same chain lengths as the chain lengths found in the carbon source starting
material, a fully beta-oxidation blocked microorganism can be utilized to minimize conversion
of the diacids of desired chain length into diacids of shorter chain lengths. The lower part of
the pathways in FIG. 3 AND FIG. 4 show the separation of sebacic acid and dodecanedioic
acid, respectively, away from the mixed diacid products by the use of separation techniques

described herein, or those known in the art.

In certain embodiments involving genetically modified organisms having partially blocked
beta-oxidation pathways (see Figures 5 - 8), feedstocks suitable for use include, but are not
limited to, fatty acid distillates or soapstocks of renewable oils (palm oil fatty acid distillate,
soybean oil soapstock, coconut oil soapstock), renewable oils (coconut oil, palm oil, palm
kernel oil, soybean oil, corn oil, etc.), fatty acids of chain length equal to or greater than C10 (in
substantially single form (e.g., in substantially pure form) or in mixture form, alkanes of chain
length equal to or greater than C10 in substantially single form (e.g., substantially pure form) or

in mixture form.
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Carbon sources with longer chain lengths (e.g., 12 carbons or greater in length) can be
metabolized using naturally occurring and/or engineered pathways to yield molecules that can
be further metabolized using the beta oxidation pathway shown in the lower portion of Figures
5 through 8. In some embodiments, beta-oxidation activities in the pathways shown in Figures
5 through 8 also can be engineered (e.g., as described herein) to enhance metabolism and target
product formation. In some embodiments, one acyl-CoA oxidase activity of the beta-oxidation
pathway is engineered to be enhanced, and in certain embodiments, the other acyl-CoA oxidase
activity in the beta-oxidation pathway is altered to reduce or eliminate the activity, thereby
optimizing the production of a diacid of a desired chain-length or diacids with a distribution of
desired chain lengths. In some embodiments, an acyl-CoA oxidase is selected and/or
engineered to alter the substrate specificity of the enzyme. In certain embodiments, the
substrate specificity of a heterologous and/or engineered acyl-CoA oxidase is for carbon chain
lengths of between about 12 carbons and about 18 carbons, and in some embodiments a
heterologous and/or engineered acyl-CoA oxidase exhibits no activity on substrates below 12
carbons in length. In certain embodiments, a heterologous acyl-CoA oxidase with a desired
chain length specificity can be isolated from any suitable organism. Non-limiting examples of
organisms that include, or can be used as donors for acyl-CoA oxidase enzymes include yeast
(e.g., Candida, Saccharomyces, Debaryomyces, Meyerozyma, Lodderomyces,
Scheffersomyces, Clavispora, Yarrowia, Pichia, Kluyveromyces, Eremothecium,
Zygosaccharomyces, Lachancea, Nakascomyces), animals (e.g., Homo, Rattus), bacteria (e.g.,

Escherichia, Pseudomonas, Bacillus), or plants (e.g., Arabidopsis, Nictotania, Cuphea).

In certain embodiments, a carbon source starting material (e.g., alkane, fatty acid, fatty alcohol,
dicarboxylic acid) of intermediate or long chain length (e.g., between about 10 carbons and 22
carbons) is converted into an acyl-CoA derivative for entry into the beta-oxidation pathway.
The acyl-CoA derivative can be generated by the activity of an acyl-CoA ligase enzyme, in
some embodiments. The acyl-CoA derivative is subsequently oxidized by the activity of an
acyl-CoA oxidase enzyme (e.g., also known as acyl-CoA oxidoreductase and fatty acyl-
coenzyme A oxidase) of natural or altered substrate specificity, in certain embodiments. The
trans-2,3-dehydroacyl-CoA derivative long chain fatty alcohol, fatty acid or dicarboxylic acid
may be further converted to 3-hydroxyacyl-CoA by the activity of enoyl-CoA hydratase. 3-
hydroxyacyl-CoA can be converted to 3-oxoacyl-CoA by the activity of 3-hydroxyacyl-CoA
dehydrogenase. 3-oxoacyl-CoA may be converted to an acyl-CoA molecule, shortened by 2
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carbons and an acetyl-CoA, by the activity of Acetyl-CoA C-acyltransferase (e.g., also known
as beta-ketothiolase and beta-ketothiolase). In some embodiments, acyl-CoA molecules may be
repeatedly shortened by beta oxidation until a desired carbon chain length is generated (e.g., 10
or 12 carbons, sebacic acid or dodecanedioic acid, respectively). A shortened fatty acid can be

further processed using omega oxidation to yield a dicarboxylic acid (e.g., dodecanedioic acid).

Beta-oxidation activities

The term “beta oxidation pathway” as used herein, refers to a series of enzymatic activities
utilized to metabolize fatty alcohols, fatty acids, or dicarboxylic acids. The activities utilized to
metabolize fatty alcohols, fatty acids, or dicarboxylic acids include, but are not limited to, acyl-
CoA ligase activity, acyl-CoA oxidase activity, acyl-CoA hydrolase activity, acyl-CoA
thioesterase activity, enoyl-CoA hydratase activity, 3-hydroxyacyl-CoA dehydrogenase activity
and acetyl-CoA C-acyltransferase activity. The term “beta oxidation activity” refers to any of
the activities in the beta oxidation pathway utilized to metabolize fatty alcohols, fatty acids or

dicarboxylic acids.

Beta-oxidation — Acyl-CoA Ligase

An acyl-CoA ligase enzyme sometimes is encoded by the host organism and can be added to
generate an engineered organism. In some embodiments, host acyl-CoA ligase activity can be
increased by increasing the number of copies of an acyl-CoA ligase gene, by increasing the
activity of a promoter that regulates transcription of an acyl-CoA ligase gene, or by increasing
the number copies of the gene and by increasing the activity of a promoter that regulates
transcription of the gene, thereby increasing production of target product (e.g., sebacic or
dodecanedioic acid) due to increased carbon flux through the pathway. In certain
embodiments, the acyl-CoA ligase gene can be isolated from any suitable organism. Non-
limiting examples of organisms that include, or can be used as donors for, acyl-CoA ligase

enzymes include Candida, Saccharomyces, or Yarrowia.

Beta-oxidation — Enoyl-CoA Hydratase

An enoyl-CoA hydratase enzyme catalyzes the addition of a hydroxyl group and a proton to the

unsaturated B-carbon on a fatty-acyl CoA and sometimes is encoded by the host organism and
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sometimes can be added to generate an engineered organism. In certain embodiments, the
enoyl-CoA hydratase activity is unchanged in a host or engineered organism. In some
embodiments, the host enoyl-CoA hydratase activity can be increased by increasing the number
of copies of an enoyl-CoA hydratase gene, by increasing the activity of a promoter that
regulates transcription of an enoyl-CoA hydratase gene, or by increasing the number copies of
the gene and by increasing the activity of a promoter that regulates transcription of the gene,
thereby increasing the production of target product (e.g., sebacic or dodecanedioic acid) due to
increased carbon flux through the pathway. In certain embodiments, the enoyl-CoA hydratase
gene can be isolated from any suitable organism. Non-limiting examples of organisms that
include, or can be used as donors for, enoyl-CoA hydratase enzymes include Candida,

Saccharomyces, or Yarrowia.

Beta-oxidation — 3-Hydroxyacyl-CoA Dehydrogenase

3-hydroxyacyl-CoA dehydrogenase enzyme catalyzes the formation of a 3-ketoacyl-CoA by
removal of a hydrogen from the newly formed hydroxyl group created by the activity of enoyl-
CoA hydratase. In some embodiments, the activity is encoded by the host organism and
sometimes can be added or increased to generate an engineered organism. In certain
embodiments, the 3-hydroxyacyl-CoA activity is unchanged in a host or engineered organism.
In some embodiments, the host 3-hydroxyacyl-CoA dehydrogenase activity can be increased by
increasing the number of copies of a 3-hydroxyacyl-CoA dehydrogenase gene, by increasing
the activity of a promoter that regulates transcription of a 3-hydroxyacyl-CoA dehydrogenase
gene, or by increasing the number copies of the gene and by increasing the activity of a
promoter that regulates transcription of the gene, thereby increasing production of target
product (e.g., sebacic or dodecanedioic acid) due to increased carbon flux through the pathway.
In certain embodiments, the 3-hydroxyacyl-CoA dehydrogenase gene can be isolated from any
suitable organism. Non-limiting examples of organisms that include, or can be used as donors
for, 3-hydroxyacyl-CoA dehydrogenase enzymes include Candida, Saccharomyces, or

Yarrowia.

Beta-oxidation — Acetyl-CoA C-Acyltransferase

An Acetyl-CoA C-acyltransferase (e.g., beta-ketothiolase) enzyme catalyzes the formation of a
fatty acyl-CoA shortened by 2 carbons by cleavage of the 3-ketoacyl-CoA by the thiol group of
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another molecule of CoA. The thiol is inserted between C-2 and C-3, which yields an acetyl
CoA molecule and an acyl CoA molecule that is two carbons shorter. An Acetyl-CoA C-
acyltransferase sometimes is encoded by the host organism and sometimes can be added to
generate an engineered organism. In certain embodiments, the acetyl-CoA C-acyltransferase
activity is unchanged in a host or engineered organism. In some embodiments, the host acetyl-
CoA C-acyltransferase activity can be increased by increasing the number of copies of an
acetyl-CoA C-acyltransferase gene, or by increasing the activity of a promoter that regulates
transcription of an acetyl-CoA C-acyltransferase gene, thereby increasing the production of
target product (e.g., sebacic or dodecanedioic acid) due to increased carbon flux through the
pathway. In certain embodiments, the acetyl-CoA C-acyltransferase gene can be isolated from
any suitable organism. Non-limiting examples of organisms that include, or can be used as
donors for, acetyl-CoA C-acyltransferase enzymes include Candida, Saccharomyces, or
Yarrowia. One type of acetyl-CoA C-acyltransferase is an acetoacetyl CoA thiolase (e.g.,

“acoat”).

Beta-oxidation — Enoyl CoA Isomerase

Feedstocks, such as fatty acid distillates and soapstocks can comprise unsaturated fatty acids,
for example, such as oleic acid (C18:1), linoleic acid (C18:2), and linolenic acid (C18:3). In
some embodiments, unsaturated fatty acids are converted to dicarboxylic acids that maintain the
position and orientation of the double bonds. Cells can employ additional enzymes to allow the
oxidation (e.g., beta oxidation) of these types of unsaturated fatty acids or diacids. In some
instances, an enzyme enoyl-CoA isomerase (ECI) is required for the beta-oxidation of
substrates with double bonds at odd numbered positions. In some instances, the enzyme
dienoyl-CoA reductase (DCR) is required for the beta-oxidation of substrates with double

bonds at even numbered positions).

Enoyl CoA Isomerase (ECI) can also be known as enoyl-CoA delta isomerase 1, dodecenoyl-
CoA isomerase, 3,2 trans-enoyl-CoA isomerase, acetylene-allene isomerase, delta3, delta2-
enoyl-CoA isomerase, dodecenoyl-CoA delta isomerase, and EC 5.3.3.8 (in human for
example). Several alternatively spliced transcript variants are also known. ECI is a member of
the hydratase/isomerase superfamily. ECI can be a key mitochondrial enzyme involved in beta-
oxidation of unsaturated fatty acids. This enzyme can isomerize both 3-cis and 3-trans double

bonds into the 2-trans form in a range of ECI enzymes from different species. ECI can catalyze
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the transformation of 3-cis and 3-trans-enoyl-CoA esters arising during the stepwise
degradation of cis-, mono-, and polyunsaturated fatty acids to the 2-trans-enoyl-CoA
intermediates. ECI is present in many microorganisms and several species of yeast have at least
two ECI enzymes. The percent amino acid sequence identities of two ECI enzymes from
Candida viswanathii (Cv), two ECI enzymes from Candida tropicalis (Ct), one ECI enzyme
from Yarrowia lipolytica (Y1), and one ECI enzyme from Saccharomyces cerevisiae (Sc) are

set forth in the TABLE 1 below. In TABLE 1, “p” refers to “polypeptide”:

TABLE 1

CtEcilp | CvEcilp | CtEci2p | CvEci2p | ScEcilp | YlEcilp
CtEcilp 100 92 58 57 39 19
CvEcilp 100 57 57 40 20
CtEci2p 84 36 18
CvEci2p 37 19
ScEcilp 18
YlEcilp

In some embodiments, ECI is a critical enzyme because of its activity and the normal position
of double bonds in some feedstocks (e.g., soapstocks and fatty acid distillates). Many
unsaturated fatty acids have a cis-A9 double bond. During the beta-oxidation of an 18-carbon
diacid with a cis-A9 double bond, the double bond is encountered when it has been chain
shortened to 12 carbons. At this stage the 12-carbon molecule can have a cis-A3 double bond
that is not a substrate for an acyl-CoA oxidase. Therefore, in some instances, ECI is required to
convert the cis-A3 double bond to a trans-A2 double bond. In some instances, the product of
the ECI reaction is a substrate for the second step in beta-oxidation, and ECI can effectively
bypass acyl-CoA oxidase in a particular round of beta-oxidation. In some instances, even if a
strain comprises an acyl-CoA oxidase that is not active on feedstocks of less than or equal to
C12 (i.e., 12 carbons), an active ECI can effect the shortening of one more rounds of beta-
oxidation, which can produce a 10-carbon product for substrates with a cis-A9 double bond.
Therefore, in some embodiments the ECI gene is disrupted (e.g., knocked out or deleted) in a
yeast (e.g., in a Candida strain) to prevent chain shortening past a desired chain-length (e.g., in
this instance, 12 carbons). In some embodiments, disrupting the expression (e.g. knocking out

the expression) of an ECI gene can result in an increase in the production of a fatty dicarboxylic
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acid comprising 10 to 18 carbons. In some embodiments, disrupting the expression (e.g.
knocking out the expression) of an ECI gene can result in an increase in the production of a
fatty dicarboxylic acid comprising 10, 12, 14, 16 or 18 carbons. In some embodiments,
disrupting the expression of an enoyl CoA isomerase can increase the production of fatty
dicarboxylic acid comprising 10, 12, 14, 16 or 18 carbons when using certain feedstocks (e.g.,

certain soapstocks or fatty acid distillates).

In some embodiments, an ECI knock out (i.¢. eciA) strain is able to produce DDDA from oleic
acid even in the presence of acyl-CoA oxidase with activity on substrates of chain-length less

than 12 carbons.

In some embodiments, a 12 carbon dicarboxylic acid produced from fatty acid feedstocks
comprising unsaturated fatty acids require hydrogenation to arrive at the fully saturated DDDA

product.
Beta-oxidation — Dienoyl-CoA Reductase

Dienoyl CoA reductase (DCR, e.g., EC 1.3.1.34) is a peripheral enzyme that converts trans-2,
cis-4 dienoyl-CoA substrates to trans-3-enoyl-CoA products (Gurvitz A, et al., (1997) JBC
272:22140-22147).
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The trans-3-enoyl-CoA is then converted by the enzyme Enoyl-CoA Isomerase (ECI) to trans-
2-enoyl-CoA which is then the substrate for the second enzyme in p-oxidation. The DCR
reaction is often necessary for complete B-oxidation of fatty acids with double bonds at even
numbered positions (e.g., linoleic acid (C18:2) and linolenic acid (C18:3)). Sometimes, the
diacids produced from these fatty acids also require the activity of DCR for complete -
oxidation. Diacids are capable of being oxidized starting from either end (diterminal p-
oxidation) and sometimes the enzymes required to deal with the double bonds are the same
from either direction. This is because even-numbered diacids with double bonds at even-
numbered positions maintain the even-numbered position from either end (similarly with

double bonds at odd-numbered positions).
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This reaction can be essential for complete beta-oxidation of fatty acids with double bonds at
even numbered positions, such as linoleic acid and linolenic acid. Depending on the carbon
chain length of the desired final di-acid product, it may be useful to either amplify or reduce the
activity of one or more DCR enzymes in the host cell or engineered organism. For di-acid
products that have a carbon chain length of eight or greater, it may be useful or desirable to
reduce or eliminate one or all DCR enzymes in the host cell. For di-acid products that have a
carbon chain length of less than eight carbons, it may be useful or desirable to amplify the

activity of one or more DCR enzymes in the host cell or engineered organism.

TABLE 2 is a table of diacid products that may be produced from unsaturated fatty acids using
a strain comprising a deletion in ECI and/or DCR. A Decr- strain typically produces exclusively
a C8:3 diacid. In some embodiments, a DCR polypeptide is not decreased, such as by
disrupting a DCR-encoding polynucleotide, in a strain utilized to produce a diacid product (e.g.,
adipic acid sebacic acid, DDDA). In certain embodiments, DCR polypeptide production is
increased (e.g., introducing additional copy numbers of an endogenous DCR-encoding
polynucleotide; introducing one or more copies of a heterologous DCR-encoding
polynucleotide) to produce adipic acid from polyunsaturated fatty acids, such as those prevalent

in soybean or corn oil.

TABLE 2
: Diacids produced in Pox4+, Pox5+ background

Fatty acid [Carbons| Eci- product Dcr- product |Eci-, Dcr- product
Oleic Ci18:1 C6:1 none C6:1
Linoleic C18:2 C10:2 C8:3 C10:3
Linolenic |C18:3 C12:3 C8:3 C12:3
Eicosenoic [C20:1 C6:1 none C6:1

Erucic C22:1 C6:1 none C6:1

In yeast such as Candida tropicalis and Candida viswanathii, there are two DCR homologs,
often referred to as DCR1 and DCR2. The yeast Saccharomyces cerevisiae includes one DCR
enzyme, while the yeast Yarrowia lipolytica includes at least three DCR homologs, referred to
herein as “DCR1”, “DCR2”, and “DCR3”. The percent identities of some DCR enzymes are
shown in TABLE 3 and TABLE 4 below where the prefix Ct is Candida tropicalis, Cv is

Candida viswanathii, Sc is Saccharomyces cerevisiae and Y1 is Yarrowia lipolytica.
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TABLE 3
Ct XP_002545283 |CvDcrlp |Ct XP_002550344 [CvDcr2p [ScSps19p |YI XP_501382 [YI XP_503937 |YI XP_502296
Ct XP_002545283 100 91 78 76 59 66 64 61
CvDcrlp 100 75 75 59 67 65 61

Ct XP_002550344 92 62 65 63 58

CvDcr2p 62 66 64 58

ScSps19p 60 56 54

YIXP_501382 100 77 63

YI XP_503937 100 60
YI XP_502296

TABLE 4

CtDcrlp|CvDcrlp [CtDcr2p |CvDer2p [ScSps19p |YIDcrlp |YIDcr2p |YIDcr3p
100 91 78 76 59 66 64 61
100 75 75 59 67 65 61
92 62 65 63 58
62 66 64 58
60 56 54
100 77 63
100 60

CtDcrlp
CvDcrlp
CtDcr2p
CvDcr2p
ScSps19p
YIDcrlp
YIDcr2p
YIDcr3p

Hydrogenation

An unsaturated diacid sometimes is produced from a feedstock comprising an unsaturated fatty
acid, and production of a fully saturated diacid in such situations often requires hydrogenation
of the unsaturated diacid. For example, an unsaturated C6:1 diacid generated from one or more
long chain unsaturated fatty acids in an Eci-, pox4A strain, can be converted to a fully saturated
C6:0 diacid by reducing the double bond by a suitable method. Non-limiting examples of
hydrogenation methods include the use of a metallic chemical catalyst, non-metallic chemical

catalyst, enzymatic catalyst, the like or combination thereof.

A non-limiting example of a hydrogenation reaction is shown below. Sometimes source
hydrogen is provided from molecular hydrogen (e.g., in the case of chemical catalysis) and
sometimes source hydrogen is provided from enzymatic cofactors, non-limiting examples of
which include NADH, NADPH, FADH2, the like or combination thereof (e.g., in the case of

enzymatic catalysis).
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In some embodiments catalytic hydrogenation is carried out with a suitable metallic catalyst,
non-limiting examples of which include platinum, palladium, rhodium, ruthenium, nickel, the
like or combination thereof. Sometimes a catalyst is a homogenous catalyst and sometimes a
catalyst is a heterogeneous catalyst. An elevated temperature and/or pressure can be employed
to increase reaction rate. For example, an unsaturated diacid (e.g., cis, cis-muconic acid) can be
hydrogenated and converted to adipic acid using a 10% Pt on carbon catalyst at 3400 kPa for
2.5 hours at ambient temperature (Niu et al., (2002) Biotechnol. Prog. 18:201-211). In some
embodiments, catalytic hydrogenation can occur with nonmetallic catalysts such as frustrated

Lewis pair compounds (Welch et al., (2006) Science 314:1124-1126).

In certain embodiments, enzymatic hydrogenation is conducted in vivo or in vitro with a
suitable native or engineered enzyme that can catalyze a redox reaction with an unsaturated
diacid or fatty acid as a substrate or a product. An enzyme can be utilized in vivo in some
embodiments by increasing expression of a native enzyme or expressing a non-native enzyme
capable of catalyzing a desired hydrogenation reaction in an organism that produces an
unsaturated diacid precursor of a saturated diacid product. A lysate of an organism containing
an enzyme capable of catalyzing a desired hydrogenation reaction, or a purified or isolated
enzyme preparation, sometimes is utilized in an in vitro reaction. Non-limiting examples of a
suitable native or engineered enzyme include acyl-CoA dehydrogenase (EC# 1.3.1.8), trans-2-
enoyl-CoA reductase (EC# 1.3.1.44), stearoyl-CoA 9-desaturase (EC# 1.14.19.1), the like or
combination thereof. In some embodiments, a desired reaction product (e.g., a saturated diacid)
is produced by an enzyme operating in a forward or a reverse direction (e.g., a forward or

reverse reaction).
Dienoyl CoA Isomerase

Dienoyl CoA Isomerase (DCI, e.g., EC# 5.3.3, A3,5,A2,4-dienoyl-CoA isomerase, A3,5,A2,4-
dienoyl-coenzyme A isomerase) is a peripheral B-oxidation enzyme that catalyzes the
isomerization of a A3,5-dienoyl-CoA to a A2,4-dienoyl-CoA (e.g., see FIG. 33). This reaction
is part of a minor B-oxidation pathway that occurs when the 3,2-enoyl-CoA isomerase (ECI)

converts a A2,5-dienoyl-CoA to a A3,5-dienoyl-CoA. In order to fully oxidize this product DCI
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converts the A3,5-dienoyl-CoA to a A2,4-dienoyl-CoA, the latter of which is a substrate for the
2,4-dienoyl-CoA reductase (DCR). The product of the DCR reaction is a 3-enoyl-CoA, which
is a substrate for ECI that converts it to a 2-enoyl-CoA that can be fully oxidized through B-

oxidation.

A DCI enzyme was identified in mammalian systems. While an S. cerevisiaec gene YOR180c¢
has been identified as a DCI (Gurvitz et al., J. Biol. Chem. (1999) 274: 24514-24521) it also
has been suggested that, while S. cerevisiae does contain DCI enzyme activity, such activity is
not provided by the gene product of YOR180c (Ntamack et al., (2009) Biochim. Biophys. Acta
1791: 371-378).

The percent identity of the Yor180c to the known DCI enzymes from rat and mouse is quite
low (TABLE 5). Performing a a sequence alignment search of the Candida tropicalis and
Candida viswanathii genomes for similarity to the mouse Dcilp identified sequences having
greater identity than the S. cerevisiae Yor180c. All of such sequences identified have C-
terminal peroxisomal targeting sequences indicating that they are targeted to the peroxisomal
compartment. The putative Candida sp. DCI enzymes identified may comprise dienoyl-CoA
isomerase activity and also enoyl-CoA isomerase activity. They may also be peripheral 3-

oxidation enzymes of currently unknown function.

TABLE 5

CtDcilp | CvDcilp [MmDcilp| RnDcilp | ScDcilp
27 27 13
28 28 13
94 14

CtDcilp
CvDcilp
MmDcilp
RnDcilp
ScDcilp

The sequence of some putative DCI proteins are provided in SEQ. ID. NO: 3809-3812. In
some embodiments, a polypeptide having DCI activity (e.g., in C. viswanathii), is reduced or
amplified, depending upon the chain-length of a desired diacid product. For example, for
adipic acid production, a DCI activity can be increased to improve productivity of unsaturated
fatty acids in a host organism (e.g., DCI activity can be increased by inserting one or more
copies of a polynucleotide encoding a polypeptide having DCI (e.g., inserting one or more
copies of an endogenous or exogenous polynucleotide)). In some embodiments, for C8 and

longer diacids, a DCI activity is reduced (e.g., by introducing a disruption, deletion or knockout
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of (1) a polynucleotide that encodes a polypeptide having DCI activity, or (ii) a promoter
operably linked to a polynucleotide that encodes a polypeptide having DCI activity).

Omega oxidation activities

The term “omega oxidation activity” refers to any of the activities in the omega oxidation
pathway utilized to metabolize alkanes, fatty alcohols, fatty acids, dicarboxylic acids, or sugars.
The activities utilized to metabolize fatty alcohols, fatty acids, or dicarboxylic acids include, but
are not limited to, monooxygenase activity (e.g., cytochrome P450 activity), monooxygenase
reductase activity (e.g., cytochrome P450 reductase activity), alcohol dehydrogenase activity
(e.g., fatty alcohol dehydrogenase activity, or long-chain alcohol dehydrogenase activity), fatty

alcohol oxidase activity, fatty aldehyde dehydrogenase activity, and thioesterase activity.

Omega Oxidation - Monooxygenases

A cytochrome P450 enzyme (e.g., monooxygenase activity) often catalyzes the insertion of one
atom of oxygen into an organic substrate (RH) while the other oxygen atom is reduced to water.
Insertion of the oxygen atom near the omega carbon of a substrate yields an alcohol derivative

of the original starting substrate (e.g., yields a fatty alcohol). A cytochrome P450 sometimes is

encoded by the host organism and sometimes can be added to generate an engineered organism.

In certain embodiments, the monooxygenase activity is unchanged in a host or engineered
organism. In some embodiments, the host monooxygenase activity can be increased by
increasing the number of copies of a cytochrome P450 gene, or by increasing the activity of a
promoter that regulates transcription of a cytochrome P450 gene, thereby increasing the
production of target product (e.g., sebacic or dodecanedioic acid) due to increased carbon flux
through the pathway. In certain embodiments, the cytochrome P450 gene can be isolated from
any suitable organism. Non-limiting examples of organisms that include, or can be used as
donors for, cytochrome P450 enzymes include yeast (e.g., Candida, Saccharomyces,
Debaryomyces, Meyerozyma, Lodderomyces, Scheffersomyces, Clavispora, Yarrowia, Pichia,
Kluyveromyces, Eremothecium, Zygosaccharomyces, Lachancea, Nakasecomyces), animals
(e.g., Homo, Rattus), bacteria (e.g., Escherichia, Pseudomonas, Bacillus), or plants (e.g.,

Arabidopsis, Nictotania, Cuphea).
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Omega Oxidation - Monooxygenase Reductases

A cytochrome P450 reductase (e.g., monooxygenase reductase activity) catalyzes the reduction
of the heme-thiolate moiety in cytochrome P450 by transferring an electron to the cytochrome
P450. A cytochrome P450 reductase sometimes is encoded by the host organism and
sometimes can be added to generate an engineered organism. In certain embodiments, the
monooxygenase reductase activity is unchanged in a host or engineered organism. In some
embodiments, the host monooxygenase reductase activity can be increased by increasing the
number of copies of a cytochrome P450 reductase gene, or by increasing the activity of a
promoter that regulates transcription of a cytochrome P450 reductase gene, thereby increasing
the production of target product (e.g., sebacic or dodecanedioic acid) due to increased carbon
flux through the pathway. In certain embodiments, the cytochrome P450 reductase gene can be
isolated from any suitable organism. Non-limiting examples of organisms that include, or can
be used as donors for, cytochrome P450 reductase enzymes include yeast (e.g., Candida,
Saccharomyces, Debaryomyces, Meyerozyma, Lodderomyces, Scheffersomyces, Clavispora,
Yarrowia, Pichia, Kluyveromyces, Eremothecium, Zygosaccharomyces, Lachancea,
Nakaseomyces), animals (e.g., Homo, Rattus), bacteria (e.g., Escherichia, Pseudomonas,

Bacillus), or plants (e.g., Arabidopsis, Nictotania, Cuphea).

Omega Oxidation - Alcohol Dehydrogenases

An alcohol dehydrogenase (e.g., fatty alcohol dehydrogenase, long-chain alcohol
dehydrogenase) catalyzes the removal of a hydrogen from an alcohol to yield an aldehyde or
ketone and a hydrogen atom and NADH, in the endoplasmic reticulum of a cell. An alcohol
dehydrogenase sometimes is encoded by the host organism and sometimes can be added to
generate an engineered organism. In certain embodiments, the alcohol dehydrogenase activity
is unchanged in a host or engineered organism. In some embodiments, the host alcohol
dehydrogenase activity can be increased by increasing the number of copies of an alcohol
dehydrogenase gene, or by increasing the activity of a promoter that regulates transcription of
an alcohol dehydrogenase gene, thereby increasing the production of target product (e.g.,
sebacic or dodecanedioic acid) due to increased carbon flux through the pathway. In certain
embodiments, the alcohol dehydrogenase gene can be isolated from any suitable organism.
Non-limiting examples of organisms that include, or can be used as donors for, alcohol

dehydrogenase enzymes include yeast (e.g., Candida, Saccharomyces, Debaryomyces,
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Meyerozyma, Lodderomyces, Scheffersomyces, Clavispora, Yarrowia, Pichia, Kluyveromyces,
Eremothecium, Zygosaccharomyces, Lachancea, Nakaseomyces), animals (e.g., Homo, Rattus),

bacteria (e.g., Escherichia, Pseudomonas, Bacillus), or plants (e.g., Arabidopsis, Nictotania,

Cuphea).

Omega Oxidation - Fatty Alcohol Oxidases

A fatty alcohol oxidase (e.g., long-chain alcohol oxidase, EC 1.1.3.20) enzyme catalyzes the
addition of oxygen to two molecules of a long-chain alcohol to yield 2 long chain aldehydes
and 2 molecules of water, in the peroxisome of a cell. A fatty alcohol oxidase sometimes is
encoded by the host organism and sometimes can be added to generate an engineered organism.
In certain embodiments, the fatty alcohol oxidase activity is unchanged in a host or engineered
organism. In some embodiments, the host fatty alcohol oxidase activity can be increased by
increasing the number of copies of a fatty alcohol oxidase gene, or by increasing the activity of
a promoter that regulates transcription of a fatty alcohol oxidase gene, thereby increasing the
production of target product (e.g., sebacic or dodecanedioic acid) due to increased carbon flux
through the pathway. In certain embodiments, the fatty alcohol oxidase gene can be isolated
from any suitable organism. Non-limiting examples of organisms that include, or can be used
as donors for, fatty alcohol oxidase enzymes include yeast (e.g., Candida, Saccharomyces,
Debaryomyces, Meyerozyma, Lodderomyces, Scheffersomyces, Clavispora, Yarrowia, Pichia,
Kluyveromyces, Eremothecium, Zygosaccharomyces, Lachancea, Nakasecomyces), animals
(e.g., Homo, Rattus), bacteria (e.g., Escherichia, Pseudomonas, Bacillus), or plants (e.g.,

Arabidopsis, Nictotania, Cuphea).

Omega Oxidation - Aldehyde Dehydrogenases

A fatty aldehyde dehydrogenase (e.g., long chain aldehyde dehydrogenase) enzyme catalyzes
the oxidation of long chain aldehydes to a long chain carboxylic acid, NADH and H'. A fatty
aldehyde dehydrogenase sometimes is encoded by the host organism and sometimes can be
added to generate an engineered organism. In certain embodiments, the fatty aldehyde
dehydrogenase activity is unchanged in a host or engineered organism. In some embodiments,
the host fatty aldehyde dehydrogenase activity can be increased by increasing the number of
copies of a fatty aldehyde dehydrogenase gene, or by increasing the activity of a promoter that

regulates transcription of a fatty aldehyde dehydrogenase gene, thereby increasing the
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production of target product (e.g., sebacic or dodecanedioic acid) due to increased carbon flux
through the pathway. In certain embodiments, the fatty aldehyde dehydrogenase gene can be
isolated from any suitable organism. Non-limiting examples of organisms that include, or can
be used as donors for, fatty aldehyde dehydrogenase enzymes include yeast (e.g., Candida,
Saccharomyces, Debaryomyces, Meyerozyma, Lodderomyces, Scheffersomyces, Clavispora,
Yarrowia, Pichia, Kluyveromyces, Eremothecium, Zygosaccharomyces, Lachancea,
Nakaseomyces), animals (e.g., Homo, Rattus), bacteria (e.g., Escherichia, Pseudomonas,

Bacillus), or plants (e.g., Arabidopsis, Nictotania, Cuphea).

Omega Oxidation - Thioesterases

A thioesterase enzyme (e.g., acyl-CoA thioesterase activity, acyl-ACP thioesterase activity)
catalyzes the removal of Coenzyme A or acyl carrier protein (e.g., ACP) from a fatty acid
including acyl-CoA or acyl carrier protein (e.g., esterified fatty acid) to yield a fatty acid and an
alcohol. The reaction occurs in the presence of water and Coenzyme A or acyl carrier protein is
specifically removed at a thiol group. A thioesterase sometimes is encoded by the host
organism and sometimes can be added to generate an engineered organism. In certain
embodiments, the thioesterase activity is unchanged in a host or engineered organism. In some
embodiments, the host thioesterase activity can be increased by increasing the number of copies
of a thioesterase gene, or by increasing the activity of a promoter that regulates transcription of
a thioesterase gene, thereby increasing the production of target product (e.g., sebacic or
dodecanedioic acid) due to increased carbon flux through the pathway. In certain
embodiments, a thioesterase gene can be isolated from any suitable organism. Non-limiting
examples of organisms that include, or can be used as donors for, thioesterase enzymes include
yeast (e.g., Candida, Saccharomyces, Debaryomyces, Meyerozyma, Lodderomyces,
Scheffersomyces, Clavispora, Yarrowia, Pichia, Kluyveromyces, Eremothecium,
Zygosaccharomyces, Lachancea, Nakaseomyces), animals (e.g., Homo, Rattus), bacteria (e.g.,

Escherichia, Pseudomonas, Bacillus), or plants (e.g., Arabidopsis, Nictotania, Cuphea).

Engineered Pathways
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Figures 1-8 depict embodiments of biological pathways for making sebacic acid and
dodecanedioic acid, using various alkanes, fatty acids, fatty alcohols or combinations thereof.
Any suitable alkane, fatty acid, fatty alcohol, plant based oil, seed based oil, non-petroleum
derived soap stock or the like can be used as the feedstock for the organism (e.g., dodecane,
methyl laurate, lauric acid, carbon sources having 10 or greater carbons (e.g. for sebacic acid
production) or carbon sources having 12 or greater carbons (e.g. for dodecanedioic acid
production). In some embodiments, carbon sources with greater than 12 carbons can be
metabolized using naturally occurring and/or engineered pathways to yield molecules that can
be further metabolized using the beta oxidation pathway shown in the lower portion of Figures
5-8. In some embodiments, the activities in the pathways depicted in Figures 1-8 can be

engineered, as described herein, to enhance metabolism and target product formation.

In certain embodiments, one or more activities in one or more metabolic pathways can be
engineered to increase carbon flux through the engineered pathways to produce a desired
product (e.g., sebacic or dodecanedioic acid). The engineered activities can be chosen to allow
increased production of metabolic intermediates that can be utilized in one or more other
engineered pathways to achieve increased production of a desired product with respect to the
unmodified host organism. The engineered activities also can be chosen to allow decreased
activity of enzymes that reduce production of a desired intermediate or end product (e.g.,
reverse activities). This “carbon flux management” can be optimized for any chosen feedstock,
by engineering the appropriate activities in the appropriate pathways. Non-limiting examples
are given herein using pure alkanes (e.g., single chain length alkanes, dodecane or example),
mixed chain-length alkanes, long-chain alkanes, pure fatty acids (e.g., single chain length fatty
acids, capric acid for example) and mixed chain length fatty acids (see Figures 1-8). The
process of “carbon flux management” through engineered pathways produces a dicarboxylic
acid (e.g. sebacic acid or dodecanedioic acid) at a level and rate closer to the calculated
maximum theoretical yield for any given feedstock, in certain embodiments. The terms
“theoretical yield” or “maximum theoretical yield” as used herein refer to the yield of product
of a chemical or biological reaction that can be formed if the reaction went to completion.
Theoretical yield is based on the stoichiometry of the reaction and ideal conditions in which
starting material is completely consumed, undesired side reactions do not occur, the reverse

reaction does not occur, and there no losses in the work-up procedure.
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A microorganism may be modified and engineered to include or regulate one or more activities
in a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid,
tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) pathway.
The term “activity” as used herein refers to the functioning of a microorganism’s natural or
engineered biological pathways to yield various products including a fatty dicarboxylic acid
(e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,
hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) and its precursors. A fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) producing activity can be
provided by any non-mammalian source in certain embodiments. Such sources include,
without limitation, eukaryotes such as yeast and fungi and prokaryotes such as bacteria. In
some embodiments, a reverse activity in a pathway described herein can be altered (e.g.,
disrupted, reduced) to increase carbon flux through a beta oxidation pathway, an omega
oxidation pathway, or a beta oxidation and omega oxidation pathway, towards the production of
target product (e.g., sebacic or dodecanedioic acid). In some embodiments, a genetic
modification disrupts an activity in the beta oxidation pathway, or disrupts a polynucleotide that
encodes a polypeptide that carries out a forward reaction in the beta oxidation pathway, which
renders beta oxidation activity undetectable. The term “undetectable” as used herein refers to
an amount of an analyte that is below the limits of detection, using detection methods or assays
known (e.g., described herein). In certain embodiments, the genetic modification partially
reduces beta oxidation activity. The term “partially reduces beta oxidation activity” as used
here refers to a level of activity in an engineered organism that is lower than the level of activity

found in the host or starting organism.

In some embodiments, a beta-oxidation activity can be modified to alter the catalytic specificity
of the chosen activity. In certain embodiments, an acyl-CoA oxidase activity can be altered by
modifying a catalytic domain associated with carbon chain length preference and/or specificity.
In some embodiments, the altered catalytic specificity can be found by screening naturally
occurring variant or mutant populations of a host organism. In certain embodiments, the altered
catalytic can be generated by various mutagenesis techniques in conjunction with selection
and/or screening for the desired activity. In some embodiments, the altered catalytic activity
can be generated by generating chimeric acyl-CoA oxidases using a mix and match approach,

followed by selection and/or screening for the desired catalytic activity. Examples of
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experiments performed to generate acyl-CoA oxidases with altered catalytic activity are

described herein.

An activity within an engineered microorganism provided herein can include one or more (e.g.,
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14 or all) of the following activities: 6-oxohexanoic acid
dehydrogenase activity; 6-hydroxyhexanoic acid dehydrogenase activity; cytochrome P450
activity; cytochrome P450 reductase activity; fatty alcohol oxidase activity; acyl-CoA ligase
activity, acyl-CoA oxidase activity; enoyl-CoA hydratase activity, 3-hydroxyacyl-CoA
dehydrogenase activity, fatty acid synthase activity, lipase activity, acetyl-CoA carboxylase
activity, acyltransferase activity (diacylglycerol acyl transferase, lecithin-cholesterol
acyltransferase, phospholipid:diacylglycerol acyltransferase) and thioesterase activity (e.g.,
acyl-CoA hydrolase, acyl-CoA thioesterase, acyl-ACP thioesterase, acetyl-CoA C-
acyltransferase, beta-ketothiolase, and the like). In certain embodiments, one or more (e.g., 1,
2,3,4,5,6,7,8,9, 10 or all) of the foregoing activities is altered by way of a genetic
modification. In some embodiments, one or more (e.g., 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13,
14 or all) of the foregoing activities is altered by way of (i) adding a heterologous
polynucleotide that encodes a polypeptide having the activity, and/or (ii) altering or adding a
regulatory sequence that regulates the expression of a polypeptide having the activity. In
certain embodiments, one or more of the foregoing activities is altered by way of (i) disrupting
an endogenous polynucleotide that encodes a polypeptide having the activity (e.g., insertional
mutagenesis), (ii) deleting a regulatory sequence that regulates the expression of a polypeptide
having the activity, and/or (ii1) deleting the coding sequence that encodes a polypeptide having

the activity (e.g., knock out mutagenesis).

The term "omega hydroxyl fatty acid dehydrogenase activity" as used herein refers to
conversion of an omega hydroxyl fatty acid to an omega oxo fatty acid. The omega hydroxyl
fatty acid dehydrogenase activity can be provided by a polypeptide. In some embodiments, the
polypeptide is encoded by a heterologous nucleotide sequence introduced to a host
microorganism. In certain embodiments, an endogenous polypeptide having the omega
hydroxyl fatty acid dehydrogenase activity is identified in the host microorganism, and the host
microorganism is genetically altered to increase the amount of the polypeptide produced (e.g., a
heterologous promoter is introduced in operable linkage with a polynucleotide that encodes the
polypeptide; the copy number of a polynucleotide that encodes the polypeptide is increased

(e.g., by introducing a plasmid that includes the polynucleotide)). Nucleic acid sequences
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conferring omega hydroxyl fatty acid dehydrogenase activity can be obtained from a number of
sources, including Actinobacter, Norcardia, Pscudomonas and Xanthobacter bacteria.

Examples of an amino acid sequence of a polypeptide having omega hydroxyl fatty acid
dehydrogenase activity and a nucleotide sequence of a polynucleotide that encodes the
polypeptide, are presented herein. Presence, absence or amount of omega hydroxyl fatty acid
dehydrogenase activity can be detected by any suitable method known in the art. In some
embodiments, omega hydroxyl fatty acid dehydrogenase activity is not altered in a host
microorganism, and in certain embodiments, the activity is added or increased in the engineered

microorganism relative to the host microorganism.

The term "monooxygenase activity" as used herein refers to inserting one atom of oxygen from
O, into an organic substrate (RH) and reducing the other oxygen atom to water. In some
embodiments, monooxygenase activity refers to incorporation of an oxygen atom onto a six-
carbon organic substrate. In certain embodiments, monooxygenase activity refers to conversion
of hexanoate to 6-hydroxyhexanoic acid. Monooxygenase activity can be provided by any
suitable polypeptide, such as a cytochrome P450 polypeptide (hereafter "CYP450") in certain
embodiments. Nucleic acid sequences conferring CYP450 activity can be obtained from a
number of sources, including Bacillus megaterium and may be induced in organisms including
but not limited to Candida tropicalis, Yarrowia lipolytica, Aspergillus nidulans, and Aspergillus
parasiticus. Examples of oligonucleotide sequences utilized to isolate a polynucleotide
sequence encoding a polypeptide having CYP450 activity (e.g., CYP52A12 polynucleotide, a
CYP52A13 polynucleotide, a CYP52A 14 polynucleotide, a CYP52A15 polynucleotide, a
CYP52A16 polynucleotide, a CYP52A17 polynucleotide, a CYP52A18 polynucleotide, a
CYP52A19 polynucleotide, a CYP52A20 polynucleotide, a CYP52D2 polynucleotide, and/or a
BM3 polynucleotide) are presented herein. In some embodiments, monooxygenase activity is
not altered in a host microorganism, and in certain embodiments, the activity is added or
increased in the engineered microorganism relative to the host microorganism. In some
embodiments, the altered monooxygenase activity is an endogenous activity, and in certain
embodiments, the altered monooxygenase activity is an exogenous activity. In some
embodiments, the exogenous activity is a single polypeptide with both monooxygenase and
monooxygenase reductase activities (e.g., B. megaterium cytochrome P450:NADPH P450

reductase).
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Presence, absence or amount of cytochrome P450 activity can be detected by any suitable
method known in the art. For example, detection can be performed by assaying a reaction
containing cytochrome P450 (CYP52A family) and NADPH - cytochrome P450 reductase (see
Appl. Environ. Microbiol. 69: 5983 and 5992). Briefly, cells are grown under standard
conditions and harvested for production of microsomes, which are used to detect CYP activity.
Microsomes are prepared by lysing cells in Tris-buffered sucrose (10mM Tris-HCI pH 7.5,
ImM EDTA, 0.25M sucrose). Differential centrifugation is performed first at 25,000xg then at
100,000xg to pellet cell debris then microsomes, respectively. The microsome pellet is
resuspended in 0.1M phosphate buffer (pH 7.5), ImM EDTA to a final concentration of
approximately 10mg protein/mL. A reaction mixture containing approximately 0.3mg
microsomes, 0.1mM sodium hexanoate, 0.7mM NADPH, 50mM Tris-HCI pH 7.5 in 1mL is
initiated by the addition of NADPH and incubated at 37°C for 10 minutes. The reaction is
terminated by addition of 0.25mL 5M HCI and 0.25mL 2.5ug/mL 10-hydroxydecanoic acid is
added as an internal standard (3.3 nmol). The mixture is extracted with 4.5mL diethyl ether
under NaCl-saturated conditions. The organic phase is transferred to a new tube and
evaporated to dryness. The residue is dissolved in acetonitrile containing 10mM 3-
bromomethyl-7-methoxy-1,4-benzoxazin-2-one (BrMB) and 0.ImL of 15mg/mL 18-crown-6 in
acetonitrile saturated with KoCOs. The solution is incubated at 40°C for 30 minutes before
addition of 0.05mL 2% acetic acid. The fluorescently labeled omega-hydroxy fatty acids are
resolved via HPLC with detection at 430nm and excitation at 355nm (Yamada et al., 1991,
Anal.Biochem. 199: 132-136). Optionally, specifically induced CYP gene(s) may be detected
by Northern blotting and/or quantitative RT-PCR. (Craft et al., 2003, App.Environ.Micro. 69:
5983-5991).

The term "monooxygenase reductase activity” as used herein refers to the transfer of an electron
from NAD(P)H, FMN, or FAD by way of an electron transfer chain, reducing the ferric heme
iron of cytochrome P450 to the ferrous state. The term “monooxygenase reductase activity” as
used herein also can refer to the transfer of a second electron via the electron transport system,
reducing a dioxygen adduct to a negatively charged peroxo group. In some embodiments, a
monooxygenase activity can donate electrons from the two-electron donor NAD(P)H to the
heme of cytochrome P450 (e.g., monooxygenase activity) in a coupled two-step reaction in
which NAD(P)H can bind to the NAD(P)H-binding domain of the polypeptide having the
monooxygenase reductase activity and electrons are shuttled from NAD(P)H through FAD and

FMN to the heme of the monooxygenase activity, thereby regenerating an active
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monooxygenase activity (e.g., cytochrome P450). Monooxygenase reductase activity can be
provided by any suitable polypeptide, such as a cytochrome P450 reductase polypeptide
(hereafter "CPR") in certain embodiments. Nucleic acid sequences conferring CPR activity can
be obtained from and/or induced in a number of sources, including but not limited to Bacillus
megaterium, Candida tropicalis, Yarrowia lipolytica, Aspergillus nidulans, and Aspergillus
parasiticus. Examples of oligonucleotide sequences utilized to isolate a polynucleotide
sequence encoding a polypeptide having CPR activity are presented herein. In some
embodiments, monooxygenase reductase activity is not altered in a host microorganism, and in
certain embodiments, the activity is added or increased in the engineered microorganism
relative to the host microorganism. In some embodiments, the altered monooxygenase
reductase activity is an endogenous activity, and in certain embodiments, the altered
monooxygenase reductase activity is an exogenous activity. In some embodiments, the
exogenous activity is a single polypeptide with both monooxygenase and monooxygenase

reductase activities (e.g., B. megaterium cytochrome P450:NADPH P450 reductase).

Presence, absence or amount of CPR activity can be detected by any suitable method known in
the art. For example, an engineered microorganism having an increased number of genes
encoding a CPR activity, relative to the host microorganism, could be detected using
quantitative nucleic acid detection methods (e.g., southern blotting, PCR, primer extension, the
like and combinations thereof). An engineered microorganism having increased expression of
genes encoding a CPR activity, relative to the host microorganism, could be detected using
quantitative expression based analysis (e.g., RT-PCR, western blot analysis, northern blot
analysis, the like and combinations thereof). Alternately, an enzymatic assay can be used to
detect Cytochrome P450 reductase activity, where the enzyme activity alters the optical
absorbance at 550 nanometers of a substrate solution (Masters, B.S.S., Williams, C.H., Kamin,

H. (1967) Methods in Enzymology, X, 565-573).

Acyl-CoA Oxidases

The term “acyl-CoA oxidase activity” as used herein refers to the oxidation of a long chain
fatty-acyl-CoA to a trans-2,3-dehydroacyl-CoA fatty alcohol. In some embodiments, the acyl-
CoA activity is from a peroxisome. In certain embodiments, the acyl-CoA oxidase activity is a
peroxisomal acyl-CoA oxidase (POX) activity, carried out by a POX polypeptide. In some

embodiments the acyl-CoA oxidase activity is encoded by the host organism and sometimes
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can be altered to generate an engineered organism. Acyl-CoA oxidase activity is encoded by
the POX4 and POXS5 genes of Candida strain ATCC20336. In certain embodiments,
endogenous acyl-CoA oxidase activity can be increased. In some embodiments, acyl-CoA
oxidase activity of the POX4 polypeptide or the POXS polypeptide can be altered
independently of each other (e.g., increase activity of POX4 alone, POXS5 alone, increase one
and disrupt the other, and the like). Increasing the activity of one POX activity, while
disrupting the activity of another POX activity, may alter the specific activity of acyl-CoA
oxidase with respect to carbon chain length, while maintaining or increasing overall flux

through the beta oxidation pathway, in certain embodiments.

In certain embodiments, host acyl-CoA oxidase activity of one of the POX genes can be
increased by genetically altering (e.g., increasing) the amount of the polypeptide produced (e.g.,
a strongly transcribed or constitutively expressed heterologous promoter is introduced in
operable linkage with a polynucleotide that encodes the polypeptide; the copy number of a
polynucleotide that encodes the polypeptide is increased (e.g., by introducing a plasmid that
includes the polynucleotide, integration of additional copies in the host genome)). In some
embodiments, the host acyl-CoA oxidase activity can be decreased by disruption (e.g.,
knockout, insertion mutagenesis, the like and combinations thereof) of an acyl-CoA oxidase
gene, or by decreasing the activity of the promoter (e.g., addition of repressor sequences to the

promoter or 5’UTR) which transcribes an acyl-CoA oxidase gene.

As noted above, disruption of nucleotide sequences encoding POX4, POX 5, or POX4 and
POX5 sometimes can alter pathway efficiency, specificity and/or specific activity with respect
to metabolism of carbon chains of different lengths (e.g., carbon chains including fatty alcohols,
fatty acids, paraffins, dicarboxylic acids of between about 1 and about 60 carbons in length). In
some embodiments, the nucleotide sequence of POX4, POXS, or POX4 and POXS5 is disrupted
with a URA3 nucleotide sequence encoding a selectable marker, and introduced to a host
microorganism, thereby generating an engineered organism deficient in POX4, POXS or POX4
and POX3 activity. Nucleic acid sequences encoding POX4 and POXS5 can be obtained from a
number of sources, including Candida tropicalis, for example. Examples of POX4 and POX5
amino acid sequences and nucleotide sequences of polynucleotides that encode the
polypeptides, are presented herein. Described in the examples are experiments conducted to

amplify the activity encoded by the POXS5 gene.
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Also as noted above, catalytic specificity of acyl-CoA oxidases (e.g., POX4, POXS5) can be
altered by a variety of methods. Altering the binding and/or catalytic specificity of acyl-CoA
oxidases may prove advantageous for generating novel acyl-CoA oxidases with altered chain
length recognition, altered chain length catalytic activity, and/or generation of an acyl-CoA
oxidase activity with a narrow or specific chain length specificity, thereby allowing further
increases in pathway efficiency, specificity and/or specific activity with respect to metabolism
of carbon chains of different lengths or metabolism of carbon chain distributions found in a
particular chosen feedstock. In some embodiments the altered acyl-CoA oxidase sequences are
identified and/or generated by; (i) screening naturally occurring variant populations; (ii)
mutagenesis of endogenous sequences; (iii) introduction of heterologous sequences having a
desired specificity; (iv) generation of chimeric sequences having a portion of the coding
sequence from one polynucleotide source (e.g., gene, organism) and a portion of the coding
sequence from another source and/or (v) intelligent design using nucleotide sequences and three
dimensional structure analysis from an acyl-CoA oxidase having a desired specificity to
remodel an endogenous acyl-CoA oxidase, thereby generating a novel specificity enzyme. In
some embodiments a chimeric acyl-CoA oxidase sequence can have polynucleotide sequence
contributions from two or more sources. In some embodiments, a chimeric acyl-CoA oxidase
sequence comprises a portion of the coding sequences from an endogenous polynucleotide and
a portion of the coding sequence from a heterologous polynucleotide. Described in the
examples are methods utilized to identify and/or generate acyl-CoA oxidases with novel

catalytic and binding specificities.

Introduction of heterologous Acyl CoA Oxidase sequences having a desired specificity

Thousands of Acyl CoA Oxidases and Acyl CoA-like Oxidases have been cloned, sequenced
and isolated from a variety of organisms (SEQ ID NO. 51 through SEQ ID NO. 3673 and SEQ
ID NO. 3810 through SEQ ID NO. 3882). Many of these enzymes have reported catalytic
activity with selective substrate specificity. For example, some Acyl CoA Oxidases (e.g.,
Pox5p from a Candida strain) display optimal activity on substrates of 12 to 18 carbons (FIG.
21). In some embodiments, an organism (e.g., a yeast) or a genetically modified organism (e.g.,
a genetically modified yeast, ¢.g., a yeast in which B-oxidation activity is blocked) is engineered
to express a heterologous Acyl-CoA Oxidase with selective substrate specificity. In some
embodiments, an organism (e.g., a yeast) or a genetically modified organism (e.g., a genetically

modified yeast, e.g., a yeast in which B-oxidation activity is blocked) is engineered to express
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an Acyl-CoA Oxidase or Acyl CoA-like Oxidase selected from SEQ ID NO. 51 to SEQ ID NO.
3673. In some embodiments, an organism (e.g., a yeast) or a genetically modified organism
(e.g., a genetically modified yeast, ¢.g., a yeast in which B-oxidation activity is blocked) is
engineered to express an Acyl-CoA Oxidase or Acyl CoA-like Oxidase selected from SEQ ID
NO. 3810 through SEQ ID NO. 3882.

Presence, absence or amount of acyl-CoA oxidase activity can be detected by any suitable
method known in the art. For example, using enzymatic assays as described in Shimizu et al,
1979, and as described herein in the Examples, POX4, POXS5 and other acyl-CoA oxidase
activities can be assessed. Alternatively, nucleic acid sequences representing native and/or
disrupted POX4 and POXS5 sequences also can be detected using nucleic acid detection
methods (e.g., PCR, primer extension, nucleic acid hybridization, the like and combinations
thereof), or quantitative expression based analysis (e.g., RT-PCR, western blot analysis,
northern blot analysis, the like and combinations thereof), where the engineered organism

exhibits decreased RNA and/or polypeptide levels as compared to the host organism.

Genetic Modification of Acyl-CoA Oxidases

A rate-limiting step for B-oxidation is the first step in the pathway carried out by the enzyme
acyl CoA oxidase. Different Acyl-CoA oxidases can display different chain-length substrate
specificities. Some acyl CoA oxidases display broad chain-length specificity and can accept
any fatty acyl CoA (or diacyl-CoA) as a substrate. However, some acyl CoA oxidases can

display narrow chain-length specificity.

For example the Pox5 enzyme from Candida strain ATCC20336 displays a decrease in activity
on substrates below C10 (FIG. 21) and has low activity on C6 and C8 substrates. In a cell with
Pox35 as the only functional acyl CoA oxidase, long chain fatty acyl-CoA or diacyl-CoA
substrates can be shortened to about 8 carbons and do not typically enter another cycle of -
oxidation. The shorter substrates (e.g., a C8 fatty dicarboxylic acid) are not typically
recognized as a substrate by Pox5, the CoA is removed by peroxisomal thioesterases and the
fatty dicarboxylic acid (e.g., an o, - dicarboxylic acid) product is secreted from the cell. In
this embodiment, the acyl CoA oxidase chain-length substrate specificity effectively controls

the chain length of a diacid produced.
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In some embodiments, a B-oxidation pathway in a yeast is active and includes a genetically
modified acyl CoA oxidase. In some embodiments, an acyl CoA oxidase is genetically
modified to prevent complete oxidation of fatty acyl-CoA or diacyl-CoA substrates. Genetic
modification of an acyl CoA oxidase can increase the production yield of a desired fatty acid or
fatty dicarboxylic acid product. Therefore, in some embodiments, metabolic degradation of a
fatty acid of a specified chain length (e.g., the chain length of a desired or target fatty acid or
fatty dicarboxylic acid product) is reduced significantly, when an acyl CoA oxidase is
genetically modified. In some embodiments, metabolic degradation of a fatty dicarboxylic acid
product (e.g., DDDA) by beta-oxidation is reduced significantly, when an acyl CoA oxidase is
genetically modified. This can be accomplished by modifying the substrate specificity of an
acyl CoA oxidase such that the enzyme has low activity (e.g., enzymatic activity) with chain
lengths less than that of a desired product.

In some embodiments, the substrate specificity of an acyl CoA oxidase is modified such that the
enzyme has low activity for aliphatic molecules with chain lengths less than C24 (i.c., 24
carbons). In some embodiments, the substrate specificity of an acyl CoA oxidase is modified
such that the enzyme has very low activity with chain lengths less than 24, 22, 20, 18, 16, 14,
12, 10, 8, 6 or 4 carbons. In some embodiments, the substrate specificity of an acyl CoA
oxidase is modified such that the enzyme has very low activity with chain lengths less than 18,
16, 14, 12, 10 or § carbons. In some embodiments, the substrate specificity of an acyl CoA
oxidase is modified such that the enzyme has very low activity with chain lengths less than
C12. In some embodiments, the substrate specificity of an acyl CoA oxidase is modified such

that the enzyme has very low activity with chain lengths less than C10.

In some embodiments, genes encoding a genetically modified acyl CoA oxidase are engineered
and expressed in a suitable organism (e.g., a bacteria (e.g., E.coli) or a yeast) to test the
substrate specificity of the modified enzyme in vitro. In some embodiments, genes encoding a
genetically modified acyl CoA oxidase are engineered and expressed in a suitable yeast and the
substrate specificity is tested. In some embodiments, yeast that express a modified acyl CoA
oxidase are tested for production of the desired fatty acid or fatty dicarboxylic acid product. A
modified acyl CoA oxidase can be generated in any suitable manner, non limiting examples of

which are provided hereafter.

Random Mutagenesis of Acyl-CoA Oxidase
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A library of genetically modified acyl CoA oxidases can be generated using several methods
known in the art (e.g., site-directed mutagenesis). Genetically modified acyl CoA oxidase
genes can then be transformed into a B-oxidation blocked strain of a suitable yeast strain (e.g.,
Candida spp. (e.g., Candida viswanathii or Candida tropicalis)). In some embodiments, a
genetically modified acyl CoA oxidase is expressed under the control of the POX4 promoter or
another strong constitutive or inducible promoter in a pox4A/ pox4A pox5A/pox5A (e.g., an
organism that lacks endogenous acyl CoA oxidase activity) background. In some
embodiments, the genetically modified acyl CoA oxidase is expressed under the control of
endogenous promoter. In some embodiments, the genetically modified acyl CoA oxidase is
expressed under the control of a heterologous promoter. The transformants can be selected by
growth in a fatty acid or methyl-derivate fatty acid containing fatty acids with two more
carbons than the diacid product of interest. For example, for adipic acid, the transformants can
be grown in caprylic acid or methyl-caprylate. For example, for dodecanedioic acid, the
transformants can be grown in tetradecanedioic acid. The group of transformants can then be
moved to a medium with a carbon source of a fatty acid of interest (for example dodecanedioic
acid) in the presence of an agent that kills growing cells (e.g., Nystatin) and cells that cannot
metabolize the carbon source (e.g., dodecanedioic acid in this example) can be selected. The
resulting modified strains can then be further characterized for acyl CoA oxidase activity. This
method can be used to select for any modified acyl CoA oxidase (e.g., those listed and/or
described in the TABLES herein). In addition, this method can be used to select for any
heterologous acyl CoA oxidase (¢.g., those listed in SEQ ID NO. 51 through 3273 and SEQ ID
NO. 3728 through 3810) expressed in a suitable organism.

Rational Mutagenesis of Acyl-CoA Oxidase

Structural and sequence information and experimental data can be combined to determine
specific mutations to be tested in a acyl-CoA oxidase for altered specificity. For example,
primary sequences of acyl-CoA oxidases tested can be compared and correlated with substrate
specificity. Based on such an analysis, single amino-acids, small numbers of contiguous amino
acids and/or domains can be proposed for providing a desired substrate specificity. Those

amino acids positions can be targeted for specific or random mutations for improve specificity.
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Acyl CoA oxidase structure also can be modeled against a known tertiary structure using
modeling methods known in the art. The models can be used to propose amino acids and
regions pertaining to substrate selectivity. For example, biochemical, structure and sequence
data suggest that the N-terminus of acyl CoA oxidases often, in part, determines substrate
specificity. Mutations or region replacements can be introduced based on such analyses and the
specificity of the new acyl CoA oxidase tested as described before. The resulting information
can be used to go back to the models to postulate new potential mutations. As for random
mutagenesis, any suitable acyl CoA oxidase can be modified to alter substrate specificity (e.g.,

those listed in SEQ ID NO. 51 through 3273 and SEQ ID NO. 3728 through 3810)

The term “acyl CoA oxidase activity” as used herein refers to the enzymatic activity (e.g.,
catalytic activity) of a acyl CoA oxidase. An acyl CoA oxidase can catalyze the following

chemical reaction:

acyl-CoA + O, <> trans-2,3-dehydroacyl-CoA + H,0;

In some embodiments, acyl CoA oxidase activity refers to oxidation of a long chain fatty-acyl-
CoA to a trans-2,3-dehydroacyl-CoA fatty alcohol. In some embodiments, acyl CoA oxidase
activity refers to its enzyme activity (or lack thereof) on a selective set of substrates. The
activity of an acyl CoA oxidase can be affected by its ability to bind a substrate, oxidize a
substrate and/or release a product. In some embodiments, an acyl CoA oxidase is active in one
compartment of a cell and not in another compartment of the cell. In some embodiments, the
acyl CoA oxidase activity is from a peroxisome. In certain embodiments, the acyl CoA oxidase
activity is a peroxisomal acyl CoA oxidase (POX) activity, carried out by a POX polypeptide.
In some embodiments the acyl CoA oxidase activity is encoded by the host organism and
sometimes can be altered to generate an engineered organism. Acyl-CoA oxidase activity can
be encoded by the POX4 and POXS genes of Candida spp.. In certain embodiments,
endogenous acyl CoA oxidase activity can be increased. In some embodiments, acyl CoA
oxidases in an organism, containing one or more acyl CoA oxidases, can be independently
modified (e.g., one or more acyl CoA oxidases can be modified). In some embodiments, acyl
CoA oxidase activity of a POX4 polypeptide or a POXS polypeptide can be altered
independently of each other (e.g., increase activity of POX4 alone, POXS5 alone, increase one
and disrupt the other, and the like). Increasing the activity of one POX activity, while
disrupting the activity of another POX activity, may alter the specific activity of acyl CoA
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oxidase with respect to carbon chain length, while maintaining or increasing overall flux

through the beta oxidation pathway, in certain embodiments.

In certain embodiments, host activity of one or more acyl CoA oxidase genes can be increased
by genetically altering (e.g., increasing) the amount of a polypeptide produced (e.g., a strongly
transcribed or constitutively expressed heterologous promoter is introduced in operable linkage
with a polynucleotide that encodes a polypeptide; the copy number of a polynucleotide that
encodes the polypeptide is increased (e.g., by introducing a plasmid that includes the
polynucleotide, integration of additional copies in the host genome)). In some embodiments,
host activity of one or more acyl CoA oxidases can be decreased by disruption (e.g., knockout,
insertion mutagenesis, the like and combinations thereof) of an acyl CoA oxidase gene, or by
decreasing the activity of the promoter (e.g., addition of repressor sequences to the promoter or

5’UTR) which transcribes an acyl CoA oxidase gene.

As noted above, disruption of nucleotide sequences encoding one or more acyl CoA oxidases
(e.g., POX4, POX 5, or POX4 and POXS5) sometimes can alter pathway efficiency, specificity
and/or specific activity with respect to metabolism of carbon chains of different lengths (e.g.,
carbon chains including fatty alcohols, fatty acids, paraffins, dicarboxylic acids, aliphatic
molecules of between about 1 and about 60 carbons in length). In some embodiments, the
nucleotide sequence of one or more acyl CoA oxidases (e.g., POX4, POX 5, or POX4 and
POX35) is disrupted with a URA3 nucleotide sequence encoding a selectable marker, and
introduced to a host microorganism, thereby generating an engineered organism deficient in an

acyl CoA oxidase activity.

Site-directed mutagenesis of Candida Pox4 and Pox5 for altering substrate specificity

In some embodiments, amino acid residues located in or near the substrate binding pocket (e.g.,
residues located in helical domain 3 (see TABLE 29) of POXS5 are mutated (e.g., deleted or
substituted) to alter the activity profile of POX5. In some embodiments amino acid 428 and/or
429 in POXS3, or corresponding residues in a related enzyme (e.g., see related enzymes and
corresponding residues in TABLE 29) are located in helical domain 3 and independently are
mutated (e.g., deleted or substituted) to alter the activity profile of POXS or a related enzyme.
Sometimes amino acid 428 and/or 429 independently are substituted with a suitable amino acid,

non-limiting examples of which include positive charged and hydrophilic amino acids (e.g.,
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lysine, arginine or histidine), negative charged and hydrophilic amino acids (e.g., aspartic acid,
glutamic acid), sulfur containing amino acids (e.g., serine, threonine, cysteine, methionine),
amide containing amino acids (e.g., asparagine, glutamine), aliphatic amino acids (e.g., glycine,
alanine, valine, leucine, isoleucine), aromatic amino acid (e.g., phenylalanine, tyrosine,

tryptophan), proline, ornithine, selenocystein, taurine, the like, or combinations thereof.

Also as noted above, catalytic specificity of acyl CoA oxidases (e.g., POX4, POXS5) can be
altered by a variety of methods. Altering the binding and/or catalytic specificity of acyl CoA
oxidases may prove advantageous for generating novel acyl CoA oxidases with altered chain
length recognition, altered chain length catalytic activity, and/or generation of an acyl CoA
oxidase activity with a narrow or specific chain length specificity, thereby allowing further
increases in pathway efficiency, specificity and/or specific activity with respect to metabolism
of carbon chains of different lengths or metabolism of carbon chain distributions found in a
particular chosen feedstock. In some embodiments the altered acyl CoA oxidase sequences are
identified and/or generated by: (i) screening naturally occurring variant populations; (ii)
mutagenesis of endogenous sequences; (iii) introduction of heterologous sequences having a
desired specificity (e.g., introduction of one or more unmodified or modified acyl CoA oxidases
from another organism into a host organism in which one or more endogenous acyl-CoA
oxidases are optionally disrupted); (iv) generation of chimeric sequences having a portion of the
coding sequence from one polynucleotide source (e.g., gene, organism) and a portion of the
coding sequence from another source and/or (v) intelligent design using nucleotide sequences
and three dimensional structure analysis from an acyl CoA oxidase having a desired specificity
to remodel an endogenous acyl CoA oxidase, thereby generating a novel specificity enzyme. In
some embodiments a chimeric acyl CoA oxidase sequence can have polynucleotide sequence
contributions from two or more sources. In some embodiments, a chimeric acyl CoA oxidase
sequence comprises a portion of the coding sequences from an endogenous polynucleotide and
a portion of the coding sequence from a heterologous polynucleotide. Described in the
examples are methods utilized to identify and/or generate acyl CoA oxidases with novel

catalytic and binding specificities.

Nucleic acid sequences encoding acyl CoA oxidases (e.g., POX4 and POX5) can be obtained
from any suitable source, including any animal (e.g., mammals, fish, reptiles, amphibians, etc.),
any plant, fungus, yeast, protozoan, bacteria, virus, phage, and the like). Non-limiting

examples of suitable yeast sources include Yarrowia yeast (e.g., Y. lipolytica (formerly
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classified as Candida lipolytica)), Candida yeast (e.g., C. revkaufi, C. viswanathii, C.
pulcherrima, C. tropicalis, C. utilis), Rhodotorula yeast (e.g., R. glutinus, R. graminis),
Rhodosporidium yeast (e.g., R. toruloides), Saccharomyces yeast (e.g., S. cerevisiae, S.
bayanus, S. pastorianus, S. carlsbergensis), Cryptococcus yeast, Trichosporon yeast (e.g., T.
pullans, T. cutaneum), Pichia yeast (e.g., P. pastoris) and Lipomyces yeast (¢.g., L. starkeyii, L.
lipoferus). In some embodiments, a suitable yeast is of the genus Arachniotus, Aspergillus,
Aureobasidium, Auxarthron, Blastomyces, Candida, Chrysosporuim, Chrysosporuim
Debaryomyces, Coccidiodes, Cryptococcus, Gymnoascus, Hansenula, Histoplasma,
Issatchenkia, Kluyveromyces, Lipomyces, Lssatchenkia, Microsporum, Myxotrichum,
Myxozyma, Oidiodendron, Pachysolen, Penicillium, Pichia, Rhodosporidium, Rhodotorula,
Rhodotorula, Saccharomyces , Schizosaccharomyces, Scopulariopsis, Sepedonium,
Trichosporon, or Yarrowia. In some embodiments, a suitable yeast is of the species
Arachniotus flavoluteus, Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger,
Aureobasidium pullulans, Auxarthron thaxteri, Blastomyces dermatitidis, Candida albicans,
Candida dubliniensis, Candida famata, Candida glabrata, Candida guilliermondii, Candida
kefyr, Candida krusei, Candida lambica, Candida lipolytica, Candida lustitaniae, Candida
parapsilosis, Candida pulcherrima, Candida revkaufi, Candida rugosa, Candida tropicalis,
Candida utilis, Candida viswanathii, Candida xestobii, Chrysosporuim keratinophilum,
Coccidiodes immitis, Cryptococcus albidus var. diffluens, Cryptococcus laurentii,
Cryptococcus neofomans, Debaryomyces hansenii, Gymnoascus dugwayensis, Hansenula
anomala, Histoplasma capsulatum, Issatchenkia occidentalis, Isstachenkia orientalis,
Kluyveromyces lactis, Kluyveromyces marxianus, Kluyveromyces thermotolerans,
Kluyveromyces waltii, Lipomyces lipoferus, Lipomyces starkeyii, Microsporum gypseum,
Myxotrichum deflexum, Oidiodendron echinulatum, Pachysolen tannophilis, Penicillium
notatum, Pichia anomala, Pichia pastoris, Pichia stipitis, Rhodosporidium toruloides,
Rhodotorula glutinus, Rhodotorula graminis, Saccharomyces cerevisiae, Saccharomyces
kluyveri, Schizosaccharomyces pombe, Scopulariopsis acremonium, Sepedonium
chrysospermum, Trichosporon cutancum, Trichosporon pullans, Yarrowia lipolytica, or
Yarrowia lipolytica (formerly classified as Candida lipolytica). In some embodiments, a
suitable yeast is a Y. lipolytica strain that includes, but is not limited to, ATCC20362,
ATCC8862, ATCC18944, ATCC20228, ATCC76982 and LGAM S(7)1 strains (Papanikolaou
S., and Aggelis G., Bioresour. Technol. 82(1):43-9 (2002)). In certain embodiments, a suitable
yeast is a Candida species (i.c., Candida spp.) yeast. Any nucleic acid sequence encoding an

acyl CoA oxidase, acyl CoA oxidase-like activity or acyl-CoA dehydrogenase activity can be
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used to alter the substrate specificity of a yeast as described herein. Non-limiting examples of
acyl CoA oxidase, acyl CoA oxidase-like and acyl CoA dehydrogenase amino acid sequences
and nucleotide sequences are provided herein and in SEQ ID NO. 51 through 3810. Described
in the examples are experiments conducted to modify and amplify the activity of an acyl CoA
oxidase gene (e.g., the POXS gene). Percent identity at the amino acid and nucleotide level of

POX 4 and POX 5 from Candida strain ATCC 20336 and Yarrowia lipolytica is shown in the

tables below:

Percent Identity (amino

acid)

POX4 | YIAco2 | YlAco3 | YIAco5
POXS5 59.4 41.6 41.6 40.5
POX4 40.4 41.6 39.1
Y1Aco2 66.8 61
YlAco3 68.8
Percent Identity
(nucleotide)

POX4 | YIAco2 | YlAco3 | YIAco5
POX5 68.6 54.9 53.4 52.4
POX4 55.7 55 52.4
YlAco2 72.1 67.9
YlAco3 72.1
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Presence, absence or amount of acyl CoA oxidase activity can be detected by any suitable
method known in the art. For example, enzymatic assays as described in Shimizu et al, 1979,
and as described herein in the Examples can be used to assess acyl CoA oxidase activity.
Nucleic acid sequences representing native and/or disrupted acyl CoA oxidase sequences also
can be detected using nucleic acid detection methods (e.g., PCR, primer extension, nucleic acid
hybridization, the like and combinations thereof), or quantitative expression based analysis
(e.g., RT-PCR, western blot analysis, northern blot analysis, the like and combinations thereof),
where the engineered organism exhibits decreased RNA and/or polypeptide levels as compared

to the host organism.

Acyl CoA Dehydrogenase

Acyl-CoA dehydrogenases (ACADs) are a class of enzymes that can function to catalyze the
initial step in each cycle of fatty acid B-oxidation in the mitochondria of cells. They can be
very similar in structure and function to Acyl CoA oxidases. Their action results in the
introduction of a trans double-bond between C2 and C3 of an acyl-CoA thioester substrate.
FAD is a required co-factor in the mechanism in order for the enzyme to bind to its appropriate

substrate.

Acyl-CoA dehydrogenases can be categorized into four distinct groups based on their
specificity for short-, medium-, or long-chain fatty acid, and very long-chain fatty acid acyl-
CoA substrates. While different dehydrogenases target fatty acids of varying chain length, all
types of acyl-CoA dehydrogenases can be mechanistically similar. Differences in ACADs can

occur based on the location of the active site along the amino acid sequence.

The medium chain acyl-CoA dehydrogenase is a homotetramer with each subunit containing
roughly 400 amino acids and one equivalent of FAD. The tetramer is classified as a “dimer of

dimers”.

The interface between the two monomers of a single dimer of an acyl-CoA dehydrogenase

contains the FAD binding sites and has extensive bonding interactions. In contrast, the
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interface between the two dimers has few interactions. There are a total of 4 active sites within
the tetramer, ecach of which contains a single FAD molecule and an acyl-CoA substrate. This

gives a total of four FAD molecules and four acyl-CoA substrates per enzymatic molecule.

FAD is bound between the three domains of the monomer, where only the nucleotide portion is
accessible. FAD binding contributes significantly to overall enzyme stability. The acyl-CoA
substrate is bound completely within each monomer of the enzyme. In some ACADs, the
active site is lined with the residues F252, T255, V259, T96, T99, A100, L103, Y375, Y375,
and E376. The area of interest within the substrate can become wedged between Glu 376 and

FAD, lining up the molecules into an ideal position for the reaction.

Some ACAD sequences are presented in SEQ ID NO.s 3728 through 3810.

Thioesterase

The term "thioesterase activity" as used herein refers to removal of Coenzyme A from
hexanoate. The term “thioesterase activity” as used herein also refers to the removal of
Coenzyme A from an activated fatty acid (e.g., fatty-acyl-CoA). A Non-limiting example of an
enzyme with thioesterase activity includes acyl-CoA hydrolase (e.g., EC 3.1.2.20; also referred
to as acyl coenzyme A thioesterase, acyl-CoA thioesterase, acyl coenzyme A hydrolase,
thioesterase B, thioesterase 11, lecithinase B, lysophopholipase L1, acyl-CoA thioesterase 1, and
acyl-CoA thioesterase). Thioesterases that remove Coenzyme A from fatty-acyl-CoA

molecules catalyze the reaction,

acyl-CoA + H20 - CoA + a carboxylate,

where the carboxylate often is a fatty acid. The released Coenzyme A can then be reused for

other cellular activities.

The thioesterase activity can be provided by a polypeptide. In certain embodiments, the
polypeptide is an endogenous nucleotide sequence that is increased in copy number, operably
linked to a heterologous and/or endogenous promoter, or increased in copy number and
operably linked to a heterologous and/or endogenous promoter. In some embodiments, the

polypeptide is encoded by a heterologous nucleotide sequence introduced to a host
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microorganism. Nucleic acid sequences conferring thioesterase activity can be obtained from a
number of sources, including Cuphea lanceolata, C. tropicalis (e.g., see SEQ ID NOS: 33 and
35), and E. coli (e.g., see SEQ ID NO: 37). Additional organisms that can be used as
thioesterase polynucleotide sequence donors are given herein. Examples of such polypeptides
include, without limitation, acyl-(ACP) thioesterase type B from Cuphea lanceolata (see SEQ
ID NO: 1), acyl-CoA hydrolase (e.g., ACHA and ACHB, see SEQ ID NOS: 34 and 36)) from
C. tropicalis, acyl-CoA thioesterase (e.g., TESA, see SEQ ID NO: 38) from E. coli. A non-
limiting example of a thioesterase polynucleotide sequences is referenced by accession number
CAB60830 at the World Wide Web Uniform Resource Locator (URL) ncbi.nlm.nih.gov of the
National Center for Biotechnology Information (NCBI).

Presence, absence or amount of thioesterase activity can be detected by any suitable method
known in the art. An example of such a method is described Chemistry and Biology 9: 981-
988. In some embodiments, thioesterase activity is not altered in a host microorganism, and in
certain embodiments, the activity is added or increased in the engineered microorganism
relative to the host microorganism. In some embodiments, a polypeptide having thioesterase
activity is linked to another polypeptide (e.g., a hexanoate synthase A or hexanoate synthase B
polypeptide). Non-limiting examples of polynucleotide sequences encoding thioesterase

activities and polypeptides having thioesterase activity are provided in Example 33.

Reducing Omega Fatty Acid Conversion - General

The term "a genetic modification that reduces omega hydroxyl fatty acid conversion" as used
herein refer to genetic alterations of a host microorganism that reduce an endogenous activity
that converts an omega hydroxyl fatty acid to another product. In some embodiments, an
endogenous omega hydroxyl fatty acid dehydrogenase activity is reduced. Such alterations can
advantageously increase the amount of a dicarboxylic acid, which can be purified and further

processed.
Reducing Beta Oxidation - General
The term "a genetic modification that reduces beta-oxidation activity" as used herein refers to a

genetic alteration of a host microorganism that reduces an endogenous activity that oxidizes a

beta carbon of carboxylic acid containing organic molecules. In certain embodiments, the
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organic molecule is a ten or twelve carbon molecule, and sometimes contains one or two
carboxylic acid moieties located at a terminus of the molecule (e.g., sebacic or dodecanedioic
acid). Such alterations can advantageously increase yields of end products, such as a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic

acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid).

Increasing Fatty Acid Synthesis - General

The term “a genetic modification that results in increased fatty acid synthesis" as used herein
also refers to a genetic alteration of a host microorganism that reduces an endogenous activity
that converts fatty acids into fatty-acyl-CoA intermediates. In some embodiments, an
endogenous activity that converts fatty acids into fatty-acyl-CoA intermediates is reduced. In
certain embodiments, an acyl-CoA synthetase activity is reduced. Such alterations can
advantageously increase yields of end products, such as a fatty dicarboxylic acid (e.g.,
octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic

acid, octadecanedioic acid, eicosanedioic acid).

Acyl-CoA Synthetase

Fatty acids can be converted into fatty-acyl-CoA intermediates by the activity of an acyl-CoA
synthetase (e.g., ACS1, ACS2; EC 6.2.1.3; also referred to as acyl-CoA synthetase, acyl-CoA
ligase), in many organisms. Acyl-CoA synthetase has six isoforms encoded by ACS1, FATI,
ACS2A, ACS2B, ACS2C and ACS2D, respectively, in Candida spp. (e.g., homologous to
FAAT1, FATI, and FAA2 in S. cerevisiae). Acyl-CoA synthetase is a member of the ligase

class of enzymes and catalyzes the reaction,

ATP + Fatty Acid + CoA <=> AMP + Pyrophosphate + Fatty-Acyl-CoA.

Fatty acids and Coenzyme A often are utilized in the activation of fatty acids to fatty-acyl-CoA
intermediates for entry into various cellular processes. Without being limited by theory, it is
believed that reduction in the amount of fatty-acyl-CoA available for various cellular processes
can increase the amount of fatty acids available for conversion into a fatty dicarboxylic acid
(e.g., a sebacic or dodecanedioic acid) by other engineered pathways in the same host organism

(e.g., omega oxidation pathway, beta oxidation pathway, omega oxidation pathway and beta
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oxidation pathway). Acyl-CoA synthetase can be inactivated by any suitable means. Described
herein are gene knockout methods suitable for use to disrupt the nucleotide sequence that
encodes a polypeptide having ACS1 activity. A nucleotide sequence of ACS1 is provided in
Example 33, SEQ ID NO: 39. An example of an integration/disruption construct, configured to

generate a deletion mutant for ACS1 is also provided in the Examples.

The presence, absence or amount of acyl-CoA synthetase activity can be detected by any
suitable method known in the art. Non-limiting examples of suitable detection methods include
enzymatic assays (e.g., Lageweg et al “A Fluorometric Assay for Acyl-CoA Synthetase
Activity”, Analytical Biochemistry, 197(2):384-388 (1991)), PCR based assays (¢.g., qPCR,
RT-PCR), immunological detection methods (e.g., antibodies specific for acyl-CoA synthetase),

the like and combinations thereof.

The term “a genetic modification that results in increased fatty acid synthesis" as used herein
also refers to a genetic alteration of a host microorganism that reduces an endogenous activity
that converts long chain and very long chain fatty acids into activated fatty-acyl-CoA
intermediates. In some embodiments, an endogenous activity that converts long chain and very
long chain fatty acids into activated fatty-acyl-CoA intermediates is reduced. In certain
embodiments, a long chain acyl-CoA synthetase activity is reduced. Such alterations can
advantageously increase yields of end products, such as a fatty dicarboxylic acid (e.g.,
octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic

acid, octadecanedioic acid, eicosanedioic acid).

Long chain fatty acids (e.g., C12-C18 chain lengths) and very long chain fatty acids (e.g., C20-
C26) often are activated and/or transported by the thioesterification activity of a long-chain
acyl-CoA synthetase (e.g., FAT1; EC 6.2.1.3; also referred to as long-chain fatty acid-CoA
ligase, acyl-CoA synthetase; fatty acid thiokinase (long chain); acyl-activating enzyme;
palmitoyl-CoA synthase; lignoceroyl-CoA synthase; arachidonyl-CoA synthetase; acyl
coenzyme A synthetase; acyl-CoA ligase; palmitoyl coenzyme A synthetase; thiokinase;
palmitoyl-CoA ligase; acyl-coenzyme A ligase; fatty acid CoA ligase; long-chain fatty acyl
coenzyme A synthetase; oleoyl-CoA synthetase; stearoyl-CoA synthetase; long chain fatty acyl-
CoA synthetase; long-chain acyl CoA synthetase; fatty acid elongase (ELO); LCFA synthetase;
pristanoyl-CoA synthetase; ACS3; long-chain acyl-CoA synthetase I; long-chain acyl-CoA
synthetase II; fatty acyl-coenzyme A synthetase; long-chain acyl-coenzyme A synthetase; and
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acid:CoA ligase (AMP-forming)), in some organisms. Fatty acids also can be transported into
the host organism from feedstocks by the activity of long chain acyl-CoA synthetase.

Long-chain acyl-CoA synthetase catalyzes the reaction,

ATP + a long-chain carboxylic acid + CoA = AMP + diphosphate + an acyl-CoA,

where “an acyl-CoA” refers to a fatty-acyl-CoA molecule. As noted herein, activation of fatty
acids is often necessary for entry of fatty acids into various cellular processes (¢.g., as an energy
source, as a component for membrane formation and/or remodeling, as carbon storage
molecules). Deletion mutants of FAT1 have been shown to accumulate very long chain fatty
acids and exhibit decreased activation of these fatty acids. Without being limited by theory, it
is believed that reduction in the activity of long-chain acyl-CoA synthetase may reduce the
amount of long chain fatty acids converted into fatty-acyl-CoA intermediates, thereby
increasing the amount of fatty acids available for conversion into a fatty dicarboxylic acid (e.g.,
octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic
acid, octadecanedioic acid, eicosanedioic acid) by other engineered pathways in the same host
organism (e.g., omega oxidation pathway, beta oxidation pathway, omega oxidation pathway
and beta oxidation pathway). Long-chain-acyl-CoA synthetase activity can be reduced or
inactivated by any suitable means. Described herein are gene knockout methods suitable for
disrupting the nucleotide sequence that encodes the polypeptide having FAT1 activity. The
nucleotide sequence of FATI is provided in Example 33, SEQ ID NO: 41. DNA vectors

suitable for use in constructing “knockout” constructs are described herein.

The presence, absence or amount of long-chain-acyl-CoA synthetase activity can be detected by
any suitable method known in the art. Non-limiting examples of suitable detection methods
include enzymatic assays, binding assays (e.g., Erland et al, Analytical Biochemistry 295(1):38-
44 (2001)), PCR based assays (e.g., gPCR, RTPCR), immunological detection methods (e.g.,

antibodies specific for long-chain-acyl-CoA synthetase), the like and combinations thereof.
Selective modification of ACS activity
In some embodiments, a beta-oxidation pathway is functional and is modified for selective

substrate specificity. In some embodiments a beta-oxidation pathway is selective for only

diacyl-CoA thioesters and in some embodiments only on diacyl-CoA’s of a chain length greater
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than 6, 8, 10, 12, 14, 16, 18 or 20 carbons. Beta-oxidation selectivity can be achieved by: 1)
utilizing the difference in transport of acyl-CoA’s and diacids across the peroxisomal
membrane, 2) selectively knocking out acyl-CoA synthetase (ACS) activity in the cytosolic
compartment, 3) knocking out ACS activity in the peroxisomal compartment for isozymes with
substrate specificity for short chain substrates, and/or 4) engineering a beta-oxidation pathway

that will work only on substrates longer than 6, 8, 10, 12, 14, 16, 18 or 20 carbons.

In S. cerevisiae, cytoplasmic ACS activity is encoded by FAA1, FAA3, FAA4 and FATI1, while
peroxisomal activity is encoded by FAA2. Homologs for FAA1 and FAT1 were identified in
Candida strains however there were no identified homologs for FAA3 or FAA4. As many as
five homologs for the S. cerevisiae peroxisomal FAA2 were identified in Candida strains. Two
of the five homologs display 95% identity to one another and are most likely alleles of the same
gene. Four FAA2 homologs were identified in Candida strain ATCC20336 (e.g., ACS2A
through ACS2D).

In some embodiments, one strategy is to control the subcellular location of ACS enzyme
activity so that it is only present in the peroxisome. FAA1 and FATI mutants, faalA and fat1A
were constructed and should have very little ACS activity targeted to the cytoplasm. In these
mutant strains, exogenously supplied long-chain free fatty acids accumulate in the cytoplasm
since they cannot be transported into the peroxisome unless they are activated to the acyl-CoA
thioester. High concentrations of free fatty acid can be toxic, so the cell acts to detoxify itself
by oxidizing the free fatty acids to dicarboxylic acids that are much less toxic. Unlike long-
chain fatty acids, long-chain dicarboxylic acids are able to diffuse into the peroxisomal
compartment where they can then be activated to diacyl-CoA thioesters, which is required for
entry into the beta-oxidation pathway. With multiple peroxisomal ACS isozymes it may be that
cach isozyme has different substrate specificity. In some embodiments, it is desired to retain
those peroxisomal ACS enzymes with substrate specificity matching the chain-length of the
fatty acid feedstock but without activity (or low activity) on diacids of chain-length <6, §, 10,
12, 14, 16, 18 or 20 carbons. With this strategy any long-chain dicarboxyl-CoA that is chain-
shortened by beta-oxidation to 12 carbons, for example, that is subsequently hydrolyzed to a
dicarboxylic acid and free CoA cannot be reactivated to a dicarboxyl-CoA for re-entry into
beta-oxidation for further chain shortening. In some embodiments, in combination with
controlling the substrate chain-length specificity of the peroxisomal ACS, a peroxisomal

thioesterase activity is amplified with maximum activity at the desired chain-length of our
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product. This strategy can control the chain-length of the dicarboxylic acid produced by beta-

oxidation.

In some embodiments, the flow of fatty acids into the peroxisome is controlled by knocking out
the genes PXA1 and PXA2. These genes encode subunits of an ATP binding cassette
transporter that is responsible for transporting long-chain fatty acyl-CoA’s from the cytoplasm
across the peroxisomal membrane into the peroxisomal matrix. Even though, in some
embodiments, the genes encoding the cytoplasmic ACS’s are knocked out, there may still be
some residual ACS activity in the cytoplasm from the peroxisomal ACS’s. The ACS isozymes
destined for the peroxisome are translated in the cytoplasm and fully folded prior to import into
the peroxisome. Therefore the peroxisomal ACS’s may contribute to a small amount of
cytoplasmic ACS activity. Deletion of the Pxalp/Pxa2p transporter can prevent any of the
long-chain fatty acids activated to acyl-CoA thioesters from being transported into the

peroxisome for degradation.

Acyl-CoA sterol acyltransferase

The term “a genetic modification that results in increased fatty acid synthesis" as used herein
also refers to a genetic alteration of a host microorganism that reduces an endogenous activity
that converts fatty acids into cholesterol esters. In some embodiments, an endogenous activity
that converts fatty acids into cholesterol esters is reduced. In certain embodiments, an acyl-
CoA sterol acyltransferase activity is reduced. Such alterations can advantageously increase
yields of end products, such as a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,

eicosanedioic acid).

Fatty acids can be converted into a cholesterol-ester by the activity of acyl-CoA sterol
acyltransferase (e.g., ARE1, ARE2, EC 2.3.1.26; also referred to as sterol O-acyltransferase;
cholesterol acyltransferase; sterol-ester synthase; sterol-ester synthetase; sterol-ester synthase;
acyl coenzyme A-cholesterol-O-acyltransferase; acyl-CoA:cholesterol acyltransferase; ACAT,;
acylcoenzyme A:cholesterol O-acyltransferase; cholesterol ester synthase; cholesterol ester
synthetase; and cholesteryl ester synthetase), in many organisms. Without being limited by any

theory, cholesterol esterification may be involved in directing fatty acids away from
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incorporation into cell membranes and towards storage forms of lipids. Acyl-CoA sterol

acyltransferase catalyzes the reaction,

acyl-CoA + cholesterol = CoA + cholesterol ester.

The esterification of cholesterol is believed to limit its solubility in cell membrane lipids and
thus promotes accumulation of cholesterol ester in the fat droplets (e.g., a form of carbon
storage molecule) within cytoplasm. Therefore, without being limited by any theory
esterification of cholesterol may cause the accumulation of lipid storage molecules, and
disruption of the activity of acyl-CoA sterol acyltransferase may cause an increase in acyl-CoA
levels that can be converted into a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) by other engineered pathways in the same host organism (e.g., omega
oxidation pathway, beta oxidation pathway, omega oxidation pathway and beta oxidation
pathway). Acyl-CoA sterol acyltransferase can be inactivated by any suitable means.
Described herein are gene knockout methods suitable for disrupting nucleotide sequences that
encode polypeptides having AREI activity, ARE2 activity or ARE1 activity and ARE2 activity.
The nucleotide sequences of ARE1 and ARE2 are provided in Example 33, SEQ ID NOS: 43
and 45. DNA vectors suitable for use in constructing “knockout” constructs are described

herein.

The presence, absence or amount of acyl-CoA sterol acyltransferase activity can be detected by
any suitable method known in the art. Non-limiting examples of suitable detection methods
include enzymatic assays (e.g., Chen et al, Plant Physiology 145:974-984 (2007)), binding
assays, PCR based assays (e.g., qPCR, RT-PCR), immunological detection methods (e.g.,

antibodies specific for long-chain-acyl-CoA synthetase), the like and combinations thereof.

Diacylglycerol acyltransferase & Acyltransferases

The term “a genetic modification that results in increased fatty acid synthesis" as used herein
also refers to a genetic alteration of a host microorganism that reduces an endogenous activity
that catalyzes diacylglycerol esterification (e.g., addition of acyl group to a diacylglycerol to
form a triacylglycerol). In some embodiments, an endogenous activity that converts

diacylglycerol into triacylglycerol is reduced. In certain embodiments, an acyltransferase
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activity is reduced. In some embodiments a diacylglycerol acyltransferase activity is reduced.
In some embodiments a diacylglycerol acyltransferase (e.g., DGA1, EC 2.3.1.20) activity and
an acyltransferase (e.g., LRO1) activity are reduced. Such alterations can advantageously
increase yields of end products, such as a fatty dicarboxylic acid (e.g., octanedioic acid,
decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,

octadecanedioic acid, eicosanedioic acid).

Diacylglycerol can be converted into triacylglycerol by the activity of diacylglycerol
acyltransferase (e.g., DGA1; EC 2.3.1.20; also referred to as diglyceride acyltransferase; 1,2-
diacylglycerol acyltransferase; diacylglycerol acyltransferase; diglyceride O-acyltransferase;
palmitoyl-CoA-sn-1,2-diacylglycerol acyltransferase; acyl-CoA:1,2-diacylglycerol O-
acyltransferase and acyl-CoA:1,2-diacyl-sn-glycerol O-acyltransferase), in many organisms.

Diacylglycerol acyltransferase catalyzes the reaction,

Acyl-CoA + 1,2-diacyl-sn-glycerol = CoA + triacylglycerol,

and is generally considered the terminal and only committed step in triglyceride synthesis. The

product of the DGA1 gene in yeast normally is localized to lipid particles.

In addition to the diacylglycerol esterification activity described for DGA1, many organisms
also can generate triglycerides by the activity of other acyltransferase activities, non-limiting
examples of which include lecithin-cholesterol acyltransferase activity (e.g., LRO1; EC
2.3.1.43; also referred to as phosphatidylcholine-sterol O-acyltransferase activity; lecithin-
cholesterol acyltransferase activity; phospholipid-cholesterol acyltransferase activity; LCAT
(lecithin-cholesterol acyltransferase) activity; lecithin:cholesterol acyltransferase activity; and
lysolecithin acyltransferase activity) and phospholipid:diacylglycerol acyltransferase (e.g., EC
2.3.1.158; also referred to as PDAT activity and phospholipid:1,2-diacyl-sn-glycerol O-
acyltransferase activity). Acyltransferases of the families EC 2.3.1.43 and EC 2.3.1.58 catalyze

the general reaction,

phospholipid + 1,2-diacylglycerol = lysophospholipid + triacylglycerol.

Triacylglycerides often are utilized as carbon (e.g., fatty acid or lipid) storage molecules.

Without being limited by any theory, it is believe that reducing the activity of acyltransferase
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may reduce the conversion of diacylglycerol to triacylglycerol, which may cause increased
accumulation of fatty acid, in conjunction with additional genetic modifications (e.g., lipase to
further remove fatty acids from the glycerol backbone) that can be converted into a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) by other engineered
pathways in the same host organism (e.g., omega oxidation pathway, beta oxidation pathway,
omega oxidation pathway and beta oxidation pathway). Acyltransferases can be inactivated by
any suitable means. Described herein are gene knockout methods suitable for disrupting
nucleotide sequences that encode polypeptides having DGA1 activity, LRO1 activity or DGA1
activity and LRO1 activity. The nucleotide sequence of DGA1 is provided in Example 33,
SEQ ID NO: 47 The nucleotide sequence of LRO1 is provided in Example 33, SEQ ID NO:

49. DNA vectors suitable for use in constructing “knockout” constructs are described herein.

The presence, absence or amount of acyltransferase activity can be detected by any suitable
method known in the art. Non-limiting examples of suitable detection methods include
enzymatic assays (e.g., Geelen, Analytical Biochemistry 322(2):264-268 (2003), Dahlqvist et
al, PNAS 97(12):6487-6492 (2000)), binding assays, PCR based assays (e.g., qPCR, RTPCR),
immunological detection methods (e.g., antibodies specific for a DGAI or LRO1

acyltransferase), the like and combinations thereof.

Polynucleotides and Polypeptides

A nucleic acid (e.g., also referred to herein as nucleic acid reagent, target nucleic acid, target
nucleotide sequence, nucleic acid sequence of interest or nucleic acid region of interest) can be
from any source or composition, such as DNA, cDNA, gDNA (genomic DNA), RNA, siRNA
(short inhibitory RNA), RNAi, tRNA or mRNA, for example, and can be in any form (e.g.,
linear, circular, supercoiled, single-stranded, double-stranded, and the like). A nucleic acid can
also comprise DNA or RNA analogs (e¢.g., containing base analogs, sugar analogs and/or a non-
native backbone and the like). It is understood that the term “nucleic acid” does not refer to or
infer a specific length of the polynucleotide chain, thus polynucleotides and oligonucleotides
are also included in the definition. Deoxyribonucleotides include deoxyadenosine,

deoxycytidine, deoxyguanosine and deoxythymidine. For RNA, the uracil base is uridine.
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A nucleic acid sometimes is a plasmid, phage, autonomously replicating sequence (ARS),
centromere, artificial chromosome, yeast artificial chromosome (e.g., YAC) or other nucleic
acid able to replicate or be replicated in a host cell. In certain embodiments a nucleic acid can
be from a library or can be obtained from enzymatically digested, sheared or sonicated genomic
DNA (e.g., fragmented) from an organism of interest. In some embodiments, nucleic acid
subjected to fragmentation or cleavage may have a nominal, average or mean length of about 5
to about 10,000 base pairs, about 100 to about 1,000 base pairs, about 100 to about 500 base
pairs, or about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 or
10000 base pairs. Fragments can be generated by any suitable method in the art, and the
average, mean or nominal length of nucleic acid fragments can be controlled by selecting an
appropriate fragment-generating procedure by the person of ordinary skill. In some
embodiments, the fragmented DNA can be size selected to obtain nucleic acid fragments of a
particular size range.

Nucleic acid can be fragmented by various methods known to the person of ordinary skill,
which include without limitation, physical, chemical and enzymic processes. Examples of such
processes are described in U.S. Patent Application Publication No. 20050112590 (published on
May 26, 2005, entitled “Fragmentation-based methods and systems for sequence variation
detection and discovery,” naming Van Den Boom et al.). Certain processes can be selected by
the person of ordinary skill to generate non-specifically cleaved fragments or specifically
cleaved fragments. Examples of processes that can generate non-specifically cleaved fragment
sample nucleic acid include, without limitation, contacting sample nucleic acid with apparatus
that expose nucleic acid to shearing force (e.g., passing nucleic acid through a syringe needle;
use of a French press); exposing sample nucleic acid to irradiation (e.g., gamma, x-ray, UV
irradiation; fragment sizes can be controlled by irradiation intensity); boiling nucleic acid in
water (e.g., yields about 500 base pair fragments) and exposing nucleic acid to an acid and base

hydrolysis process.

Nucleic acid may be specifically cleaved by contacting the nucleic acid with one or more
specific cleavage agents. The term “specific cleavage agent” as used herein refers to an agent,
sometimes a chemical or an enzyme that can cleave a nucleic acid at one or more specific sites.
Specific cleavage agents often will cleave specifically according to a particular nucleotide
sequence at a particular site. Examples of enzyme specific cleavage agents include without

limitation endonucleases (e.g., DNase (e.g., DNase I, II); RNase (e.g., RNase E, F, H, P);
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Cleavase™ enzyme; Taq DNA polymerase; E. coli DNA polymerase I and eukaryotic
structure-specific endonucleases; murine FEN-1 endonucleases; type I, 11 or III restriction
endonucleases such as Acc I, Afl 111, Alu I, Alw44 1, Apal, Asn I, Ava I, Ava I, BamH I, Ban
II, Bel I, Bgl 1. Bgl I, Bin I, Bsm I, BssH 11, BstE II, Cfo I, Cla I, Dde I, Dpn I, Dra I, EcIX 1,
EcoR I, EcoR I, EcoR 11, EcoR V, Hae II, Hae II, Hind II, Hind III, Hpa I, Hpa II, Kpn I, Ksp 1,
Mlu I, MIuN I, Msp I, Nci I, Nco I, Nde I, Nde II, Nhe I, Not I, Nru I, Nsi I, Pst I, Pvu I, Pvu II,
Rsa I, Sac I, Sal I, Sau3A I, Sca I, ScrF I, Sfi I, Sma I, Spe I, Sph I, Ssp I, Stu I, Sty I, Swa I,
Taq I, Xba I, Xho I); glycosylases (e.g., uracil-DNA glycolsylase (UDG), 3-methyladenine
DNA glycosylase, 3-methyladenine DNA glycosylase 11, pyrimidine hydrate-DNA glycosylase,
FaPy-DNA glycosylase, thymine mismatch-DNA glycosylase, hypoxanthine-DNA glycosylase,
5-Hydroxymethyluracil DNA glycosylase (HmUDG), 5-Hydroxymethylcytosine DNA
glycosylase, or 1,N6-ctheno-adenine DNA glycosylase); exonucleases (e.g., exonuclease I1I);
ribozymes, and DNAzymes. Sample nucleic acid may be treated with a chemical agent, or
synthesized using modified nucleotides, and the modified nucleic acid may be cleaved. In non-
limiting examples, sample nucleic acid may be treated with (i) alkylating agents such as
methylnitrosourea that generate several alkylated bases, including N3-methyladenine and N3-
methylguanine, which are recognized and cleaved by alkyl purine DNA-glycosylase; (ii)
sodium bisulfite, which causes deamination of cytosine residues in DNA to form uracil residues
that can be cleaved by uracil N-glycosylase; and (ii1) a chemical agent that converts guanine to
its oxidized form, 8-hydroxyguanine, which can be cleaved by formamidopyrimidine DNA N-
glycosylase. Examples of chemical cleavage processes include without limitation alkylation,
(e.g., alkylation of phosphorothioate-modified nucleic acid); cleavage of acid lability of P3'-
N5'-phosphoroamidate-containing nucleic acid; and osmium tetroxide and piperidine treatment

of nucleic acid.

As used herein, the term “complementary cleavage reactions” refers to cleavage reactions that
are carried out on the same nucleic acid using different cleavage reagents or by altering the
cleavage specificity of the same cleavage reagent such that alternate cleavage patterns of the
same target or reference nucleic acid or protein are generated. In certain embodiments, nucleic
acids of interest may be treated with one or more specific cleavage agents (e.g., 1,2, 3,4, 5, 6,
7, 8,9, 10 or more specific cleavage agents) in one or more reaction vessels (e.g., nucleic acid

of interest is treated with each specific cleavage agent in a separate vessel).
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A nucleic acid suitable for use in the embodiments described herein sometimes is amplified by
any amplification process known in the art (e.g., PCR, RT-PCR and the like). Nucleic acid
amplification may be particularly beneficial when using organisms that are typically difficult to
culture (e.g., slow growing, require specialize culture conditions and the like). The terms
“amplify”, “amplification”, “amplification reaction”, or “amplifying” as used herein refer to
any in vitro processes for multiplying the copies of a target sequence of nucleic acid.
Amplification sometimes refers to an “exponential” increase in target nucleic acid. However,
“amplifying” as used herein can also refer to linear increases in the numbers of a select target
sequence of nucleic acid, but is different than a one-time, single primer extension step. In some
embodiments, a limited amplification reaction, also known as pre-amplification, can be
performed. Pre-amplification is a method in which a limited amount of amplification occurs
due to a small number of cycles, for example 10 cycles, being performed. Pre-amplification
can allow some amplification, but stops amplification prior to the exponential phase, and
typically produces about 500 copies of the desired nucleotide sequence(s). Use of pre-

amplification may also limit inaccuracies associated with depleted reactants in standard PCR

reactions.

In some embodiments, a nucleic acid reagent sometimes is stably integrated into the
chromosome of the host organism, or a nucleic acid reagent can be a deletion of a portion of the
host chromosome, in certain embodiments (e.g., genetically modified organisms, where
alteration of the host genome confers the ability to selectively or preferentially maintain the
desired organism carrying the genetic modification). Such nucleic acid reagents (e.g., nucleic
acids or genetically modified organisms whose altered genome confers a selectable trait to the
organism) can be selected for their ability to guide production of a desired protein or nucleic
acid molecule. When desired, the nucleic acid reagent can be altered such that codons encode
for (i) the same amino acid, using a different tRNA than that specified in the native sequence,
or (ii) a different amino acid than is normal, including unconventional or unnatural amino acids
(including detectably labeled amino acids). As described herein, the term “native sequence”
refers to an unmodified nucleotide sequence as found in its natural setting (e.g., a nucleotide

sequence as found in an organism).

A nucleic acid or nucleic acid reagent can comprise certain elements often selected according to
the intended use of the nucleic acid. Any of the following elements can be included in or

excluded from a nucleic acid reagent. A nucleic acid reagent, for example, may include one or
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more or all of the following nucleotide elements: one or more promoter elements, one or more
5’ untranslated regions (5’UTRs), one or more regions into which a target nucleotide sequence
may be inserted (an “insertion element”), one or more target nucleotide sequences, one or more
3’ untranslated regions (3’UTRs), and one or more selection elements. A nucleic acid reagent
can be provided with one or more of such elements and other elements may be inserted into the
nucleic acid before the nucleic acid is introduced into the desired organism. In some
embodiments, a provided nucleic acid reagent comprises a promoter, 5’UTR, optional 3’UTR
and insertion element(s) by which a target nucleotide sequence is inserted (i.c., cloned) into the
nucleotide acid reagent. In certain embodiments, a provided nucleic acid reagent comprises a
promoter, insertion element(s) and optional 3’UTR, and a 5” UTR/target nucleotide sequence is
inserted with an optional 3’UTR. The elements can be arranged in any order suitable for
expression in the chosen expression system (e.g., expression in a chosen organism, or
expression in a cell free system, for example), and in some embodiments a nucleic acid reagent
comprises the following elements in the 5° to 3’ direction: (1) promoter element, 5’UTR, and
insertion element(s); (2) promoter element, 5’UTR, and target nucleotide sequence; (3)
promoter element, 5’UTR, insertion element(s) and 3°’UTR; and (4) promoter element, 5’UTR,

target nucleotide sequence and 3’UTR.

Promoters

A promoter element typically is required for DNA synthesis and/or RNA synthesis. A
promoter element often comprises a region of DNA that can facilitate the transcription of a
particular gene, by providing a start site for the synthesis of RNA corresponding to a gene.
Promoters generally are located near the genes they regulate, are located upstream of the gene
(e.g., 5’ of the gene), and are on the same strand of DNA as the sense strand of the gene, in
some embodiments. In some embodiments, a promoter element can be isolated from a gene or
organism and inserted in functional connection with a polynucleotide sequence to allow altered
and/or regulated expression. A non-native promoter (e.g., promoter not normally associated
with a given nucleic acid sequence) used for expression of a nucleic acid often is referred to as
a heterologous promoter. In certain embodiments, a heterologous promoter and/or a 5’UTR can
be inserted in functional connection with a polynucleotide that encodes a polypeptide having a
desired activity as described herein. The terms “operably linked” and “in functional connection
with” as used herein with respect to promoters, refer to a relationship between a coding

sequence and a promoter element. The promoter is operably linked or in functional connection
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with the coding sequence when expression from the coding sequence via transcription is
regulated, or controlled by, the promoter element. The terms “operably linked” and “in
functional connection with” are utilized interchangeably herein with respect to promoter

elements.

A promoter often interacts with a RNA polymerase. A polymerase is an enzyme that catalyzes
synthesis of nucleic acids using a preexisting nucleic acid reagent. When the template is a
DNA template, an RNA molecule is transcribed before protein is synthesized. Enzymes having
polymerase activity suitable for use in the present methods include any polymerase that is
active in the chosen system with the chosen template to synthesize protein. In some
embodiments, a promoter (e.g., a heterologous promoter) also referred to herein as a promoter
element, can be operably linked to a nucleotide sequence or an open reading frame (ORF).
Transcription from the promoter element can catalyze the synthesis of an RNA corresponding
to the nucleotide sequence or ORF sequence operably linked to the promoter, which in turn

leads to synthesis of a desired peptide, polypeptide or protein.

Promoter elements sometimes exhibit responsiveness to regulatory control. Promoter elements
also sometimes can be regulated by a selective agent. That is, transcription from promoter
elements sometimes can be turned on, turned off, up-regulated or down-regulated, in response
to a change in environmental, nutritional or internal conditions or signals (e.g., heat inducible
promoters, light regulated promoters, feedback regulated promoters, hormone influenced
promoters, tissue specific promoters, oxygen and pH influenced promoters, promoters that are
responsive to selective agents (e.g., kanamycin) and the like, for example). Promoters
influenced by environmental, nutritional or internal signals frequently are influenced by a signal
(direct or indirect) that binds at or near the promoter and increases or decreases expression of

the target sequence under certain conditions.

Non-limiting examples of selective or regulatory agents that can influence transcription from a
promoter element used in embodiments described herein include, without limitation, (1) nucleic
acid segments that encode products that provide resistance against otherwise toxic compounds
(e.g., antibiotics); (2) nucleic acid segments that encode products that are otherwise lacking in
the recipient cell (e.g., essential products, tRNA genes, auxotrophic markers); (3) nucleic acid
segments that encode products that suppress the activity of a gene product; (4) nucleic acid

segments that encode products that can be readily identified (e.g., phenotypic markers such as
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antibiotics (e.g., B-lactamase), f-galactosidase, green fluorescent protein (GFP), yellow
fluorescent protein (YFP), red fluorescent protein (RFP), cyan fluorescent protein (CFP), and
cell surface proteins); (5) nucleic acid segments that bind products that are otherwise
detrimental to cell survival and/or function; (6) nucleic acid segments that otherwise inhibit the
activity of any of the nucleic acid segments described in Nos. 1-5 above (e.g., antisense
oligonucleotides); (7) nucleic acid segments that bind products that modify a substrate (e.g.,
restriction endonucleases); (8) nucleic acid segments that can be used to isolate or identify a
desired molecule (e.g., specific protein binding sites); (9) nucleic acid segments that encode a
specific nucleotide sequence that can be otherwise non-functional (e.g., for PCR amplification
of subpopulations of molecules); (10) nucleic acid segments that, when absent, directly or
indirectly confer resistance or sensitivity to particular compounds; (11) nucleic acid segments
that encode products that either are toxic or convert a relatively non-toxic compound to a toxic
compound (e.g., Herpes simplex thymidine kinase, cytosine deaminase) in recipient cells; (12)
nucleic acid segments that inhibit replication, partition or heritability of nucleic acid molecules
that contain them; and/or (13) nucleic acid segments that encode conditional replication
functions, e.g., replication in certain hosts or host cell strains or under certain environmental
conditions (e.g., temperature, nutritional conditions, and the like). In some embodiments, the
regulatory or selective agent can be added to change the existing growth conditions to which
the organism is subjected (e.g., growth in liquid culture, growth in a fermenter, growth on solid

nutrient plates and the like for example).

In some embodiments, regulation of a promoter element can be used to alter (e.g., increase, add,
decrease or substantially eliminate) the activity of a peptide, polypeptide or protein (e.g.,
enzyme activity for example). For example, a microorganism can be engineered by genetic
modification to express a nucleic acid reagent that can add a novel activity (e.g., an activity not
normally found in the host organism) or increase the expression of an existing activity by
increasing transcription from a homologous or heterologous promoter operably linked to a
nucleotide sequence of interest (e.g., homologous or heterologous nucleotide sequence of
interest), in certain embodiments. In some embodiments, a microorganism can be engineered
by genetic modification to express a nucleic acid reagent that can decrease expression of an
activity by decreasing or substantially eliminating transcription from a homologous or
heterologous promoter operably linked to a nucleotide sequence of interest, in certain

embodiments.
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In some embodiments the activity can be altered using recombinant DNA and genetic
techniques known to the artisan. Methods for engineering microorganisms are further
described herein. Tables herein provide non-limiting lists of yeast promoters that are up-
regulated by oxygen, yeast promoters that are down-regulated by oxygen, yeast transcriptional
repressors and their associated genes, DNA binding motifs as determined using the MEME
sequence analysis software. Potential regulator binding motifs can be identified using the
program MEME to search intergenic regions bound by regulators for overrepresented
sequences. For cach regulator, the sequences of intergenic regions bound with p-values less
than 0.001 were extracted to use as input for motif discovery. The MEME software was run
using the following settings: a motif width ranging from 6 to 18 bases, the “zoops” distribution
model, a 6™ order Markov background model and a discovery limit of 20 motifs. The
discovered sequence motifs were scored for significance by two criteria: an E-value calculated
by MEME and a specificity score. The motif with the best score using each metric is shown for
cach regulator. All motifs presented are derived from datasets generated in rich growth
conditions with the exception of a previously published dataset for epitope-tagged Gal4 grown

in galactose.

In some embodiments, the altered activity can be found by screening the organism under
conditions that select for the desired change in activity. For example, certain microorganisms
can be adapted to increase or decrease an activity by selecting or screening the organism in
question on a media containing substances that are poorly metabolized or even toxic. An
increase in the ability of an organism to grow a substance that is normally poorly metabolized
may result in an increase in the growth rate on that substance, for example. A decrease in the
sensitivity to a toxic substance might be manifested by growth on higher concentrations of the
toxic substance, for example. Genetic modifications that are identified in this manner
sometimes are referred to as naturally occurring mutations or the organisms that carry them can
sometimes be referred to as naturally occurring mutants. Modifications obtained in this manner
are not limited to alterations in promoter sequences. That is, screening microorganisms by
selective pressure, as described above, can yield genetic alterations that can occur in non-
promoter sequences, and sometimes also can occur in sequences that are not in the nucleotide
sequence of interest, but in a related nucleotide sequences (e.g., a gene involved in a different
step of the same pathway, a transport gene, and the like). Naturally occurring mutants
sometimes can be found by isolating naturally occurring variants from unique environments, in

some embodiments.
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Homology and Identity

In addition to the regulated promoter sequences, regulatory sequences, and coding
polynucleotides provided herein, a nucleic acid reagent may include a polynucleotide sequence
80% or more identical to the foregoing (or to the complementary sequences). That is, a
nucleotide sequence that is at least 80% or more, 81% or more, 82% or more, 83% or more,
84% or more, 85% or more, 86% or more, 87% or more, 88% or more, 89% or more, 90% or
more, 91% or more, 92% or more, 93% or more, 94% or more, 95% or more, 96% or more,
97% or more, 98% or more, or 99% or more identical to a nucleotide sequence described herein
can be utilized. The term “identical” as used herein refers to two or more nucleotide sequences
having substantially the same nucleotide sequence when compared to each other. One test for
determining whether two nucleotide sequences or amino acids sequences are substantially
identical is to determine the percent of identical nucleotide sequences or amino acid sequences

shared.

Calculations of sequence identity can be performed as follows. Sequences are aligned for
optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
amino acid or nucleic acid sequence for optimal alignment and non-homologous sequences can
be disregarded for comparison purposes). The length of a reference sequence aligned for
comparison purposes is sometimes 30% or more, 40% or more, 50% or more, often 60% or
more, and more often 70% or more, 80% or more, 90% or more, or 100% of the length of the
reference sequence. The nucleotides or amino acids at corresponding nucleotide or polypeptide
positions, respectively, are then compared among the two sequences. When a position in the
first sequence is occupied by the same nucleotide or amino acid as the corresponding position
in the second sequence, the nucleotides or amino acids are deemed to be 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, introduced for optimal alignment of the two sequences.

Comparison of sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. Percent identity between two amino acid or
nucleotide sequences can be determined using the algorithm of Meyers & Miller, CABIOS 4:
11-17 (1989), which has been incorporated into the ALIGN program (version 2.0), using a
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PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4. Also, percent
identity between two amino acid sequences can be determined using the Needleman & Wunsch,
J. Mol. Biol. 48: 444-453 (1970) algorithm which has been incorporated into the GAP program
in the GCG software package (available at the http address www.gcg.com), using either a
Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a
length weight of 1, 2, 3, 4, 5, or 6. Percent identity between two nucleotide sequences can be
determined using the GAP program in the GCG software package (available at http address
www.gcg.com), using a NWSgapdna. CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and
a length weight of 1, 2, 3, 4, 5, or 6. A sct of parameters often used is a Blossum 62 scoring
matrix with a gap open penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of
5.

Sequence identity can also be determined by hybridization assays conducted under stringent
conditions. As use herein, the term “stringent conditions” refers to conditions for hybridization
and washing. Stringent conditions are known to those skilled in the art and can be found in
Current Protocols in Molecular Biology, John Wiley & Sons, N.Y., 6.3.1-6.3.6 (1989).
Aqueous and non-aqueous methods are described in that reference and either can be used. An
example of stringent hybridization conditions is hybridization in 6X sodium chloride/sodium
citrate (SSC) at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 50°C.
Another example of stringent hybridization conditions are hybridization in 6X sodium
chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in 0.2X SSC,
0.1% SDS at 55°C. A further example of stringent hybridization conditions is hybridization in
6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in
0.2X SSC, 0.1% SDS at 60°C. Often, stringent hybridization conditions are hybridization in 6X
sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in 0.2X
SSC, 0.1% SDS at 65°C. More often, stringency conditions are 0.5M sodium phosphate, 7%
SDS at 65°C, followed by one or more washes at 0.2X SSC, 1% SDS at 65°C.

UTRs

As noted above, nucleic acid reagents may also comprise one or more 5° UTR’s, and one or
more 3’UTR’s. A 57 UTR may comprise one or more elements endogenous to the nucleotide
sequence from which it originates, and sometimes includes one or more exogenous elements. A

5" UTR can originate from any suitable nucleic acid, such as genomic DNA, plasmid DNA,
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RNA or mRNA, for example, from any suitable organism (e.g., virus, bacterium, yeast, fungi,
plant, insect or mammal). The artisan may select appropriate elements for the 5° UTR based
upon the chosen expression system (e.g., expression in a chosen organism, or expression in a
cell free system, for example). A 5° UTR sometimes comprises one or more of the following
elements known to the artisan: enhancer sequences (e.g., transcriptional or translational),
transcription initiation site, transcription factor binding site, translation regulation site,
translation initiation site, translation factor binding site, accessory protein binding site, feedback
regulation agent binding sites, Pribnow box, TATA box, -35 clement, E-box (helix-loop-helix
binding element), ribosome binding site, replicon, internal ribosome entry site (IRES), silencer
element and the like. In some embodiments, a promoter element may be isolated such that all
57 UTR elements necessary for proper conditional regulation are contained in the promoter

element fragment, or within a functional subsequence of a promoter element fragment.

A 5°UTR in the nucleic acid reagent can comprise a translational enhancer nucleotide
sequence. A translational enhancer nucleotide sequence often is located between the promoter
and the target nucleotide sequence in a nucleic acid reagent. A translational enhancer sequence
often binds to a ribosome, sometimes is an 18S rRNA-binding ribonucleotide sequence (i.c., a
408 ribosome binding sequence) and sometimes is an internal ribosome entry sequence (IRES).
An IRES generally forms an RNA scaffold with precisely placed RNA tertiary structures that
contact a 40S ribosomal subunit via a number of specific intermolecular interactions. Examples
of ribosomal enhancer sequences are known and can be identified by the artisan (e.g., Mignone
et al., Nucleic Acids Research 33: D141-D146 (2005); Paulous et al., Nucleic Acids Research
31:722-733 (2003); Akbergenov et al., Nucleic Acids Research 32: 239-247 (2004); Mignone
et al., Genome Biology 3(3): reviews0004.1-0001.10 (2002); Gallie, Nucleic Acids Research
30: 3401-3411 (2002); Shaloiko et al., http address www.interscience.wiley.com, DOI:
10.1002/bit.20267; and Gallie et al., Nucleic Acids Research 15: 3257-3273 (1987)).

A translational enhancer sequence sometimes is a eukaryotic sequence, such as a Kozak
consensus sequence or other sequence (e.g., hydroid polyp sequence, GenBank accession no.
U07128). A translational enhancer sequence sometimes is a prokaryotic sequence, such as a
Shine-Dalgarno consensus sequence. In certain embodiments, the translational enhancer
sequence is a viral nucleotide sequence. A translational enhancer sequence sometimes is from a
57 UTR of a plant virus, such as Tobacco Mosaic Virus (TMV), Alfalfa Mosaic Virus (AMV);
Tobacco Etch Virus (ETV); Potato Virus Y (PVY); Turnip Mosaic (poty) Virus and Pea Seed
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Borne Mosaic Virus, for example. In certain embodiments, an omega sequence about 67 bases
in length from TMYV is included in the nucleic acid reagent as a translational enhancer sequence
(e.g., devoid of guanosine nucleotides and includes a 25 nucleotide long poly (CAA) central

region).

A 3’ UTR may comprise one or more clements endogenous to the nucleotide sequence from
which it originates and sometimes includes one or more exogenous elements. A 3° UTR may
originate from any suitable nucleic acid, such as genomic DNA, plasmid DNA, RNA or
mRNA, for example, from any suitable organism (e.g., a virus, bacterium, yeast, fungi, plant,
insect or mammal). The artisan can select appropriate elements for the 3’ UTR based upon the
chosen expression system (e.g., expression in a chosen organism, for example). A 3° UTR
sometimes comprises one or more of the following elements known to the artisan: transcription
regulation site, transcription initiation site, transcription termination site, transcription factor
binding site, translation regulation site, translation termination site, translation initiation site,
translation factor binding site, ribosome binding site, replicon, enhancer element, silencer
element and polyadenosine tail. A 3’ UTR often includes a polyadenosine tail and sometimes
does not, and if a polyadenosine tail is present, one or more adenosine moieties may be added
or deleted from it (e.g., about 5, about 10, about 15, about 20, about 25, about 30, about 35,

about 40, about 45 or about 50 adenosine moieties may be added or subtracted).

In some embodiments, modification of a 5> UTR and/or a 3’ UTR can be used to alter (e.g.,
increase, add, decrease or substantially eliminate) the activity of a promoter. Alteration of the
promoter activity can in turn alter the activity of a peptide, polypeptide or protein (e.g., enzyme
activity for example), by a change in transcription of the nucleotide sequence(s) of interest from
an operably linked promoter element comprising the modified 5’ or 3’ UTR. For example, a
microorganism can be engineered by genetic modification to express a nucleic acid reagent
comprising a modified 5 or 3° UTR that can add a novel activity (e.g., an activity not normally
found in the host organism) or increase the expression of an existing activity by increasing
transcription from a homologous or heterologous promoter operably linked to a nucleotide
sequence of interest (e.g., homologous or heterologous nucleotide sequence of interest), in
certain embodiments. In some embodiments, a microorganism can be engineered by genetic
modification to express a nucleic acid reagent comprising a modified 5’ or 3’ UTR that can

decrease the expression of an activity by decreasing or substantially eliminating transcription
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from a homologous or heterologous promoter operably linked to a nucleotide sequence of

interest, in certain embodiments.

Target Nucleotide Sequence

A nucleotide reagent sometimes can comprise a target nucleotide sequence. A “target
nucleotide sequence” as used herein encodes a nucleic acid, peptide, polypeptide or protein of
interest, and may be a ribonucleotide sequence or a deoxyribonucleotide sequence. A target
nucleic acid sometimes is an untranslated ribonucleic acid and sometimes is a translated
ribonucleic acid. An untranslated ribonucleic acid may include, but is not limited to, a small
interfering ribonucleic acid (siRNA), a short hairpin ribonucleic acid (shRNA), other
ribonucleic acid capable of RNA interference (RNA1), an antisense ribonucleic acid, or a
ribozyme. A translatable target nucleotide sequence (e.g., a target ribonucleotide sequence)
sometimes encodes a peptide, polypeptide or protein, which are sometimes referred to herein as

2% &L

“target peptides,” “target polypeptides” or “target proteins.”

Any peptides, polypeptides or proteins, or an activity catalyzed by one or more peptides,
polypeptides or proteins may be encoded by a target nucleotide sequence and may be selected
by a user. Representative proteins include enzymes (e.g., acetyl-CoA carboxylase, acyl-CoA
oxidase, thioesterase, monooxygenase, monooxygenase reductase, fatty alcohol oxidase,
acyltransferase and the like, for example), antibodies, serum proteins (e.g., albumin), membrane
bound proteins, hormones (e.g., growth hormone, erythropoietin, insulin, etc.), cytokines, etc.,
and include both naturally occurring and exogenously expressed polypeptides. Representative
activities (e.g., enzymes or combinations of enzymes which are functionally associated to
provide an activity) include thioesterase activity, monooxygenase activity, monooxygenase
reductase activity, acyltransferase activity, omega hydroxyl fatty acid dehydrogenase activity,
beta-oxidation activity, omega-oxidation activity and the like, for example. The term “enzyme”
as used herein refers to a protein which can act as a catalyst to induce a chemical change in

other compounds, thereby producing one or more products from one or more substrates.

Specific polypeptides (e.g., enzymes) useful for embodiments described herein are listed herein.
The term "protein" as used herein refers to a molecule having a sequence of amino acids linked
by peptide bonds. This term includes fusion proteins, oligopeptides, peptides, cyclic peptides,

polypeptides and polypeptide derivatives, whether native or recombinant, and also includes
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fragments, derivatives, homologs, and variants thereof. A protein or polypeptide sometimes is
of intracellular origin (e.g., located in the nucleus, cytosol, or interstitial space of host cells in
vivo) and sometimes is a cell membrane protein in vivo. In some embodiments (described
above, and in further detail hereafter in Engineering and Alteration Methods), a genetic
modification can result in a modification (e.g., increase, substantially increase, decrease or

substantially decrease) of a target activity.

A translatable nucleotide sequence generally is located between a start codon (AUG in
ribonucleic acids and ATG in deoxyribonucleic acids) and a stop codon (e.g., UAA (ochre),
UAG (amber) or UGA (opal) in ribonucleic acids and TAA, TAG or TGA in deoxyribonucleic
acids), and sometimes is referred to herein as an “open reading frame” (ORF). A translatable
nucleotide sequence (e.g., ORF) sometimes is encoded differently in one organism (e.g., most
organisms encode CTG as leucine) than in another organism (e.g., C. tropicalis encodes CTG as
serine). In some embodiments, a translatable nucleotide sequence is altered to correct alternate
genetic code (e.g., codon usage) differences between a nucleotide donor organism and an
nucleotide recipient organism (e.g., engineered organism). In certain embodiments, a
translatable nucleotide sequence is altered to improve; (i) codon usage, (ii) transcriptional

efficiency, (iii) translational efficiency, (iv) the like, and combinations thereof.

Nucleic Acid Reagents & Tools

A nucleic acid reagent sometimes comprises one or more ORFs. An ORF may be from any
suitable source, sometimes from genomic DNA, mRNA, reverse transcribed RNA or
complementary DNA (cDNA) or a nucleic acid library comprising one or more of the
foregoing, and is from any organism species that contains a nucleic acid sequence of interest,
protein of interest, or activity of interest. Non-limiting examples of organisms from which an
ORF can be obtained include bacteria, yeast, fungi, human, insect, nematode, bovine, equine,

canine, feline, rat or mouse, for example.

A nucleic acid reagent sometimes comprises a nucleotide sequence adjacent to an ORF that is
translated in conjunction with the ORF and encodes an amino acid tag. The tag-encoding
nucleotide sequence is located 3 and/or 5° of an ORF in the nucleic acid reagent, thereby
encoding a tag at the C-terminus or N-terminus of the protein or peptide encoded by the ORF.

Any tag that does not abrogate in vitro transcription and/or translation may be utilized and may
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be appropriately selected by the artisan. Tags may facilitate isolation and/or purification of the

desired ORF product from culture or fermentation media.

A tag sometimes specifically binds a molecule or moiety of a solid phase or a detectable label,
for example, thereby having utility for isolating, purifying and/or detecting a protein or peptide
encoded by the ORF. In some embodiments, a tag comprises one or more of the following
elements: FLAG (e.g., DYKDDDDKG), V5 (e.g., GKPIPNPLLGLDST), ¢c-MYC (e.g.,
EQKLISEEDL), HSV (e.g., QPELAPEDPED), influenza hemaglutinin, HA (e.g.,
YPYDVPDYA), VSV-G (e.g., YTDIEMNRLGK), bacterial glutathione-S-transferase, maltose
binding protein, a streptavidin- or avidin-binding tag (e.g., pPcDNA™6 BioEase™ Gateway®
Biotinylation System (Invitrogen)), thioredoxin, B-galactosidase, VSV-glycoprotein, a
fluorescent protein (e.g., green fluorescent protein or one of its many color variants (e.g.,
yellow, red, blue)), a polylysine or polyarginine sequence, a polyhistidine sequence (e.g., His6)
or other sequence that chelates a metal (e.g., cobalt, zinc, copper), and/or a cysteine-rich
sequence that binds to an arsenic-containing molecule. In certain embodiments, a cysteine-rich
tag comprises the amino acid sequence CC-Xn-CC, wherein X is any amino acid and nis 1 to 3,
and the cysteine-rich sequence sometimes is CCPGCC. In certain embodiments, the tag

comprises a cysteine-rich element and a polyhistidine element (e.g., CCPGCC and His6).

A tag often conveniently binds to a binding partner. For example, some tags bind to an
antibody (e.g., FLAG) and sometimes specifically bind to a small molecule. For example, a
polyhistidine tag specifically chelates a bivalent metal, such as copper, zinc and cobalt; a
polylysine or polyarginine tag specifically binds to a zinc finger; a glutathione S-transferase tag
binds to glutathione; and a cysteine-rich tag specifically binds to an arsenic-containing
molecule. Arsenic-containing molecules include LUMIO™ agents (Invitrogen, California),
such as FIAsH™ (EDT2[4',5"-bis(1,3,2-dithioarsolan-2-yl)fluorescein-(1,2-cthanedithiol)2])
and ReAsH reagents (e.g., U.S. Patent 5,932,474 to Tsien et al., entitled “Target Sequences for
Synthetic Molecules;” U.S. Patent 6,054,271 to Tsien et al., entitled “Methods of Using
Synthetic Molecules and Target Sequences;” U.S. Patents 6,451,569 and 6,008,378; published
U.S. Patent Application 2003/0083373, and published PCT Patent Application WO 99/21013,
all to Tsien et al. and all entitled “Synthetic Molecules that Specifically React with Target
Sequences”). Such antibodies and small molecules sometimes are linked to a solid phase for

convenient isolation of the target protein or target peptide.
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A tag sometimes comprises a sequence that localizes a translated protein or peptide to a
component in a system, which is referred to as a “signal sequence” or “localization signal
sequence” herein. A signal sequence often is incorporated at the N-terminus of a target protein
or target peptide, and sometimes is incorporated at the C-terminus. Examples of signal
sequences are known to the artisan, are readily incorporated into a nucleic acid reagent, and
often are selected according to the organism in which expression of the nucleic acid reagent is
performed. A signal sequence in some embodiments localizes a translated protein or peptide to
a cell membrane. Examples of signal sequences include, but are not limited to, a nucleus
targeting signal (e.g., steroid receptor sequence and N-terminal sequence of SV40 virus large T
antigen); mitochondrial targeting signal (e.g., amino acid sequence that forms an amphipathic
helix); peroxisome targeting signal (e.g., C-terminal sequence in YFG from S.cerevisiae); and a
secretion signal (e.g., N-terminal sequences from invertase, mating factor alpha, PHOS and
SUC?2 in S.cerevisiae; multiple N-terminal sequences of B. subtilis proteins (e.g., Tjalsma et al.,
Microbiol.Molec. Biol. Rev. 64: 515-547 (2000)); alpha amylase signal sequence (e.g., U.S.
Patent No. 6,288,302); pectate lyase signal sequence (e.g., U.S. Patent No. 5,846,818);
precollagen signal sequence (e.g., U.S. Patent No. 5,712,114); OmpA signal sequence (e.g.,
U.S. Patent No. 5,470,719); lam beta signal sequence (e.g., U.S. Patent No. 5,389,529); B.
brevis signal sequence (e.g., U.S. Patent No. 5,232,841); and P. pastoris signal sequence (e.g.,
U.S. Patent No. 5,268,273)).

A tag sometimes is directly adjacent to the amino acid sequence encoded by an ORF (i.e., there
18 no intervening sequence) and sometimes a tag is substantially adjacent to an ORF encoded
amino acid sequence (e.g., an intervening sequence is present). An intervening sequence
sometimes includes a recognition site for a protease, which is useful for cleaving a tag from a
target protein or peptide. In some embodiments, the intervening sequence is cleaved by Factor
Xa (e.g., recognition site I (E/D)GR), thrombin (e.g., recognition site LVPRGS), enterokinase
(e.g., recognition site DDDDK), TEV protease (e.g., recognition sitce ENLYFQG) or
PreScission™ protease (¢.g., recognition site LEVLFQGP), for example.

An intervening sequence sometimes is referred to herein as a “linker sequence,” and may be of
any suitable length selected by the artisan. A linker sequence sometimes is about 1 to about 20
amino acids in length, and sometimes about 5 to about 10 amino acids in length. The artisan
may select the linker length to substantially preserve target protein or peptide function (e.g., a

tag may reduce target protein or peptide function unless separated by a linker), to enhance
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disassociation of a tag from a target protein or peptide when a protease cleavage site is present
(e.g., cleavage may be enhanced when a linker is present), and to enhance interaction of a
tag/target protein product with a solid phase. A linker can be of any suitable amino acid
content, and often comprises a higher proportion of amino acids having relatively short side

chains (e.g., glycine, alanine, serine and threonine).

A nucleic acid reagent sometimes includes a stop codon between a tag element and an insertion
element or ORF, which can be useful for translating an ORF with or without the tag. Mutant
tRNA molecules that recognize stop codons (described above) suppress translation termination
and thereby are designated “suppressor tRNAs.” Suppressor tRNAs can result in the insertion
of amino acids and continuation of translation past stop codons (e.g., U.S. Patent Application
No. 60/587,583, filed July 14, 2004, entitled "Production of Fusion Proteins by Cell-Free
Protein Synthesis,"; Eggertsson, et al., (1988) Microbiological Review 52(3):354-374, and
Engleerg-Kukla, et al. (1996) in Escherichia coli and Salmonella Cellular and Molecular
Biology, Chapter 60, pps 909-921, Neidhardt, et al. eds., ASM Press, Washington, DC). A
number of suppressor tRNAs are known, including but not limited to, supE, supP, supD, supF
and supZ suppressors, which suppress the termination of translation of the amber stop codon;
supB, gIT, supL, supN, supC and supM suppressors, which suppress the function of the ochre
stop codon and glyT, trpT and Su-9 suppressors, which suppress the function of the opal stop
codon. In general, suppressor tRNAs contain one or more mutations in the anti-codon loop of
the tRNA that allows the tRNA to base pair with a codon that ordinarily functions as a stop
codon. The mutant tRNA is charged with its cognate amino acid residue and the cognate amino
acid residue is inserted into the translating polypeptide when the stop codon is encountered.
Mutations that enhance the efficiency of termination suppressors (i.¢., increase stop codon read-
through) have been identified. These include, but are not limited to, mutations in the uar gene
(also known as the prfA gene), mutations in the ups gene, mutations in the sucA, sueB and sueC

genes, mutations in the rpsD (ramA) and rpsE (spcA) genes and mutations in the rplL gene.

Thus, a nucleic acid reagent comprising a stop codon located between an ORF and a tag can
yield a translated ORF alone when no suppressor tRNA is present in the translation system, and
can yield a translated ORF-tag fusion when a suppressor tRNA is present in the system.
Suppressor tRNA can be generated in cells transfected with a nucleic acid encoding the tRNA
(e.g., areplication incompetent adenovirus containing the human tRNA-Ser suppressor gene

can be transfected into cells, or a YAC containing a yeast or bacterial tRNA suppressor gene
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can be transfected into yeast cells, for example). Vectors for synthesizing suppressor tRNA and
for translating ORFs with or without a tag are available to the artisan (e.g., Tag-On-Demand™
kit (Invitrogen Corporation, California); Tag-On-Demand™ Suppressor Supernatant Instruction
Manual, Version B, 6 June 2003, at http address www.invitrogen.com/content/sfs/
manuals/tagondemand _supernatant man.pdf; Tag-On-Demand™ Gateway® Vector
Instruction Manual, Version B, 20 June, 2003 at http address www.invitrogen.com/content/sfs/
manuals/tagondemand_vectors man.pdf; and Capone et al., Amber, ochre and opal suppressor

tRNA genes derived from a human serine tRNA gene. EMBO J. 4:213, 1985).

Any convenient cloning strategy known in the art may be utilized to incorporate an element,
such as an ORF, into a nucleic acid reagent. Known methods can be utilized to insert an
element into the template independent of an insertion element, such as (1) cleaving the template
at one or more existing restriction enzyme sites and ligating an element of interest and (2)
adding restriction enzyme sites to the template by hybridizing oligonucleotide primers that
include one or more suitable restriction enzyme sites and amplifying by polymerase chain
reaction (described in greater detail herein). Other cloning strategies take advantage of one or
more insertion sites present or inserted into the nucleic acid reagent, such as an oligonucleotide
primer hybridization site for PCR, for example, and others described herein. In some
embodiments, a cloning strategy can be combined with genetic manipulation such as
recombination (e.g., recombination of a nucleic acid reagent with a nucleic acid sequence of
interest into the genome of the organism to be modified, as described further herein). In some
embodiments, the cloned ORF(s) can produce (directly or indirectly) a fatty dicarboxylic acid
(e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,
hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid), by engineering a
microorganism with one or more ORFs of interest, which microorganism comprises one or
more altered activities selected from the group consisting of omega hydroxyl fatty acid
dehydrogenase activity, acyl-CoA oxidase activity, acyltransferase activity, thioesterase

activity, monooxygenase activity and monooxygenase reductase activity.

In some embodiments, the nucleic acid reagent includes one or more recombinase insertion
sites. A recombinase insertion site is a recognition sequence on a nucleic acid molecule that
participates in an integration/recombination reaction by recombination proteins. For example,
the recombination site for Cre recombinase is loxP, which is a 34 base pair sequence comprised

of two 13 base pair inverted repeats (serving as the recombinase binding sites) flanking an §
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base pair core sequence (e.g., Figure 1 of Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994)).
Other examples of recombination sites include attB, attP, attL, and attR sequences, and mutants,
fragments, variants and derivatives thereof, which are recognized by the recombination protein
A Int and by the auxiliary proteins integration host factor (IHF), FIS and excisionase (Xis) (e.g.,
U.S. Patent Nos. 5,888,732; 6,143,557, 6,171,861; 6,270,969; 6,277,608; and 6,720,140; U.S.
Patent Appln. Nos. 09/517,466, filed March 2, 2000, and 09/732,914, filed August 14, 2003,
and in U.S. patent publication no. 2002-0007051-A1; Landy, Curr. Opin. Biotech. 3:699-707
(1993)).

Examples of recombinase cloning nucleic acids are in Gateway® systems (Invitrogen,
California), which include at least one recombination site for cloning a desired nucleic acid
molecules in vivo or in vitro. In some embodiments, the system utilizes vectors that contain at
least two different site-specific recombination sites, often based on the bacteriophage lambda
system (e.g., attl and att2), and are mutated from the wild-type (att0) sites. Each mutated site
has a unique specificity for its cognate partner att site (i.c., its binding partner recombination
site) of the same type (for example attB1 with attP1, or attL.1 with attR1) and will not cross-
react with recombination sites of the other mutant type or with the wild-type att0 site. Different
site specificities allow directional cloning or linkage of desired molecules thus providing
desired orientation of the cloned molecules. Nucleic acid fragments flanked by recombination
sites are cloned and subcloned using the Gateway® system by replacing a selectable marker
(for example, ccdB) flanked by att sites on the recipient plasmid molecule, sometimes termed
the Destination Vector. Desired clones are then selected by transformation of a ccdB sensitive
host strain and positive selection for a marker on the recipient molecule. Similar strategies for
negative selection (e.g., use of toxic genes) can be used in other organisms such as thymidine

kinase (TK) in mammals and insects.

A recombination system useful for engineering yeast is outlined briefly. The system makes use
of the URA3 gene (e.g., for S. cerevisiae and C. albicans, for example) or URA4 and URAS
genes (e.g., for S. pombe, for example) and toxicity of the nucleotide analogue 5-Fluoroorotic
acid (5-FOA). The URA3 or URA4 and URAS genes encode orotine-5’-monophosphate
(OMP) dicarboxylase. Yeast with an active URA3 or URA4 and URAS gene (phenotypically
Urat) convert 5-FOA to fluorodeoxyuridine, which is toxic to yeast cells. Yeast carrying a
mutation in the appropriate gene(s) or having a knock out of the appropriate gene(s) can grow

in the presence of 5-FOA, if the media is also supplemented with uracil.
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A nucleic acid engineering construct can be made which may comprise the URA3 gene or
cassette (for S. cerevisiae), flanked on either side by the same nucleotide sequence in the same
orientation. The URA3 cassette comprises a promoter, the URA3 gene and a functional
transcription terminator. Target sequences which direct the construct to a particular nucleic
acid region of interest in the organism to be engineered are added such that the target sequences
are adjacent to and abut the flanking sequences on either side of the URA3 cassette. Yeast can
be transformed with the engineering construct and plated on minimal media without uracil.
Colonies can be screened by PCR to determine those transformants that have the engineering
construct inserted in the proper location in the genome. Checking insertion location prior to
selecting for recombination of the ura3 cassette may reduce the number of incorrect clones
carried through to later stages of the procedure. Correctly inserted transformants can then be
replica plated on minimal media containing 5-FOA to select for recombination of the URA3
cassette out of the construct, leaving a disrupted gene and an identifiable footprint (e.g., nucleic
acid sequence) that can be use to verify the presence of the disrupted gene. The technique
described is useful for disrupting or “knocking out” gene function, but also can be used to insert

genes or constructs into a host organisms genome in a targeted, sequence specific manner.

In certain embodiments, a nucleic acid reagent includes one or more topoisomerase insertion
sites. A topoisomerase insertion site is a defined nucleotide sequence recognized and bound by
a site-specific topoisomerase. For example, the nucleotide sequence 5'-(C/T)CCTT-3'is a
topoisomerase recognition site bound specifically by most poxvirus topoisomerases, including
vaccinia virus DNA topoisomerase 1. After binding to the recognition sequence, the
topoisomerase cleaves the strand at the 3'-most thymidine of the recognition site to produce a
nucleotide sequence comprising 5'-(C/T)CCTT-PO4-TOPO, a complex of the topoisomerase
covalently bound to the 3' phosphate via a tyrosine in the topoisomerase (e.g., Shuman, J. Biol.
Chem. 266:11372-11379, 1991; Sekiguchi and Shuman, Nucl. Acids Res. 22:5360-5365, 1994;
U.S. Pat. No. 5,766,891; PCT/US95/16099; and PCT/US98/12372). In comparison, the
nucleotide sequence 5'-GCAACTT-3'is a topoisomerase recognition site for type IA E. coli
topoisomerase III. An element to be inserted often is combined with topoisomerase-reacted
template and thereby incorporated into the nucleic acid reagent (e.g., World Wide Web URL
invitrogen.com/downloads/F-13512 Topo_Flyer.pdf; World Wide Web URL

invitrogen.com/content/sfs/brochures/
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710 021849%20 B TOPOCIoning_ bro.pdf; TOPO TA Cloning® Kit and Zero Blunt®
TOPO® Cloning Kit product information).

A nucleic acid reagent sometimes contains one or more origin of replication (ORI) elements. In
some embodiments, a template comprises two or more ORIs, where one functions efficiently in
one organism (e.g., a bacterium) and another functions efficiently in another organism (e.g., a
cukaryote, like yeast for example). In some embodiments, an ORI may function efficiently in
one species (e.g., S. cerevisiae, for example) and another ORI may function efficiently in a
different species (e.g., S. pombe, for example). A nucleic acid reagent also sometimes includes

one or more transcription regulation sites.

A nucleic acid reagent can include one or more selection elements (e.g., elements for selection
of the presence of the nucleic acid reagent, and not for activation of a promoter element which
can be selectively regulated). Selection elements often are utilized using known processes to
determine whether a nucleic acid reagent is included in a cell. In some embodiments, a nucleic
acid reagent includes two or more selection elements, where one functions efficiently in one
organism and another functions efficiently in another organism. Examples of selection
elements include, but are not limited to, (1) nucleic acid segments that encode products that
provide resistance against otherwise toxic compounds (e.g., antibiotics); (2) nucleic acid
segments that encode products that are otherwise lacking in the recipient cell (e.g., essential
products, tRNA genes, auxotrophic markers); (3) nucleic acid segments that encode products
that suppress the activity of a gene product; (4) nucleic acid segments that encode products that
can be readily identified (e.g., phenotypic markers such as antibiotics (e.g., B-lactamase), -
galactosidase, green fluorescent protein (GFP), yellow fluorescent protein (YFP), red
fluorescent protein (RFP), cyan fluorescent protein (CFP), and cell surface proteins); (5) nucleic
acid segments that bind products that are otherwise detrimental to cell survival and/or function;
(6) nucleic acid segments that otherwise inhibit the activity of any of the nucleic acid segments
described in Nos. 1-5 above (e.g., antisense oligonucleotides); (7) nucleic acid segments that
bind products that modify a substrate (e.g., restriction endonucleases); (8) nucleic acid
segments that can be used to isolate or identify a desired molecule (e.g., specific protein binding
sites); (9) nucleic acid segments that encode a specific nucleotide sequence that can be
otherwise non-functional (e.g., for PCR amplification of subpopulations of molecules); (10)
nucleic acid segments that, when absent, directly or indirectly confer resistance or sensitivity to

particular compounds; (11) nucleic acid segments that encode products that either are toxic or
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convert a relatively non-toxic compound to a toxic compound (e.g., Herpes simplex thymidine
kinase, cytosine deaminase) in recipient cells; (12) nucleic acid segments that inhibit
replication, partition or heritability of nucleic acid molecules that contain them; and/or (13)
nucleic acid segments that encode conditional replication functions, e.g., replication in certain
hosts or host cell strains or under certain environmental conditions (e.g., temperature,

nutritional conditions, and the like).

A nucleic acid reagent is of any form useful for in vivo transcription and/or translation. A
nucleic acid sometimes is a plasmid, such as a supercoiled plasmid, sometimes is a yeast
artificial chromosome (e.g., YAC), sometimes is a linear nucleic acid (e.g., a linear nucleic acid
produced by PCR or by restriction digest), sometimes is single-stranded and sometimes is
double-stranded. A nucleic acid reagent sometimes is prepared by an amplification process,
such as a polymerase chain reaction (PCR) process or transcription-mediated amplification
process (TMA). In TMA, two enzymes are used in an isothermal reaction to produce
amplification products detected by light emission (see, ¢.g., Biochemistry 1996 Jun
25;35(25):8429-38 and http address www.devicelink.com/ivdt/archive/00/11/007 .html).
Standard PCR processes are known (e.g., U. S. Patent Nos. 4,683,202; 4,683,195; 4,965,188;
and 5,656,493), and generally are performed in cycles. Each cycle includes heat denaturation,
in which hybrid nucleic acids dissociate; cooling, in which primer oligonucleotides hybridize;
and extension of the oligonucleotides by a polymerase (i.e., Taq polymerase). An example of a
PCR cyclical process is treating the sample at 95"C for 5 minutes; repeating forty-five cycles of
95°C for 1 minute, 59°C for 1 minute, 10 seconds, and 72°C for 1 minute 30 seconds; and then
treating the sample at 72”C for 5 minutes. Multiple cycles frequently are performed using a
commercially available thermal cycler. PCR amplification products sometimes are stored for a
time at a lower temperature (e.g., at 4”C) and sometimes are frozen (e.g., at —20”C) before

analysis.

In some embodiments, a nucleic acid reagent, protein reagent, protein fragment reagent or other
reagent described herein is isolated or purified. The term “isolated” as used herein refers to
material removed from its original environment (e.g., the natural environment if it is naturally
occurring, or a host cell if expressed exogenously), and thus is altered "by the hand of man"
from its original environment. The term “purified” as used herein with reference to molecules
does not refer to absolute purity. Rather, “purified” refers to a substance in a composition that

contains fewer substance species in the same class (e.g., nucleic acid or protein species) other
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than the substance of interest in comparison to the sample from which it originated. “Purified,”
if a nucleic acid or protein for example, refers to a substance in a composition that contains
fewer nucleic acid species or protein species other than the nucleic acid or protein of interest in
comparison to the sample from which it originated. Sometimes, a protein or nucleic acid is
“substantially pure,” indicating that the protein or nucleic acid represents at least 50% of
protein or nucleic acid on a mass basis of the composition. Often, a substantially pure protein or
nucleic acid is at least 75% on a mass basis of the composition, and sometimes at least 95% on

a mass basis of the composition.

Engineering and Alteration Methods

Methods and compositions (e.g., nucleic acid reagents) described herein can be used to generate
engineered microorganisms. As noted above, the term “engineered microorganism” as used
herein refers to a modified organism that includes one or more activities distinct from an
activity present in a microorganism utilized as a starting point for modification (e.g., host
microorganism or unmodified organism). Engineered microorganisms typically arise as a result
of a genetic modification, usually introduced or selected for, by one of skill in the art using
readily available techniques. Non-limiting examples of methods useful for generating an
altered activity include, introducing a heterologous polynucleotide (e.g., nucleic acid or gene
integration, also referred to as “knock in”), removing an endogenous polynucleotide, altering
the sequence of an existing endogenous nucleic acid sequence ( e.g., site-directed mutagenesis),
disruption of an existing endogenous nucleic acid sequence (e.g., knock outs and transposon or
insertion element mediated mutagenesis), selection for an altered activity where the selection
causes a change in a naturally occurring activity that can be stably inherited (e.g., causes a
change in a nucleic acid sequence in the genome of the organism or in an epigenetic nucleic
acid that is replicated and passed on to daughter cells), PCR-based mutagenesis, and the like.
The term “mutagenesis” as used herein refers to any modification to a nucleic acid (e.g., nucleic
acid reagent, or host chromosome, for example) that is subsequently used to generate a product
in a host or modified organism. Non-limiting examples of mutagenesis include, deletion,
insertion, substitution, rearrangement, point mutations, suppressor mutations and the like.
Mutagenesis methods are known in the art and are readily available to the artisan. Non-limiting
examples of mutagenesis methods are described herein and can also be found in Maniatis, T., E.
F. Fritsch and J. Sambrook (1982) Molecular Cloning: a Laboratory Manual;, Cold Spring

Harbor Laboratory, Cold Spring Harbor, N.Y. Another non-limiting example of mutagenesis
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can be conducted using a Stratagene (San Diego, CA) “QuickChange” kit according to the

manufacturer’s instructions.

The term "genetic modification" as used herein refers to any suitable nucleic acid addition,
removal or alteration that facilitates production of a target fatty dicarboxylic acid product (e.g.,
sebacic or dodecanedioic acid) in an engineered microorganism. Genetic modifications
include, without limitation, insertion of one or more nucleotides in a native nucleic acid of a
host organism in one or more locations, deletion of one or more nucleotides in a native nucleic
acid of a host organism in one or more locations, modification or substitution of one or more
nucleotides in a native nucleic acid of a host organism in one or more locations, insertion of a
non-native nucleic acid into a host organism (e.g., insertion of an autonomously replicating

vector), and removal of a non-native nucleic acid in a host organism (e.g., removal of a vector).

The term "heterologous polynucleotide” as used herein refers to a nucleotide sequence not
present in a host microorganism in some embodiments. In certain embodiments, a heterologous
polynucleotide is present in a different amount (e.g., different copy number) than in a host
microorganism, which can be accomplished, for example, by introducing more copies of a
particular nucleotide sequence to a host microorganism (e.g., the particular nucleotide sequence
may be in a nucleic acid autonomous of the host chromosome or may be inserted into a
chromosome). A heterologous polynucleotide is from a different organism in some
embodiments, and in certain embodiments, is from the same type of organism but from an

outside source (e.g., a recombinant source).

In some embodiments, an organism engineered using the methods and nucleic acid reagents
described herein can produce a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid). In certain embodiments, an engineered microorganism described herein
that produces a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic
acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid)
may comprise one ore more altered activities selected from the group consisting of omega oxo
fatty acid dehydrogenase activity, omega hydroxyl fatty acid dehydrogenase activity, fatty acid
synthase activity, acetyl CoA carboxylase activity, acyl-CoA oxidase activity, monooxygenase
activity and monooxygenase reductase activity. In some embodiments, an engineered

microorganism as described herein may comprise a genetic modification that adds or increases
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the omega oxo fatty acid dehydrogenase activity, omega hydroxyl fatty acid dehydrogenase
activity, fatty acid synthase activity, acetyl CoA carboxylase activity, acyl-CoA oxidase

activity, monooxygenase activity and monooxygenase reductase activity.

In certain embodiments, an engineered microorganism described herein can comprise an altered
thioesterase activity. In some embodiments, the engineered microorganism may comprise a
genetic alteration that adds or increases a thioesterase activity. In some embodiments, the
engineered microorganism comprising a genetic alteration that adds or increases a thioesterase
activity, may further comprise a heterologous polynucleotide encoding a polypeptide having

thioesterase activity.

The term "altered activity" as used herein refers to an activity in an engineered microorganism
that is added or modified relative to the host microorganism (e.g., added, increased, reduced,
inhibited or removed activity). An activity can be altered by introducing a genetic modification
to a host microorganism that yields an engineered microorganism having added, increased,

reduced, inhibited or removed activity.

An added activity often is an activity not detectable in a host microorganism. An increased
activity generally is an activity detectable in a host microorganism that has been increased in an
engineered microorganism. An activity can be increased to any suitable level for production of
a target fatty dicarboxylic acid product (e.g., sebacic or dodecanedioic acid), including but not
limited to less than 2-fold (e.g., about 10% increase to about 99% increase; about 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% increase), 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold,
9-fold, of 10-fold increase, or greater than about 10-fold increase. A reduced or inhibited
activity generally is an activity detectable in a host microorganism that has been reduced or
inhibited in an engineered microorganism. An activity can be reduced to undetectable levels in
some embodiments, or detectable levels in certain embodiments. An activity can be decreased
to any suitable level for production of a target fatty dicarboxylic acid product (e.g., sebacic or
dodecanedioic acid), including but not limited to less than 2-fold (e.g., about 10% decrease to
about 99% decrease; about 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% decrease), 2-fold, 3-
fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, of 10-fold decrease, or greater than about 10-

fold decrease.
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The term “level”, as used herein, often refers to a level or amount (e.g., a quantitative or relative

amount) of a protein or nucleic acid (e.g. an RNA (e.g. an mRNA) or DNA).

An altered activity sometimes is an activity not detectable in a host organism and is added to an
engineered organism. An altered activity also may be an activity detectable in a host organism
and is increased in an engineered organism. An activity may be added or increased by
increasing the number of copies of a polynucleotide that encodes a polypeptide having a target
activity, in some embodiments. In some embodiments, the activity of a native polypeptide can
be increased by increasing in the modified organism the number of copies of a polynucleotide
that encodes the polypeptide (e.g., introducing 1 to about 100 additional copies of the
polynucleotide (e.g., introducing 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 22, 24, 26, 28, 30 or more additional copies of the polynucleotide). In certain embodiments
an activity can be added or increased by inserting into a host microorganism a polynucleotide
that encodes a heterologous polypeptide having the added activity or encodes a modified
endogenous polypeptide. In such embodiments, 1 to about 100 copies of the polynucleotide can
be introduced (e.g., introducing 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
22,24, 26, 28, 30 copies). A "modified endogenous polypeptide" often has an activity different
than an activity of a native polypeptide counterpart (e.g., different catalytic activity and/or
different substrate specificity), and often is active (e.g., an activity (e.g., substrate turnover) is
detectable). In certain embodiments, an activity can be added or increased by inserting into a
host microorganism a heterologous polynucleotide that is (i) operably linked to another
polynucleotide that encodes a polypeptide having the added activity, and (ii) up regulates
production of the polynucleotide. Thus, an activity can be added or increased by inserting or
modifying a regulatory polynucleotide operably linked to another polynucleotide that encodes a
polypeptide having the target activity. In certain embodiments, an activity can be added or
increased by subjecting a host microorganism to a selective environment and screening for
microorganisms that have a detectable level of the target activity. Examples of a selective
environment include, without limitation, a medium containing a substrate that a host organism

can process and a medium lacking a substrate that a host organism can process.

An altered activity sometimes is an activity detectable in a host organism and is reduced,
inhibited or removed (i.e., not detectable) in an engineered organism. An activity may be
reduced or removed by decreasing the number of copies of a polynucleotide that encodes a

polypeptide having a target activity, in some embodiments. In some embodiments, an activity
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can be reduced or removed by (i) inserting a polynucleotide within a polynucleotide that
encodes a polypeptide having the target activity (disruptive insertion), and/or (ii) removing a
portion of or all of a polynucleotide that encodes a polypeptide having the target activity
(deletion or knock out, respectively). In certain embodiments, an activity can be reduced or
removed by inserting into a host microorganism a heterologous polynucleotide that is (i)
operably linked to another polynucleotide that encodes a polypeptide having the target activity,
and (ii) down regulates production of the polynucleotide. Thus, an activity can be reduced or
removed by inserting or modifying a regulatory polynucleotide operably linked to another
polynucleotide that encodes a polypeptide having the target activity.

An activity also can be reduced or removed by (i) inhibiting a polynucleotide that encodes a
polypeptide having the activity or (i1) inhibiting a polynucleotide operably linked to another
polynucleotide that encodes a polypeptide having the activity. A polynucleotide can be
inhibited by a suitable technique known in the art, such as by contacting an RNA encoded by
the polynucleotide with a specific inhibitory RNA (e.g., RNAI, siRNA, ribozyme). An activity
also can be reduced or removed by contacting a polypeptide having the activity with a molecule
that specifically inhibits the activity (e.g., enzyme inhibitor, antibody). In certain embodiments,
an activity can be reduced or removed by subjecting a host microorganism to a selective
environment and screening for microorganisms that have a reduced level or removal of the

target activity.

In some embodiments, an untranslated ribonucleic acid, or a cDNA can be used to reduce the
expression of a particular activity or enzyme. For example, a microorganism can be engineered
by genetic modification to express a nucleic acid reagent that reduces the expression of an
activity by producing an RNA molecule that is partially or substantially homologous to a
nucleic acid sequence of interest which encodes the activity of interest. The RNA molecule can
bind to the nucleic acid sequence of interest and inhibit the nucleic acid sequence from
performing its natural function, in certain embodiments. In some embodiments, the RNA may
alter the nucleic acid sequence of interest which encodes the activity of interest in a manner that
the nucleic acid sequence of interest is no longer capable of performing its natural function

(e.g., the action of a ribozyme for example).

In certain embodiments, nucleotide sequences sometimes are added to, modified or removed

from one or more of the nucleic acid reagent elements, such as the promoter, 5’UTR, target
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sequence, or 3’'UTR elements, to enhance, potentially enhance, reduce, or potentially reduce
transcription and/or translation before or after such elements are incorporated in a nucleic acid
reagent. In some embodiments, one or more of the following sequences may be modified or
removed if they are present in a 5’UTR: a sequence that forms a stable secondary structure
(e.g., quadruplex structure or stem loop stem structure (e.g., EMBL sequences X12949,
AF274954, AF139980, AF152961, S95936, U194144, AF116649 or substantially identical
sequences that form such stem loop stem structures)); a translation initiation codon upstream of
the target nucleotide sequence start codon; a stop codon upstream of the target nucleotide
sequence translation initiation codon; an ORF upstream of the target nucleotide sequence
translation initiation codon; an iron responsive element (IRE) or like sequence; and a 5’
terminal oligopyrimidine tract (TOP, e.g., consisting of 5-15 pyrimidines adjacent to the cap).
A translational enhancer sequence and/or an internal ribosome entry site (IRES) sometimes is
inserted into a 5’UTR (e.g., EMBL nucleotide sequences J04513, X87949, M95825, M12783,
AF025841, AF013263, AF006822, M17169, M13440, M22427, D14838 and M17446 and

substantially identical nucleotide sequences).

An AU-rich element (ARE, e.g., AUUUA repeats) and/or splicing junction that follows a non-
sense codon sometimes is removed from or modified in a 3’UTR. A polyadenosine tail
sometimes is inserted into a 3’UTR if none is present, sometimes is removed if it is present, and
adenosine moicties sometimes are added to or removed from a polyadenosine tail present in a
3’UTR. Thus, some embodiments are directed to a process comprising: determining whether
any nucleotide sequences that increase, potentially increase, reduce or potentially reduce
translation efficiency are present in the elements, and adding, removing or modifying one or
more of such sequences if they are identified. Certain embodiments are directed to a process
comprising: determining whether any nucleotide sequences that increase or potentially increase
translation efficiency are not present in the elements, and incorporating such sequences into the

nucleic acid reagent.

In some embodiments, an activity can be altered by modifying the nucleotide sequence of an
ORF. An ORF sometimes is mutated or modified (for example, by point mutation, deletion
mutation, insertion mutation, PCR based mutagenesis and the like) to alter, enhance or increase,
reduce, substantially reduce or eliminate the activity of the encoded protein or peptide. The
protein or peptide encoded by a modified ORF sometimes is produced in a lower amount or

may not be produced at detectable levels, and in other embodiments, the product or protein
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encoded by the modified ORF is produced at a higher level (e.g., codons sometimes are
modified so they are compatible with tRNA’s preferentially used in the host organism or
engineered organism). To determine the relative activity, the activity from the product of the
mutated ORF (or cell containing it) can be compared to the activity of the product or protein

encoded by the unmodified ORF (or cell containing it).

In some embodiments, an ORF nucleotide sequence sometimes is mutated or modified to alter
the triplet nucleotide sequences used to encode amino acids (¢.g., amino acid codon triplets, for
example). Modification of the nucleotide sequence of an ORF to alter codon triplets sometimes
is used to change the codon found in the original sequence to better match the preferred codon
usage of the organism in which the ORF or nucleic acid reagent will be expressed. The codon
usage, and therefore the codon triplets encoded by a nucleic acid sequence, in bacteria may be
different from the preferred codon usage in eukaryotes, like yeast or plants for example.
Preferred codon usage also may be different between bacterial species. In certain embodiments
an ORF nucleotide sequences sometimes is modified to eliminate codon pairs and/or eliminate
mRNA secondary structures that can cause pauses during translation of the mRNA encoded by
the ORF nucleotide sequence. Translational pausing sometimes occurs when nucleic acid
secondary structures exist in an mRNA, and sometimes occurs due to the presence of codon
pairs that slow the rate of translation by causing ribosomes to pause. In some embodiments, the
use of lower abundance codon triplets can reduce translational pausing due to a decrease in the
pause time needed to load a charged tRNA into the ribosome translation machinery. Therefore,
to increase transcriptional and translational efficiency in bacteria (e.g., where transcription and
translation are concurrent, for example) or to increase translational efficiency in eukaryotes
(e.g., where transcription and translation are functionally separated), the nucleotide sequence of
a nucleotide sequence of interest can be altered to better suit the transcription and/or
translational machinery of the host and/or genetically modified microorganism. In certain
embodiments, slowing the rate of translation by the use of lower abundance codons, which slow
or pause the ribosome, can lead to higher yields of the desired product due to an increase in

correctly folded proteins and a reduction in the formation of inclusion bodies.

Codons can be altered and optimized according to the preferred usage by a given organism by
determining the codon distribution of the nucleotide sequence donor organism and comparing
the distribution of codons to the distribution of codons in the recipient or host organism.

Techniques described herein (e.g., site directed mutagenesis and the like) can then be used to
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alter the codons accordingly. Comparisons of codon usage can be done by hand, or using

nucleic acid analysis software commercially available to the artisan.

Modification of the nucleotide sequence of an ORF also can be used to correct codon triplet
sequences that have diverged in different organisms. For example, certain yeast (e.g., C.
tropicalis and C. maltosa) use the amino acid triplet CUG (e.g., CTG in the DNA sequence) to
encode serine. CUG typically encodes leucine in most organisms. In order to maintain the
correct amino acid in the resultant polypeptide or protein, the CUG codon must be altered to
reflect the organism in which the nucleic acid reagent will be expressed. Thus, if an ORF from
a bacterial donor is to be expressed in either Candida yeast strain mentioned above, the
heterologous nucleotide sequence must first be altered or modified to the appropriate leucine
codon. Therefore, in some embodiments, the nucleotide sequence of an ORF sometimes is
altered or modified to correct for differences that have occurred in the evolution of the amino
acid codon triplets between different organisms. In some embodiments, the nucleotide
sequence can be left unchanged at a particular amino acid codon, if the amino acid encoded is a
conservative or neutral change in amino acid when compared to the originally encoded amino

acid.

In some embodiments, an activity can be altered by modifying translational regulation signals,
like a stop codon for example. A stop codon at the end of an ORF sometimes is modified to
another stop codon, such as an amber stop codon described above. In some embodiments, a
stop codon is introduced within an ORF, sometimes by insertion or mutation of an existing
codon. An ORF comprising a modified terminal stop codon and/or internal stop codon often is
translated in a system comprising a suppressor tRNA that recognizes the stop codon. An ORF
comprising a stop codon sometimes is translated in a system comprising a suppressor tRNA that
incorporates an unnatural amino acid during translation of the target protein or target peptide.
Methods for incorporating unnatural amino acids into a target protein or peptide are known,
which include, for example, processes utilizing a heterologous tRNA/synthetase pair, where the
tRNA recognizes an amber stop codon and is loaded with an unnatural amino acid (e.g., World

Wide Web URL iupac.org/news/prize/2003/wang.pdf).

Depending on the portion of a nucleic acid reagent (e.g., Promoter, 5’ or 3° UTR, ORI, ORF,
and the like) chosen for alteration (e.g., by mutagenesis, introduction or deletion, for example)

the modifications described above can alter a given activity by (i) increasing or decreasing
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feedback inhibition mechanisms, (ii) increasing or decreasing promoter initiation, (iii)
increasing or decreasing translation initiation, (iv) increasing or decreasing translational
efficiency, (v) modifying localization of peptides or products expressed from nucleic acid
reagents described herein, or (vi) increasing or decreasing the copy number of a nucleotide
sequence of interest, (vii) expression of an anti-sense RNA, RNA1, siRNA, ribozyme and the
like. In some embodiments, alteration of a nucleic acid reagent or nucleotide sequence can alter
a region involved in feedback inhibition (e.g., 5° UTR, promoter and the like). A modification
sometimes is made that can add or enhance binding of a feedback regulator and sometimes a

modification is made that can reduce, inhibit or eliminate binding of a feedback regulator.

In certain embodiments, alteration of a nucleic acid reagent or nucleotide sequence can alter
sequences involved in transcription initiation (e.g., promoters, 5° UTR, and the like). A
modification sometimes can be made that can enhance or increase initiation from an
endogenous or heterologous promoter element. A modification sometimes can be made that
removes or disrupts sequences that increase or enhance transcription initiation, resulting in a

decrease or elimination of transcription from an endogenous or heterologous promoter element.

In some embodiments, alteration of a nucleic acid reagent or nucleotide sequence can alter
sequences involved in translational initiation or translational efficiency (e.g., 5’ UTR, 3’ UTR,
codon triplets of higher or lower abundance, translational terminator sequences and the like, for
example). A modification sometimes can be made that can increase or decrease translational
initiation, modifying a ribosome binding site for example. A modification sometimes can be
made that can increase or decrease translational efficiency. Removing or adding sequences that
form hairpins and changing codon triplets to a more or less preferred codon are non-limiting
examples of genetic modifications that can be made to alter translation initiation and translation

efficiency.

In certain embodiments, alteration of a nucleic acid reagent or nucleotide sequence can alter
sequences involved in localization of peptides, proteins or other desired products (e.g., a
sebacic acid or dodecanedioic acid, for example). A modification sometimes can be made that
can alter, add or remove sequences responsible for targeting a polypeptide, protein or product to
an intracellular organelle, the periplasm, cellular membranes, or extracellularly. Transport of a

heterologous product to a different intracellular space or extracellularly sometimes can reduce
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or eliminate the formation of inclusion bodies (e.g., insoluble aggregates of the desired

product).

In some embodiments, alteration of a nucleic acid reagent or nucleotide sequence can alter
sequences involved in increasing or decreasing the copy number of a nucleotide sequence of
interest. A modification sometimes can be made that increases or decreases the number of
copies of an ORF stably integrated into the genome of an organism or on an epigenetic nucleic
acid reagent. Non-limiting examples of alterations that can increase the number of copies of a
sequence of interest include, adding copies of the sequence of interest by duplication of regions
in the genome (e.g., adding additional copies by recombination or by causing gene
amplification of the host genome, for example), cloning additional copies of a sequence onto a
nucleic acid reagent, or altering an ORI to increase the number of copies of an epigenetic
nucleic acid reagent. Non-limiting examples of alterations that can decrease the number of
copies of a sequence of interest include, removing copies of the sequence of interest by deletion
or disruption of regions in the genome, removing additional copies of the sequence from
epigenetic nucleic acid reagents, or altering an ORI to decrease the number of copies of an

epigenetic nucleic acid reagent.

In certain embodiments, increasing or decreasing the expression of a nucleotide sequence of
interest can also be accomplished by altering, adding or removing sequences involved in the
expression of an anti-sense RNA, RNAI, siRNA, ribozyme and the like. The methods
described above can be used to modify expression of anti-sense RNA, RNAI, siRNA, ribozyme
and the like.

The methods and nucleic acid reagents described herein can be used to generate genetically
modified microorganisms with altered activities in cellular processes involved in a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) synthesis. In some
embodiments, an engineered microorganism described herein may comprise an increased
number of copies of an endogenous polynucleotide encoding a polypeptide having omega oxo
fatty acid dehydrogenase activity. In certain embodiments, an engineered microorganism
described herein may comprise an increased number of copies of an endogenous polynucleotide
encoding a polypeptide having omega hydroxyl fatty acid dehydrogenase activity. In some

embodiments, an engineered microorganism described herein may comprise a heterologous
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polynucleotide encoding a polypeptide having omega oxo fatty acid dehydrogenase activity. In
some embodiments, an engineered microorganism described herein may comprise a
heterologous polynucleotide encoding a polypeptide having omega hydroxyl fatty acid
dehydrogenase activity. In some embodiments, the heterologous polynucleotide can be from a
bacterium. In some embodiments, the bacterium can be an Acinetobacter, Nocardia,

Pscudomonas or Xanthobacter bacterium.

In some embodiments, an engineered microorganism described herein may comprise a
heterologous polynucleotide encoding a polypeptide having monooxygenase activity. In certain
embodiments, the heterologous polynucleotide can be from a bacterium. In some
embodiments, the bacterium can be a Bacillus bacterium. In certain embodiments, the Bacillus

bacterium is B. megaterium.

In certain embodiments, an engineered microorganism described herein may comprise a genetic
modification that reduces omega hydroxyl fatty acid conversion. In some embodiments, the
genetic modification can reduce omega hydroxyl fatty acid dehydrogenase activity. In certain
embodiments, an engineered microorganism described herein may comprise a genetic
modification that reduces beta-oxidation activity. In some embodiments, the genetic

modification can reduce a target activity described herein.

Engineered microorganisms that produce a fatty dicarboxylic acid (e.g., octanedioic acid,
decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,
octadecanedioic acid, eicosanedioic acid), as described herein, can comprise an altered
monooxygenase activity, in certain embodiments. In some embodiments, the engineered
microorganism described herein may comprise a genetic modification that alters the
monooxygenase activity. In certain embodiments, the engineered microorganism described
herein can comprise an increase number of copies of an endogenous polynucleotide encoding a
polypeptide having monooxygenase activity. In some embodiments, the engineered
microorganism described herein can comprise a heterologous polynucleotide encoding a
polypeptide having monooxygenase activity. In certain embodiments, the heterologous
polynucleotide can be from a bacterium. In some embodiments, the bacterium can be a
Bacillus bacterium. In certain embodiments, the Bacillus bacterium is B. megaterium. In some

embodiments, the genetic modification can reduce a polyketide synthase activity.
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Engineered microorganisms that produce a fatty dicarboxylic acid (e.g., octanedioic acid,
decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,
octadecanedioic acid, eicosanedioic acid), as described herein, can comprise an altered
thioesterase activity, in certain embodiments. In some embodiments, the engineered
microorganism may comprise a genetic modification that adds or increases the thioesterase
activity. In certain embodiments, the engineered microorganism may comprise a heterologous

polynucleotide encoding a polypeptide having thioesterase activity.

In some embodiments, the engineered microorganism with an altered thioesterase activity may
comprise an altered omega oxo fatty acid dehydrogenase activity. In certain embodiments, the
engineered microorganism with an altered thioesterase activity may comprise a genetic
modification that adds or increases omega oxo fatty acid dehydrogenase activity. In some
embodiments, the engineered microorganism may comprise a heterologous polynucleotide
encoding a polypeptide having altered omega oxo fatty acid dehydrogenase activity. In certain
embodiments, the heterologous polynucleotide can be from a bacterium. In some
embodiments, the bacterium can be an Acinetobacter, Nocardia, Pscudomonas or Xanthobacter

bacterium.

Engineered microorganisms that produce a fatty dicarboxylic acid (e.g., octanedioic acid,
decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,
octadecanedioic acid, eicosanedioic acid), as described herein, can comprise an altered omega
hydroxyl fatty acid dehydrogenase activity. In certain embodiments, the engineered
microorganism may comprise a genetic modification that adds or increases the omega hydroxyl
fatty acid dehydrogenase activity. In certain embodiments, the engineered microorganism may
comprise a heterologous polynucleotide encoding a polypeptide having altered omega hydroxyl
fatty acid dehydrogenase activity. In some embodiments, the heterologous polynucleotide is
from a bacterium. In certain embodiments, the bacterium can be an Acinetobacter, Nocardia,
Pseudomonas or Xanthobacter bacterium. In some embodiments, the engineered
microorganism can be a eukaryote. In certain embodiments, the eukaryote can be a yeast. In
some embodiments, the eukaryote may be a fungus. In certain embodiments, the yeast can be a
Candida yeast. In some embodiments, the Candida yeast may be C. troplicalis. In certain
embodiments, the fungus can be a Yarrowia fungus. In some embodiments the Yarrowia
fungus may be Y. lipolytica. In certain embodiments, the fungus can be an Aspergillus fungus.

In some embodiments, the Aspergillus fungus may be A. parasiticus or A. nidulans. In some
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embodiments, an engineered microorganism as described above may comprise a genetic
modification that reduces omega hydroxyl fatty acid conversion. In certain embodiments, the
genetic modification can reduce omega hydroxyl fatty acid dehydrogenase activity. In some
embodiments the genetic may reduce beta-oxidation activity. In certain embodiments, the

genetic modification may reduce a target activity described herein.

Engineered microorganisms can be prepared by altering, introducing or removing nucleotide
sequences in the host genome or in stably maintained epigenetic nucleic acid reagents, as noted
above. The nucleic acid reagents use to alter, introduce or remove nucleotide sequences in the
host genome or epigenetic nucleic acids can be prepared using the methods described herein or

available to the artisan.

Nucleic acid sequences having a desired activity can be isolated from cells of a suitable
organism using lysis and nucleic acid purification procedures described in a known reference
manual (e.g., Maniatis, T., E. F. Fritsch and J. Sambrook (1982) Molecular Cloning: a
Laboratory Manual; Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.) or using
commercially available cell lysis and DNA purification reagents and kits. In some
embodiments, nucleic acids used to engineer microorganisms can be provided for conducting
methods described herein after processing of the organism containing the nucleic acid. For
example, the nucleic acid of interest may be extracted, isolated, purified or amplified from a
sample (e.g., from an organism of interest or culture containing a plurality of organisms of
interest, like yeast or bacteria for example). The term “isolated” as used herein refers to nucleic
acid removed from its original environment (e.g., the natural environment if it is naturally
occurring, or a host cell if expressed exogenously), and thus is altered "by the hand of man"
from its original environment. An isolated nucleic acid generally is provided with fewer non-
nucleic acid components (e.g., protein, lipid) than the amount of components present in a source
sample. A composition comprising isolated sample nucleic acid can be substantially isolated
(e.g., about 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or greater than 99% free
of non-nucleic acid components). The term “purified” as used herein refers to sample nucleic
acid provided that contains fewer nucleic acid species than in the sample source from which the
sample nucleic acid is derived. A composition comprising sample nucleic acid may be
substantially purified (e.g., about 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or
greater than 99% free of other nucleic acid species). The term “amplified” as used herein refers

to subjecting nucleic acid of a cell, organism or sample to a process that linearly or
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exponentially generates amplicon nucleic acids having the same or substantially the same
nucleotide sequence as the nucleotide sequence of the nucleic acid in the sample, or portion
thereof. As noted above, the nucleic acids used to prepare nucleic acid reagents as described

herein can be subjected to fragmentation or cleavage.

Amplification of nucleic acids is sometimes necessary when dealing with organisms that are
difficult to culture. Where amplification may be desired, any suitable amplification technique
can be utilized. Non-limiting examples of methods for amplification of polynucleotides
include, polymerase chain reaction (PCR); ligation amplification (or ligase chain reaction
(LCR)); amplification methods based on the use of Q-beta replicase or template-dependent
polymerase (see US Patent Publication Number US20050287592); helicase-dependent
isothermal amplification (Vincent et al., "Helicase-dependent isothermal DNA amplification".
EMBO reports 5 (8): 795-800 (2004)); strand displacement amplification (SDA); thermophilic
SDA nucleic acid sequence based amplification (3SR or NASBA) and transcription-associated
amplification (TAA). Non-limiting examples of PCR amplification methods include standard
PCR, AFLP-PCR, Allele-specific PCR, Alu-PCR, Asymmetric PCR, Colony PCR, Hot start
PCR, Inverse PCR (IPCR), In situ PCR (ISH), Intersequence-specific PCR (ISSR-PCR), Long
PCR, Multiplex PCR, Nested PCR, Quantitative PCR, Reverse Transcriptase PCR (RT-PCR),
Real Time PCR, Single cell PCR, Solid phase PCR, combinations thereof, and the like.

Reagents and hardware for conducting PCR are commercially available.

Protocols for conducting the various type of PCR listed above are readily available to the
artisan. PCR conditions can be dependent upon primer sequences, target abundance, and the
desired amount of amplification, and therefore, one of skill in the art may choose from a
number of PCR protocols available (see, ¢.g., U.S. Pat. Nos. 4,683,195 and 4,683,202; and PCR
Protocols: A Guide to Methods and Applications, Innis et al., eds, 1990. PCR often is carried
out as an automated process with a thermostable enzyme. In this process, the temperature of
the reaction mixture is cycled through a denaturing region, a primer-annealing region, and an
extension reaction region automatically. Machines specifically adapted for this purpose are
commercially available. A non-limiting example of a PCR protocol that may be suitable for
embodiments described herein is, treating the sample at 95°C for 5 minutes; repeating forty-five
cycles of 95°C for 1 minute, 59°C for 1 minute, 10 seconds, and 72°C for 1 minute 30 seconds;
and then treating the sample at 72°C for 5 minutes. Additional PCR protocols are described in

the example section. Multiple cycles frequently are performed using a commercially available
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thermal cycler. Suitable isothermal amplification processes known and selected by the person
of ordinary skill in the art also may be applied, in certain embodiments. In some embodiments,
nucleic acids encoding polypeptides with a desired activity can be isolated by amplifying the
desired sequence from an organism having the desired activity using oligonucleotides or

primers designed based on sequences described herein.

Amplified, isolated and/or purified nucleic acids can be cloned into the recombinant DNA
vectors described in Figures herein or into suitable commercially available recombinant DNA
vectors. Cloning of nucleic acid sequences of interest into recombinant DNA vectors can
facilitate further manipulations of the nucleic acids for preparation of nucleic acid reagents,
(e.g., alteration of nucleotide sequences by mutagenesis, homologous recombination,
amplification and the like, for example). Standard cloning procedures (e.g., enzymatic
digestion, ligation, and the like) are known (e.g., described in Maniatis, T., E. F. Fritsch and J.
Sambrook (1982) Molecular Cloning: a Laboratory Manual;, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.).

In some embodiments, nucleic acid sequences prepared by isolation or amplification can be
used, without any further modification, to add an activity to a microorganism and thereby create
a genetically modified or engineered microorganism. In certain embodiments, nucleic acid
sequences prepared by isolation or amplification can be genetically modified to alter (e.g.,
increase or decrease, for example) a desired activity. In some embodiments, nucleic acids, used
to add an activity to an organism, sometimes are genetically modified to optimize the
heterologous polynucleotide sequence encoding the desired activity (e.g., polypeptide or
protein, for example). The term “optimize” as used herein can refer to alteration to increase or
enhance expression by preferred codon usage. The term optimize can also refer to
modifications to the amino acid sequence to increase the activity of a polypeptide or protein,
such that the activity exhibits a higher catalytic activity as compared to the “natural” version of

the polypeptide or protein.

Nucleic acid sequences of interest can be genetically modified using methods known in the art.
Mutagenesis techniques are particularly useful for small scale (e.g., 1, 2, 5, 10 or more
nucleotides) or large scale (e.g., 50, 100, 150, 200, 500, or more nucleotides) genetic
modification. Mutagenesis allows the artisan to alter the genetic information of an organism in

a stable manner, either naturally (e.g., isolation using selection and screening) or experimentally
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by the use of chemicals, radiation or inaccurate DNA replication (e.g., PCR mutagenesis). In
some embodiments, genetic modification can be performed by whole scale synthetic synthesis
of nucleic acids, using a native nucleotide sequence as the reference sequence, and modifying
nucleotides that can result in the desired alteration of activity. Mutagenesis methods sometimes
are specific or targeted to specific regions or nucleotides (e.g., site-directed mutagenesis, PCR-
based site-directed mutagenesis, and in vitro mutagenesis techniques such as transplacement
and in vivo oligonucleotide site-directed mutagenesis, for example). Mutagenesis methods
sometimes are non-specific or random with respect to the placement of genetic modifications
(e.g., chemical mutagenesis, insertion element (e.g., insertion or transposon elements) and

inaccurate PCR based methods, for example).

Site directed mutagenesis is a procedure in which a specific nucleotide or specific nucleotides
in a DNA molecule are mutated or altered. Site directed mutagenesis typically is performed
using a nucleic acid sequence of interest cloned into a circular plasmid vector. Site-directed
mutagenesis requires that the wild type sequence be known and used a platform for the genetic
alteration. Site-directed mutagenesis sometimes is referred to as oligonucleotide-directed
mutagenesis because the technique can be performed using oligonucleotides which have the
desired genetic modification incorporated into the complement a nucleotide sequence of
interest. The wild type sequence and the altered nucleotide are allowed to hybridize and the
hybridized nucleic acids are extended and replicated using a DNA polymerase. The double
stranded nucleic acids are introduced into a host (e.g., E. coli, for example) and further rounds
of replication are carried out in vivo. The transformed cells carrying the mutated nucleic acid
sequence are then selected and/or screened for those cells carrying the correctly mutagenized
sequence. Cassette mutagenesis and PCR-based site-directed mutagenesis are further
modifications of the site-directed mutagenesis technique. Site-directed mutagenesis can also be
performed in vivo (e.g., transplacement “pop-in pop-out”, In vivo site-directed mutagenesis

with synthetic oligonucleotides and the like, for example).

PCR-based mutagenesis can be performed using PCR with oligonucleotide primers that contain
the desired mutation or mutations. The technique functions in a manner similar to standard site-
directed mutagenesis, with the exception that a thermocycler and PCR conditions are used to
replace replication and selection of the clones in a microorganism host. As PCR-based
mutagenesis also uses a circular plasmid vector, the amplified fragment (e.g., linear nucleic acid

molecule) containing the incorporated genetic modifications can be separated from the plasmid
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containing the template sequence after a sufficient number of rounds of thermocycler
amplification, using standard electrophoretic procedures. A modification of this method uses
linear amplification methods and a pair of mutagenic primers that amplify the entire plasmid.
The procedure takes advantage of the E. coli Dam methylase system which causes DNA
replicated in vivo to be sensitive to the restriction endonucleases Dpnl. PCR synthesized DNA
is not methylated and is therefore resistant to Dpnl. This approach allows the template plasmid
to be digested, leaving the genetically modified, PCR synthesized plasmids to be isolated and
transformed into a host bacteria for DNA repair and replication, thereby facilitating subsequent
cloning and identification steps. A certain amount of randomness can be added to PCR-based

sited directed mutagenesis by using partially degenerate primers.

Recombination sometimes can be used as a tool for mutagenesis. Homologous recombination
allows the artisan to specifically target regions of known sequence for insertion of heterologous
nucleotide sequences using the host organisms natural DNA replication and repair enzymes.
Homologous recombination methods sometimes are referred to as “pop in pop out”
mutagenesis, transplacement, knock out mutagenesis or knock in mutagenesis. Integration of a
nucleic acid sequence into a host genome is a single cross over event, which inserts the entire
nucleic acid reagent (e.g., pop in). A second cross over event excises all but a portion of the
nucleic acid reagent, leaving behind a heterologous sequence, often referred to as a “footprint”
(e.g., pop out). Mutagenesis by insertion (e.g., knock in) or by double recombination leaving
behind a disrupting heterologous nucleic acid (e.g., knock out) both server to disrupt or “knock
out” the function of the gene or nucleic acid sequence in which insertion occurs. By combining
selectable markers and/or auxotrophic markers with nucleic acid reagents designed to provide
the appropriate nucleic acid target sequences, the artisan can target a selectable nucleic acid
reagent to a specific region, and then select for recombination events that “pop out” a portion of

the inserted (e.g., “pop in”’) nucleic acid reagent.

Such methods take advantage of nucleic acid reagents that have been specifically designed with
known target nucleic acid sequences at or near a nucleic acid or genomic region of interest.
Popping out typically leaves a “foot print” of left over sequences that remain after the
recombination event. The left over sequence can disrupt a gene and thereby reduce or eliminate
expression of that gene. In some embodiments, the method can be used to insert sequences,
upstream or downstream of genes that can result in an enhancement or reduction in expression

of the gene. In certain embodiments, new genes can be introduced into the genome of a host
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organism using similar recombination or “pop in”” methods. An example of a yeast
recombination system using the ura3 gene and 5-FOA were described briefly above and further

detail is presented herein.

A method for modification is described in Alani et al., “A method for gene disruption that
allows repeated use of URA3 selection in the construction of multiply disrupted yeast strains”,
Genetics 116(4):541-545 August 1987. The original method uses a Ura3 cassette with 1000
base pairs (bp) of the same nucleotide sequence cloned in the same orientation on cither side of
the URA3 cassette. Targeting sequences of about 50 bp are added to each side of the construct.
The double stranded targeting sequences are complementary to sequences in the genome of the
host organism. The targeting sequences allow site-specific recombination in a region of
interest. The modification of the original technique replaces the two 1000 bp sequence direct
repeats with two 200 bp direct repeats. The modified method also uses 50 bp targeting
sequences. The modification reduces or eliminates recombination of a second knock out into
the 1000 bp repeat left behind in a first mutagenesis, therefore allowing multiply knocked out
yeast. Additionally, the 200 bp sequences used herein are uniquely designed, self-assembling
sequences that leave behind identifiable footprints. The technique used to design the sequences
incorporate design features such as low identity to the yeast genome, and low identity to each
other. Therefore a library of the self-assembling sequences can be generated to allow multiple
knockouts in the same organism, while reducing or eliminating the potential for integration into

a previous knockout.

As noted above, the URA3 cassette makes use of the toxicity of 5-FOA in yeast carrying a
functional URA3 gene. Uracil synthesis deficient yeast are transformed with the modified
URA3 cassette, using standard yeast transformation protocols, and the transformed cells are
plated on minimal media minus uracil. In some embodiments, PCR can be used to verify
correct insertion into the region of interest in the host genome, and certain embodiments the
PCR step can be omitted. Inclusion of the PCR step can reduce the number of transformants
that need to be counter selected to “pop out” the URA3 cassette. The transformants (e.g., all or
the ones determined to be correct by PCR, for example) can then be counter-selected on media
containing 5-FOA, which will select for recombination out (e.g., popping out) of the URA3
cassette, thus rendering the yeast ura3 deficient again, and resistant to 5-FOA toxicity.
Targeting sequences used to direct recombination events to specific regions are presented

herein. A modification of the method described above can be used to integrate genes in to the
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chromosome, where after recombination a functional gene is left in the chromosome next to the

200bp footprint.

In some embodiments, other auxotrophic or dominant selection markers can be used in place of
URA3 (e.g., an auxotrophic selectable marker), with the appropriate change in selection media
and selection agents. Auxotrophic selectable markers are used in strains deficient for synthesis
of a required biological molecule (e.g., amino acid or nucleoside, for example). Non-limiting
examples of additional auxotrophic markers include; HIS3, TRP1, LEU2, LEU2-d, and LYS2.
Certain auxotrophic markers (e.g., URA3 and LYS2) allow counter selection to select for the
second recombination event that pops out all but one of the direct repeats of the recombination
construct. HIS3 encodes an activity involved in histidine synthesis. TRP1 encodes an activity
involved in tryptophan synthesis. LEU2 encodes an activity involved in leucine synthesis.
LEU2-d is a low expression version of LEU?2 that selects for increased copy number (e.g., gene
or plasmid copy number, for example) to allow survival on minimal media without leucine.
LYS2 encodes an activity involved in lysine synthesis, and allows counter selection for

recombination out of the LYS2 gene using alpha-aminoadipate (a-aminoadipate).

Dominant selectable markers are useful because they also allow industrial and/or prototrophic
strains to be used for genetic manipulations. Additionally, dominant selectable markers provide
the advantage that rich medium can be used for plating and culture growth, and thus growth
rates are markedly increased. Non-limiting examples of dominant selectable markers include;
Tn903 kan', Cm’, Hyg', CUP1, and DHFR. Tn903 kan' encodes an activity involved in
kanamycin antibiotic resistance (e.g., typically neomycin phosphotransferase IT or NPTII, for
example). Cm' encodes an activity involved in chloramphenicol antibiotic resistance (e.g.,
typically chloramphenicol acetyl transferase or CAT, for example). Hyg' encodes an activity
involved in hygromycin resistance by phosphorylation of hygromycin B (e.g., hygromycin
phosphotransferase, or HPT). CUP1 encodes an activity involved in resistance to heavy metal
(e.g., copper, for example) toxicity. DHFR encodes a dihydrofolate reductase activity which

confers resistance to methotrexate and sulfanilamde compounds.

In contrast to site-directed or specific mutagenesis, random mutagenesis does not require any
sequence information and can be accomplished by a number of widely different methods.
Random mutagenesis often is used to generate mutant libraries that can be used to screen for the

desired genotype or phenotype. Non-limiting examples of random mutagenesis include;
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chemical mutagenesis, UV-induced mutagenesis, insertion element or transposon-mediated

mutagenesis, DNA shuffling, error-prone PCR mutagenesis, and the like.

Chemical mutagenesis often involves chemicals like ethyl methanesulfonate (EMS), nitrous
acid, mitomycin C, N-methyl-N-nitrosoureca (MNU), diepoxybutane (DEB), 1, 2, 7, 8-
diepoxyoctane (DEO), methyl methane sulfonate (MMS), N-methyl- N’-nitro-N-
nitrosoguanidine (MNNG), 4-nitroquinoline 1-oxide (4-NQO), 2-methyloxy-6-chloro-9(3-
[ethyl-2-chloroethyl]-aminopropylamino)-acridinedihydrochloride (ICR-170), 2-amino purine
(2AP), and hydroxylamine (HA), provided herein as non-limiting examples. These chemicals
can cause base-pair substitutions, frameshift mutations, deletions, transversion mutations,
transition mutations, incorrect replication, and the like. In some embodiments, the mutagenesis
can be carried out in vivo. Sometimes the mutagenic process involves the use of the host
organisms DNA replication and repair mechanisms to incorporate and replicate the

mutagenized base or bases.

Another type of chemical mutagenesis involves the use of base-analogs. The use of base-
analogs cause incorrect base pairing which in the following round of replication is corrected to
a mismatched nucleotide when compared to the starting sequence. Base analog mutagenesis
introduces a small amount of non-randomness to random mutagenesis, because specific base
analogs can be chose which can be incorporated at certain nucleotides in the starting sequence.
Correction of the mispairing typically yields a known substitution. For example, Bromo-
deoxyuridine (BrdU) can be incorporated into DNA and replaces T in the sequence. The host
DNA repair and replication machinery can sometime correct the defect, but sometimes will
mispair the BrdU with a G. The next round of replication then causes a G-C transversion from

the original A-T in the native sequence.

Ultra violet (UV) induced mutagenesis is caused by the formation of thymidine dimers when
UV light irradiates chemical bonds between two adjacent thymine residues. Excision repair
mechanism of the host organism correct the lesion in the DNA, but occasionally the lesion is

incorrectly repaired typically resulting in a C to T transition.

Insertion element or transposon-mediated mutagenesis makes use of naturally occurring or
modified naturally occurring mobile genetic elements. Transposons often encode accessory

activities in addition to the activities necessary for transposition (e.g., movement using a
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transposase activity, for example). In many examples, transposon accessory activities are
antibiotic resistance markers (¢.g., sec Tn903 kan' described above, for example). Insertion
elements typically only encode the activities necessary for movement of the nucleic acid
sequence. Insertion element and transposon mediated mutagenesis often can occur randomly,
however specific target sequences are known for some transposons. Mobile genetic elements
like IS elements or Transposons (Tn) often have inverted repeats, direct repeats or both inverted
and direct repeats flanking the region coding for the transposition genes. Recombination events
catalyzed by the transposase cause the element to remove itself from the genome and move to a
new location, leaving behind a portion of an inverted or direct repeat. Classic examples of
transposons are the “mobile genetic elements” discovered in maize. Transposon mutagenesis
kits are commercially available which are designed to leave behind a 5 codon insert (e.g.,
Mutation Generation System kit, Finnzymes, World Wide Web URL finnzymes.us, for
example). This allows the artisan to identify the insertion site, without fully disrupting the

function of most genes.

DNA shuffling is a method which uses DNA fragments from members of a mutant library and
reshuffles the fragments randomly to generate new mutant sequence combinations. The
fragments are typically generated using DNasel, followed by random annealing and re-joining
using self priming PCR. The DNA overhanging ends, from annealing of random fragments,
provide “primer” sequences for the PCR process. Shuffling can be applied to libraries

generated by any of the above mutagenesis methods.

Error prone PCR and its derivative rolling circle error prone PCR uses increased magnesium
and manganese concentrations in conjunction with limiting amounts of one or two nucleotides
to reduce the fidelity of the Taq polymerase. The error rate can be as high as 2% under
appropriate conditions, when the resultant mutant sequence is compared to the wild type
starting sequence. After amplification, the library of mutant coding sequences must be cloned
into a suitable plasmid. Although point mutations are the most common types of mutation in
error prone PCR, deletions and frameshift mutations are also possible. There are a number of
commercial error-prone PCR kits available, including those from Stratagene and Clontech (e.g.,
World Wide Web URL strategene.com and World Wide Web URL clontech.com, respectively,
for example). Rolling circle error-prone PCR is a variant of error-prone PCR in which wild-
type sequence is first cloned into a plasmid, then the whole plasmid is amplified under error-

prone conditions.
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As noted above, organisms with altered activities can also be isolated using genetic selection
and screening of organisms challenged on selective media or by identifying naturally occurring
variants from unique environments. For example, 2-Deoxy-D-glucose is a toxic glucose
analog. Growth of yeast on this substance yields mutants that are glucose-deregulated. A
number of mutants have been isolated using 2-Deoxy-D-glucose including transport mutants,
and mutants that ferment glucose and galactose simultancously instead of glucose first then
galactose when glucose is depleted. Similar techniques have been used to isolate mutant
microorganisms that can metabolize plastics (e.g., from landfills), petrochemicals (e.g., from oil

spills), and the like, either in a laboratory setting or from unique environments.

Similar methods can be used to isolate naturally occurring mutations in a desired activity when
the activity exists at a relatively low or nearly undetectable level in the organism of choice, in
some embodiments. The method generally consists of growing the organism to a specific
density in liquid culture, concentrating the cells, and plating the cells on various concentrations
of the substance to which an increase in metabolic activity is desired. The cells are incubated at
a moderate growth temperature, for 5 to 10 days. To enhance the selection process, the plates
can be stored for another 5 to 10 days at a low temperature. The low temperature sometimes
can allow strains that have gained or increased an activity to continue growing while other
strains are inhibited for growth at the low temperature. Following the initial selection and
secondary growth at low temperature, the plates can be replica plated on higher or lower

concentrations of the selection substance to further select for the desired activity.

A native, heterologous or mutagenized polynucleotide can be introduced into a nucleic acid
reagent for introduction into a host organism, thereby generating an engineered microorganism.
Standard recombinant DNA techniques (restriction enzyme digests, ligation, and the like) can
be used by the artisan to combine the mutagenized nucleic acid of interest into a suitable
nucleic acid reagent capable of (i) being stably maintained by selection in the host organism, or
(i1) being integrating into the genome of the host organism. As noted above, sometimes nucleic
acid reagents comprise two replication origins to allow the same nucleic acid reagent to be
manipulated in bacterial before final introduction of the final product into the host organism
(e.g., yeast or fungus for example). Standard molecular biology and recombinant DNA

methods are known (e.g., described in Maniatis, T., E. F. Fritsch and J. Sambrook (1982)
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Molecular Cloning: a Laboratory Manual; Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.).

Nucleic acid reagents can be introduced into microorganisms using various techniques. Non-
limiting examples of methods used to introduce heterologous nucleic acids into various
organisms include; transformation, transfection, transduction, electroporation, ultrasound-
mediated transformation, particle bombardment and the like. In some instances the addition of
carrier molecules (e.g., bis-benzimdazolyl compounds, for example, see US Patent 5595899)
can increase the uptake of DNA in cells typically though to be difficult to transform by
conventional methods. Conventional methods of transformation are known (e.g., described in
Maniatis, T., E. F. Fritsch and J. Sambrook (1982) Molecular Cloning: a Laboratory Manual,
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.).

Modified Activities

Certain activities in a genetically modified organism can be modified by techniques known in
the art. An acyl-CoA oxidase activity or acyl-CoA dehydrogenase activity, or acyl-CoA
oxidase activity and acyl-CoA dehydrogenase activity, can be modified in an organism in
certain embodiments. In some embodiments, a modified endogenous acyl-CoA oxidase
polypeptide, modified endogenous acyl-CoA dehydrogenase polypeptide, modified
heterologous acyl-CoA oxidase polypeptide, and/or modified heterologous acyl-CoA
dehydrogenase polypeptide may be introduced into an organism. A modified polypeptide can
be expressed by a host organism that includes a modified polynucleotide encoding the modified
polypeptide. Modified polypeptides often have an activity different than the activity of an
unmodified counterpart. A modified activity sometimes is a different catalytic activity or a
different substrate specificity, or a different catalytic activity and a different substrate
specificity. A different activity sometimes is an activity that is higher or lower than the activity
of an unmodified counterpart polypeptide. In some embodiments, the catalytic activity of a
modified polypeptide is higher or lower than the catalytic activity of the unmodified counterpart
for a particular substrate. In certain embodiments, the substrate specificity of a modified
polypeptide is higher or lower than the substrate specificity of the unmodified counterpart for a
particular substrate. A modified polypeptide often is active and an activity of a modified
polypeptide often can be detected (e.g., substrate turnover can be detected). A desired activity

for a particular polypeptide sometimes is referred to as a "target activity."



WO 2014/100504 PCT/US2013/076739
102

In some embodiments a genetic modification in a genetically modified organism alters a
substrate specificity of an acyl-CoA oxidase polypeptide produced in the organism. Sometimes
the substrate specificity is reduced for a substrate having a particular chain length. In some
embodiments, a modified acyl-CoA oxidase substrate specificity is reduced for a C8, C10, C12,
Cl14, C16, C18, C20 substrate or combination thereof. In certain embodiments, a modified

acyl-CoA oxidase substrate specificity is reduced for a C10, C12, or C18 substrate.

In some embodiments a genetic modification in a genetically modified organism alters a
substrate specificity of an acyl-CoA dehydrogenase polypeptide produced in the organism.
Sometimes a co-factor specificity is modified, and in some embodiments the modified

polypeptide prefers to utilize oxygen as a co-factor.

One or more particular modifications can be selected to generate a modified polypeptide having
a target activity. Modifications often are amino acid modifications (e.g., deletion, insertion of
one or more amino acids). Amino acid modifications sometimes are amino acid substitutions.
Amino acid substitutions sometimes are conservative, non-limiting examples of which include
substitution of an amino acid containing an acidic moiety to another amino acid containing an
acidic moiety (e.g., D, E), substitution of an amino acid containing a basic moiety to another
amino acid containing a basic moiety (e.g., H, K, R), substitution of an amino acid containing
an aliphatic chain moiety to another amino acid containing an aliphatic chain moiety (V, L, I,
A), substitution of an amino acid containing a cyclic moiety to another amino acid containing a
cyclic moiety (e.g., W, F, Y), and substitution of an amino acid containing a polar moiety to
another amino acid containing a polar moiety (e.g., S, T). Amino acid substitutions sometimes
are non-conservative, non-limiting examples of which include substitution of an amino acid
containing an acidic moiety to an amino acid containing a basic moiety, substitution of an
amino acid containing a basic moiety to an amino acid containing an acidic moiety, substitution
of an amino acid containing relatively small moiety (e.g., G, A) to another amino acid
containing a relatively large moiety (e.g., Y, W, F, I, L), and substitution of an amino acid
containing a relatively large moiety to another amino acid containing an relatively small

moiety.

Particular modifications can be selected using any suitable method known in the art. In certain

embodiments, a reference structure is known for a related polypeptide with a known activity,
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and modifications to a target polypeptide can be guided by alignment of the target polypeptide
structure to the reference structure. A reference structure sometimes is a primary structure (e.g.,
polynucleotide or polypeptide sequence) and the primary structure of a target can be aligned to
the reference structure using an alignment method known in the art. Particular amino acids in
the target that align with (e.g., are identical to or homologous to) or do not align with (e.g., are
not identical to or not homologous to) particular amino acids in the reference can be selected for
modification. Selections can be made by inspection of an alignment or by software known in

the art that identifies, scores and/or ranks amino acids for modification based on an alignment.

A reference structure sometimes is a secondary structure, tertiary structure or quaternary
structure, each of which are three dimensional structures pertaining to a polypeptide. A primary
structure of a target polypeptide can be modeled to a secondary, tertiary or quaternary reference
structure using three-dimensional modeling software known in the art. A secondary, tertiary or
quaternary structure of a target polypeptide can be compared to a secondary, tertiary or
quaternary reference structure using three-dimensional comparative software known in the art.
Particular structures (e.g., a particular individual amino acid; a particular group of contiguous or
non-contiguous amino acids) in the target that align with or map to, or do not align with or map
to, particular structures in the reference can be selected for modification. Also, particular
structures in the target that are in proximity to a substrate or co-factor can be selected for
modification. Selections can be made by inspection of an alignment or map or by software
known in the art that identifies, scores and/or ranks amino acids and/or structures for

modification based on an alignment and map.

After particular amino acids and/or structures are selected for modification in a first
polypeptide, amino acids and structures in a second polypeptide that align with the selected
amino acids and structures in the first polypeptide may be identified. In a non-limiting
example, particular amino acid substitutions and structural modifications (e.g., loop amino acid
deletion/insertion) for Candida spp. POX4 and POXS polypeptides are disclosed herein. A
primary structure of another acyl-CoA oxidase polypeptide can be aligned with the amino acid
sequence or modeled structure of a POX4 or POXS5 polypeptide and some or all amino acids of
the other polypeptide that align with those selected for modification in the POX4 or POXS5
polypeptide also can be selected for modification. Certain criteria for selecting acyl-CoA

dehydrogenase modifications also are described herein.
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One or more activities of a modified polypeptide can be characterized using any suitable assay
known in the art. A modified polypeptide can be expressed in an organism other than a target
organism in which a target product will be produced, for assaying activity. For example, a
modified polypeptide can be expressed in a bacterium (e.g., E. coli), assayed and then

introduced into a yeast (e.g., Candida spp. yeast) for production of a target diacid.

Feedstocks, Media, Supplements & Additives

Engineered microorganisms often are cultured under conditions that optimize yield of a fatty
dicarboxylic acid (e.g., an eight to eighteen-carbon fatty dicarboxylic acid). Non-limiting
examples of fatty dicarboxylic acids include suberic acid (i.e., octanedioic acid, 1,8-octanedioic
acid, octanedioic acid, octane-1,8-dioic acid, 1,6-hexanedicarboxylic acid, capryllic diacids),
sebacic acid (i.e., 1,10-decanedioic acid, decanedioic acid, decane-1,10-dioic acid, 1,8-
octanedicarboxylic acid, capric diacid), dodecanedioic acid (i.e., DDDA, 1,12-dodecanedioic
acid, dodecanedioic acid, dodecane-1,12-dioic acid, 1,10-decanedicarboxylic acid,
decamethylenedicaboxylic acid, 1,10-dicarboxydecane, lauric diacid), tetradecanedioic acid
(i.e., TDDA, 1,14-tetradecanedioic acid, tetradecanedioic acid, tetradecane-1,14-dioic acid,
1,12-dodecanedicarboxylic acid, myristic diacid), thapsic acid (i.e., hexadecanedioic acid, 1,16-
hexadecanedioic acid, hexadecanedioic acid, hexadecane-1,16-dioic acid, 1,14-
tetradecanedicarboxylic acid, palmitic diacid), cis-9-hexadecenedioic acid (i.e., palmitoleic
diacids), octanedioic acid (i.e., 1,18-octadecanedioic acid, octadecanedioic acid, octadecane-
1,18-dioic acid, 1,16-hexadecanedicarboxylic acid, stearic diacid), cis-9-octadecenedioic acid
(i.e., oleic diacids), cis-9,12-octadecenedioic acid (i.e., linoleic diacids), cis-9,12,15-
octadecenedioic acid (i.e., linolenic diacids), arachidic diacid (i.c., eicosanoic diacid, icosanoic
diacid), 11-eicosenoic diacid (i.e., cis-11-eicosenedioic acid), 13-eicosenoic diacids (i.e., cis-
13-eicosenedioic acid), arachidonic diacid (i.e., cis-5,8,11,14-¢cicosatetraecnedioic acid). Culture
conditions often optimize activity of one or more of the following activities: omega oxo fatty
acid dehydrogenase activity, omega hydroxyl fatty acid dehydrogenase activity, acetyl CoA
carboxylase activity, monooxygenase activity, monooxygenase reductase activity, fatty alcohol
oxidase, acyl-CoA ligase, acyl-CoA oxidase, enoyl-CoA hydratase, 3-hydroxyacyl-CoA
dehydrogenase, and/or acyltransferase (e.g., acetyl-CoA C-acyltransferase) activities. In
general, non-limiting examples of conditions that may be optimized include the type and

amount of carbon source, the type and amount of nitrogen source, the carbon-to-nitrogen ratio,



WO 2014/100504 PCT/US2013/076739
105

the oxygen level, growth temperature, pH, length of the biomass production phase, length of

target product accumulation phase, and time of cell harvest.

Culture media generally contain a suitable carbon source. Carbon sources useful for culturing
microorganisms and/or fermentation processes sometimes are referred to as feedstocks. The
term “feedstock” as used herein refers to a composition containing a carbon source that is
provided to an organism, which is used by the organism to produce energy and metabolic
products useful for growth. A feedstock may be a natural substance, a “man-made substance,”
a purified or isolated substance, a mixture of purified substances, a mixture of unpurified
substances or combinations thercof. A feedstock often is prepared by and/or provided to an
organism by a person, and a feedstock often is formulated prior to administration to the
organism. A carbon source may comprise, but is not limited to including, one or more of the
following substances: alkanes, alkenes, mono-carboxylic acids, di-carboxylic acids,
monosaccharides (e.g., also referred to as “saccharides,” which include 6-carbon sugars (e.g.,
glucose, fructose), 5-carbon sugars (e.g., xylose and other pentoses) and the like), disaccharides
(e.g., lactose, sucrose), oligosaccharides (e.g., glycans, homopolymers of a monosaccharide),
polysaccharides (e.g., starch, cellulose, heteropolymers of monosaccharides or mixtures
thereof), sugar alcohols (e.g., glycerol), and renewable feedstocks (e.g., cheese whey permeate,

cornsteep liquor, sugar beet molasses, barley malt).

Carbon sources also can be selected from one or more of the following non-limiting examples:
paraffin (e.g., saturated paraffin, unsaturated paraffin, substituted paraffin, linear paraffin,
branched paraffin, or combinations thereof); alkanes (e.g., dodecane), alkenes or alkynes, each
of which may be linear, branched, saturated, unsaturated, substituted or combinations thercof
(described in greater detail below); linear or branched alcohols (e.g., dodecanol); fatty acids
(e.g., about 1 carbon to about 60 carbons, including free fatty acids, soap stock, for example);
esters of fatty acids; monoglycerides; diglycerides; triglycerides, phospholipids. Non-limiting
commercial sources of products for preparing feedstocks include plants, plant oils or plant
products (e.g., vegetable oils (e.g., almond oil, canola oil, cocoa butter, coconut oil, corn oil,
cottonseed oil, flaxseed oil, grape seed oil, illipe, olive oil, palm oil, palm olein, palm kernel oil,
safflower oil, peanut oil, soybean oil, sesame oil, shea nut oil, sunflower oil walnut oil, the like
and combinations thereof) and animal fats (e.g., beef tallow, butterfat, lard, cod liver oil). A
carbon source may include a petroleum product and/or a petroleum distillate (e.g., diesel, fuel

oils, gasoline, kerosene, paraffin wax, paraffin oil, petrochemicals). In some embodiments, a
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feedstock comprises petroleum distillate. A carbon source can be a fatty acid distillate (e.g., a
palm oil distillate or corn oil distillate). Fatty acid distillates can be by-products from the

refining of crude plant oils. In some embodiments, a feedstock comprises a fatty acid distillate.

In some embodiments, a feedstock comprises a soapstock (i.e. soap stock). A widely practiced
method for purifying crude vegetable oils for edible use is the alkali or caustic refining method.
This process employs a dilute aqueous solution of caustic soda to react with the free fatty acids
present which results in the formation of soaps. The soaps together with hydrated phosphatides,
gums and prooxidant metals are typically separated from the refined oil as the heavy phase

discharge from the refining centrifuge and are typically known as soapstock.

A carbon source also may include a metabolic product that can be used directly as a metabolic
substrate in an engineered pathway described herein, or indirectly via conversion to a different
molecule using engineered or native biosynthetic pathways in an engineered microorganism. In
certain embodiments, metabolic pathways can be preferentially biased towards production of a
desired product by increasing the levels of one or more activities in one or more metabolic
pathways having and/or generating at least one common metabolic and/or synthetic substrate.
In some embodiments, a metabolic byproduct (e.g., fatty acid) of an engineered activity (e.g.,
omega oxidation activity) can be used in one or more metabolic pathways selected from
gluconeogenesis, pentose phosphate pathway, glycolysis, fatty acid synthesis, beta oxidation,
and omega oxidation, to generate a carbon source that can be converted to a fatty dicarboxylic
acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,

hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid).

The term “paraffin” as used herein refers to the common name for alkane hydrocarbons,
independent of the source (e.g., plant derived, petroleum derived, chemically synthesized,
fermented by a microorganism), or carbon chain length. A carbon source sometimes comprises
a paraffin, and in some embodiments, a paraffin is predominant in a carbon source (¢.g., about
75%, 80%, 85%, 90% or 95% paraffin). A paraffin sometimes is saturated (e.g., fully
saturated), sometimes includes one or more unsaturations (e.g., about 1, 2, 3,4, 5,6,7, 8,9, 10
unsaturations) and sometimes is substituted with one or more non-hydrogen substituents. Non-
limiting examples of non-hydrogen substituents include halo, acetyl, =0, =N-CN, =N-OR,
=NR, OR, NR;,, SR, SO,R, SO;NR;, NRSO,R, NRCONR,, NRCOOR, NRCOR, CN, COOR,
CONR,, OOCR, COR, and NO,, where each R is independently H, C1-C8 alkyl, C2-C8
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heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8
alkynyl, C2-C8 heteroalkynyl, C6-C10 aryl, or C5-C10 heteroaryl, and each R is optionally
substituted with halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’,, SR’, SO,R’, SO,NR’,,
NR’SO;R’, NR’CONR’,, NR’COOR’, NR’COR’, CN, COOR’, CONR’,, OOCR’, COR’, and
NO,, where each R’ is independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl or C5-C10 heteroaryl.

In some embodiments a feedstock is selected according to the genotype and/or phenotype of the
engineered microorganism to be cultured. For example, a feedstock rich in 12-carbon fatty
acids, 12-carbon dicarboxylic acids or 12-carbon paraffins, or a mixture of 10, 12 and 14-
carbon compounds can be useful for culturing yeast strains harboring an alteration that partially
blocks beta oxidation by disrupting POX4 activity, as described herein. Non-limiting examples
of carbon sources having 10 to 14 carbons include fats (e.g., coconut oil, palm kernel oil),
paraffins (e.g., alkanes, alkenes, or alkynes) having 10 to 14 carbons, (e.g., dodecane (also
referred to as adakanel2, bihexyl, dihexyl and duodecane); tetradecane), alkene and alkyne
derivatives), fatty acids (dodecanoic acid, tetradecanoic acid), fatty alcohols (dodecanol,

tetradecanol), the like, non-toxic substituted derivatives or combinations thereof.

A carbon source sometimes comprises an alkyl, alkenyl or alkynyl compound or molecule (e.g.,
a compound that includes an alkyl, alkenyl or alkynyl moiety (e.g., alkane, alkene, alkyne)). In
certain embodiments, an alkyl, alkenyl or alkynyl molecule, or combination thereof, is
predominant in a carbon source (e.g., about 75%, 80%, 85%, 90% or 95% of such molecules).
As used herein, the terms “alkyl,” “alkenyl” and “alkynyl” include straight-chain (referred to
herein as "linear"), branched-chain (referred to herein as "non-linear"), cyclic monovalent
hydrocarbyl radicals, and combinations of these, which contain only C and H atoms when they
are unsubstituted. Non-limiting examples of alkyl moieties include methyl, ethyl, isobutyl,
cyclohexyl, cyclopentylethyl, 2-propenyl, 3-butynyl, and the like. An alkyl that contains only C
and H atoms and is unsubstituted sometimes is referred to as "saturated." An alkenyl or alkynyl
generally is "unsaturated"” as it contains one or more double bonds or triple bonds, respectively.
An alkenyl can include any number of double bonds, such as 1, 2, 3, 4 or 5 double bonds, for
example. An alkynyl can include any number of triple bonds, such as 1, 2, 3, 4 or 5 triple
bonds, for example. Alkyl, alkenyl and alkynyl molecules sometimes contain between about 2
to about 60 carbon atoms (C). For example, an alkyl, alkenyl and alkynyl molecule can include

about 1 carbon atom, about 2 carbon atoms, about 3 carbon atoms, about 4 carbon atoms, about
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5 carbon atoms, about 6 carbon atoms, about 7 carbon atoms, about 8 carbon atoms, about 9
carbon atoms, about 10 carbon atoms, about 12 carbon atoms, about 14 carbon atoms, about 16
carbon atoms, about 18 carbon atoms, about 20 carbon atoms, about 22 carbon atoms, about 24
carbon atoms, about 26 carbon atoms, about 28 carbon atoms, about 30 carbon atoms, about 32
carbon atoms, about 34 carbon atoms, about 36 carbon atoms, about 38 carbon atoms, about 40
carbon atoms, about 42 carbon atoms, about 44 carbon atoms, about 46 carbon atoms, about 48
carbon atoms, about 50 carbon atoms, about 52 carbon atoms, about 54 carbon atoms, about 56
carbon atoms, about 58 carbon atoms or about 60 carbon atoms. In some embodiments,
paraffins can have a mean number of carbon atoms of between about 8 to about 18 carbon
atoms (e.g., about 8 carbon atoms, about 9 carbon atoms, about 10 carbon atoms, about 11
carbon atoms, about 12 carbon atoms, about 13 carbon atoms, about 14 carbon atoms, about 15
carbon atoms, about 16 carbon atoms, about 17 carbon atoms and about 18 carbon atoms). A
single group can include more than one type of multiple bond, or more than one multiple bond.
Such groups are included within the definition of the term “alkenyl” when they contain at least
one carbon-carbon double bond, and are included within the term “alkynyl” when they contain
at least one carbon-carbon triple bond. Alkyl, alkenyl and alkynyl molecules include molecules
that comprise an alkyl, alkenyl and/or alkynyl moiety, and include molecules that consist of an

alkyl, alkenyl or alkynyl moiety (i.c., alkane, alkene and alkyne molecules).

Alkyl, alkenyl and alkynyl substituents sometimes contain 1-20C (alkyl) or 2-20C (alkenyl or
alkynyl). They can contain about 8-20C or about 10-20C in some embodiments. A single
group can include more than one type of multiple bond, or more than one multiple bond. Such
groups are included within the definition of the term “alkenyl” when they contain at least one
carbon-carbon double bond, and are included within the term “alkynyl” when they contain at

least one carbon-carbon triple bond.

Alkyl, alkenyl and alkynyl groups or compounds sometimes are substituted to the extent that
such substitution can be synthesized and can exist. Typical substituents include, but are not
limited to, halo, acetyl, =0, =N-CN, =N-OR, =NR, OR, NR,, SR, SO;R, SO,NR,, NRSO;R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, CONR,, OOCR, COR, and NO,, where each R
is independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-C11 aryl, or C5-C11
heteroaryl, and each R is optionally substituted with halo, =0, =N-CN, =N-OR’, =NR’, OR’,
NR’,, SR’, SO2R’, SO,NR’,, NR’SO2R’, NR’CONR’,, NR’COOR’, NR’COR’, CN, COOR’,
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CONR’;, OOCR’, COR’, and NO,, where each R’ is independently H, C1-C8 alkyl, C2-C8
heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl. Alkyl, alkenyl
and alkynyl groups can also be substituted by C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or
C5-C10 heteroaryl, each of which can be substituted by the substituents that are appropriate for
the particular group.

“Acetylene” or "acetyl" substituents are 2-10C alkynyl groups that are optionally substituted,
and are of the formula -C=C-Ri, where Ri is H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl, and
cach Ri group is optionally substituted with one or more substituents selected from halo, =0,
=N-CN, =N-OR’, =NR’, OR’, NR’2, SR’, SO,R’, SO,NR’,, NR’SO,R’, NR’CONR’,,
NR’COOR’, NR’COR’, CN, COOR’, CONR’,, OOCR’, COR’, and NO;, where each R’ is
independently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 heteroarylalkyl, each of which is optionally
substituted with one or more groups selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-
C6 acyl, C1-C6 heteroacyl, hydroxy, amino, and =0O; and where two R’ can be linked to form a
3-7 membered ring optionally containing up to three heteroatoms selected from N, O and S. In

some embodiments, Ri of -C=C-Ri is H or Me.

A carbon source sometimes comprises a heteroalkyl, heteroalkenyl and/or heteroalkynyl
molecule or compound (e.g., comprises heteroalkyl, heteroalkenyl and/or heteroalkynyl moiety
(e.g., heteroalkane, heteroalkene or heteroalkyne)). “Heteroalkyl”, “heteroalkenyl”, and
“heteroalkynyl” and the like are defined similarly to the corresponding hydrocarbyl (alkyl,
alkenyl and alkynyl) groups, but the ‘hetero’ terms refer to groups that contain one to three O, S
or N heteroatoms or combinations thercof within the backbone; thus at least one carbon atom of
a corresponding alkyl, alkenyl, or alkynyl group is replaced by one of the specified heteroatoms
to form a heteroalkyl, heteroalkenyl, or heteroalkynyl group. The typical and sizes for
heteroforms of alkyl, alkenyl and alkynyl groups are generally the same as for the
corresponding hydrocarbyl groups, and the substituents that may be present on the heteroforms
are the same as those described above for the hydrocarbyl groups. For reasons of chemical
stability, it is also understood that, unless otherwise specified, such groups do not include more
than two contiguous heteroatoms except where an oxo group is present on N or S as in a nitro

or sulfonyl group.
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The term “alkyl” as used herein includes cycloalkyl and cycloalkylalkyl groups and
compounds, the term “cycloalkyl” may be used herein to describe a carbocyclic non-aromatic
compound or group that is connected via a ring carbon atom, and “cycloalkylalkyl” may be
used to describe a carbocyclic non-aromatic compound or group that is connected to a molecule
through an alkyl linker. Similarly, “heterocyclyl” may be used to describe a non-aromatic
cyclic group that contains at least one heteroatom as a ring member and that is connected to the
molecule via a ring atom, which may be C or N; and “heterocyclylalkyl” may be used to
describe such a group that is connected to another molecule through a linker. The sizes and
substituents that are suitable for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and
heterocyclylalkyl groups are the same as those described above for alkyl groups. As used
herein, these terms also include rings that contain a double bond or two, as long as the ring is

not aromatic.

A carbon source sometimes comprises an acyl compound or moiety (e.g., compound
comprising an acyl moiety). As used herein, “acyl” encompasses groups comprising an alkyl,
alkenyl, alkynyl, aryl or arylalkyl radical attached at one of the two available valence positions
of a carbonyl carbon atom, and heteroacyl refers to the corresponding groups where at least one
carbon other than the carbonyl carbon has been replaced by a heteroatom chosen from N, O and
S. Thus heteroacyl includes, for example, -C(=0)OR and —C(=0)NR, as well as —C(=0)-

heteroaryl.

Acyl and heteroacyl groups are bonded to any group or molecule to which they are attached
through the open valence of the carbonyl carbon atom. Typically, they are C1-C8 acyl groups,
which include formyl, acetyl, pivaloyl, and benzoyl, and C2-C8 heteroacyl groups, which
include methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The hydrocarbyl groups, aryl
groups, and heteroforms of such groups that comprise an acyl or heteroacyl group can be
substituted with the substituents described herein as generally suitable substituents for each of

the corresponding component of the acyl or heteroacyl group.

A carbon source sometimes comprises one or more aromatic moieties and/or heteroaromatic
moieties. “Aromatic” moiety or “aryl” moiety refers to a monocyclic or fused bicyclic moiety
having the well-known characteristics of aromaticity; examples include phenyl and naphthyl.

Similarly, “heteroaromatic” and “heteroaryl” refer to such monocyclic or fused bicyclic ring
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systems which contain as ring members one or more heteroatoms selected from O, S and N.
The inclusion of a heteroatom permits aromaticity in 5 membered rings as well as 6 membered
rings. Typical heteroaromatic systems include monocyclic C5-C6 aromatic groups such as
pyridyl, pyrimidyl, pyrazinyl, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, oxazolyl, and
imidazolyl and the fused bicyclic moieties formed by fusing one of these monocyclic groups
with a phenyl ring or with any of the heteroaromatic monocyclic groups to form a C8-C10
bicyclic group such as indolyl, benzimidazolyl, indazolyl, benzotriazolyl, isoquinolyl, quinolyl,
benzothiazolyl, benzofuranyl, pyrazolopyridyl, quinazolinyl, quinoxalinyl, cinnolinyl, and the
like. Any monocyclic or fused ring bicyclic system which has the characteristics of aromaticity
in terms of electron distribution throughout the ring system is included in this definition. It also
includes bicyclic groups where at least the ring which is directly attached to the remainder of
the molecule has the characteristics of aromaticity. Typically, the ring systems contain 5-12
ring member atoms. The monocyclic heteroaryls sometimes contain 5-6 ring members, and the

bicyclic heteroaryls sometimes contain 8-10 ring members.

Aryl and heteroaryl moieties may be substituted with a variety of substituents including C1-C8
alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and heteroforms of these, each
of which can itself be further substituted; other substituents for aryl and heteroaryl moieties
include halo, OR, NR,, SR, SO,R, SO,NR;, NRSO,R, NRCONR,, NRCOOR, NRCOR, CN,
COOR, CONR;,, OOCR, COR, and NO,, where each R is independently H, C1-C8 alkyl, C2-
C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-
C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl, and each R is
optionally substituted as described above for alkyl groups. The substituent groups on an aryl or
heteroaryl group may be further substituted with the groups described herein as suitable for
cach type of such substituents or for each component of the substituent. Thus, for example, an
arylalkyl substituent may be substituted on the aryl portion with substituents typical for aryl
groups, and it may be further substituted on the alkyl portion with substituents as typical or
suitable for alkyl groups.

Similarly, “arylalkyl” and “heteroarylalkyl” refer to aromatic and heteroaromatic ring systems,
which are stand-alone molecules (e.g., benzene or substituted benzene, pyridine or substituted
pyridine), or which are bonded to an attachment point through a linking group such as an
alkylene, including substituted or unsubstituted, saturated or unsaturated, cyclic or acyclic

linkers. A linker often is C1-C8 alkyl or a hetero form thereof. These linkers also may include
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a carbonyl group, thus making them able to provide substituents as an acyl or heteroacyl
moiety. An aryl or heteroaryl ring in an arylalkyl or heteroarylalkyl group may be substituted
with the same substituents described above for aryl groups. An arylalkyl group sometimes
includes a phenyl ring optionally substituted with the groups defined above for aryl groups and
a C1-C4 alkylene that is unsubstituted or is substituted with one or two C1-C4 alkyl groups or
heteroalkyl groups, where the alkyl or heteroalkyl groups can optionally cyclize to form a ring
such as cyclopropane, dioxolane, or oxacyclopentane. Similarly, a heteroarylalkyl group often
includes a C5-C6 monocyclic heteroaryl group optionally substituted with one or more of the
groups described above as substituents typical on aryl groups and a C1-C4 alkylene that is
unsubstituted. A heteroarylalkyl group sometimes is substituted with one or two C1-C4 alkyl
groups or heteroalkyl groups, or includes an optionally substituted phenyl ring or C5-C6
monocyclic heteroaryl and a C1-C4 heteroalkylene that is unsubstituted or is substituted with
one or two C1-C4 alkyl or heteroalkyl groups, where the alkyl or heteroalkyl groups can

optionally cyclize to form a ring such as cyclopropane, dioxolane, or oxacyclopentane.

Where an arylalkyl or heteroarylalkyl group is described as optionally substituted, the
substituents may be on the alkyl or heteroalkyl portion or on the aryl or heteroaryl portion of
the group. The substituents optionally present on the alkyl or heteroalkyl portion sometimes are
the same as those described above for alkyl groups, and the substituents optionally present on
the aryl or heteroaryl portion often are the same as those described above for aryl groups

generally.

“Arylalkyl” groups as used herein are hydrocarbyl groups if they are unsubstituted, and are
described by the total number of carbon atoms in the ring and alkylene or similar linker. Thus a

benzyl group is a C7-arylalkyl group, and phenylethyl is a C8-arylalkyl.

“Heteroarylalkyl” as described above refers to a moiety comprising an aryl group that is
attached through a linking group, and differs from “arylalkyl” in that at least one ring atom of
the aryl moiety or one atom in the linking group is a heteroatom selected from N, O and S. The
heteroarylalkyl groups are described herein according to the total number of atoms in the ring
and linker combined, and they include aryl groups linked through a heteroalkyl linker;
heteroaryl groups linked through a hydrocarbyl linker such as an alkylene; and heteroaryl
groups linked through a heteroalkyl linker. Thus, for example, C7-heteroarylalkyl includes
pyridylmethyl, phenoxy, and N-pyrrolylmethoxy.
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“Alkylene” as used herein refers to a divalent hydrocarbyl group. Because an alkylene is
divalent, it can link two other groups together. An alkylene often is referred to as —(CHy),-
where n can be 1-20, 1-10, 1-8, or 1-4, though where specified, an alkylene can also be
substituted by other groups, and can be of other lengths, and the open valences need not be at
opposite ends of a chain. Thus —CH(Me)- and —C(Me),- may also be referred to as alkylenes,
as can a cyclic group such as cyclopropan-1,1-diyl. Where an alkylene group is substituted, the

substituents include those typically present on alkyl groups as described herein.

In some embodiments, a feedstock includes a mixture of carbon sources, where each carbon
source in the feedstock is selected based on the genotype of the engineered microorganism. In
certain embodiments, a mixed carbon source feedstock includes one or more carbon sources
selected from sugars, cellulose, alkanes, fatty acids, triacylglycerides, paraffins, the like and

combinations thereof,

Nitrogen may be supplied from an inorganic (e.g., (NH.sub.4).sub.2S0.sub.4) or organic source
(e.g., urea or glutamate). In addition to appropriate carbon and nitrogen sources, culture media
also can contain suitable minerals, salts, cofactors, buffers, vitamins, metal ions (e.g.,
Mn.sup.+2, Co.sup.+2, Zn.sup.+2, Mg.sup.+2) and other components suitable for culture of

microorganisms.

Engineered microorganisms sometimes are cultured in complex media (e.g., yeast extract-
peptone-dextrose broth (YPD)). In some embodiments, engineered microorganisms are
cultured in a defined minimal media that lacks a component necessary for growth and thereby
forces selection of a desired expression cassette (e.g., Yeast Nitrogen Base (DIFCO

Laboratories, Detroit, Mich.)).

Culture media in some embodiments are common commercially prepared media, such as Yeast
Nitrogen Base (DIFCO Laboratories, Detroit, Mich.). Other defined or synthetic growth media
may also be used and the appropriate medium for growth of the particular microorganism are
known. A variety of host organisms can be selected for the production of engineered
microorganisms. Non-limiting examples include yeast (e.g., Candida tropicalis (e.g.,
ATCC20336, ATCC20913, ATCC20962), Yarrowia lipolytica (e.g., ATCC20228)) and
filamentous fungi (e.g., Aspergillus nidulans (e.g., ATCC38164) and Aspergillus parasiticus
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(e.g., ATCC 24690)). In specific embodiments, yeast are cultured in YPD media (10 g/L. Bacto
Yeast Extract, 20 g/L Bacto Peptone, and 20 g/L Dextrose). Filamentous fungi, in particular
embodiments, are grown in CM (Complete Medium) containing 10 g/L Dextrose, 2 g/L Bacto
Peptone, 1g/L Bacto Yeast Extract, 1 g/L. Casamino acids, 50 mL /L 20X Nitrate Salts (120 g/L
NaNOs3, 10.4 g/L KCl, 10.4 g/ MgSO4-7 H20 ), 1 mL/L 1000X Trace Elements (22 g/L
ZnS047 Hy0, 11 g/L H3BOs3, 5 g/ MnCl,-7 H0, 5 g/L FeSO4-7 H,0, 1.7 g/L CoCl,-6 H,0,
1.6 g/L CuSO4'5 H,0, 1.5 g/L Na,Mo0O4-2 H,0, and 50 g/ Na4EDTA), and 1 mL/L Vitamin
Solution (100 mg cach of Biotin, pyridoxine, thiamine, riboflavin, p-aminobenzoic acid, and

nicotinic acid in 100 mL water).

Growth Conditions & Fermentation

A suitable pH range for the fermentation often is between about pH 4.0 to about pH 8.0, where
a pH in the range of about pH 5.5 to about pH 7.0 sometimes is utilized for initial culture
conditions. Depending on the host organism, culturing may be conducted under aerobic or
anaerobic conditions, where microaerobic conditions sometimes are maintained. A two-stage
process may be utilized, where one stage promotes microorganism proliferation and another
state promotes production of target molecule. In a two-stage process, the first stage may be
conducted under acrobic conditions (e.g., introduction of air and/or oxygen) and the second
stage may be conducted under anaerobic conditions (e.g., air or oxygen are not introduced to
the culture conditions). In some embodiments, the first stage may be conducted under
anaerobic conditions and the second stage may be conducted under acrobic conditions. In
certain embodiments, a two-stage process may include two more organisms, where one
organism generates an intermediate product in one stage and another organism processes the
intermediate product into a target fatty dicarboxylic acid product (e.g., sebacic or dodecanedioic

acid) in another stage, for example.

A variety of fermentation processes may be applied for commercial biological production of a
target fatty dicarboxylic acid product. In some embodiments, commercial production of a
target fatty dicarboxylic acid product from a recombinant microbial host is conducted using a

batch, fed-batch or continuous fermentation process, for example.

A batch fermentation process often is a closed system where the media composition is fixed at

the beginning of the process and not subject to further additions beyond those required for
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maintenance of pH and oxygen level during the process. At the beginning of the culturing
process the media is inoculated with the desired organism and growth or metabolic activity is
permitted to occur without adding additional sources (i.e., carbon and nitrogen sources) to the
medium. In batch processes the metabolite and biomass compositions of the system change
constantly up to the time the culture is terminated. In a typical batch process, cells proceed
through a static lag phase to a high-growth log phase and finally to a stationary phase, wherein
the growth rate is diminished or halted. Left untreated, cells in the stationary phase will
eventually die.

A variation of the standard batch process is the fed-batch process, where the carbon source is
continually added to the fermenter over the course of the fermentation process. Fed-batch
processes are useful when catabolite repression is apt to inhibit the metabolism of the cells or
where it is desirable to have limited amounts of carbon source in the media at any one time.
Measurement of the carbon source concentration in fed-batch systems may be estimated on the
basis of the changes of measurable factors such as pH, dissolved oxygen and the partial

pressure of waste gases (e.g., CO.sub.2).

Batch and fed-batch culturing methods are known in the art. Examples of such methods may be
found in Thomas D. Brock in Biotechnology: A Textbook of Industrial Microbiology, 2.sup.nd

ed., (1989) Sinauer Associates Sunderland, Mass. and Deshpande, Mukund V., Appl. Biochem.

Biotechnol., 36:227 (1992).

In continuous fermentation process a defined media often is continuously added to a bioreactor
while an equal amount of culture volume is removed simultancously for product recovery.
Continuous cultures generally maintain cells in the log phase of growth at a constant cell
density. Continuous or semi-continuous culture methods permit the modulation of one factor or
any number of factors that affect cell growth or end product concentration. For example, an
approach may limit the carbon source and allow all other parameters to moderate metabolism.
In some systems, a number of factors affecting growth may be altered continuously while the
cell concentration, measured by media turbidity, is kept constant. Continuous systems often
maintain steady state growth and thus the cell growth rate often is balanced against cell loss due
to media being drawn off the culture. Methods of modulating nutrients and growth factors for
continuous culture processes, as well as techniques for maximizing the rate of product

formation, are known and a variety of methods are detailed by Brock, supra.
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In some embodiments involving fermentation, the fermentation can be carried out using two or
more microorganisms (e.g., host microorganism, engineered microorganism, isolated naturally
occurring microorganism, the like and combinations thereof), where a feedstock is partially or
completely utilized by one or more organisms in the fermentation (e.g., mixed fermentation),
and the products of cellular respiration or metabolism of one or more organisms can be further
metabolized by one or more other organisms to produce a desired target product (e.g., sebacic
acid, dodecanedioic acid, hexanoic acid). In certain embodiments, each organism can be
fermented independently and the products of cellular respiration or metabolism purified and
contacted with another organism to produce a desired target product. In some embodiments,
one or more organisms are partially or completely blocked in a metabolic pathway (e.g., beta
oxidation, omega oxidation, the like or combinations thereof), thereby producing a desired
product that can be used as a feedstock for one or more other organisms. Any suitable
combination of microorganisms can be utilized to carry out mixed fermentation or sequential

fermentation.

Target Product Production, Isolation and Yield

In various embodiments a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) is isolated or purified from the culture media or extracted from the
engineered microorganisms. In some embodiments, fermentation of feedstocks by methods
described herein can produce a target fatty dicarboxylic acid product (e.g., sebacic or
dodecanedioic acid) at a level of about 10% to about 100% of theoretical yield (e.g., about 15%,
about 20%, about 25% or more of theoretical yield (e.g., 25% or more, 26% or more, 27% or
more, 28% or more, 29% or more, 30% or more, 31% or more, 32% or more, 33% or more,
34% or more, 35% or more, 36% or more, 37% or more, 38% or more, 39% or more, 40% or
more, 41% or more, 42% or more, 43% or more, 44% or more, 45% or more, 46% or more,
47% or more, 48% or more, 49% or more, 50% or more, 51% or more, 52% or more, 53% or
more, 54% or more, 55% or more, 56% or more, 57% or more, 58% or more, 59% or more,
60% or more, 61% or more, 62% or more, 63% or more, 64% or more, 65% or more, 66% or
more, 67% or more, 68% or more, 69% or more, 70% or more, 71% or more, 72% or more,

73% or more, 74% or more, 75% or more, 76% or more, 77% or more, 78% or more, 79% or
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more, 80% or more, 1% or more, 82% or more, 83% or more, 84% or more, 85% or more,
86% or more, 87% or more, 88% or more, 89% or more, 90% or more, 91% or more, 92% or
more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more, 98% or more, or
99% or more of theoretical yield). The term “theoretical yield” as used herein refers to the
amount of product that could be made from a starting material if the reaction is 100% complete.
Theoretical yield is based on the stoichiometry of a reaction and ideal conditions in which
starting material is completely consumed, undesired side reactions do not occur, the reverse
reaction does not occur, and there are no losses in the work-up procedure. Culture media may
be tested for target product (e.g., sebacic or dodecanedioic acid) concentration and drawn off
when the concentration reaches a predetermined level. Detection methods are known in the art,
including but not limited to chromatographic methods (e.g., gas chromatography) or combined
chromatographic/mass spectrometry (e.g., GC-MS) methods. Target product (e.g., sebacic or

dodecanedioic acid) may be present at a range of levels as described herein.

A target fatty dicarboxylic acid product sometimes is retained within an engineered
microorganism after a culture process is completed, and in certain embodiments, the target
product is secreted out of the microorganism into the culture medium. For the latter
embodiments, (i) culture media may be drawn from the culture system and fresh medium may
be supplemented, and/or (ii) target product may be extracted from the culture media during or
after the culture process is completed. Engineered microorganisms may be cultured on or in
solid, semi-solid or liquid media. In some embodiments media is drained from cells adhering to
a plate. In certain embodiments, a liquid-cell mixture is centrifuged at a speed sufficient to
pellet the cells but not disrupt the cells and allow extraction of the media, as known in the art.
The cells may then be resuspended in fresh media. Target product may be purified from culture

media according to known methods know in the art.

Provided herein are non-limiting examples of methods useful for recovering target product from
fermentation broth and/or isolating/partially purifying a target fatty dicarboxylic acid product
from non-target products when utilizing mixed chain length feedstocks. Recovery of a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) from fermentation broth
can be accomplished using a variety of methods. Optionally, one can first employ a
centrifugation step to separate cell mass and a fatty dicarboxylic acid (e.g., octanedioic acid,

decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,
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octadecanedioic acid, eicosanedioic acid) from the aqueous phase. A fatty dicarboxylic acid
(e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,
hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) has limited solubility in water
under fermentation conditions, and has a density similar to that of water. Upon centrifugation,
the majority of fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic
acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid)
will be pulled away from the water stream, and be concentrated in the cell mass stream. The
concentrated fatty dicarboxylic acid stream will then be further concentrated via filtration steps
(e.g., solid dodecanedioic acid will be retained on a filter, allowing water to pass through,
concentrating the product). Once the fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) is concentrated to the desired level, the temperature will be increased to
above its melting point of 130 C. After the fatty dicarboxylic acid is melted, the remaining
impurities are removed via filtration; the final product is recovered by decreasing the
temperature, allowing the fatty dicarboxylic acid to solidify, and collecting the solid product.
Alternatively, a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic
acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) can
be recovered from fermentation broth by first extracting the broth with an organic solvent in
which a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid,
tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) is
soluble (e.g., ethanol). The organic solvent phase can then be filtered through various
membranes to further purify the fatty dicarboxylic acid. Subsequent extractions with the same
or a different organic solvent can then be performed and each round of extraction can be
followed by membrane filtration to further concentrate the fatty dicarboxylic acid. The organic
solvent can be evaporated, leaving the fatty dicarboxylic acid behind as a residue and the
residue can be dried to provide the fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,

eicosanedioic acid) in solid form.

In certain embodiments, target product is extracted from the cultured engineered
microorganisms. The microorganism cells may be concentrated through centrifugation at a
speed sufficient to shear the cell membranes. In some embodiments, the cells may be

physically disrupted (e.g., shear force, sonication) or chemically disrupted (e.g., contacted with
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detergent or other lysing agent). The phases may be separated by centrifugation or other

method known in the art and target product may be isolated according to known methods.

Commercial grade target product sometimes is provided in substantially pure form (e.g., 90%
pure or greater, 95% pure or greater, 99% pure or greater or 99.5% pure or greater). In some
embodiments, target product may be modified into any one of a number of downstream
products. For example, a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) may be polycondensed with hexamethylenediamine to produce nylon.
Nylon may be further processed into fibers for applications in carpeting, automobile tire cord
and clothing. A fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic
acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) is
also used for manufacturing plasticizers, lubricant components and polyester polyols for
polyurethane systems. Various esters of food grade fatty dicarboxylic acids (e.g., octanedioic
acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid,
octadecanedioic acid, eicosanedioic acid) are used as components in fragrance manufacture,
gelling aids, flavorings, acidulant, leavening and buffering agent. A fatty dicarboxylic acid
(e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic acid,
hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) has two carboxylic acid (-
COOH) groups, which can yield two kinds of salts. Its derivatives, acyl halides, anhydrides,
esters, amides and nitriles, are used in making a variety of downstream products through further
reactions of substitution, catalytic reduction, metal hydride reduction, diborane reduction, keto

formation with organometallic reagents, electrophile bonding at oxygen, and condensation.

Target product may be provided within cultured microbes containing target product, and
cultured microbes may be supplied fresh or frozen in a liquid media or dried. Fresh or frozen
microbes may be contained in appropriate moisture-proof containers that may also be
temperature controlled as necessary. Target product sometimes is provided in culture medium
that is substantially cell-free. In some embodiments target product or modified target product
purified from microbes is provided, and target product sometimes is provided in substantially
pure form. In certain embodiments crystallized or powdered target product is provided.
Dodecanedioic acid (1,12 dodecanedioic acid; DDDA) is a white powder or crystal with a
melting point of between 260°F and 266°F. Sebacic acid (1,8 ocatanedicarboxylic acid) is also

a white powder or crystal with a melting point of between 268°F and 274°F. A crystallized or
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powdered fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid,
tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) may be

transported in a variety of containers including one ton cartons, drums, 50 pound bags and the
like.

In certain embodiments, a fatty dicarboxylic acid target product (e.g., dodecanedioic acid or
sebacic acid) is produced with a yield of about 0.50 grams of target product per gram of
feedstock added, or greater; 0.51 grams of target product per gram of feedstock added, or
greater; 0.52 grams of target product per gram of feedstock added, or greater; 0.53 grams of
target product per gram of feedstock added, or greater; 0.54 grams of target product per gram of
feedstock added, or greater; 0.55 grams of target product per gram of feedstock added, or
greater; 0.56 grams of target product per gram of feedstock added, or greater; 0.57 grams of
target product per gram of feedstock added, or greater; 0.58 grams of target product per gram of
feedstock added, or greater; 0.59 grams of target product per gram of feedstock added, or
greater; 0.60 grams of target product per gram of feedstock added, or greater; 0.61 grams of
target product per gram of feedstock added, or greater; 0.62 grams of target product per gram of
feedstock added, or greater; 0.63 grams of target product per gram of feedstock added, or
greater; 0.64 grams of target product per gram of feedstock added, or greater; 0.65 grams of
target product per gram of feedstock added, or greater; 0.66 grams of target product per gram of
feedstock added, or greater; 0.67 grams of target product per gram of feedstock added, or
greater; 0.68 grams of target product per gram of feedstock added, or greater; 0.69 grams of
target product per gram of feedstock added, or greater; 0.70 grams of target product per gram of
feedstock added or greater; 0.71 grams of target product per gram of feedstock added, or
greater; 0.72 grams of target product per gram of feedstock added, or greater; 0.73 grams of
target product per gram of feedstock added, or greater; 0.74 grams of target product per gram of
feedstock added, or greater; 0.75 grams of target product per gram of feedstock added, or
greater; 0.76 grams of target product per gram of feedstock added, or greater; 0.77 grams of
target product per gram of feedstock added, or greater; 0.78 grams of target product per gram of
feedstock added, or greater; 0.79 grams of target product per gram of feedstock added, or
greater; 0.80 grams of target product per gram of feedstock added, or greater; 0.81 grams of
target product per gram of feedstock added, or greater; 0.82 grams of target product per gram of
feedstock added, or greater; 0.83 grams of target product per gram of feedstock added, or
greater; 0.84 grams of target product per gram of feedstock added, or greater; 0.85 grams of

target product per gram of feedstock added, or greater; 0.86 grams of target product per gram of
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feedstock added, or greater; 0.87 grams of target product per gram of feedstock added, or
greater; 0.88 grams of target product per gram of feedstock added, or greater; 0.89 grams of
target product per gram of feedstock added, or greater; 0.90 grams of target product per gram of
feedstock added, or greater; 0.91 grams of target product per gram of feedstock added, or
greater; 0.92 grams of target product per gram of feedstock added, or greater; 0.93 grams of
target product per gram of feedstock added, or greater; 0.94 grams of target product per gram of
feedstock added, or greater; 0.95 grams of target product per gram of feedstock added, or
greater; 0.96 grams of target product per gram of feedstock added, or greater; 0.97 grams of
target product per gram of feedstock added, or greater; 0.98 grams of target product per gram of
feedstock added, or greater; 0.99 grams of target product per gram of feedstock added, or
greater; 1.0 grams of target product per gram of feedstock added, or greater; 1.1 grams of target
product per gram of feedstock added, or greater; 1.2 grams of target product per gram of
feedstock added, or greater; 1.3 grams of target product per gram of feedstock added, or greater;
1.4 grams of target product per gram of feedstock added, or greater; or about 1.5 grams of target

product per gram of feedstock added, or greater.

In certain embodiments, a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) is produced with a yield of greater than about 0.15 grams per gram of the
feedstock (e.g., dodecane, mixed chain length alkanes, lauric acid, mixed chain length fatty
acids, oil, the like or combinations of the foregoing). In some embodiments, a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) is produced at between
about 10% and about 100% of maximum theoretical yield of any introduced feedstock ((e.g.,
about 15%, about 20%, about 25% or more of theoretical yield (e.g., 25% or more, 26% or
more, 27% or more, 28% or more, 29% or more, 30% or more, 31% or more, 32% or more,
33% or more, 34% or more, 35% or more, 36% or more, 37% or more, 38% or more, 39% or
more, 40% or more, 41% or more, 42% or more, 43% or more, 44% or more, 45% or more,
46% or more, 47% or more, 48% or more, 49% or more, 50% or more, 51% or more, 52% or
more, 53% or more, 54% or more, 55% or more, 56% or more, 57% or more, 58% or more,
59% or more, 60% or more, 61% or more, 62% or more, 63% or more, 64% or more, 65% or
more, 66% or more, 67% or more, 68% or more, 69% or more, 70% or more, 71% or more,
72% or more, 73% or more, 74% or more, 75% or more, 76% or more, 77% or more, 78% or

more, 79% or more, 80% or more, 81% or more, 82% or more, 83% or more, 84% or more,
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85% or more, 86% or more, 87% or more, 88% or more, 89% or more, 90% or more, 91% or
more, 92% or more, 93% or more, 94% or more, 95% or more, 96% or more, 97% or more,
98% or more, or 99% or more of theoretical maximum yield). In certain embodiments, a fatty
dicarboxylic acid (e.g., octanedioic acid, decanedioic acid, dodecanedioic acid, tetradecanedioic
acid, hexadecanedioic acid, octadecanedioic acid, eicosanedioic acid) is produced in a
concentration range of between about 50 g/L to about 1000g/L of culture media (e.g., about 50
g/L, about 55 g/L, about 60 g/L, about 65 g/L, about 70 g/L, about 75 g/L, about 80 g/L, about
85 g/L, about 90 g/L, about 95 g/L, about 100 g/L, about 110 g/L, about 120 g/L, about 130
g/L, about 140 g/L, about 150 g/L, about 160 g/L, about 170 g/L, about 180 g/L, about 190 g/L,
about 200 g/L, about 225 g/L, about 250 g/L, about 275 g/L, about 300 g/L, about 325 g/L,
about 350 g/L, about 375 g/L, about 400 g/L, about 425 g/L, about 450 g/L, about 475 g/L,
about 500 g/L, about 550 g/L, about 600 g/L, about 650 g/L, about 700 g/L, about 750 g/L,
about 800 g/L, about 850 g/L, about 900 g/L, about 950 g/L, or about 1000 g/L).

In some embodiments, a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic acid,
dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) is produced at a rate of between about 0.5 g/L/hour to about 5 g/L/hour
(e.g., about 0.5 g/L/hour, about 0.6 g/L/hour, about 0.7 g/L/hour, about 0.8 g/L/hour, about 0.9
g/L/hour, about 1.0 g/L/hour, about 1.1 g/L/hour, about 1.2 g/L/hour, about 1.3 g/L/hour, about
1.4 g/L/hour, about 1.5 g/L/hour, about 1.6 g/L/hour, about 1.7 g/L/hour, about 1.8 g/L/hour,
about 1.9 g/L/hour, about 2.0 g/L/hour, about 2.25 g/L/hour, about 2.5 g/L/hour, about 2.75
g/L/hour, about 3.0 g/L/hour, about 3.25 g/L/hour, about 3.5 g/L/hour, about 3.75 g/L/hour,
about 4.0 g/L/hour, about 4.25 g/L/hour, about 4.5 g/L/hour, about 4.75 g/L/hour, or about 5.0
g/L/hour.) In certain, embodiments, the engineered organism comprises between about a 5-fold
to about a 500-fold increase in a fatty dicarboxylic acid (e.g., octanedioic acid, decanedioic
acid, dodecanedioic acid, tetradecanedioic acid, hexadecanedioic acid, octadecanedioic acid,
eicosanedioic acid) production when compared to wild-type or partially engineered organisms
of the same strain, under identical fermentation conditions (e.g., about a 5-fold increase, about a
10-fold increase, about a 15-fold increase, about a 20-fold increase, about a 25-fold increase,
about a 30-fold increase, about a 35-fold increase, about a 40-fold increase, about a 45-fold
increase, about a 50-fold increase, about a 55-fold increase, about a 60-fold increase, about a
65-fold increase, about a 70-fold increase, about a 75-fold increase, about a 80-fold increase,
about a 85-fold increase, about a 90-fold increase, about a 95-fold increase, about a 100-fold

increase, about a 125-fold increase, about a 150-fold increase, about a 175-fold increase, about
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a 200-fold increase, about a 250-fold increase, about a 300-fold increase, about a 350-fold

increase, about a 400-fold increase, about a 450-fold increase, or about a 500-fold increase).

In certain embodiments, the maximum theoretical yield (Y max) of dodecanedioic acid in a fully
beta-oxidation blocked engineered microorganism is about 1.15 grams of dodecanedioic acid
produced per gram of lauric acid added. In some embodiments, the maximum theoretical yield
(Ymax) of dodecanedioic acid in a fully beta-oxidation blocked engineered microorganism is
about 1.07 grams of dodecanedioic acid produced per gram of methyl laurate added. In certain
embodiments, the maximum theoretical yield (Ymax) of dodecanedioic acid in a partially beta-
oxidation blocked engineered microorganism is about 0.82 grams of dodecanedioic acid
produced per gram of oleic acid added. In some embodiments, the maximum theoretical yield
(Ymax) of dodecanedioic acid in a partially beta-oxidation blocked engineered microorganism is
about 0.95 grams of dodecanedioic acid produced per gram of coconut oil added. The
percentage of Y max for the engineered microorganism under conditions in which dodecanedioic
acid 1s produced is calculated as (%Y max) = Ypis / Ymax ¥100, where (Y,s) = [dodecanedioic
acid (g/L)] * final volume of culture in flask (L)] / [feedstock added to flask (g)]. In some
embodiments, the engineered microorganism produces dodecanedioic acid at about 10% to

about 100% of maximum theoretical yield.

In certain embodiments, the maximum theoretical yield (Y max) of sebacic acid in a fully beta-
oxidation blocked engineered microorganism is about 1.42 grams of sebacic acid produced per
gram of decane added. In some embodiments, the maximum theoretical yield (Y max) of sebacic
acid in a fully beta-oxidation blocked engineered microorganism is about 1.17 grams of sebacic
acid produced per gram of capric acid added. In certain embodiments, the maximum theoretical
yield (Y max) of sebacic acid in a partially beta-oxidation blocked engineered microorganism is
about 0.83 grams of sebacic acid produced per gram of coconut oil added. In some
embodiments, the maximum theoretical yield (Ymax) of sebacic acid in a partially beta-oxidation
blocked engineered microorganism is about 0.72 grams of sebacic acid produced per gram of
oleic acid added. The percentage of Y.y for the engineered microorganism under conditions in
which sebacic acid is produced is calculated as (%Y max) = Ypis / Ymax 100, where (Ypis) =
[sebacic acid (g/L)] * final volume of culture in flask (L)] / [feedstock added to flask (g)]. In
some embodiments, the engineered microorganism produces sebacic acid at about 10% to about

100% of maximum theoretical yield.
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Examples

The examples set forth below illustrate certain embodiments and do not limit the technology.
Certain examples set forth below utilize standard recombinant DNA and other biotechnology
protocols known in the art. Many such techniques are described in detail in Maniatis, T., E. F.
Fritsch and J. Sambrook (1982) Molecular Cloning: a Laboratory Manual; Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. DNA mutagenesis can be accomplished using the

Stratagene (San Diego, CA) “QuickChange” kit according to the manufacturer’s instructions.

Non-limiting examples of recombinant DNA techniques and genetic manipulation of
microorganisms are described herein. In some embodiments, strains of engineered organisms
described herein are mated to combine genetic backgrounds to further enhance carbon flux
management through native and/or engineered pathways described herein, for the production of

a desired target product (e.g., sebacic or dodecanedioic acid).

Example 1: Conversion of decane to sebacic acid in shake flask fermentation

50mL of SP92 medium (6.7g/L yeast nitrogen base, 3.0 g/L yeast extract, 3.0 g/L (NH4)2SO4,
1.0 g/L KoHPOy,, 1.0 g/L KH,POy4, 75 g/L dextrose) was inoculated with a single colony of a
completely beta-oxidation blocked strain of Candida tropicalis (ATCC20962) and the culture
was grown overnight at 30°C, with shaking at about 300rpm. Cells were pelleted by
centrifugation for 10 minutes at 4°C and 1,050 x g and the supernatant discarded. Cells were
resuspended in 20mL TB- low nitrogen (low-N) media (1.7g/L yeast nitrogen base without
ammonium sulfate, 3.0 g/L yeast extract, 1.0 g/LL K;HPOy, 1.0 g/ KH,PO,) and transferred to
a new sterile 250mL glass baffled flask and incubated at 30C, with shaking at about 250rpm,
utilizing the following feeding schedule: dextrose fed to 0.1% at 0, 1, 2, 3, 4, and 5 hours,
dextrose fed to 5% at 30 hours, decane fed to 0.7% at 0, 5, 30, and 48 hours. Samples were
removed for gas chromatographic (GC) analysis at 0, 4, 30, and 72 hours. The GC profile
showed that the culture accumulated the C10 dicarboxylic acid (sebacic acid) with very little
accumulation of the C10 monocarboxylic acid (capric acid), as shown in FIG. 9. After 72 hours
of incubation the concentration of sebacic acid was 0.94 g/L and the capric acid concentration

was 0.01 g/L. There was no significant accumulation of any other monoacid or diacid.

Example 2: Conversion of capric acid to sebacic acid in shake flask fermentation
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5 mL of SP92-glycerol medium (6.7 g/L. yeast nitrogen base, 3.0 g/L yeast extract, 3.0 g/LL
(NH4)2S04, 1.0 g/L K2HPO4, 1.0 g/L KH2PO4, 75 g/L glycerol) was inoculated with a single
colony of Candida tropicalis (ATCC20962) and the starter culture was grown overnight at
30°C, with shaking at about 250rpm. Variations of SP92 media recipes are known, non-
limiting examples of which include the addition of dextrose and/or glycerol, the like or
combinations thereof. SP92 media, as referred to herein, can include dextrose and/or glycerol.
The starter culture was then used to inoculate 25 mL cultures in the same medium to an initial
ODgoonm 0of 0.4 and grown overnight at 30°C, with shaking at about 300 rpm. Cells were
pelleted by centrifugation for 10 minutes at 4°C and 1,050 x g and the supernatant discarded.
Cells were resuspended in 12.5 mL TB-lowN media + glycerol (1.7 g/L yeast nitrogen base
without ammonium sulfate, 3.0 g/L yeast extract, 1.0 g/ K2ZHPO4, 1.0 g/L KH2PO4, 75 g/L
glycerol) and transferred to a new sterile 250 mL glass baffled flask. Cultures were fed 0.05%
or 0.1% capric acid and incubated at 30°C, with shaking at about 300 rpm. After 24 hours
incubation cultures were fed glycerol to 75 g/L and incubation continued before sampling for
GC at 48 hours. GC analysis showed that nearly all capric acid was converted to sebacic acid

under both starting concentrations of capric acid, as shown in FIG. 10.

Example 3: Fermentation procedure for conversion of decane to sebacic acid

Filter sterilized modified SP92-glycerol fermentation medium (6.7 g/L yeast nitrogen base, 3.0
g/L yeast extract, 3.0 g/L (NH4)2S04, 1.0 g/L K2HPO4, 1.0 g/L KH2PO4, 20 g/L glycerol) is
transferred to a sterile fermentation vessel. Growth of Candida tropicalis (ATCC20962) is
innoculated to an initial ODgygnm 0f about 1.0 with a 5% inoculum and growth carried out under
the following conditions: 30°C with shaking at about 1000 rpm, 1 volume per volume per
minute aeration (vvm), pH 5.8 and initial volume of 0.3 L. Growth proceeds for approximately
8 hours and the conversion phase is initiated by the addition of decane to 2 g/L.. Continuous
feeds for decane (1 g/L-h) and glucose (1.5 g/L-h) are initiated at the same time as the addition
of the decane bolus. Fermentation conditions are maintained at 30°C, 1000 rpm, 1 vvm, and pH

5.8 for 44 hours.

Samples were collected for GC analysis at 44 hours after initiating the conversion phase. The

data, presented in FIG. 16, show that the decane was converted exclusively to the C10
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dicarboxylic acid, sebacic acid. Significant evaporative losses from the decane feed bottles

prevented an accurate determination of product yield.

Example 4: Conversion of mixed fatty acid feedstock to mixed diacid products containing

sebacic acid in shake flask fermentation

5 mL of SP92-glycerol medium (6.7 g/L. yeast nitrogen base, 3.0 g/L yeast extract, 3.0 g/LL
(NH4)2504, 1.0 g/L K2HPO4, 1.0 g/L KH2PO4, 75 g/L glycerol) is inoculated with a single
colony of Candida tropicalis (ATCC20962) and grown as described in Example 2. 25 mL of
the same media is inoculated using overnight cultures to an initial ODggonm of 0.4 and grown
overnight at 30°C, with shaking at about 300 rpm. Cells are pelleted by centrifugation for 10
minutes at 4°C and 1,050 x g and the supernatant discarded. Cells are resuspended in 12.5 mL
TB-lowN media without carbon source (1.7 g/L yeast nitrogen base without ammonium sulfate,
3.0 g/L yeast extract, 1.0 g/LL K2HPO4, 1.0 g/L KH2PO4) and transferred to a new sterile 250
mL glass baffled flask. Cultures are fed 0.05% capric acid, 0.05% methyl laurate, and 30 g/L
glycerol and incubated at 30°C, 300 rpm. After 24 hours of incubation cultures are sampled for

GC analysis.

The results, presented in FIG. 17, show that the C12 and C10 fatty acids were converted to
dicarboxylic acids of the same chain length (e.g., C12 and C10 dicarboxylic acids), with no
evidence of chain shortening of the diacids (e.g., no significant levels of monocarboxylic acids

were detected).

Example 5: Conversion of long chain fatty acids to mixed diacids

SP92 fermentation medium was filter sterilized and transferred to a sterile fermentation vessel.
Growth of a partially beta-oxidation blocked strain of Candida tropicalis (SAA106) was
initiated with a 10% inoculum (initial ODgponm=3.0) and grown under the following conditions:
of 30°C with shaking at about 1200 rpm, 1 vvm, pH 6.1 and initial volume of 0.3 L. Growth
continued until the glucose concentration dropped to less than 2 g/L at which time the

conversion phase was initiated by increasing the pH to 8.0 by the addition of 6N KOH and by
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the addition of methyl myristate to 30 g/L. Immediately following the methyl myristate bolus a
continuous feed of glucose was initiated at a rate of 1.5 g/L-h. Fermentation conditions were
maintained at 30°C, 1200 rpm, 1 vvm, and pH 8.0 for 90 hours with boluses of 30 g/L. methyl
myristate at 24, 48, and 72 hours after initiation of conversion. Samples for GC were collected
at 24, 48, 72, and 90 hours. The diacid profile graphically illustrated in FIG. 11 shows an
accumulation of dicarboxylic acids ranging in chain-length from 6 to 14 carbons long, including
sebacic acid. The methyl myristate substrate (methyl ester of myristic acid) is first converted to
the C14 dicarboxylic acid via the [1-oxidation pathway before being shortened by two carbon
increments via the cyclic B-oxidation pathway. The glucose co-feed employed during the
fermentation represses the f-oxidation pathway such that all chain-lengths of diacid
accumulate. Manipulation of diacid chain-length distribution is being investigated by altering
the glucose co-feed rate in the fermentation medium, thereby allowing growth under varying

glucose concentrations.

Example 6: Fermentation procedure for conversion of mixed long-chain fatty acids to mixed

diacids of shorter chain length

SP92 fermentation medium without glycerol was filter sterilized and transferred to a sterile
fermentation vessel. Autoclaved virgin coconut oil was added to the vessel to a final
concentration of 80 g/L. A partially beta-oxidation blocked Candida tropicalis strain (SAA496)
was inoculated to an initial ODggonm of 1.0 with a 5% inoculum and grown under the following
conditions: 30°C with shaking at about 1200 rpm, 1 vvm, initial pH 6.5 and initial volume of
1.0 L. The effect of pH on the distribution of fatty acid chain lengths was determined by
manipulating the pH of the fermentation media. The pH of the fermentation was either 1)
increased to pH 7.5 and controlled at that pH for the entire run, 2) allowed to drop naturally due
to the growth of the culture before controlling at pH 6.0 for the rest of the run, or 3) allowed to
drop naturally due to the growth of the culture before controlling at pH 4.5 for the rest of the
run. Samples were collected for GC analysis after 140 hours of fermentation time. The product
diacid composition was shown to shift to longer chain diacids with increasing pH, as shown in

TABLE 6.

TABLE 6

Diacid composition (fraction of total diacids)

C12 Diacid Sebacic Acid | Suberic Acid Adipic Acid
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pH 4.5 0.00 0.00 0.68 0.32
pH 6.0 0.03 0.10 0.75 0.12
pH7.5 0.16 0.17 0.62 0.05

Example 7: Conversion of capric acid to sebacic acid in shake flask fermentations
using fully beta-oxidation blocked strains having additional genetic modifications in the omega

oxidation pathway.

Various genetically modified strains of Candida tropicalis were inoculated into 5 mL of SP92
medium (6.7 g/L yeast nitrogen base, 3.0 g/L yeast extract, 3.0 g/L (NH4),SO4, 1.0 g/L
K;HPOy4, 1.0 g/L KH,PO4, 75 g/L glycerol). The strains included a completely beta-oxidation
blocked strain of Candida tropicalis (SAA003), as well as derivatives of SAA003 with
amplified components of the omega-oxidation pathway (e.g., various cytochrome P450s,
cytochrome P450 reductase or combinations thereof) and the cultures grown overnight at 30°C,
with shaking at about 250 rpm. These starter cultures were then used to inoculate 25 mL
cultures in the same medium and grown overnight at 30°C, with shaking at about 250 rpm.
Cells were pelleted by centrifugation for 10 minutes at 4°C and 1,050 x g and the supernatant
discarded. Cells were resuspended in 12.5 mL TB-lowN media + glycerol (1.7 g/L yeast
nitrogen base without ammonium sulfate, 3.0 g/L yeast extract, 1.0 g/ K;HPO4, 1.0 g/L
KH,PO4, 75 g/L glycerol) and transferred to a new sterile 250 mL glass baffled flask. Cultures
were fed 0.05% from a 5% capric acid solution in ethanol and incubated at 30°C, with shaking
at about 300 rpm. After 24 hours incubation cultures were fed glycerol to 30 g/L and an
additional bolus of 0.05% capric acid. Incubation continued before sampling for GC at 24, 48,
and 72 hours. The results are shown in FIG. 12. GC analysis showed that a greater proportion
of capric acid was converted to sebacic acid when particular elements of the omega-oxidation
pathway are amplified. The data are presented as % of theoretical maximum yield. Strains
which include genetic modifications to CYPA18 and CYPA19 achieve approximately 80% of
theoretical maximum yield in conversion of capric acid to sebacic acid. The strain designated
+CPR+A18 has about 30 copies of CYPA18, whereas the strain designated +CPR+A19 has
about 7 copies of CYPA19.

Example 8: Conversion of methyl-laurate to dodecanedioic acid in shake flask fermentation
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5 mL of SP92 glycerol medium (6.7 g/L yeast nitrogen base, 3.0 g/L yeast extract, 3.0 g/LL
(NH4)2S04, 1.0 g/L K2HPO4, 1.0 g/L KH2PO4, 75 g/L glycerol) was inoculated with a single
colony of a completely beta-oxidation blocked strain of Candida tropicalis (ATCC20962), as
well as, modified derivatives of this strain with amplified components of the omega-oxidation
pathway, and the cultures grown overnight at 30°C, with shaking at about 250rpm. The starter
cultures were then used to inoculate 25 mL cultures of the same medium and grown overnight
at 30°C, with shaking at about 250 rpm. Cells were pelleted by centrifugation for 10 minutes at
4°C and 1,050 x g and the supernatant discarded. Cells were resuspended in 12.5 mL SP92
glycerol medium and transferred to a sterile 250 mL glass baffled flask. Cultures were fed 2%
(v/v) methyl laurate and incubated at 30°C, with shaking at about 300 rpm. After 24 hours
incubation, cultures were fed glycerol to 60 g/L. and incubation continued before sampling for
GC at 48 hours. GC analysis showed that amplification of certain components of the omega

oxidation pathway allow for increased conversion to dodecanedioic acid (FIG. 13).

Example 9: Alteration of Acyl CoA Oxidase Substrate Specificity

The substrate specificity of the peroxisomal acyl-CoA oxidase enzymes POX4 and POXS5 have
been shown to be involved in the control of the diacid product chain-length in fermentations of
Candida tropicalis fed a mixed chain-length fatty acid feedstock. Reduction or elimination of
POX4 activity, POX5 activity or POX4 activity and POXS activity, effects the carbon chain-
length distribution of dicarboxylic acids produced in Candida spp.. Acyl-CoA oxidase is the
first enzyme in the cyclic beta-oxidation pathway that shortens a substrate by two carbons each
cycle. Thus the acyl-CoA oxidase activity serves as the pathway entry point for substrates
entering into the beta-oxidation pathway. Altering the substrate specificity an acyl-CoA
oxidase activity such that it is not active on substrate carbon chains shorter than a desired
carbon chain length (e.g., C8, C10, C12, C14 and the like), can inhibit shortening of carbon
chains below a chosen threshold, allowing accumulation of a desired target chain length and

product (e.g., C12, dodecanedioic acid).

The native acyl-CoA oxidase isozymes in Candida strain ATCC20336, Pox4p and Pox5p have
different substrate specificities. The Pox4p isozyme has a broad substrate specificity while the
Pox5p isozyme has a narrow substrate specificity. In strains that are Pox4”, Pox5' the chain
length of the diacid product is determined by the substrate specificity of the Pox5p isozyme and

the main product is adipic acid.
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To maximize production of desired diacid products of longer chain lengths (e.g., C12) in
fermentations, genetically modified organisms containing an acyl-CoA oxidase activity with a
substrate chain-length specificity appropriate for the chain-length of the desired diacid product
can be engineered, in some embodiments. The source of the acyl-CoA oxidase activity or the
method of engineering the acyl-CoA oxidase activity may vary. Non-limiting examples of
organisms which can be used to provide polynucleotide sequences suitable for use in
engineering altered substrate specificity acyl-CoA oxidase activities include; plants (e.g.,
Arabidopsis, Cucurbita (e.g., pumpkin, squash), Oryza (e.g., rice)); animals (e.g., Bos (e.g.,
bovine), Cavia (e.g., guinea pig), Mus (e.g., mouse), Rattus (e.g., rat), Phascolarctos (e.g.,
Koala), primates (e.g., orangutans)); molds (e.g., Dictyostelium (e.g., slime molds)); insects
(e.g., Drosophila); Yeast (e.g., Yarrowia lipolytica, Candida maltosa, Candida glabrata, Ashbya
gossypii, Debaryomyces hansenii, Kluyveromyces lactis, Pichia pastoris, Saccharomyces
cerevisiae); bacteria (e.g., Eschericia coli); cyanobacteria; nematodes (e.g., Caenorhabditis);

and humans.

Acyl-CoA oxidase activities with different substrate chain-length specificities can be identified

by:

1) Selecting acyl-CoA oxidase genes from heterologous organisms that contain different
substrate chain-length specificities. The identified genes can be transferred into a
Candida strain deleted for all acyl-CoA oxidase activity. The only acyl-CoA oxidase
activity detectable in such a genetically modified organism may be that imparted by the

heterologous gene.

2) Engineering an acyl-CoA oxidase gene library by domain swapping from multiple acyl-
CoA oxidase genes to produce a library of non-native chimeric acyl-CoA oxidase genes.
The library of chimeric genes can be transferred into a strain of Candida deleted for all
acyl-CoA oxidase activity. The only detectable acyl-CoA oxidase activity may be that
imparted by an engineered gene from the library of non-native chimeric acyl-CoA

oxidase genes.

3) Engineering an acyl-CoA oxidase gene library by random mutagenesis. A naturally

occurring or engineered acyl-CoA oxidase activity with a substrate chain-length
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specificity close to that desired can be used as the basis for random mutagenesis,
followed by screening and/or selection in an effort to generate and identify an altered
activity with the desired substrate chain-length specificity. The library of genes can be
transferred into a Candida strain deleted for all acyl-CoA oxidase activity. The only
detectable acyl-CoA oxidase activity may be that imparted by the gene from the

randomly mutagenized library.

4) Engineering an acyl-CoA oxidase gene by intelligent design and directed mutation using
protein structural information to guide the position and identity of the amino acid(s) to
be replaced. The engineered gene(s) can be transferred into a Candida strain deleted for
all acyl-CoA oxidase activity. The only detectable acyl-CoA oxidase activity may be
that imparted by the engineered gene(s).

A non-limiting example of a post-engineering method for selecting genes that impart the
desired substrate chain-length specificity is provided herein. Selection is performed by growth
on substrates of different chain lengths that are provided as the only carbon source. Growth of
the cells on certain substrates but not others often reflects the substrate chain-length specificity
of the acyl-CoA oxidase enzyme present in the strain. Candida tropicalis can utilize alkanes
provided in the gas phase as its sole carbon source for growth. Alkanes of different chain
lengths are provided by soaking a filter paper in the appropriate alkane, and inverting a solid
growth media without a carbon source over the filter paper, with each specific carbon source
(e.g., specific chain length alkane) provided in a different petri dish. Serially diluted Candida
carrying the altered specificity acyl-CoA oxidase genes are spotted on the solid growth media
as a growth selection for the chain-length specificity of the acyl-CoA oxidase enzyme in each
strain. Shown in FIGS. 14 and 15 are a schematic representation of the selection process,
which provides an alkane as a gas phase carbon source, as described herein. The solid growth
media is an agar medium containing yeast nitrogen base without amino acids or any other
carbon source. The plated cells are inverted over a lid containing a filter paper soaked with an
alkane of appropriate chain length that evaporates and provides the carbon source through the

gas phase, as shown in FIG. 14.

Candida strains containing altered acyl-CoA oxidase activities generated as described herein are
selected and/or screened using the method described herein. Strains carrying different altered

acyl-CoA oxidase activities (e.g., strain 1 (S1), strain 2 (S2), strain 3 (S3), strain 4 (S4)) are
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grown overnight in a rich medium (e.g., YPD). Overnight cultures are centrifuged and washed
to remove any traces of residual rich medium and serial dilutions of the cells are prepared in a
phosphate buffered solution. The serial dilutions of each strain are spotted onto multiple YNB
agar plates (growth medium having no amino acids or other carbon sources), the individual
plates inverted over filter papers soaked in the appropriate chain length alkane, and the plate
incubated at 30°C. The growth of the strains is dependent upon the chain-length specificity of
the acyl-CoA oxidase. In order to utilize the particular alkane for growth the provided chain-
length must be able to enter the beta-oxidation pathway. The shortest chain-length at which a
certain strain is able to grow indicates the shortest chain-length of the acyl-CoA oxidase
isozymes substrate specificity. An example is provided in FIG. 15. FIG. 15 illustrates that
strain S4 can grow on decane, but is unable to grow on octane. Therefore the modified acyl-
CoA oxidase activity of strain S4 has a substrate chain-length specificity that inhibits the
utilization of 8 carbon molecules and the diacid product from fermentations with this strain
typically result in an 8 carbon diacid. Acyl-CoA oxidase activities with any desired specificity

can be selected and/or screened using the method described herein.

It will be understood that the example presented herein is a generalize method used to describe
the selection/screening process. The feedstocks used for the selection and screening process are
altered to suit the acyl-CoA oxidase activity being sought. For example, for acyl-CoA oxidases
having specificity for longer chain substrates, feedstocks having longer carbon chain lengths
could be substituted to allow selection and or screening for acyl-CoA oxidase activities with

specificities for longer carbon chain lengths.

Example 10: Transformation of Candida spp. procedure

SmL YPD start cultures were inoculated with a single colony of Candida strain ATCC20336
and incubated overnight at 30°C, with shaking at about 200rpm. The following day, fresh
25mL YPD cultures, containing 0.05% Antifoam B, were inoculated to an initial ODgyonm of 0.4
and the culture incubated at 30°C, with shaking at about 200rpm until an ODgggpm of 1.0-2.0
was reached. Cells were pelleted by centrifugation at 1,000 x g, 4°C for 10 minutes. Cells
were washed by resuspending in 10mL sterile water, pelleted, resuspended in ImL sterile water
and transferred to a 1.5mL microcentrifuge tube. The cells were then washed in 1mL sterile
TE/LIOAC solution, pH 7.5, pelleted, resuspended in 0.25mL TE/LiOAC solution and
incubated with shaking at 30°C for 30 minutes.
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The cell solution was divided into 50uL aliquots in 1.5mL tubes to which was added 5-8ug of
linearized DNA and 5uL of carrier DNA (boiled and cooled salmon sperm DNA, 10mg/mL).
300uL of sterile PEG solution (40% PEG 3500, 1X TE, 1X LiOAC) was added, mixed
thoroughly and incubated at 30°C for 60 minutes with gentle mixing every 15 minutes. 40ul of
DMSO was added, mixed thoroughly and the cell solution was incubated at 42°C for 15
minutes. Cells were then pelleted by centrifugation at 1,000 x g 30 seconds, resuspended in
500uL of YPD media and incubated at 30°C with shaking at about 200rpm for 2 hours. Cells
were then pelleted by centrifugation and resuspended in ImL 1X TE, cells were pelleted again,
resuspended in 0.2mL 1X TE and plated on selective media. Plates were incubated at 30°C for

growth of transformants.

Example 11: Procedure for recycling of the URA3 marker

The URA3 gene was obtained from genomic DNA of Candida yeast culture ATCC20336.
Candida strain ATCC20336 has a limited number of selectable marker, as compared to S.
cerevisiae, therefore, the URA3 marker is “recycled” to allow multiple rounds of selection
using URA3. To reutilize the URA3 marker for subsequent engineering of Candida spp., a
single colony having the Ura” phenotype was inoculated into 3 mL YPD and grown overnight
at 30°C with shaking. The overnight culture was then harvested by centrifugation and
resuspended in 1 mL YNB+YE (6.7 g/L Yeast Nitrogen Broth, 3g/L Yeast Extract). The
resuspended cells were then serially diluted in YNB+YE and 100 uL aliquots plated on YPD
plates (incubation overnight at 30°C) to determine titer of the original suspension.

Additionally, triplicate 100 uL aliquots of the undiluted suspension were plated on SC Dextrose
(Bacto Agar 20g/L, Uracil 0.3 g/L, Dextrose 20 g/L, Yeast Nitrogen Broth 6.7 g/L., Amino Acid
Dropout Mix 2.14 g/L)) and 5-FOA.at 3 different concentrations (0.5, 0.75, 1 mg/mL).

Plates were incubated for at least 5 days at 30°C. Colonies arising on the SC Dextrose + 5-
FOA plates were resuspended in 50 uL sterile, distilled water and 5 uL. utilized to streak on to
YPD and SC-URA (SC Dextrose medium without Uracil) plates. Colonies growing only on
YPD and not on SC-URA plates were then inoculated into 3 mL YPD and grown overnight at
30°C with shaking. Overnight cultures were harvested by centrifugation and resuspended in 1.5

mL YNB (6.7 g/LL Yeast Nitrogen Broth). The resuspended cells were serially diluted in YNB
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and 100 uL aliquots plated on YPD plates and incubation overnight at 30°C to determine initial
titer. 1 mL of each undiluted cell suspension also was plated on SC-URA and incubated for up
to 7 days at 30°C. Colonies on the SC-URA plates are revertants and the isolate with the lowest

. 7 . . .
reversion frequency (< 107) was used for subsequent strain engineering.

Example 12: Cloning and Analysis of Candida Fatty alcohol oxidase (FAO) alleles

Isolation of fatty alcohol oxidase genes from Candida

Candida strain (ATCC20336) fatty alcohol oxidase genes were isolated by PCR amplification
using primers generated to amplify the sequence region covering promoter, fatty alcohol
oxidase gene (FAO) and terminator of the FAO1 sequence (GenBank accession number of
FAO1 AY538780). The primers used to amplify the fatty alcohol oxidase nucleotide sequences
from Candida strain ATCC20336 strain ATCC20336, are showing in TABLE 7 below.

TABLE 7

Oligonucleotides for cloning FAO alleles

Oligo Sequence

0AAOQ1

24 AACGACAAGATTAGATTGGTTGAGA
0AAOQ1

45 GTCGAGTTTGAAGTGTGTGTCTAAG

0AA02 | AGATCTCATATGGCTCCATTTTTGCCCGACCAGGTCGACTACAAACACGT
68 C

0AA02 | ATCTGGATCCTCATTACTACAACTTGGCTTTGGTCTTCAAGGAGTCTGCC
69 AAACCTAAC

0AAQ02

¢ ACATCTGGATCCTCATTACTACAACTTGGCCTTGGTCT

0AA04

21 CACACAGCTCTTCTAGAATGGCTCCATTTTTGCCCGACCAGGTCGAC

0AA04 | CACACAGCTCTTCCTTTCTACAACTTGGCTTTGGTCTTCAAGGAGTCTGC
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Oligonucleotides for cloning FAO alleles

22

0AA04

2 GTCTACTGATTCCCCTTTGTC
0AAQ02

81 TTCTCGTTGTACCCGTCGCA

PCR reactions contained 25ull 2X master mix, 1.5 uL. of 0AA0144 and 0AA0145 (10uM),
3.0uL genomic DNA, and 19uL sterile H,0. Thermocycling parameters used were 98°C for 2
minutes, 35 cycles of 98°C 20 seconds, 52°C 20 seconds, 72°C 1 minute, followed by 72°C 5
minutes and a 4°C hold. PCR products of the correct size were gel purified, ligated into pCR-
Blunt II-TOPO (Invitrogen) and transformed into competent TOP10 E. coli cells (Invitrogen).
Clones containing PCR inserts were sequenced to confirm correct DNA sequence. Four FAO
alleles were identified from sequence analysis and designated as FAO-13, FAO-17, FAO-18
and FAO-20. The sequence of the clone designated FAO-18 had a sequence that was
substantially identical to the sequence of FAO1 from GenBank. The resulting plasmids of the
four alleles were designated pAAO0S3, pAA084, pAA059 and pAAOSS, respectively. Sequence

identity comparisons of FAO genes isolated as described herein are shown in the tables below.

DNA sequence identity
FAO1 | FAO- | FAO- | FAO- | FAO- | FAO2a | FAO2b
18 17 13 20

FAO1 100 100 98 96 95 83 82
FAO- 100 98 96 95 83 82
18

FAO- 100 98 98 &3 82
17

FAO- 100 99 83 &3
13

FAO- 100 83 83
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20

FAQ2a 100 96
FAO2b 100

Protein sequence identity
FAO1 FAO- FAO- FAO- FAO- | FAO2a | FAO2b
18 17 13 20

FAOI1 100 100 99 98 98 81 80
FAO- 100 99 98 98 81 80
18

FAO- 100 99 99 82 81
17

FAO- 100 99 82 81
13

FAO- 100 82 81
20

FAQ2a 100 97
FAO2b 100

Amino acid differences in FAO alleles
32 1 75 | 89 | 179 | 185 | 213 | 226 | 352 | 544 | 590

FAO1 E M G L Y T R H S P
FAO-

3 Q T A L Y A K Q A A
FAO-
20 Q T A M D A K Q A A
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Expression of FAQO alleles in E. coli

To determine the levels of FAO enzyme activity with respect to various carbon sources, the
four isolated FAOQ alleles were further cloned and over-expressed in E. coli. The FAOs were
amplified using the plasmids mentioned above as DNA template by PCR with primers
0AA0268 and 0AA0269 for FAO-13 and FAO-20 and 0AA0268 and 0AA0282 for FAO-17
and FAQO-18, using conditions as described herein. PCR products of the correct size were gel
purified and ligated into pET11a vector between Ndel and BamHI sites and transformed into
BL21 (DE3) E. coli cells. The colonies containing corresponding FAOs were confirmed by
DNA sequencing. Unmodified pET11a vector also was transformed into BL21 (DE3) cells, as
a control. The resulting strains and plasmids were designated sAA153 (pET11a), sSAA154
(pAAO079 containing FAO-13), SAA155 (pAAOSO containing FAO-17), sSAA156 (pAAO081
containing FAO-18) and sAA157 (pAAO0S2 containing FAO-20), respectively. The strains and
plasmids were used for FAO over-expression in E. coli. One colony of each strain was
transferred into 5 mL of LB medium containing 100 Og/mL ampicillin and grown overnight at
37°C, 200 rpm. The overnight culture was used to inoculate a new culture to ODggopm 0.2 in 25
ml LB containing 100 Og/ml ampicillin. Cells were induced at ODggonm 0.8 with 0.3 mM IPTG
for 3 hours and harvested by centrifugation at 4°C 1,050xg for 10 minutes. The cell pellet was
stored at -20 °C.

Expression of FAQOs in a Candida strain

Two alleles, FAO-13 and FAO-20, were chosen for amplification in Candida based on their
substrate specificity profile, as determined from enzyme assays of soluble cell extracts of E.
coli with over expressed FAOs. DNA fragments containing FAO-13 and FAO-20 were
amplified using plasmids pAA079 and pAA082 as DNA templates, respectively, by PCR with
primers 0AA0421 and 0AA0422. PCR products of the correct sizes were gel purified and
ligated into pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells
(Invitrogen) and clones containing FAO inserts were sequenced to confirm correct DNA
sequence. Plasmids containing FAO-13 and FAO-20 were digested with Sapl and ligated into
vector pAA105, which includes the Candida strain ATCC20336 PGK promoter and terminator.
The resulting plasmids were confirmed by restriction digestion and DNA sequencing and
designated as pAA115 (FAO-13) and pAA116 (FAO-20), respectively. Plasmids pAA115 and

pAA116 were linearized with Spel, transformed into competent Candida spp. Ura’ strains
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SAA002 (SU-2, ATCC20913) and sSAA103. The integration of FAO-13 and FAO-20 was
confirmed by colony PCR using primers 0AA0429 and 0AA0281. The resulting strains were
designated as sSAA278 (pAA115 integrated in strain SAA002), SAA280 (pAA116 integrated in
SAA002), sSAA282 (pAA115 integrated in SAA103), and SAA284 (pAA116 integrated in

sAA103), and were used for fatty alcohol oxidase over-expression in Candida spp..

One colony of each strain was inoculated into 5 ml YPD and grown overnight as described
herein. The overnight culture was used to inoculate a new 25 mL YPD culture to about ODggpgnm
0.5. FAO over-expression was regulated by the PGK promoter/terminator, induced with
glucose in the medium and expressed constitutively. Strains SAA002 and SAA103 (e.g.,
untransformed starting strains) were included as negative controls for FAO over-expression.
Cells were harvested at carly log phase (ODgoonm = 1n the range of between about 3 to about 5)

by centrifugation at 4°C for 10 minutes at 1,050 x g. Cell pellets were stored at -20 °C.

Cell extract preparation from E. coli

Cell pellets from 25 mL of FAO expressing E. coli cultures were resuspended in 10 mL
phosphate-glycerol buffer containing 50 mM potassium phosphate buffer (pH7.6), 20%
glycerol, 1 mM Phenylmethylsulfonyl fluoride (PMSF), 2uLL Benzonase 25U/uL, 20uLL
10mg/mL lysozyme. The cells were then lysed by incubation at room temperature for 50
minutes on a rotating shaker, and the cell suspension centrifuged for 30 minutes at 4°C using
15,000 x g for. The supernatant was aliquoted in 1.5 ml microcentrifuge tubes and stored at -20

°C for FAO enzyme activity assays.

Cell extract preparation from Candida

Frozen C. tropicalis cell pellets were resuspended in 1.2 ml of phosphate-glycerol buffer
containing 50 mM potassium phosphate buffer (pH7.6), 20% glycerol, I mM
Phenylmethylsulfonyl fluoride (PMSF). Resuspended cells were transferred to 1.5mL screw-
cap tubes containing about 500uL of zirconia beads on ice. The cells were lysed with a Bead
Beater (Biospec) using 2 minute pulses and 1 minute rest intervals on ice. The process was
repeated 3 times. The whole cell extract was then transferred to a new 1.5 ml tube and
centrifuged at 16,000 x g for 15 minutes at 4°C. The supernatant was transferred into a new

tube and used for FAO enzyme activity assays.
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Protein concentration determination

Protein concentration of the cell extracts was determined using the Bradford Reagent following

manufacturers’ recommendations (Cat# 23238, Thermo scientific).

FAOQ enzyme activity assay

FAO enzyme activity assays were performed using a modification of Eirich et al., 2004). The
assay utilizes a two-enzyme coupled reaction (e.g., FAO and horse radish peroxidase (HRP))
and can be monitored by spectrophotometry. 1-Dodecanol was used as a standard substrate for
fatty alcohol oxidase enzymatic activity assays. FAO oxidizes the dodecanol to dodecanal
while reducing molecular oxygen to hydrogen peroxide simultaneously. HRP reduces (2,2'-
azino-bis 3-cthylbenzthiazoline-6-sulfonic acid; ABTS) in the two-enzyme coupled reaction,
where the electron obtained from oxidizing hydrogen peroxide to ABTS, which can be
measured by spectrometry at 405 nm. The assay was modified using aminotriazole (AT) to
prevent the destruction of H,O, by endogenous catalase, thus eliminating the need for
microsomal fractionation. The final reaction mixture (1.0 mL) for FAO enzyme assay
consisted of 500 uL of 200 mM HEPES buffer, pH 7.6; 50 uL of a 10 mg/mL ABTS solution in
deionized water; 10 uL of 5 mM solution of dodecanol in acetone; 40 uL of 1M AT and 5 uL
of a 2 mg/mL horseradish peroxidase solution in 50 mM potassium phosphate buffer, pH 7.6.
Reaction activity was measured by measuring light absorbance at 405 nm for 10 minutes at
room temperature after adding the extract. The amount of extract added to the reaction mixture
was varied so that the activity fell within the range of 0.2 to 1.0 AA4psum/min. The actual
amounts of extract used were about 1.69 U/mg for E. coli expressed FAO-13, 0.018U/mg for E.
coli expressed FAO-17, 0.35U/mg for E. coli expressed FAO-18 (e.g., FAO1), 0.47U/mg E.
coli expressed FAO-20, 0.036U/mg Candida (strain SAA278) expressed FAO-13, 0.016U/mg
Candida (strain sAA282) expressed FAO-13, 0.032U/mg Candida (strain sAA280) expressed
FAO-20 and 0.029U/mg Candida (strain sAA284) expressed FAO-20. FAQ activity was
reported as activity units/mg of total protein (1 unit = 1 Omole substrate oxidized/min). An
extinction coefficient at 405 nm of 18.4 was used for ABTS and was equivalent to 0.5 mM

oxidized substrate. The results of the activity assays are shown in the tables below.

FAO activity (units/mg total protein) on primary alcohols




WO 2014/100504

140

PCT/US2013/076739

FAO activity (units/mg total protein) on primary alcohols

1- 1- 1- 1- 1- 1- 1-
Butano | Pentan | Hexan | Octano | Decano | Dodecan | Tetradecan | Hexadecan
| ol ol | | ol ol ol
FAO
-13 0.01 0.09 1.17 82.67 70.94 100 79.35 58.88
FAO
-17 0.72 0.26 1.06 66.23 22.00 100 47.86 60.98
FAO
-18 0.07 0.11 0.26 60.56 54.56 100 114.47 50.65
FAO
=20 0.07 0.11 091 55.96 74.57 100 89.52 42.59

FAOQ activity (units/mg total protein) on omega hydroxy fatty acids

1- 10-OH- 12-OH- 16-OH-
Dodecanol | 6-OH-HA DA DDA HDA
FAO-13 100 4.18 4.14 6.87 8.57
FAO-17 100 1.18 0.00 0.59 0.94
FAO-18 100 0.00 0.00 4.87 2.94
FAO-20 100 0.03 0.04 225 7.46

Example 13: Construction of Candida shuttle vector pAA061

Vector pAA061 was constructed from a pUC19 backbone to harbor the selectable marker

URA3 from Candida strain ATCC20336 as well as modifications to allow insertion of Candida

promoters and terminators. A 1,507bp DNA fragment containing the promoter, ORF, and
terminator of URA3 from Candida ATCC20336 was amplified using primers oAA0124 and
0AAO0125, shown in TABLE 8 below. The URA3 PCR product was digested with Ndel / Mlul
and ligated into the 2,505bp fragment of pUC19 digested with Ndel / BsmBI (an Mlul

compatible overhang was produced by BsmBI). In order to replace the lac promoter with a
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short 21bp linker sequence, the resulting plasmid was digested with Sphl / Sapl and filled in
with a linker produced by annealing oligos 0AA0173 and 0AA0174. The resulting plasmid was
designated pAAO0O61.

TABLE 8
Oligonucleotides for construction of pAA061
Oligos Sequence PCR product (bp)
0AA012
4 cacacacatatgCGACGGGTACAACGAGAATT
1507
0AA012
5 cacacaacgcgtAGACGAAGCCGTTCTTCAAG
0AA017
3 ATGATCTGCCATGCCGAACTC
21 (linker)
0AA017
4 AGCGAGTTCGGCATGGCAGATCATCATG

Example 14: Cloning of Candida PGK promoter and terminator

Vector pAA105 was constructed from base vector pAA061 to include the phosphoglycerate
kinase (PGK) promoter and terminator regions from Candida ATCC20336 with an intervening
multiple cloning site (MCS) for insertion of open reading frames (ORF’s). The PGK promoter
region was amplified by PCR using primers 0AA0347 and 0AA0348, shown in TABLE 9. The
1,029bp DNA fragment containing the PGK promoter was digested with restriction enzymes
Pstl / Xmal. The PGK terminator region was amplified by PCR using primers 0AA0351 and
0AA0352, also shown in TABLE 9. The 396bp DNA fragment containing the PGK terminator
was digested with restriction enzymes Xmal / EcoRI. The 3,728bp Pstl / EcoRI DNA fragment
from pAAO61 was used in a three piece ligation reaction with the PGK promoter and terminator
regions to produce pAA105. The sequence between the PGK promoter and terminator contains
restriction sites for incorporating ORF’s to be controlled by the functionally linked constitutive

PGK promoter.

TABLE 9
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Oligonucleotides for cloning Candida PGK promoter and terminator

Oligos Sequence PCR product (bp)

0AA(034

7 CACACACTGCAGTTGTCCAATGTAATAATTTT
1028

0AA034 | CACACATCTAGACCCGGGCTCTTCTTCTGAATAGGCA
8 ATTGATAAACTTACTTATC

0AA035 | GAGCCCGGGTCTAGATGTGTGCTCTTCCAAAGTACGG

1 TGTTGTTGACA
396

0AA035
2 CACACACATATGAATTCTGTACTGGTAGAGCTAAATT

Example 15: Cloning of the POX4 locus

Primers 0AA0138 and 0AA0141 (TABLE 10) were generated to amplify the entire sequence of
NCBI accession number M12160 for the YSAPOX4 locus from genomic DNA prepared from
Candida strain ATCC20336. The 2,845bp PCR product was cloned into the vector, pCR-
BluntII-TOPO (Invitrogen), sequenced and designated pAA052.

TABLE 10
Oligonucleotides for cloning of POX4
Oligos Sequence PCR product (bp)
0AA013
8 GAGCTCCAATTGTAATATTTCGGG
2845
0AA014
1 GTCGACCTAAATTCGCAACTATCAA

Example 16: Cloning of the POXS locus

Primers 0AA0179 and 0AA0182 (TABLE 11) were generated to amplify the entire sequence of
NCBI accession number M12161 for the YSAPOXS locus from genomic DNA prepared from
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Candida strain ATCC20336. The 2,624bp PCR product was cloned into the vector, pCR-
BluntII-TOPO (Invitrogen), sequenced and designated pAA049.

TABLE 11

Oligonucleotides for cloning of POX5

Oligos Sequence PCR product (bp)

0AA017 | GAATTCACATGGCTAATTTGGCCTCGGTTCCACAACGC

9 ACTCAGCATTAAAAA
2624

0AA018 | GAGCTCCCCTGCAAACAGGGAAACACTTGTCATCTGAT
2 TT

Example 17: Construction of strains with amplified CPR and CYP52 genes

Strains having an increased number of copies of cytochrome P450 reductase (CPR) and/or for
cytochrome P450 monooxygenase (CYP52) genes were constructed to determine how over

expression of CPR and CYP52 affected diacid production.

Cloning and integration of the CPR gene

A 3,019bp DNA fragment encoding the CPR promoter, ORF, and terminator from Candida
ATCC750 was amplified by PCR using primers 0AA0171 and 0AA0172 (TABLE 12)
incorporating unique Sapl and Sphl sites. The amplified DNA fragment was cut with the
indicated restriction enzymes and ligated into plasmid pAA061, (described in Example 13) to
produce plasmid pAA067. Plasmid pAA067 was linearized with Clal and transformed into
Candida Ura’ strain SAA103 (ura3/ura3, pox4::ura3/pox4::ura3, pox5::ura3/pox5::ura3).
Transformations were performed with plasmid pAA067 alone and in combination with

plasmids harboring the CYP52A15 or CYP52A16 genes, described below.

Cloning and integration of CYP52A15 gene
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A 2,842bp DNA fragment encoding the CYP52A15 promoter, ORF, and terminator from
Candida ATCC20336 was amplified by PCR using primers oAA0175 and 0AA0178 (see Table
12 below) and cloned into pCR-BluntII-TOPO for DNA sequence verification. The cloned
CYP52A15 DNA fragment was isolated by restriction digest with Xbal / BamHI (2,742bp) and
ligated into plasmid pAA061, (described in Example 13), to produce plasmid pAA077.
Plasmid pAAQ077 was linearized with PmlI and transformed into Candida Ura™ strain SAA103
(ura3/ura3, pox4::ura3/pox4::ura3, pox5::ura3/pox5::ura3). pAAQ077 was cotransformed with
plasmid pAA067 harboring the CPR gene.

Cloning and integration of CYP52A16 gene

A 2,728bp DNA fragment encoding the CYP52A16 promoter, ORF, and terminator from
Candida ATCC20336 was amplified by PCR using primers oAA0177 and 0AA0178 (TABLE
12) and cloned into pCR-BluntII-TOPO for DNA sequence verification. The cloned
CYP52A16 DNA fragment was amplified with primers 0AA0260 and 0AA0261(TABLE 12)
which incorporated unique Sacl / Xbal restriction sites. The amplified DNA fragment was
digested with Sacl and Xbal restriction enzymes and ligated into plasmid pAA061 to produce
plasmid pAAO078. Plasmid pAAO078 was linearized with Clal and transformed into Candida
Ura strain SAA103 (ura3/ura3, pox4::ura3/pox4::ura3, pox5::ura3/pox5::ura3). pAA078 was
cotransformed with plasmid pAA067 harboring the CPR gene.

TABLE 12

Oligonucleotides for cloning of CPR, CYP52A15 and CYPS52A16

Oligos Sequence PCR product (bp)

0AA017 | cacctcgctcttccAGCTGTCATGTCTATTCAATGCT

1 TCGA
3019
0AA017 | cacacagcatgcTAATGTTTATATCGTTGACGGTGA
2 AA
0AAOQ017 | cacaaagcggaagagcAAATTTTGTATTCTCAGTAG
5 GATTTCATC 2842

0AAQ17 | cacacagcatgCAAACTTAAGGGTGTTGTAGATAT




WO 2014/100504 PCT/US2013/076739

145

8 CCC
0AA0Q17 | cacacacccgggATCGACAGTCGATTACGTAATCC
7 ATATTATTT

2772
0AAQ17 | cacacagcatgCAAACTTAAGGGTGTTGTAGATAT
8 CCC
0AA026
0 cacacagagctcACAGTCGATTACGTAATCCAT

2772
0AA026
1 cacatctagaGCATGCAAACTTAAGGGTGTTGTA

Preparation of genomic DNA

Genomic DNA was prepared from transformants for PCR verification and for Southern blot
analysis. Isolated colonies were inoculated into 3 mL YPD and grown overnight at 30 °C with
shaking. Cells were pelleted by centrifugation. To each pellet, 200 uL Breaking Buffer (2%
Triton X-100, 1% SDS, 100 mM NaCl, 10 mM Tris pH 8 and, ] mM EDTA) was added, and
the pellet resuspended and transferred to a fresh tube containing 200 ul 0.5 mm Zirconia/Silica
Beads. 200 uL Phenol:Chloroform:Isoamyl Alcohol (25:24:1) was added to each tube,
followed by vortexing for 1 minute. Sterile distilled water was added (200 uL) to each tube and
the tubes were centrifuged at 13000 rpm for 10 minutes. The aqueous layer was ethanol
precipitated and washed with 70% ethanol. The pellet was resuspended in 100-200 01 10 mM
Tris, after drying. Genomic DNA preparation for southern blot analysis was performed using

the same procedure on 25 mL cultures for each colony tested.

Characterization of strains with amplified CPR and CYP52 genes
Verification of integrated genes and/or sequences was performed by PCR using primers
0AA0252 and 0AA0256 (CPR), 0AA0231 and 0AA0281 (CYP52A15), and 0AA242 and

0AA0257 (CYP52A16). The primers used for verification are shown in TABLE 13.

TABLE 13
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Oligonucleotides for PCR verification of CPR, CYP52A15 and CYP52A16
Oligos Sequence PCR product (bp)

0AA025
2 TTAATGCCTTCTCAAGACAA

743
0AA025
6 GGTTTTCCCAGTCACGACGT
0AA023
1 CCTTGCTAATTTTCTTCTGTATAGC

584
0AA028
1 TTCTCGTTGTACCCGTCGCA
0AA024
2 CACACAACTTCAGAGTTGCC

974
0AA025
7 TCGCCACCTCTGACTTGAGC

Southern blot analysis was used to determine the copy number of the CPR, CYP52A15 and
CYP52A16 genes. Biotinylated DNA probes were prepared with gene specific
oligonucleotides using the NEBlot Phototope Kit from New England BioLabs (Catalog
#N7550S) on PCR products generated from each gene target as specified in TABLE 14 below.
Southern Hybridizations were performed using standard methods (e.g., Sambrook, J. and
Russell, D. W. (2001) Molecular Cloning: A Laboratory Manual, (3" ed.), pp. 6.33-6.64. Cold
Spring Harbor Laboratory Press). Detection of hybridized probe was performed using the
Phototope-Star Detection Kit from New England BioLabs (Catalog #N7020S). Copy number

was determined by densitometry of the resulting bands.

TABLE 14
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Oligonucleotides for Probe Template PCR of CPR, CYP52A15 and CYP52A16

Oligos Sequence Gene Template | PCR product (bp)

0AA0250 | AATTGAACATCAGAAGAGGA

CCTGAAATTTCCAAATGGTGT CPR pAA067 1313
0AA0254 | CTAA

0AA0227 TTTTTTGTGCGCAAGTACAC CYP52A1

pAA077 905
0AA0235 | CAACTTGACGTGAGAAACCT 5

0AA0239 | AGATGCTCGTTTTACACCCT | CYPS2A]
pAA078 672

0AA0247 | ACACAGCTTTGATGTTCTCT 6

Example 18: Addition and/or Amplification of Monooxygenase and Monooxygenase reductase

activities.

Cytochrome P450’s often catalyze a monooxygenase reaction, ¢.g., insertion of one atom of

oxygen into an organic substrate (RH) while the other oxygen atom is reduced to water:

RH + O2 + 2H+ + 2e— — ROH + H20

The substrates sometimes are of a homogeneous carbon chain length. Enzymes with
monooxygenase activity sometimes recognize substrates of specific carbon chain lengths, or a
subgroup of carbon chain lengths with respect to organic substrates of homogenous carbon
chain length. Addition of novel cytochrome activities (e.g., B. megaterium BM3) and/or
amplification of certain or all endogenous or heterologous monooxygenase activities (e.g.,
CYP52A12 polynucleotide, CYP52A13 polynucleotide, CYP52A14 polynucleotide,
CYP52A15 polynucleotide, CYP52A16 polynucleotide, CYP52A17 polynucleotide,
CYP52A18 polynucleotide, CYP52A19 polynucleotide, CYP52A20 polynucleotide, CYP52D2
polynucleotide, BM3 polynucleotide) can contribute to an overall increase in carbon flux
through native and/or engineered metabolic pathways, in some embodiments. In certain
embodiments, adding a novel monooxygenase or increasing certain or all endogenous or
heterologous monooxygenase activities can increase the flux of substrates of specific carbon

chain length or subgroups of substrates with mixtures of specific carbon chain lengths. In some
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embodiments, the selection of a monooxygenase activity for amplification in an engineered
strain is related to the feedstock utilized for growth of the engineered strain, pathways for
metabolism of the chosen feedstock and the desire end product (e.g., dodecanedioic acid).
Strains engineered to utilize plant-based oils for conversion to dodecanedioic acid can benefit
by having one or more monooxygenase activities with substrate specificity that matches the
fatty acid chain-length distribution of the oil. For example, the most prevalent fatty acid in
coconut oil is lauric acid (12 carbons long), therefore, the monooxygenase activity chosen for a
coconut oil-utilizing strain can have a substrate preference for C12 fatty acids. For strains
engineered to utilize other plant based oils with different fatty acid chain-length distributions it
may be desirable to amplify a monooxygenase activity that has a matching substrate preference.
In some embodiments, a genetic modification that alters monooxygenase activity increases the
activity of one or more monooxygenase activities with a substrate preference for feedstocks
having carbon chain lengths of between about 12 and about 24 carbons (e.g., mixed chain
length alkanes, mixed chain length fatty acids, soapstocks, the like and combinations thereof).
In certain embodiments, the genetic modification increases the activity of a monooxygenase
activity with a preference for fatty acids having a carbon chain-length distribution of between

about 10 carbons and about 16 carbons.

As mentioned previously, the enzymes that carry out the monooxygenase activity are reduced
by the activity of monooxygenase reductase, thereby regenerating the enzyme. Selection of a
CPR for amplification in an engineered strain depends upon which P450 is amplified, in some
embodiments. A particular CPR may interact preferentially with one or more monooxygenase
activities, in some embodiments, but not well with other monooxygenases. A monooxygenase
reductase from Candida strain ATCC750, two monooxygenase reductase activities from
Candida strain ATCC20336 and a monooxygenase reductase activity from Bacillus megaterium
are being evaluated for activity with the added and/or amplified monooxygenases described
herein. Provided in the tables below are nucleotide sequences used to add or amplify

monooxygenase and monooxygenase reductase activities.

Example 19: Amplification of Selected Beta Oxidation Activities
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Described herein are methods of amplifying a POXS5 beta oxidation activity. Substantially
similar methods can be utilized to amplify different beta oxidation activities including non-POX
(e.g., acyl-CoA oxidase) activities and/or acyl-CoA oxidase activities with altered substrate

specificities, as described herein.

Construction of POX5 amplified strains

PlasmzdpAAléé (PPOX4POX5TPOX4)

A PCR product containing the nucleotide sequence of POXS5 was amplified from Candida
20336 genomic DNA using primers 0AA540 and 0AA541. The PCR product was gel purified
and ligated into pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli
cells (Invitrogen) and clones containing PCR inserts were sequenced to confirm correct DNA
sequence. One such plasmid was designated, pAA165. Plasmid pAA165 was digested with
BspQI and a 2-kb fragment was isolated. Plasmid pAA073 which contained a POX4 promoter
and POX4 terminator was also digested with BspQI and gel purified. The isolated fragments
were ligated together to generate plasmid pAA166. Plasmid pAA166 contains a
Pprox4aPOX5Tpox4 fragment.

Plasmid pAA204 (thiolase deletion construct)

A PCR product containing the nucleotide sequence of a short-chain thiolase (e.g., acetyl-CoA
acetyltransferase) was amplified from Candida 20336 genomic DNA using primers 0AA640
and 0AA641. The PCR product was gel purified and ligated into pCR-Blunt II-TOPO
(Invitrogen), transformed into competent TOP10 E. coli cells (Invitrogen) and clones
containing PCR inserts were sequenced to confirm correct DNA sequence. One such plasmid
was designated, pAA184. A URA3 PCR product was amplified from pAA061 using primers
0AA660 and 0AA661. The PCR product was gel purified and ligated into pCR-Blunt II-TOPO
(Invitrogen), transformed as described and clones containing PCR inserts were sequenced to
confirm the correct DNA sequence. One such plasmid was designated pAA192. Plasmid
pAA184 was digested with Bglll/Sall and gel purified. Plasmid pAA192 was digested with
Bglll/Sall and a 1.5 kb fragment was gel purified. The isolate fragments were ligated together
to generate pAA199. An alternative Puras PCR product was amplified from plasmid pAA061
using primers 0AA684 and 0AA685. The PCR product was gel purified and ligated into pCR-
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Blunt II-TOPO (Invitrogen), transformed as described and clones containing PCR inserts were
sequenced. One such plasmid was designated, pAA201. Plasmid pAA199 was digested with
Sall and gel purified. Plasmid pAA201 was digested with Sall and a 0.43 kb Pygras was gel
purified. The isolated fragments were ligated to generate plasmid pAA204 that contains a direct

repeat of Pyras.

Plasmid pAA221 (PpoxsPOX5Tpoxs in thiolase deletion construct)

A PCR product containing the nucleotide sequence of PpoxaPOX5Tpoxs was amplified from
plasmid pAA166 DNA using primers 0AA728 and 0AA729. The PCR product was gel
purified and ligated into pCR-Blunt II-TOPO, transformed as described and clones containing
PCR inserts were sequenced to confirm the sequence of the insert. One such plasmid was
designated, pAA220. Plasmid pAA204 was digested with Bglll, treated with shrimp alkaline
phosphatase (SAP), and a 6.5 kb fragment was gel purified. Plasmid pAA220 was digested
with Bglll and a 2.7 kb fragment containing Ppox4POX5Tpox4 was gel purified. The isolated
fragments were ligated to generate plasmid pAA221.

Strain sAA617 (PPOX4POX5TPO)(4 in SAA45])

Strain SAA451 is a ura-, partially f-oxidation blocked strain (ura3/ura3
pox4a::ura3/pox4b::ura3 POX5/POXS5). Plasmid pAA221 was digested with EcoRI to release a
DNA fragment containing Ppox4aPOX5Tpox4 in a thiolase deletion construct. The DNA was
column purified and transformed to strain SAA451 to plate on SCD-ura plate. After two days,
colonies were streaked out on YPD plates, single colonies selected and again streaked out on
YPD plates. Single colonies were selected from the second YPD plates and characterized by
colony PCR. The insertion of Ppox4sPOX5Tpox4 in strain sAA451, disrupting the short-chain

thiolase gene, was confirmed by PCR and one such strain was designated SAA617.

Strain sAA620

Strain SAA617 was grown overnight on YPD medium and plated on SCD+URA+5-FOA, to

select for loop-out of URA3. Colonies were streaked out onto YPD plates twice as described for

strain SAA617, and single colonies characterized by colony PCR. The loop-out of URA3 by
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direct repeats of PURA3 was confirmed by PCR. One such strain was designated sAA620.
Strain SAA620 has one additional copy of POXS5 under control of the POX4 promoter.

Plasmid pAA156

A PCR product containing the nucleotide sequence of CYP52A19 was amplified from Candida
strain 20336 genomic DNA, using primers 0AA525 and 0AA526. The PCR product was gel
purified and ligated into pCR-Blunt II-TOPO, transformed as described, and clones containing
PCR inserts were sequenced to confirm correct DNA sequence. One such plasmid was
designated, pAA144. Plasmid pAA144 was digested with BspQI and a 1.7-kb fragment was
isolated. Plasmid pAA073, which includes a POX4 promoter and POX4 terminator, also was
digested with BspQI and gel purified. The isolated fragments were ligated together to generate
plasmid, pAA156. Plasmid pAA156 included PpoxsaCYP52A19Tpox4 fragment and URA3.

Strain sAA496

Plasmid pAA156 was digested with Clal and column purified. Strain SAA451 was transformed
with this linearized DNA and plated on SCD-ura plate. Colonies were checked for CYP52A19
integration. Colonies positive for plasmid integration were further analyzed by qPCR to
determine the number of copies of CYP52A19 integrated. One such strain, designated sAA496
contained about 13 copies of the monooxygenase activity encoded by CYP52A19.

Strains sSAA632 and SAA635

Strain sAA620 was transformed with linearized pAA156 DNA and plated on SCD-ura plates.
Several colonies were checked for CYP52A19 integration. Colonies positive for plasmid
integration were further analyzed by qPCR to determine the number of copies of CYP52A19
integrated. One such strain, designated sSAA632 contained about 27 copies of the
monooxygenase activity encoded by CYP52A19. Another strain, designated sAA635,
contained about 12 copies of the monooxygenase activity encoded by CYP52A19.

Example 20: Cloning of Candida ACH genes
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ACH PCR product was amplified from Candida strain ATCC20336 genomic DNA using
primers 0AA1095 and 0AA1096, shown in TABLE 15. The PCR product was gel purified and
ligated into pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells
(Invitrogen) and clones containing PCR inserts were sequenced to confirm correct DNA

sequence.

Sequence analysis of multiple transformants revealed the presence of allelic sequences for the
ACH gene, which were designated ACHA and ACHB. A vector containing the DNA sequence
for the ACHA allele was generated and designated pAA310. A vector containing the DNA
sequence for the ACHB allele was generated and designated pAA311.

TABLE 15

Primer sequence

0AA1095 | CACACACCCGGGATGATCAGAACCGTCCGTTATCAAT

0AA1096 | CACACATCTAGACTCTCTTCTATTCTTAATTGCCGCTTCCACTAAA
CGGCAAAGTCTCCACG

Example 21: Cloning of Candida FATI gene

FATI PCR product was amplified from Candida 20336 genomic DNA using primers 0AA1023
and 0AA1024, shown in TABLE 16 below. The PCR product was gel purified and ligated into
pCR-Blunt [I-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells (Invitrogen)
and clones containing PCR inserts were sequenced to confirm correct DNA sequence. A vector

containing the DNA sequence for the FAT1 gene was designated pAA296.

TABLE 16

Primer sequence

0AA1023 | GATATTATTCCACCTTCCCTTCATT

0AA1024 | CCGTTAAACAAAAATCAGTCTGTAAA

Example 22: Cloning of Candida AREI and ARE2 genes
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ARE] and ARE?2 PCR products were amplified from Candida 20336 genomic DNA using
primers 0AA2006/0AA2007 and 0AA1012/0AA1018, respectively, shown in TABLE 17
below. The PCR products were gel purified and ligated into pCR-Blunt II-TOPO (Invitrogen),
transformed into competent TOP10 E. coli cells (Invitrogen) and clones containing PCR inserts
were sequenced to confirm correct DNA sequence. A vector containing the DNA sequence for
the ARE1 gene was designated pAA318. A vector containing the DNA sequence for the ARE2
gene was designated pAA301.

TABLE 17

Primer sequence

0AA1012 | ATGTCCGACGACGAGATAGCAGGAATAGTCAT

0AA1018 | TCAGAAGAGTAAATACAACGCACTAACCAAGCT

0AA2006 | ATGCTGAAGAGAAAGAGACAACTCGACAAG

0AA2007 | GTGGTTATCGGACTCTACATAATGTCAACG

Example 23: Construction of an optimized TESA gene for expression in Candida

The gene sequence for the E. coli TESA gene was optimized for expression in Candida by
codon replacement. A new 7TESA gene sequence was constructed using codons from Candida
with similar usage frequency for each of the codons in the native E. coli TESA gene (avoiding
the use of the CTG codon due to the alternative yeast nuclear genetic code utilized by
Candida). The optimized TESA gene was synthesized with flanking BspQI restriction sites and
provided in vector pIDTSMART-Kan (Integrated DNA Technologies). The vector was
designated as pAA287. Plasmid pAA287 was cut with BspQI and the 555bp DNA fragment
was gel purified. Plasmid pAAO073 also was cut with BspQI and the linear DNA fragment was
gel purified. The two DNA fragments were ligated together to place the optimized 7ESA4 gene
under the control of the Candida POX4 promoter. The resulting plasmid was designated
pPAA294.

Example 24: Cloning of Candida DGAI gene
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DGAI PCR product was amplified from Candida 20336 genomic DNA using primers 0AA996
and 0AA997, shown in TABLE 18 below. The PCR product was gel purified and ligated into
pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells (Invitrogen)
and clones containing PCR inserts were sequenced to confirm correct DNA sequence. A vector

containing the DNA sequence of the DGA1 gene was designated pAA299.

TABLE 18

Primer Sequence

0AA996 | ATGACTCAGGACTATAAAGACGATAGTCCTACGTCCACTGAGTTG

0AA997 | CTATTCTACAATGTTTAATTCAACATCACCGTAGCCAAACCT

Example 25: Cloning of Candida LROI gene

LRO! PCR product was amplified from Candida 20336 genomic DNA using primers 0AA998
and 0AA999, shown in TABLE 19 below. The PCR product was gel purified and ligated into
pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells (Invitrogen)
and clones containing PCR inserts were sequenced to confirm correct DNA sequence. A vector

containing the DNA sequence of the LRO1 gene was designated pAA300.

TABLE 19

Primer sequence

0AA998 | ATGTCGTCTTTAAAGAACAGAAAATC

0AA999 | TTATAAATTTATGGCCTCTACTATTTCT

Example 26: Cloning of Candida ACS1 gene and construction of deletion cassette

ACS1 PCR product was amplified from Candida 20336 genomic DNA using primers 0AA951
and 0AA952, shown in TABLE 20 below. The PCR product was gel purified and ligated into
pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells (Invitrogen)
and clones containing PCR inserts were sequenced to confirm the DNA sequence. One such

plasmid was designated pAA275. Plasmid pAA280 was digested with BamHI to release a 2.0
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kb PurasURA3TurasPuras cassette. Plasmid pAA275 was digested with Bglll and gel purified.
The two pieces were ligated together to generate plasmid pAA276 and pAA282. Plasmid
pAA276 and pAA282 have the PurasURA3TyrasPuras cassette inserted into the ACS gene in

opposite orientations.

TABLE 20

Primer sequence

0AA951 | CCTACTTCCACAGCTTTAATCTACTATCAT

0AA952 | TTTAAGAAAACAACTAAGAGAAGCCAC

Example 27: Construction of Strain sAA722 (pox4a::ura3/pox4b::ura3 POX5/POX5
ACS1/acs:: PURAgURA3TURA3PURA3)

Plasmid pAA276 was digested with BamHI/Xhol and column purified. Strain SAA329
(ura3/ura3 pox4a::ura3/pox4b::ura3 POX5/POX5) was transformed with the linearized DNA
and plated on SCD-ura plate. Several colonies were checked for ACS! disruption. One such

strain was designated sAA722.

Example 28: Construction of Strain sAA741 (pox4a::ura3/pox4b::ura3 POX5/POXS5
ACS]/aCS].'.'PURAg)

Strain SAA722 was grown in YPD media overnight and plated on 5-FOA plate. Colonies that
grew in the presence of 5-FOA were PCR screened for the looping out of the URA3 gene
leaving behind only the URA3 promoter (Pyrasz) in the ACS! site. Out of 30 colonies analyzed,

only one strain showed the correct genetic modification. The strain was designated sAA741.

Example 29: Construction of Strain sAA776 (pox4a::ura3/pox4b::ura3 POX5/POX)5
acsl.'.'PURA3 URA3TURA3PURA3/CZCS].'.' PURAS)

Plasmid pAA282 was digested with BamHI/Xhol and column purified. Strain sAA741 (see
Example 28) was transformed with the linearized DNA and plated on SCD-ura plate. Several
colonies were checked for double ACS7 knockout by insertional inactivation. One such strain

was designated SAA776.



WO 2014/100504 PCT/US2013/076739
156

Example 30: Construction of Strain sAA779 (pox4a::ura3/pox4b::ura3 POX5/POX5 acs!::

PURA3/acsl.'.' PURAS)

Strain SAA776 (see Example 29) was grown in YPD media overnight and plated on 5-FOA
plates. Colonies that grew in the presence of 5-FOA were PCR screened for the looping out of
the URA3 gene leaving behind only the URA3 promoter (Pygras) in both ACS/ copies. One such
strain was designated sAA779.

Example 31: Construction of Strain sAA811 (pox4a::ura3/pox4b::ura3 POX5/POX5 acs!::
PURAg/aCS].'.' PURA3 ura3.‘.‘3xPp0X4P450A19)

Plasmid pAA156 containing a P450419 integration cassette was digested with Clal and column
purified. Strain sSAA779 (see Example 30) was transformed with the linearized DNA and
plated on SCD-ura plate. Several colonies were checked for P450419 integration. From those
colonies, qPCR was performed to check the copy number of P450419 integration. One strain,
designated SAA811, contained 3 copies of P450419.

Example 32: Construction of Strain sAA810 (pox4a::ura3/pox4b::ura3 POX5/POX5 acs!::
Puras/acsl:: Pypas ura3::5xPpoxyP450A419 ura3::8xPpoxsTESA)

Plasmid pAA156 containing a P450-A19 integration cassette was digested with Clal and
column purified. Plasmid pAA294 containing a TESA integration cassette also was digested
with Clal and column purified. Strain SAA779 was cotransformed with both linearized DNAs
and plated on SCD-ura plate. Several colonies were checked for both P450A 19 integration and
TESA integration. Colonies that were positive for both TESA and P450A19 were further
analyzed by qPCR. qPCR was performed to check the copy number of the P450419 and TESA
integration events. One strain, designated SAA810, contained 5 copies of P450479 and 8
copies of TESA.

Example 33. General Techniques & Methods.

Growth Media, Reagents and Conditions
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YPD, ScD-ura media and plates, and 5-FOA containing plates were made as described in
Methods in Yeast Genetics: a Cold Spring Harbor Laboratory Manual /David C. Amberg,
Daniel J. Burke, Jeffrey Strathern, - 2005 ed.).

SP92 + glycerol was made by adding 6.7 g of Bacto yeast nitrogen base without amino acids
(BD, Franklin Lakes, NJ, USA), 3.0 g of Bacto yeast extract (BD, Franklin Lakes, NJ, USA),
3.0 g of ammonium sulfate, 1.0 g of potassium phosphate monobasic, 1.0 g of potassium
phosphate dibasic, and 75 g of glycerol to water to a final volume of one liter. The media was

then filtered sterilized.

TB-low N Media was made by adding 1.7 g Bacto yeast nitrogen base without ammonium
sulfate, 3 g of Bacto yeast extract, 1 g of potassium phosphate monobasic and 1g potassium

phosphate dibasic per liter of water. The media was filtered sterilized.

Overnight cultures were typically grown in 2 to 5 ml of either ScD-ura media or YPD media in
standard culture tubes at 30 C on a shaker at about 250 rpm.
Molecular Methods

Gel purifications of DNA fragments were done as recommended by the manufacturer using
cither the GeneJET Gel Extraction Kit (Fermentas Inc., Glen Burnie, MD USA) or the
Zymoclean Gel DNA Recovery Kit (ZymoResearch, Irvine, CA).

PCR was performed using either PFU Ultra I DNA Polymerase (Agilent Technologies, Santa
Clara, CA), Taq DNA polymerase (New England Biolabs, Ipswich, MA, USA), DreamTaq
PCR Master Mix (Fermentas Inc, Glen Burnie, MD USA) or Quick Load Midas Mix
(Monserate, San Diego, CA USA). Each enzyme was used according to the manufacturer’s

instructions.

Restriction enzyme digestions were conducted as recommended by each manufacturer (New
England Biolabs, Ipswich, MA, USA or Fermentas Inc, Glen Burnie, Maryland USA). DNA
ligations were conducted using either the Rapid Ligation Kit (Fermentas Inc, Glen Burnie,
Maryland USA) or using T4 DNA Ligase (New England Biolabs, Ipswich, MA, USA)

according to the manufacturer’s instructions.
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Yeast transformations were performed as described in Example 10.

Genomic DNA Preparation

The URA3 gene was obtained from genomic DNA of Candida yeast culture ATCC20336.

Genomic DNA from Candida strain ATCC20336 was prepared as follows: About 1.5 ml of an
overnight culture of cells was and the pellet was resuspended in about 200 ul of a solution
containing 2% Triton X-100, 1% SDS, 100 mM NaCl, 10 MM Tris pH 8.0, and 1 mM EDTA.
About 200 ul of acid washed glass beads were added with about 200 ul of
phenol:chloroform:isoamyl alcohol (25:24:1) at a pH of about 8.0. The sample was vortexed
for about 2 minutes after which about 200 ul of water was added. The sample was then
centrifuged at 13000 rpm for about 10 minutes. The aqueous layer was transferred to a new
microcentrifuge tube and an equal volume of chloroform:isoamyl alcohol (24:1) solution was
added. This sample was vortexed for 10 seconds and then centrifuged at 13000 rpm for about 2
minutes. The aqueous layer was transferred to a new microfuge tube and 1 ml of ethanol was
added. The tube was then placed at -80 °C for about 15 minutes and then spun at 13000 rpm
for 15 minutes to pellet the DNA The DNA was washed with 70% ethanol and air-dried. The
DNA was then resuspended in about 500 ul of water.

Genomic DNA for Klyveromyces lactis (ATCC8585) was purchased from the American Type
Culture Collection (Manassas, VA, USA).

To calculate gene copy number, a qPCR method was used as described by Jin et al (Appl.
Environ. Microbiol. January 2003 vol. 69, no. 1, 495-503). qPCR was performed according to
the manufacturer’s instructions using either the Brilliant III Ultra-Fast SYBR® Green QPCR
Master Mix (Agilent Technologies, Englewood, CO USA) or the QuantiTect Multiplex PCR
NoROX Kit (Qiagen). Genomic DNA from Candida strain ATCC20336 or plasmid DNA

containing the actin gene from ATCC20336 and the gene of interest were used as standards.

Primers and probes used throughout these Examples were made via standard DNA synthesis

techniques by Integrated DNA Technologies (Coralville, IA, USA).

Example 34: Construction of Cloning Plasmid AA073
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The plasmid pAA073 was designed to contain the POX4 promoter and terminator from
Candida strain ATCC20336 (this strain is also referred to herein as strain SAAQ01). This
plasmid was derived from the publicly available plasmid pUC19 which contains an ampicillin
resistance marker. pAA073 was designed to have two Sapl restriction enzyme sites located
between the POX4 promoter and terminator which allows unidirectional cloning of any gene of
interest in tandem with the POX4 promoter. The Candida strain ATCC20336 URA3 gene
including the open reading frame and the endogenous regulatory regions was also placed into
PAAO073 as a selection marker for transformants. Plasmid pAAO073 allows the direct integration
of multiple copies of any gene of interest by digesting the plasmid with a unique restriction
enzyme such as Spel, Clal or BstZ171. These multiple cloning sites for are contained in the
URA3 auxotrophic marker region and can be selectively be used to avoid cutting the gene of
interest (i.e., the DNA sequence for the gene of interest can be searched for particular restriction
enzyme cut sites and those enzymes can be avoided). In addition, this plasmid can serve as a
template to generate an antibiotic free-DNA cassette containing the gene of interest and the
POX 4 regulatory regions inserted between the 3° and 5° regions of the URA3 gene; this
cassette can be PCR amplified using the plasmid as a template, and the isolated PCR product
can be inserted into any microorganism strain.

A diagram of pAA073 is set forth in FIG. 18 and the sequence of pAA073 is set forth as SEQ
ID NO. 3704.

Example 35. Cloning enoyl-CoA isomerase (ECI) genes from ATCC 20336

The amino acid sequence for Ecil (i.e. Eci) from S. cerevisiae S288c (SEQ ID NO. 3705) was
used to identify homologs from Candida species ATCC MY A-3404 and ATCC20336. The
BLAST search revealed two Ecilp homologs in each strain of Candida, which have been
named Ecilp and Eci2p (TABLE 21). The percent amino acid identities for the homologs are

shown below:
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Amino acid percent identity

Eci2p MYA
-3404

SEQ ID NO.
3707

Ecilp MY
A-3404
SEQ ID
NO. 3706

Ecilp_S.c.
SEQ ID
NO. 3705

Eci2p 203
36

SEQ ID
NO. 3709

Ecilp_20336
SEQ ID NO.
3708

Eci2p MYA-
3404

SEQ ID NO.
3707

58

36

&4

57

Ecilp MYA-
3404

SEQ ID NO.
3706

39

57

92

Ecilp_S.c.
SEQ ID NO.
3705

37

40

Eci2p 20336
SEQ ID NO.
3709

57

Ecilp_20336
SEQ ID NO.
3708

The ECI1 gene encoding the N-terminal 241 residues of SEQ ID NO. 3708 was amplified from

genomic DNA (ATCC 20336) using oligonucleotides 0AA2835 (SEQ ID NO. 3712) and

0AA2836 (SEQ ID NO. 3713) that also incorporated unique Sapl restriction sites. The 770 bp

PCR product was gel purified and ligated into pCR-Blunt II-TOPO (Life Technologies),

transformed into competent TOP10 E. coli cells (Life Technologies) and clones containing PCR

inserts were sequenced to confirm the correct DNA sequence. One such plasmid was named

pAA574 (SEQ ID NO. 3710).




WO 2014/100504 PCT/US2013/076739
161

The full length ECI2 gene encoding Eci2p (SEQ ID NO. 3709) was amplified from genomic
DNA (ATCC 20336) using oligonucleotides 0AA2837 (SEQ ID NO. 3714) and 0AA2838
(SEQ ID NO. 3715) that also incorporated unique Sapl restriction sites. The 851 bp PCR
product was gel purified and ligated into pCR-Blunt II-TOPO (Life Technologies), transformed
into competent TOP10 E. coli cells (Life Technologies) and clones containing PCR inserts were
sequenced to confirm the correct DNA sequence. One such plasmid was named pAAS575 (SEQ
ID NO. 3711).

Example 36 - Generation of Strain sAA1764 (ura3/ura3 pox4a::ura3/pox4b::ura3
POXS5/POX5 acsl:: PURA3/acs1:: PURA3 fatl-Al::PURA3/fatl-A2::PURA3 ecil-
Al::URA3/ECII)

Deletion of the first allele of ECI1 was achieved by transforming cells (strain SAA886
(pox4a:ura3/pox4b::ura3 POX5/POXS acsl:: PURA3/acs1:: PURA3 fatl-Al::PURA3/fatl-
A2::PURA3 ura3/ura3)) with linear DNA cassettes constructed by overlap extension PCR (OE-
PCR). A deletion cassette for the first ECI1 allele in strain sAA886 was generated from three
DNA fragments. A first DNA fragment (ECI1 5° homology) was amplified from ATCC20336
gDNA using primers 0AA3085 (SEQ ID NO. 3716) and 0AA3086 (SEQ ID NO. 3717). A
second DNA fragment (PURA3URA3TURA3PURA3) was amplified from plasmid pAA298
(FIG. 29, and SEQ ID NO: 3784) using primers 0AA3087 (SEQ ID NO. 3718) and 0AA3088
(SEQ ID NO. 3719). The third DNA fragment (ECI1 3’ homology) was amplified from
ATCC20336 gDNA using primers 0AA3089 (SEQ ID NO. 3720) and 0AA3090 (SEQ ID NO.
3721). All three DNA fragments were combined in the same reaction to generate the full-
length deletion cassette (FIG. 19) by OE-PCR using primers 0AA3085 (SEQ ID NO. 3716) and
0AA3090 (SEQ ID NO. 3721).

Strain SAA886 was transformed with the full-length deletion cassette and plated on
SCD-Ura plate. Several colonies were screened by PCR for integration of the deletion cassette

at the first ECI1 allele. One such strain was named sAA1764.

Example 37. Generation of Strain sAA1860 (ura3/ura3 pox4a::ura3/pox4b::ura3
POXS5/POX5 acsl:: PURA3/acs1:: PURA3 fatl-Al::PURA3/fatl-A2::PURA3 ecil-
Al::PURA3/ECII)
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Strain SAA1764 was grown in YPD media overnight and plated on 5-FOA plate. Colonies that
grew in the presence of 5-FOA were PCR screened for the looping out of the URA3 gene
leaving behind only the URA3 promoter (PURA3) in the first ECI1 allele. One such strain was
named sAA1860.

Example 38. Construction of a double ECII knockout strain (ura3/ura3
poxda::ura3/pox4b::ura3 POX5/POXS acsl:: PURA3/acs1:: PURA3 fatl-Al::PURA3/fatl-
A2::PURA3 ecil-Al::PURA3/ecil-A2::URA3)

Deletion of the second allele of ECII is achieved by transforming cells with linear DNA
cassettes constructed by overlap extension PCR (OE-PCR). A deletion cassette for the second
ECI1 allele in sSAA1860 (ura3/ura3 pox4a::ura3/pox4b::ura3 POX5/POXS acsl::
PURA3/acs1:: PURA3 fatl-Al::PURA3/fat1-A2::PURA3 ecil-Al::PURA3/ECI1) was
generated from three DNA fragments. A first DNA fragment (ECI1 5’ homology) was
amplified from ATCC20336 gDNA using primers 0AA3212 (SEQ ID NO. 3722) and 0AA3213
(SEQ ID NO. 3723). A second DNA fragment (PURA3URA3TURA3PURA3) was amplified
from plasmid pAA298 (FIG. 29, and SEQ ID NO: 3784) using primers 0AA3214 (SEQ ID NO.
3724) and 0AA3215 (SEQ ID NO. 3725). A third DNA fragment (ECI1 3° homology) was
amplified from ATCC20336 gDNA using primers 0AA3216 (SEQ ID NO. 3726) and 0AA3217
(SEQ ID NO. 3727). All three DNA fragments were combined in the same reaction to generate
the full-length deletion cassette (FIG. 20) by OE-PCR using primers 0AA3212 (SEQ ID NO.
3722) and 0AA3217 (SEQ ID NO. 3727).

To generate a double ECI1 knockout strain, SAA1860 is transformed with the full-length
deletion cassette and plated on SCD-Ura plate. Several colonies are screened by PCR for

integration of the deletion cassette at the second ECI1 allele.

EXAMPLE 39 - Cloning of acyl CoA oxidase proteins

Acyl-CoA oxidases from a range of organisms were cloned into the E. coli expression vector
pET26b (EMD4Biosciences, Darmstadt, Germany), which contains a kanamycin resistance
cassette. The source of the acyl-CoA oxidase, the name of the gene, the primers and restriction

enzymes used to clone the acyl CoA oxidase coding sequence into pET26b and the coding
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sequence are described herein. The acyl CoA oxidase coding sequences were amplified by PCR
using the appropriate primers designed from cDNA libraries, published cDNA or genomic
DNA sequences corresponding to the organism. In the event that a template source was not
available, the coding sequences were synthesized as gBlocks (IDT) and stitched together by
standard overlap extension PCR. The PCR products were then cloned into pCRII-Blunt TOPO
vector (Life Sciences) and the products were sequenced to verify that they did not contain
undesired mutations. The coding sequences were released from the TOPO vector using the
appropriate restriction enzymes and ligated into pET26b that had been digested with the same
restriction enzymes. The resulting expression plasmids were then transformed into Rosetta 11

BL21 cells (Novagen).

Example 40 - Expression of acyl-CoA oxidases in E. coli

To express an enzyme, a colony from each transformation of Rosetta cells was used to start a 5
ml overnight culture of LB containing the antibiotics kanamycin (to select for pET26b) and
chloramphenicol (to select for a second plasmid found in Rosetta II cells that mediates
improved translation of eukaryotic proteins expressed in E. coli) grown at 37°C. The next
morning, the overnight culture was used to seed 30 ml of LB containing kanamycin and
chloramphenicol to an ODg reading of 0.1. The 30 ml cultures were grown at 37°C for 2
hours and then placed on ice for 10 minutes. To induce expression, isopropyl-beta-D3-
thiogalactopyranoside (IPTG) was added to the culture to a final concentration of 0.1 mM. In
sore cases induction was performed using Novagen Overnight Express Autoinduction System
L (CATH 71300-3}. The celis were then shaken at 15°C overnight to express the acyl CoA

oxidase.

Example 41 - Acyl-CoA Oxidase Activity Assay

To test the activity of the acyl CoA oxadase, cells frora the overnight induction were pelleted at
1646 x g at 4°C in 50 mi conical tubes. The cell pellets were resuspended in 1 ml of 50mM
KPOg4, pH 7.6, 50 uM FAD buffer and then transferred to a 2 ml centrifuge tube. A Misonix
Sonicator 3000 (QSonica, Newtown, CT) was used to lyse the cells, which were sonicated at a
power setting of 2 for 2 pulses of 20 seconds each. The lysates were placed on ice for 30
seconds in between each pulse. To obtain a supernatant, cell debris was pelleted at 16,100 x g

for 10 mins in a 4°C microcentrifuge. The supernatant was transferred to a 1.5 ml centrifuge
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tube and Bradford assays (Thermoscientific) were performed on cell lysates according to
manufacturer’s specifications to determine protein concentration in preparation for the acyl-
CoA oxidase assays. A Beckman Coulter DTX-800 Multimode Detector spectrophotometer
was used for the assays. The spectrophotometer was set to read for 5 minutes at 500 nm, 30°C.
Each reaction was 200 pl in volume and contained 10 pg of cell lysate in 50mM KPO4, pH 7.6,
200 pg/ml BSA, 0.05% Triton X-100, 250uM fatty acyl-CoA substrate, S0uM FAD, 10U
horseradish peroxidase, 25mM p-hydroxybenzoic acid and 1mM 4-aminoantipyrine. Fatty
acyl-CoA substrates covered a range from hexanoyl CoA (six carbon chain length) to oleoyl
CoA (ecighteen carbon chain length).

In TABLE 22 unshaded blocks indicated the sample was not tested. Dark shading indicates that
no activity was detected. Light shading indicates that minimal activity (i.e. poor activity) was
detected at less than or equal to 0.1 umol/min/ug (umol substrate/minute/ug total protein).

Medium shading indicates that good activity was detected at > 0.1 umol/min/ug.

The results in TABLE 22 indicated that several enzymes are not functional when expressed in
E.coli. Furthermore, the remaining enzymes that are functional when expressed in E.coli
showed broad substrate specificity or were similar in their substrate specificity to Pox5 from
Candida strain ATCC20336 (i.e. not very active on a C6 substrate, show peak activity on a C12
substrate and are active from C8 all the way to C18:1).

TABLE 22 — Activity of Heterologous Acyl CoA Oxidases

E. coli
Strain
numbe Cl1 | Cl|Cl]|C1]|C18:
r Description
Aspergillus nidulans (An)AOXa in
1570 pET26b
AnAOXa (N-term. GST fusion) in
1557 pET26b
Arabidopsis thaliana (At)ACX2L (N-
1573 term. GST fusion) in pET26b
1514 AtACX2L in pGEX
1503 AtACX2L in pET26b
1508 AtACX2L (N-term. GST fusion) in \\\\\\\\\\\\\\\\\
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E. coli
Strain
numbe Cl1|C1|C1 | Cl]|C18:
Description C8| 0 2 4 6 1
1510 AtACf(lirzl?;ET%b &\&&&N&N&N&N&\\\\%
1511 AtACX3 in pET26b
1366 AtACX2S in pET26b
AtACX2S (N-term. GST fusion) in
1507 pET26b
AtACX2S (N-term. GST fusion) in
1525 pET26b
AtACX2 N terminus-Pox5 C-terminus |
1663 fusion in pET26b
1369 AtACXS in pET26b

Candida strain ATCC20336 Pox5 in

1362 pET26b
Candida strain ATCC20336 Pox4 in
1888 pET26b
Debaryomyces hansenii (Dh)7248p i
1365 pET26b
1572 Glycine max (Gm)Aco2 pET26b
GmAco2 (N-term. GST fusion) in
1558 pET26b
1515 GmAco2 in pGEX
1367 Pichia stipitis (Ps)Acox2 in pET26b
Rattus norvegicus (Rn)Acol in
1504 pET26b
1505 RnAcolb in pET26b
RnAcol (N-term. GST fusion) in
1574 pET26b
RnAcolb (N-term. GST fusion) in L
1575 pET26b
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E. coli
Strain
numbe Cl1|C1|C1 | Cl]|C18:
Description 0 2 4 6 1
Yarrowia lipolytica (Y1)Acol 1 N
1501 pET26b
1361 YlAco2 in pET26b
1502 YlAco3 in pET26b
1499 YlAco4 in pET26b
YlAco4 (N-term. GST fusion) in
1509 pET26b
1500 YlAco5 in pET26b
1368 YlAco6 in pET26b
1363 Zea mays (Zm)Acol in pET26b
1552 ZmAco2 in pET26b
ZmAco2 (N-term. GST fusion)
1555 pET26b
1364 ZmAco4 pET26b
ZmAco4 (N-term. GST fusion) in
1506 pET26b
1795 Cucumis sativus Aco in pET26b
Arthrobacter ureafaciens Aco in k
1775 pET26b
1776 Salinobacter ruber Aco in pET26b
1777 Thermobifida fusca Aco in pET26b
Example 42 - Genetic Modification of Candida Pox4, Pox5 and R. norvegicus VLCAD
The objective was to design mutations in 1) the Pox4 and Pox5 acyl CoA oxidases of Candida
strain ATCC20336 (Pox4 and PoxS5, respectively) to alter their respective substrate specificities

and 2) the R. norvegicus very long chain acyl-CoA dehydrogenase (VLCAD) to convert it into
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an acyl CoA oxidase. When introduced into Candida, these mutant enzymes may mediate
selective conversion of fatty acid substrates to sebacic, dodecanedioic acid or longer chain

diacids by beta oxidation.

Site-directed mutagenesis of Pox4 and Pox5- Methodology

Several approaches were used to identify regions and/or residues of Pox4 and Pox5 of Candida
strain ATCC20336 that determine the substrate specificities of these enzymes. In rat liver, a
single gene with an alternatively spliced third exon produces two splice forms, Acol (acyl CoA
oxidase-1, R. norvegicus, RnAcol) and Acoll (acyl CoA oxidase-II, R. norvegicus, RnAcoll),
which are identical in amino acid length and differ in amino acid sequence only at the region
encoded by the differentially spliced exon (Miyazawa, S., Hayashi, H., Hijikata, M., Ishii, N.,
Furuta, S., Kagamiyama, H., Osumi, T., Hashimoto, T. (1987) Complete nucleotide sequence of
cDNA and predicted amino acid sequence of rat acyl-CoA oxidase. J. Biol. Chem.
262(17):8138-43.; Osumi, T., Ishii, N., Miyazawa, S., Hashimoto, T. (1987) Isolation and
structural characterization of the rat acyl-CoA oxidase gene. J. Biol. Chem. 262 (17):8138-43;
Setoyama, C., Tamaoki, H., Nishina, Y., Shiga, K., Miura, R. (1995) Functional expression of
two forms of rat acyl-CoA oxidase and their substrate specificities. Biochem. Biophys. Res.
Commun. 217(2):482-7). A comparison of the primary amino acid sequences of Acol and
Acoll revealed differences in residues 90 to 133 as a result of the alternatively spliced exon
(underlined residues, FIG. 23). The splicing event resulted in two enzymes, Acol and Acoll,
that display different substrate activity profiles. RnAcol prefers substrates with few carbons
(e.g., fatty acids with 8 or 10 carbons). RnAcoll prefers substrates with longer carbon chains
(e.g., 14 carbons). The crystal structure of RnAcoll has been solved (PDB: 11S2 (without
substrate); PDB: 2DDH (with dodecanoate substrate)) and the region encoded by the
alternatively spliced exon ends at the boundary between the N-terminal alpha helical domain
and the subsequent beta sheet domain, both of which are characteristic structural features of
acyl CoA oxidases (Acyl-CoA dehydrogenase (ACAD) superfamily, NCBI Conserved
Domains Accession cl0993) and have been identified as a region that may determine substrate

specificity.

To verify that this region of an acyl CoA oxidase plays a role in determining substrate
specificity, the HotSpot Wizard algorithm was utilized (Pavelka, A., Chovancova, E.,
Damborsky, J. HotSpot Wizard: a Web Server for Identification of Hot Spots in Protein
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Engineering, Nucleic Acids Research 37: W376-W383, 2009.
http://loschmidt.chemi.muni.cz/hotspotwizard/). HotSpot Wizard is a program that identifies
regions of a protein for engineering of substrate specificity or activity. The program utilizes
structural, functional and sequence homology data from numerous databases, such as PDB,
UniProt and NCBI, to identify regions and/or residues that are “hot spots” for mutagenesis.

The search relies on a PDB file corresponding to a crystal structure of the enzyme of interest.
In the case of Pox4 or Pox5, no such structure was available. Therefore, the structures of both
proteins were determined by modeling with the crystal structure of R. norvegicus Acoll as the
template (PDB:11S2). The SWISS-MODEL program was used to generate these models
(Arnold K., Bordoli L., Kopp J., and Schwede T. (2006). The SWISS-MODEL Workspace: A
web-based environment for protein structure homology modeling. Bioinformatics, 22,195-201;
Kiefer F, Arnold K, Kiinzli M, Bordoli L, Schwede T (2009) The SWISS-MODEL Repository
and associated resources. Nucleic Acids Research. 37, D387-D392. Peitsch, M. C. (1995)
Protein modeling by E-mail Bio/Technology 13: 658-660; http://swissmodel.expasy.org/). The
resulting models, which were PDB files, were entered in HotSpot Wizard as the “Query
structure”. The results of a HotSpot Wizard analysis are summarized in FIG 24A, 24B and 25).
Residues highlighted in grey are proposed mutagenic “hot spots”. Dark grey shading indicates
residues with greater variability than those with light grey shading. Residues shown in bold are

found within or close to the substrate binding pocket (discussed below).

All three enzymes were aligned to show areas of homology (FIG. 26). In FIG. 26 light grey
shading indicates identity between all three enzymes. Darker shades of grey indicate partial
identity or homology between the three enzymes (e.g., a dark grey shading may indicate
identity for two of the three proteins in the alignment). In some cases, dark grey shading
indicates sequence similarity (i.e., the residues are similar because they are acidic, basic, polar
or non-polar). The underlined region (FIG. 23 and FIG. 26) indicates the alternatively spliced

exon of Acoll.

Molecular modeling alignments were used to identify residues in Pox4 and Pox5 that are found
within or close to the substrate binding pocket (residues shown in bold, FIG. 24A and 24B).
The molecular structure of Acoll complexed with its substrate dodecanoate (PDB:2DDH) as
determined from its crystal structure, was aligned with the predicted molecular models of Pox4
and Pox5. Residues located in the N-terminal loop and first part of alpha helix D (TABLE 23)

appear at the surface and lining of the substrate entry/exit channel. In Pox4 these residues
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correspond to the sequence IDTFNK (a.a. 95-100 of Pox4 from Candida strain ATCC20336)
and PDQQAQ (a.a. 80-85 of Pox5 from Candida strain ATCC20336). According to HotSpot

Wizard this entire sequence is category 9, which means highly variable.

TABLE 23 - N-terminal loop and first part of alpha helix D

Protein Sequence | Residue(s)
11S2 (ACOI) ISDPEE 79-84
ACOI ISDPEE 79-84
Pox4 IDTFNK 95-100
Pox5 PDQQAQ | 80-85

Residues located in the loop between alpha helices D and E’ form part of the substrate binding
pocket. None of these residues were identified as contact residues for the 12 carbon substrate
but may be contact residues for longer substrates. This stretch of four amino acids is located
within the divergent exon splice site of ACO-I and ACO-II. In Pox4 and Pox5, three of these
amino acids are highly conserved (TABLE 24). The fourth amino acid is different (113G in
Pox4 & F98 in Pox5). Of the four amino acids in this region, the divergent residue is closest to
the substrate and the amino acid character of this residue is drastically different between Pox4
and Pox5. For this reason, this residue is of particular interest. Additionally, according to

HotSpot this residue is highly variable.

TABLE 24 - Loop between alpha helices D and E’

Protein Sequence | Residue(s)

1182 (ACOII) RGHP 94-97

ACOI ANFV 94-97
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Pox4 PQVG 110-113
Pox5 PQVF 95-98

The residue D101 is a contact residue for the substrate carbons 6 through 9 in the 2DDH crystal
structure of RnACOII. This residue is located at the beginning of alpha helix E’ which is part
of the substrate binding pocket. Since this is a contact residue and is located in the small region
of sequence that differs between ACO-I and ACO-II, the corresponding amino acid in Pox4 and
Pox5 (TABLE 25) is of interest. This residue is of interest since it contacts the substrate at
carbons 6-9 and ACO-II has lower activity on substrates of chain-length 6-12 compared to
ACO-I. If either Pox4 or Pox5 is modified at this position to aspartate, it is expected that there
would be a decrease in activity on adipic acid and lead to increases in yield of larger diacids.

This residue has a score of 6 from HotSpot.

TABLE 25 - Residue making contact with substrate carbons 6-9

Protein Sequence | Residue(s)
11S2 (ACOIN) D 101
ACOI G 101
Pox4 G 117
Pox5 G 102

Residue F284 is a contact residue for the substrate carbons 10 through 12 in the 2DDH crystal
structure of RnACOII. This residue is conserved between RnAcol and RnAcoll. The
corresponding amino acid in Pox4 and Pox5 (TABLE 26) is one of the very few substrate
contact residues that differ between Pox4 and Pox5. The ACOI, ACOII, and Pox4 enzymes all
have a large hydrophobic residue at this location whereas the Pox5 enzyme has a small polar

residue. The HotSpot score for this residue is 9.

TABLE 26 - Residue making contact with substrate carbons 10-12

Protein Sequence | Residue(s)
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11S2 (ACOI) F 284
ACOI F 284
Pox4 M 302
Pox5 T 287

The loop C-terminal to alpha helix L is much smaller in Pox5 than it is in Pox4 or ACO-I/ACO-
IT (TABLE 27). This loop appears to display structural flexibility and may have implications
for the structure of the substrate pocket and how much the substrate-binding pocket “breathes”.
The residues in this region vary in HotSpot analysis, however the residues just downstream of

this region in Pox5 are all highly variable (shown next).

TABLE 27 - Alpha helix L and loop C-terminal to alpha helix L

Protein Sequence Residue(s)

11S2 (ACOIl) | IYDQVRSGKLVGGMVSYLNDLPSQRIQPQQ | 438-469
VA

ACOI IYDQVRSGKLVGGMVSYLNDLPSQRIQPQQ | 438-469
VA

Pox4 QVISIEDAGKTVRGSTAFLNQLKDYTGSNSS | 473-505
KV

Pox5 DLLKEPEQKGL 453-463

The loop between alpha helix L and M does not appear to be as variable between Pox4 and
Pox5 (TABLE 28), although HotSpot analysis assigns this stretch of residues with scores of 9
with high variability. It is expected that this loop, including the previous section mentioned

above, is a target for mutagenesis.

TABLE 28 - Loop between a-helix L and M

Protein Sequence Residue(s)

11S2 (ACOII) | VWPTMV 470-475
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ACOI VWPTMV 470-475
Pox4 VLNTVA 506-511
Pox5 VLSSVA 464-469

PCT/US2013/076739

For both Pox4 and Pox5, the HotSpot Wizard analyses, combined with molecular modeling

alignments, determined that residues within the same approximate regions are good targets for

mutagenesis. The multiple sequence alignment shows that the alternatively spliced exon of

Acoll overlaps with hot spot residues in all three acyl CoA oxidases (FIG. 26).

Some additional regions in RnAColl, indicated by their secondary structure and position of

amino acid residues, are shown in TABLE 29 and corresponding regions in POXS5, POX4 and

Aco2, Aco3 and Aco5 of Yarrowia lipolytica are also shown.

TABLE 29
RnAcoll (1IS2 or 2DDH) Corresponding residues in aox enzymes
aa

Secondary Structure | residues | POXS5 YlAco2 | POX4 | YlAco3 | YlAco5

Helices 1 -6 1-76 1-77 1-97 1-92 1-98 1-96
103- 104- 102-

Helices 7 - 10 82-129 83-133 152 98-148 | 153 151
157- 153- 158- 156-

B-sheet domain 134-268 | 138-271 | 291 286 292 290
301- 296- 302- 300-

Helical domain 3 278-460 | 281-462 | 492 500 493 494
502- 511- 502- 503-

Helical domain 4 475-655 | 469-637 | 683 684 682 682

Site-directed mutagenesis of Candida Pox4 and Pox5 to alter substrate specificity -

Method

Using the HotSpot Wizard and molecular modeling results as a guide, specific amino

acids in Pox4 and Pox5 were mutated (i.e. added, deleted or substituted) by converting

primarily polar or charged residues in the hot spot regions to alanine. TABLES 30A and 30B
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below show a summary of Candida strain ATCC20336 Pox5 and Pox4 mutations that were
made and tested. The summary of the acyl CoA activity profile associated with some of the
mutants in TABLES 30A and 30B are shown in FIG. 27 (Pox5) and FIG. 28 (Pox4). The
number of carbons in each substrate tested is shown below each bar in FIG. 27 and FIG. 28.
Pox5 Mutant I (grey highlight in TABLE 30A) results from “ACAD-based mutagenesis” (see

discussion below).
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TABLE 30A

PoxS

MUTAN | POSITIO | AMINO

T N ACID(S) MUTATION
A 8,82 |DQ AR
B |86,8  |RLS ALA
C  |93,94 |FD AR
D  |291,292 |DS AA
E  [959 |PQ AA
F |294,295 |RM AA
G |287 T A
H 290,291 |MD AA

J 291 D G
K 292 S A
L 93 F A
M 94 D G
CT1 102 G D
N 86 R A
0] 88 S A
P 98 F G
83, 85 QAQ AAA
CT? 453.463 DLLKEPEQKG | QVISIEDAGKTVRGSTAFLNQLKDYTGSNSS
L KV
TABLE 30B
Pox4
MUTAN | POSITIO
T N AMINO ACID(S) MUTATION
98, 99,
A 100 FNK AAA
B 102,103 | LS AA
C 96 D A




WO 2014/100504 PCT/US2013/076739
175

90

&8

302

309, 310

T Q| | o O

98

| 99

100

102

LR EEEE R
N EES IS IS PN RS IS S S

=l A —

103

QVISIEDAGKTVRGSTAFLNQLKDYTGSNSS | DLLKEPEQKG
CT3 473-505 KV L

Pox4 and Pox5 from Candida strain ATCC20336 were cloned into pET26b for expression in E.
coli and assayed for acyl CoA oxidase activity in vitro. The activity profiles of the genetically
modified Pox4 and Pox5 were compared to the activity profile of the wild type enzymes. To
alter their substrate activity profile, site directed mutagenesis was performed on several
locations in Pox4 and Pox5. Complementary primers encoding the point mutation(s) were used
to amplify the coding sequences of Pox4 or Pox5 generating two to four PCR products that
were then “stitched” together to regenerate the entire coding region using overlap extension
PCR (FIG. 22). As shown in FIG. 22, overlap extension PCR was performed using primers A,
B, C and D. Primers B and C are complementary and contain the introduced genetic
modifications (e.g. mutations). PCR was performed using oligonucleotides A and B to produce
a product with overlap to a PCR product generated using oligonucleotides C and D. The A-B
product was used as a primer for the C-D product, and vice versa, for overlap extension.
Several mutagenic primer pairs, for example, like the B-C primer pair, were used to produce
mutations at different locations that were “stitched” together, i.e. A-B, C-D, E-F, etc. to
generate an intact, full length coding region. To produce more of the final product containing
the mutation(s), a PCR using the A primer and the most 3’ reverse primer was performed.
Primers A and D were used to amplify the entire coding sequence of Pox4 and Pox5 and to
incorporate the restriction enzyme sites (RE1 and RE2) for cloning into an E. coli expression
vector. The primers used for the site-directed mutagenesis for Pox5 (Candida strain
ATCC20336) are listed in TABLE 31 to TABLE 40. The primers used for the site-directed
mutagenesis for Pox4 (Candida strain ATCC20336) are listed in TABLE 41 to TABLE 47.
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TABLE 31 - Pox5 (Candida strain ATCC20336)

Nativ|

(¢

Muta Amin Introdu
nt 0 ced
Nam Acid( Mutatio Restrict
e Position| s) n Primer Primer Sequence (5'-3') ion Sites
PRIME | GTTCACTGCCATATGCCTACCGA
A RA | ACTTCAAAAAGAAAGAGAACTC Ndel
PRIME | GATCGACAATCTCTGGGCCTGAG
A 81,82 | DQ AA
RB | CAGCTGGGTACTCGTGCTCAAAG
A 8182 | DO AA PRIME | CTTTGAGCACGAGTACCCAGCTG
RC | CTCAGGCCCAGAGATTGTCGATC
CTTCGAGATGCGGCCGCTTAACT
A PRIME GGACAAGATTTCAGCAGCTTCTT Notl
RD cG
PRIME | GTTCACTGCCATATGCCTACCGA
8 RA | ACTTCAAAAAGAAAGAGAACTC Ndel
GTGGGTCAAAGACACCGAGGAT
B 86,88 | RLS | ALA Pl;H\BjIE AGCCAAAGCCTGGGCCTGTTGGT
CTGGGTAC
GTACCCAGACCAACAGGCCCAGG
B 86,88 | RLS | ALA PRIME CTTTGGCTATCCTCGGTGTCTTTG
RE ACCCAC
CTTCGAGATGCGGCCGCTTAACT
B Pl;ﬂl\)/IE GGACAAGATTTCAGCAGCTTCTT Notl

CG
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TABLE 32 - Pox5 (Candida strain ATCC20336)

Nativ

v

Amin | Introduc
Muta 0 ed
nt | Positio | Acid(| Mutatio Restricti
Name n S) n Primer Primer Sequence (5'-3") on Sites
c PRIME | GTTCACTGCCATATGCCTACCGA Ndol
e
RA | ACTTCAAAAAGAAAGAGAACTC
PRIME GATTCTGGTGAAGACTTGTGGAG
C 93,94 | FD AA R B CAGCGACACCGAGGATCGACAA
TC
PRIME GATTGTCGATCCTCGGTGTCGCT
C 93,94 | FD AA R C GCTCCACAAGTCTTCACCAGAAT
C
PRIME CTTCGAGATGCGGCCGCTTAACT
C R D GGACAAGATTTCAGCAGCTTCTT Notl
CG
b PRIME | GTTCACTGCCATATGCCTACCGA Ndol
e
RA | ACTTCAAAAAGAAAGAGAACTC
GAATCTACTGGTCATTCTGTAAG
291, PRIME
D DS AA CAGCCATCATCATGGTGACTCTA
292 R B
CcC
GGTAGAGTCACCATGATGATGGC
291, PRIME
D DS AA TGCTTACAGAATGACCAGTAGAT
292 RC
TC
PRIME CTTCGAGATGCGGCCGCTTAACT
D GGACAAGATTTCAGCAGCTTCTT Notl
RD

CG
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TABLE 33 - Pox5 (Candida strain ATCC20336)

Nativ

Amin| Introdu
Muta 0 ced
nt Positi | Acid(| Mutatio Restrict
Name on s) n Primer Primer Sequence (5'-3') ion Sites
PRIME | GTTCACTGCCATATGCCTACCGA
§ RA | ACTTCAAAAAGAAAGAGAACTC Ndel
PRIME | CACCGATTCTGGTGAAGACAGCA
§ 92,961 PQ AA RB | GCGTCAAAGACACCGAGGATCG
. 95,96 | PQ AA PRIME | CGATCCTCGGTGTCTTTGACGCT
RC | GCTGTCTTCACCAGAATCGGTG
CTTCGAGATGCGGCCGCTTAACT
E PRIME GGACAAGATTTCAGCAGCTTCTT Notl
RD cG
PRIME | GTTCACTGCCATATGCCTACCGA
f RA | ACTTCAAAAAGAAAGAGAACTC b
294, PRIME | GGTGATGAATCTACTGGTCGCGG
f 295 i AA RB | CGTAGGAGTCCATCATCATG
294, PRIME | CATGATGATGGACTCCTACGCCG
f 295 i AA RC | CGACCAGTAGATTCATCACC
CTTCGAGATGCGGCCGCTTAACT
F Pl;ﬂl\)/IE GGACAAGATTTCAGCAGCTTCTT Notl

CG
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TABLE 34 - Pox5 (Candida strain ATCC20336)

Nativ

Amin| Introduc
Muta 0 ed
nt | Positio | Acid(| Mutatio Restricti
Name n S) n Primer Primer Sequence (5'-3") on Sites
G PRIME | GTTCACTGCCATATGCCTACCGA Ndol
e
RA | ACTTCAAAAAGAAAGAGAACTC
PRIME | GAGTCCATCATCATGGCGACTCT
G 287 T A
RB | ACCACCAATC
PRIME | GATTGGTGGTAGAGTCGCCATGA
G 287 T A
RC | TGATGGACTC
PRIME CTTCGAGATGCGGCCGCTTAACT
G RD GGACAAGATTTCAGCAGCTTCTT Notl
CG
o PRIME | GTTCACTGCCATATGCCTACCGA Ndol
e
RA | ACTTCAAAAAGAAAGAGAACTC
290, PRIME | CTGGTCATTCTGTAGGAGGCTGC
H MD AA
291 RB | CATCATGGTGACTCTACC
290, PRIME | GGTAGAGTCACCATGATGGCAGC
H MD AA
291 RC | CTCCTACAGAATGACCAG
PRIME CTTCGAGATGCGGCCGCTTAACT
H RD GGACAAGATTTCAGCAGCTTCTT Notl

CG
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TABLE 35 - Pox5 (Candida strain ATCC20336)

Muta
nt

Name

Positi

on

Nativ

Amin

Acid(

Introdu
ced
Mutatio

n

Primer

Primer Sequence (5'-3")

Restrict

ion Sites

PRIME
RA

GTTCACTGCCATATGCCTACCGA
ACTTCAAAAAGAAAGAGAACTC

Ndel

284/43
6

GE

EG

PRIME
R B

CATCATCATGGTGACTCTTTCAC
CAATCAAAGCCGAG

284/43
6

GE

EG

PRIME
RC

CTCGGCTTTGATTGGTGAAAGAG
TCACCATGATGATG

284/43
6

GE

EG

PRIME
RD

GTTGTTGTCACCTCCCCAGGTAC
ATTGG

284/43
6

GE

EG

PRIME
RE

CCAATGTACCTGGGGAGGTGACA
ACAAC

PRIME
RF

CTTCGAGATGCGGCCGCTTAACT
GGACAAGATTTCAGCAGCTTCTT
CG

Notl

PRIME
RA

GTTCACTGCCATATGCCTACCGA
ACTTCAAAAAGAAAGAGAACTC

Ndel

291

PRIME
R B

GGTCATTCTGTAGGAGCCCATCA
TCATGGTGAC

291

PRIME
RC

GTCACCATGATGATGGGCTCCTA
CAGAATGACC

PRIME
RD

CTTCGAGATGCGGCCGCTTAACT
GGACAAGATTTCAGCAGCTTCTT
CG

Notl
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TABLE 36 - Pox5 (Candida strain ATCC20336)

Nativ

(¢

Amin| Introdu
Muta 0 ced
nt Positi | Acid(| Mutatio Restrict
Name on s) n Primer Primer Sequence (5'-3') ion Sites
PRIME | GTTCACTGCCATATGCCTACCGA
a RA | ACTTCAAAAAGAAAGAGAACTC Ndel
K 200 g A PRIME | CTGGTCATTCTGTAGGCGTCCAT
RB | CATCATGGTG
PRIME | CACCATGATGATGGACGCCTACA
a 2 > A RC | GAATGACCAG
CTTCGAGATGCGGCCGCTTAACT
K PRIME GGACAAGATTTCAGCAGCTTCTT Notl
RD cG
L PRIME | GTTCACTGCCATATGCCTACCGA Ndel
RA | ACTTCAAAAAGAAAGAGAACTC
PRIME | GTGAAGACTTGTGGGTCTGCGAC
. . F A RB | ACCGAGGATCGAC
PRIME | GTCGATCCTCGGTGTCGCAGACC
- . f A RC | CACAAGTCTTCAC
CTTCGAGATGCGGCCGCTTAACT
L Pl;ﬂl\)/IE GGACAAGATTTCAGCAGCTTCTT Notl

CG
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Nativ
e
Amin| Introdu
Muta 0 ced
nt Positi | Acid(| Mutatio Restrict
Name on s) n Primer Primer Sequence (5'-3") ion Sites
iy PRIME | GTTCACTGCCATATGCCTACCGA Ndel
e
RA | ACTTCAAAAAGAAAGAGAACTC
PRIME | GGTGAAGACTTGTGGGCCAAAG
M 94 D G
RB | ACACCGAGGATC
PRIME | GATCCTCGGTGTCTTTGGCCCAC
M 94 D G
RC | AAGTCTTCACC
PRIME CTTCGAGATGCGGCCGCTTAACT
M RD GGACAAGATTTCAGCAGCTTCTT Notl
CG
PRIME | CACACAAGGGGAATTGTGAGCG bal
a
RA | GATAAC
PRIME | AACCCAAGTTGACGTCGATTCTG
102 G D
RB |G
PRIME | CCAGAATCGACGTCAACTTGGGT
102 G D
RC |T
PRIME | CACACAAACTGGATCCAACCGTT
BamHI
RD | ATCG
TABLE 37 - Pox5 (Candida strain ATCC20336)
* Mutant CT1 produces a smaller fragment that is used to replace the sequence in between the
Xbal and BamHI sites of wild type Pox5 cloned into pET26b.



WO 2014/100504

PCT/US2013/076739

183

TABLE 38 - Pox5 (Candida strain ATCC20336)

Nativ

(¢

Amin| Introdu
Muta 0 ced
nt Positi | Acid(| Mutatio Restrict
Name on s) n Primer Primer Sequence (5'-3") ion Sites
PRIME | GTTCACTGCCATATGCCTACCGA
N RA | ACTTCAAAAAGAAAGAGAACTC Ndel
CAAAGACACCGAGGATCGACAA
N 86 R A PRIME AGCCTGGGCCTGTTGGTCTGGGT
RB AC
GTACCCAGACCAACAGGCCCAG
N 86 R A PRIME GCTTTGTCGATCCTCGGTGTCTTT
RC G
CTTCGAGATGCGGCCGCTTAACT
N PRIME GGACAAGATTTCAGCAGCTTCTT Notl
RD oG
PRIME | GTTCACTGCCATATGCCTACCGA
© RA | ACTTCAAAAAGAAAGAGAACTC Ndel
PRIME | CAAAGACACCGAGGATCGCCAA
© 5 > A RB | TCTCTGGGCCTGTTG
PRIME | CAACAGGCCCAGAGATTGGCGA
© 5 > A RC | TCCTCGGTGTCTTTG
CTTCGAGATGCGGCCGCTTAACT
0 Pl;ﬂl\)/IE GGACAAGATTTCAGCAGCTTCTT Notl

CG
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TABLE 39 - Pox5 (Candida strain ATCC20336)

Nativ

v

Muta Amin | Introduc
nt 0 ed
Nam | Positio | Acid(| Mutatio Restricti
e n S) n Primer Primer Sequence (5'-3") on Sites
PRIME | GTTCACTGCCATATGCCTACCGA
’ RA | ACTTCAAAAAGAAAGAGAACTC Ndel
PRIME | GTTGACACCGATTCTGGTTCCGA
’ %8 F © RB | CTTGTGGGTCAAAGAC
PRIME | GTCTTTGACCCACAAGTCGGAAC
’ %8 F © RC | CAGAATCGGTGTCAAC
CTTCGAGATGCGGCCGCTTAACT
P PRIME GGACAAGATTTCAGCAGCTTCTT Notl
RD oG
PRIME | GTTCACTGCCATATGCCTACCGA
Q RA | ACTTCAAAAAGAAAGAGAACTC Ndel
0A PRIME CAAAGACACCGAGGATCGACAA
Q 83, 85 o AAA R B TCTAGCCGCAGCTTGGTCTGGGT
ACTCGTGCTCAAAG
0A PRIME CTTTGAGCACGAGTACCCAGACC
Q 83, 85 o AAA R C AAGCTGCCGCTAGATTGTCGATC
CTCGGTGTCTTTG
PRIME CTTCGAGATGCGGCCGCTTAACT
Q RD GGACAAGATTTCAGCAGCTTCTT Notl

CG
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TABLE 40 - Pox5 (Candida strain ATCC20336)

Muta
nt

Name

Positio

n

Nativ
e
Amin
0

Acid(

Introduc
ed
Mutatio

n

Primer

Primer Sequence (5'-3")

Restricti

on Sites

CT2

PRIME
RA

GTTCACTGCCATATGCCTACCGA
ACTTCAAAAAGAAAGAGAACTC

Ndel

CT2

453-
463

DLL

EQK
GL

QVISIE
DAGKT
VRGST
AFLNQ
LKDYT
GSNSS
KV

PRIME
R B

CGGCATCTTCAATGCTGATAACT
TGCTCTAACCATTGGCTTGGCA

CT2

453-
463

DLL

EQK
GL

QVISIE
DAGKT
VRGST
AFLNQ
LKDYT
GSNSS
KV

PRIME
RC

TGCCAAGCCAATGGTTAGAGCA
AGTTATCAGCATTGAAGATGCC

CT2

453-
463

DLL

EQK
GL

QVISIE
DAGKT
VRGST
AFLNQ
LKDYT
GSNSS
KV

PRIME
RD

TCGGCAACGCTGGAGAGAACAA
CCTTGGAGCTGTTGGAACCAGT
GT

CT2

453-
463

DLL

EQK
GL

QVISIE
DAGKT
VRGST
AFLNQ

PRIME
RE

ACACTGGTTCCAACAGCTCCAA
GGTTGTTCTCTCCAGCGTTGCCG
A
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PCT/US2013/076739

CT2

PRIME
RF

CTTCGAGATGCGGCCGCTTAACT
GGACAAGATTTCAGCAGCTTCTT
CG

Notl
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TABLE 41 - Pox4 (Candida strain ATCC20336)

PCT/US2013/076739

Native i
Amino Restriction
Mutant Acid(s) Introduced Sites
Name Position Mutation Primer Primer Sequence (5'-3')
A PRIMER A GTTCACTGCCATATGAC ACAAAGAAAAACGTT Ndel
AGTGTA
98, 99, CAAAGATACCAATCAAGGACAATCTAGCAGCAGCA
A 100 FNK AAA PRIMER B GTGTCGATGGATTCTTGTTCTCTG
98, 99, CAGAGAACAAGAATCCATCGACACTGCTGCTGCTA
A 100 FNK ARA PRIMER C GATTGTCCTTGATTGGTATCTTTG
CTTCGAGATGCGGCCGCTTATTACTTGGACAAGAT
A PRIMER D AGCAGCGGTTTCATCAGA Notl
B PRIMER A GTTCACTGCCATATGAC ACAAAGAAAAACGTT Ndel
AGTGTA
GTGGGTCAAAGATACCAATCAAAGCAGCTCTCTTG
B 102, 103 LS AA PRIMER B TTGAAAGTGTCGATG
CATCGACACTTTCAACAAGAGAGCTGCTTTGATTG
B 102, 103 LS AA PRIMER C GTATCTTTGACCCAC
CTTCGAGATGCGGCCGCTTATTACTTGGACAAGAT
B PRIMER D AGCAGCGGTTTCATCAGA Notl
TABLE 42 - Pox4 (Candida strain ATCC20336)
Native -
R Restriction
Mutant Amino | |ntroduced Sites
Name Position | Acid(s) Mutation Primer Primer Sequence (5'-3')
c PRIMER A GTTCACTGCCATATGACTTTTACAAAGAAAAACGTT Ndel
AGTGTA
GGACAATCTCTTGTTGAAAGTAGCGATGGATTCTT
C 96 D A PRIMER B GTTCTCTG
CAGAGAACAAGAATCCATCGCTACTTTCAACAAGA
C 96 D A PRIMER C GATTGTCC
CTTCGAGATGCGGCCGCTTATTACTTGGACAAGAT
¢ PRIMER D AGCAGCGGTTTCATCAGA Notl
b PRIMER A GTTCACTGCCATATGACTTTTACAAAGAAAAACGTT Ndel
AGTGTA
GTGTCGATGGATTCTTGTTCAGCGTATCTGGCGAT
D 90 R A PRIMER B TCTGTTG
CAACAGAATCGCCAGATACGCTGAACAAGAATCCA
D 90 R A PRIMER C TCGACAC
CTTCGAGATGCGGCCGCTTATTACTTGGACAAGAT
D PRIMER D AGCAGCGGTTTCATCAGA Notl
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TABLE 43 - Pox4 (Candida strain ATCC20336)

Nativ
¢
Amin | Introduc Restrictio
Muta o ed n Sites
nt Positio | Acid( | Mutatio
Name n S) n Primer Primer Sequence (5'-3")
. PRIME | GTTCACTGCCATATGACTTTTA Ndol
¢
RA CAAAGAAAAACGTTAGTGTA
GATGGATTCTTGTTCTCTGTAA
PRIME
E 88 R A R B GCGGCGATTCTGTTGATCTTGA
C
GTCAAGATCAACAGAATCGCC
PRIME
E 88 R A R C GCTTACAGAGAACAAGAATCC
ATC
CTTCGAGATGCGGCCGCTTATT
PRIME
E R D ACTTGGACAAGATAGCAGCGG Notl
TTTCATCAGA
. PRIME | GTTCACTGCCATATGACTTTTA Ndol
¢
RA CAAAGAAAAACGTTAGTGTA
PRIME | GAGTCCAAAACCATCGCGACT
F 302 M A
RB CTACCACCCAAC
PRIME | GTTGGGTGGTAGAGTCGCGAT
F 302 M A
RC GGTTTTGGACTC
CTTCGAGATGCGGCCGCTTATT
PRIME
F R D ACTTGGACAAGATAGCAGCGG Notl
TTTCATCAGA
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TABLE 44 - Pox4 (Candida strain ATCC20336)

Nativ
e
Amin | Introduc Restrictio

Muta 0 ed n Sites
nt Positio | Acid( | Mutatio

Name n S) n Primer Primer Sequence (5'-3")
PRIME | GTTCACTGCCATATGACTTTTA
© RA CAAAGAAAAACGTTAGTGTA Ndel
309, PRIME | GTGGACATTCTAGCCAACGCG
© 310 i A R B GCGTAGGAGTCCAAAACCATC
309, PRIME | GATGGTTTTGGACTCCTACGCC
© 310 i A RC GCGTTGGCTAGAATGTCCAC
PRIME CTTCGAGATGCGGCCGCTTATT
G ACTTGGACAAGATAGCAGCGG Notl
RD TTTCATCAGA
PRIME | GTTCACTGCCATATGACTTTTA
H Ndel

R A CAAAGAAAAACGTTAGTGTA

PRIME | CAAGGACAATCTCTTGTTGGC
RB AGTGTCGATGGATTCTTG

PRIME | CAAGAATCCATCGACACTGCC
RC AACAAGAGATTGTCCTTG

PRIME CTTCGAGATGCGGCCGCTTATT
H RD ACTTGGACAAGATAGCAGCGG Notl
TTTCATCAGA
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TABLE 45 - Pox4 (Candida strain ATCC20336)

Muta
nt

Name

Positio

n

Nativ
e
Amin
0

Acid(

Introduc
ed
Mutatio

n

Primer

Primer Sequence (5'-3")

Restrictio

n Sites

PRIME
R A

GTTCACTGCCATATGACTTTTA
CAAAGAAAAACGTTAGTGTA

Ndel

99

PRIME
RB

CAATCAAGGACAATCTCTTCG
CGAAAGTGTCGATGGATTC

99

PRIME
RC

GAATCCATCGACACTTTCGCG
AAGAGATTGTCCTTGATTG

PRIME
RD

CTTCGAGATGCGGCCGCTTATT
ACTTGGACAAGATAGCAGCGG
TTTCATCAGA

Notl

PRIME
R A

GTTCACTGCCATATGACTTTTA
CAAAGAAAAACGTTAGTGTA

Ndel

100

PRIME
RB

CAATCAAGGACAATCTCGCGT
TGAAAGTGTCGATG

100

PRIME
RC

CATCGACACTTTCAACGCGAG
ATTGTCCTTGATTG

PRIME
RD

CTTCGAGATGCGGCCGCTTATT
ACTTGGACAAGATAGCAGCGG
TTTCATCAGA

Notl
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TABLE 46 - Pox4 (Candida strain ATCC20336)

Nativ
e
Amin | Introdu Restricti
Muta 0 ced on Sites
nt Positi | Acid( | Mutatio
Name on S) n Primer Primer Sequence (5'-3")
K PRIME | GTTCACTGCCATATGACTTTTA Ndel
e
RA CAAAGAAAAACGTTAGTGTA
PRIME | CAAAGATACCAATCAAGGAGG
K 102 L A
RB CTCTCTTGTTGAAAGTGTCG
PRIME | CGACACTTTCAACAAGAGAGC
K 102 L A
RC CTCCTTGATTGGTATCTTTG
CTTCGAGATGCGGCCGCTTATT
PRIME
K RD ACTTGGACAAGATAGCAGCGG Notl
TTTCATCAGA
. PRIME | GTTCACTGCCATATGACTTTTA Ndel
e
RA CAAAGAAAAACGTTAGTGTA
. 103 g A PRIME | GTCAAAGATACCAATCAAGGC
RB CAATCTCTTGTTGAAAGTG
. 103 g A PRIME | CACTTTCAACAAGAGATTGGC
RC CTTGATTGGTATCTTTGAC
CTTCGAGATGCGGCCGCTTATT
PRIME
L RD ACTTGGACAAGATAGCAGCGG Notl
TTTCATCAGA
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TABLE 47 - Pox4 (Candida strain ATCC20336)

PCT/US2013/076739

Nativ

(¢

Amin | Introdu Restricti
Muta 0 ced on Sites
nt Positi | Acid( | Mutatio
Name on s) n Primer Primer Sequence (5'-3')
T3 PRIME | GTTCACTGCCATATGACTTTTA Ndel
RA CAAAGAAAAACGTTAGTGTA
QVIS
IEDA
GKT
VRG
. STA | DLLKE PRIME CAATCCCTTTTGTTCTGGCTCC
CT3 FLN | PEQKG TTCAACAAGTCCTTGACAATTG
205 QLK L kB GCTTACCAA
DYT
GSN
SSK
v
QVIS
IEDA
GKT
VRG
. STA | DLLKE PRIME GACTTGTTGAAGGAGCCAGAA
CT3 FLN | PEQKG CAAAAGGGATTGGTTTTGAAC
205 QLK L RC ACTGTTGCTGA
DYT
GSN
SSK
v
PRIME CTTCGAGATGCGGCCGCTTATT
CT3 RD ACTTGGACAAGATAGCAGCGG Notl

TTTCATCAGA
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In vitro acyl CoA oxidase Assay

E.coli lysates were tested for acyl CoA oxidase activity as described in Example 41.

In vitro Activity Assay for Pox4 Mutants

TABLE 48 shows the acyl CoA oxidase activity profile associated with Pox4 mutants and
TABLE 49 shows the acyl CoA oxidase activity profile associated with Pox5 mutants. The
carbon length of the substrates tested is indicated above the data as C6 (6 carbons), C8 (8
carbons), C10 (10 carbons), C12 (twelve carbons), C14 (fourteen carbons), C16 (sixteen
carbons) and C18.1 (eighteen carbons). In TABLE 48 and 49, unshaded blocks indicated the
sample was not tested. Dark shading indicates that no activity was detected. Light shading
indicates that minimal activity (i.e. poor activity) was detected at less than or equal to 0.1
umol/min/ug (umol substrate/minute/ug total protein). Medium shading indicates that good

activity was detected at > 0.1 umol/min/ug.

The Pox4 Mutant C, although displaying good activity across all substrates tested, demonstrated
reduced overall activity for all substrates (TABLE 48). Pox4 Mutant D showed a similar result.
Activity on C12 and C18:1 substrates was abolished in Pox4 Mutants B, A, E and G (TABLE
48) and CT3 (not shown).

TABLE 48 - In vitro Activity Assay for Pox4 Mutants

Pox4 WT
B Pox4 with L102A, S103A
Pox4 with FO8A, N99A,
A K100A
C Pox4 with D96A
C* Pox4 with D96A, L692S

D Pox4 with RO0A
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E Pox4 with REEA
F Pox4 with M302A
G Pox4 with R309A, M310A

* Indicates a secondary mutation (1692S) that occurred during PCR for cloning Candida strain

ATCC20336 POX5

In vitro Activity Assay for Pox5 Mutants - Results

Acyl CoA oxidase activity was abolished in Pox5 Mutants B, C, F and M at least on substrates
C6, C12 and C18:1 (TABLE 49). Mutants CT1 and CT2 were also inactive (not shown).
Mutants A, E and I showed no change when compared to the activity of the wild type protein.
However, Pox5 Mutants D, H, G, and J displayed altered substrate specificity when compared
to wild type Pox5. Pox5 mutants D, H and J demonstrated reduced activity on C6 and/or C8

substrates. Pox5 mutant G displayed increased activity on C18:1 substrates.

TABLE 49 - In vitro Activity Assay for Pox5 Mutants

=
—

Pox5 WT
Pox5 with DS1A, Q82A
Pox5 with R86A, S88A
Pox5 with F93A, D94A
Pox5 with D291A, S292A
Pox5 with T287A
Pox5 with M290A, D291A
Pox5 with PQ95AA
Pox5 with R294A, M295A
Pox5 with D291G
Pox5 with S292A
Pox5 with F93A

=l R —| T = I @ 9 0 w o>
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| M ‘ Pox5 with D94G w & ‘ W

Acyl-CoA dehydrogenase-based mutagenesis

Acyl-CoA oxidases and acyl-CoA dehydrogenases (ACAD) both utilize similar but distinct
mechanisms to catalyze dehydrogenation of an acyl-CoA substrate to produce a 2-trans-enoyl-
CoA, the first step in B-oxidation (Arent, S., Pye, V.E., Henriksen, A. (2008). Structure and
function of plant acyl CoA oxidases. Plant Phys. Biochem. 46:292-301). There are acyl-CoA
dehydrogenases of different classes and they are grouped according to their substrate
specificities: very long, long, medium and short chain (VLCAD, LCAD, MCAD, SCAD,
respectively) (Kim, J.J., Miura, R. (2004). Acyl-CoA dehydrogenases and acyl CoA oxidases.
Structural basis for mechanistic similarities and differences. Eur. J. Biochem., 271(3):483-93.).
The crystal structures of several of these enzymes have been solved and these data show
structural differences that very likely contribute to their respective differences in substrate
specificity. The crystal structure of VLCAD (PDB: 3B96) has revealed regions and amino acid
residues of the protein that make it structurally, and more than likely functionally, different
from MCAD (PDB: 3MDE) (McAndrew, R.P., Wang, Y., Mohsen, A.W., He, M., Vockley, J.,
Kim, J.J. (2008). Structural basis for substrate fatty acyl chain specificity: crystal structure of
human very-long-chain acyl-CoA dehydrogenase. J. Biol. Chem. 283(14):9435-43). In some
cases, a more significant difference is the location of the catalytic residue. In MCAD, the
catalytic glutamate is located at position 376 on the loop connecting helix J and K while in
LCAD, the catalytic glutamate is at position 255 on the adjacent helix G (Nandy, A., Kieweg,
V., Krdutle, F.G., Vock, P., Kiichler, B., Bross, P., Kim, J.J., Rasched, 1., Ghisla, S. (1996).
Medium-long-chain chimeric human Acyl-CoA dehydrogenase: medium-chain enzyme with the
active center base arrangement of long-chain Acyl-CoA dehydrogenase. Biochemistry,
35(38):12402-11; Lee, H.J., Wang, M., Paschke, R., Nandy, A., Ghisla, S., Kim, J.J. (1996).
Crystal structures of the wild type and the Glu376Gly/Thr255Glu mutant of human medium-
chain acyl-CoA dehydrogenase: influence of the location of the catalytic base on substrate

specificity. Biochemistry, 35(38):12412-20).

The crystal structure of VLCAD (PDB: 3B96) has also revealed regions and amino acid
residues of the protein that make it structurally, and more than likely functionally, different
from MCAD (PDB: 3MDE) (McAndrew et al., 2008). VLCAD is larger than other acyl-CoA

dehydrogenase proteins and forms a dimer, like a typical acyl CoA oxidase. Its substrate
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binding cavity is larger compared to other acyl-CoA dehydrogenase proteins and resembles an
acyl CoA oxidase substrate binding pocket. The larger and more spacious pocket is necessary
for accommodating the longer fatty acyl-CoA substrates that it acts upon. However, the crystal
structures of rat Acoll and Arabidopsis thaliana ACX1 (PDB ID: 1W07) also reveal large
substrate binding pockets and this feature does not necessarily explain the substrate specificities
of each enzyme (Arent et al., 2008). Structural differences between MCAD and VLCAD offer
some insight. At the base of the MCAD substrate binding pocket, there are two polar/charged
residues (Q95 and E99) that are different from the analogous residues in VLCAD (G175 and
G178). The increased hydrophobicity of the base of the VLCAD substrate binding pocket may
be a factor, in addition to pocket size and depth, which contributes to substrate specificity. The
corresponding residues in Candida strain ATCC20336 Pox5 are F98 and G102. Mutant P
(F98Q) is the mutation that should more closely reproduce the base of the VLCAD substrate

binding pocket.

A double mutation in MCAD (e.g., E376G, T255E) can change its substrate specificity profile.
This double mutation produced somewhat of a chimeric enzyme (MLCAD)(Nandy, et.al.1996).
MCAD has a broad substrate profile (C4 — C18) with peak activity at C6 and C8. LCAD has a
similarly broad profile with peak activity at C10 and C12. MLCAD has a more defined
substrate profile (C10 — C18) compared to MCAD or LCAD with peak activity at C12.
However, the overall enzymatic activity of the MLCAD was also reduced (Vmax of MLCAD for
C12 substrate is approximately 25% of Vmax of LCAD for C12 substrate).

Based in part on the results of the above studies, Pox5 was mutated as described in TABLE 30

(Mutant 1) to shift its substrate profile to preferentially act on longer chain substrates.

VLCAD mutagenesis

VLCAD has a substrate profile that is appropriate for production of longer chain diacids, such
as sebacic or dodecanedioic acid. Activity of the enzyme ranges from acyl substrates that are
10 carbons to 22 carbons long and peak activity is on a C16 substrate. However, the enzymatic
mechanism of VLCAD differs from that of a typical acyl CoA oxidase with respect to the final
electron acceptor; in VLCAD, the enzyme is reoxidized by electron transfer ferroprotein (ETF)
and AOXs are reoxidized by oxygen to produce hydrogen peroxide (Arent et al., 2008; Kim and

Miura, 2004). To accommodate the difference in mechanisms, the substrate binding pocket of
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an acyl CoA oxidase, such as A. thaliana ACX1, is more spacious than that of VLCAD to allow
oxygen into the pocket to act as the final electron acceptor and reoxidize the flavine adenine
dinucleotide, or FAD, cofactor required for dehydrogenation of the acyl-CoA substrate. ETF
performs this function in a typical acad and reoxidation of FAD by oxygen is inhibited while
substrate is bound (Kumar, N.R., Srivastava, D.K. (1995). Facile and restricted pathways for
the dissociation of octenoyl-CoA from the medium-chain fatty acyl-CoA dehydrogenase
(MCAD)-FADH2-octenoyl-CoA charge-transfer complex: energetics and mechanism of
suppression of the enzyme's oxidase activity. Biochemistry, 34(29): 9434-43). This is reflected
in the shape of the substrate binding pocket with respect to FAD. In an acyl CoA oxidase, FAD
is more solvent exposed, but in MCAD, the entire flavin ring is embedded in the protein and is
only accessible to solvent when substrate is not present (Kim and Miura, 2004). In order for an
acad to have oxidase activity, the substrate binding pocket must become more solvent
accessible and permit oxidation of the reduced FAD cofactor by oxygen. Mutagenesis studies
of MCAD have identified a residue that can achieve this result. Tyrosine 375 in MCAD, when
changed to a lysine, confers significantly increased (~200-fold increase relative to wild type
MCAD) acyl CoA oxidase activity (Zeng, J., Liu, Y., Wu, L., Li, D. (2007). Mutation of
Tyr375 to Lys375 allows medium-chain acyl-CoA dehydrogenase to acquire acyl CoA oxidase
activity. Biochim. Biophys. Acta, 1774(12): 1628-34).

Molecular modeling suggests that the mutation increases solvent accessibility near the FAD
moiety in the active site. In order for VLCAD to function as an acyl CoA oxidase with the
appropriate substrate specificity profile, an analogous mutation in VLCAD is made. Tyrosine
375 in MCAD corresponds to phenylalanine 461 in human and rat VLCAD. A F461K mutation
in VLCAD is tested to see if it will now have acyl CoA oxidase activity.

Example 43: Generation of Strain sAA2220

A DNA fragment encoding the ECI/ second allele was amplified from strain sSAA1764
genomic DNA using primers 0AA3091 and 0AA3092. The PCR product was gel purified and
ligated into pCR-Blunt II-TOPO (Invitrogen), transformed into competent TOP10 E. coli cells
(Invitrogen) and clones containing PCR inserts were sequenced to confirm correct DNA

sequence. One such plasmid was named pAA756.
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The deletion of the second ECI/ allele in sSAA1860 was created by a PCR based nested

strategy. The second ECI/ deletion cassette was PCR amplified from three pieces using primer
0AA3212 and 0AA3217. The first piece (ECI1 _ N _Nested2) was amplified from pAA756
using primer 0AA3212 and 0AA3213. The second piece (URA3 cassette with direct repeat)
was amplified from plasmid pAA298 using primer 0AA3214 and 0AA3215. The third piece
(ECI1_C Nested 2) was amplified from pAA756 using primer 0AA3216 and 0AA3217.

Strain sAA 1860 was transformed with the second ECI! deletion cassette described

above and plated on a SCD-ura plate. Several colonies were checked for double £CI/ deletion.

One such positive strain was named sAA2220

TABLE 50 — Primer List

Primer

sequence

0AA3085

ATCGTTACCACCATCCCTACAAT

0AA3086

CCGAAACAACCGTAGATACCTTTAAGCTACAACACTATACACGATAATTCCC

0AA3087

GGGAATTATCGTGTATAGTGTTGTAGCTTAAAGGTATCTACGGTTGTTTCGG

0AA3088

CTTGGACATTTCGACCTTGGCGGTACCGAGCTCTGCGAATT

0AA3089

AATTCGCAGAGCTCGGTACCGCCAAGGTCGAAATGTCCAAG

0AA3090

GCTTGTTCTGCAAAATGGAGTCA

0AA3091

AGGAAAGACGACCATCTTGTACAA

0AA3092

TGGTCTCTGGACAACTTCAACAAT

0AA3212

GGGGGAGATCGTTACCACCA

0AA3213

AATTCGCAGAGCTCGGTACCGCTGCTGCTGCTGCTGTTTT

0AA3214

AAAACAGCAGCAGCAGCAGCGGTACCGAGCTCTGCGAATT

0AA3215

TTCGTTGTTGGCTCTCTCCATTAAAGGTATCTACGGTTGTTTCGG

0AA3216

CCGAAACAACCGTAGATACCTTTAATGGAGAGAGCCAACAACGAA

0AA3217

CAAAGGCATCGGTCAACTCC

Example 44: Shake flask characterization of SAA875 and sAA2220

A 250 mL glass, non-baffled, flask containing 25 mL of SP92 media was inoculated
with 5 mL of an overnight YPD culture (initial OD = 0.4) and incubated for 24h at 30°C, with

shaking at 300 rpm (2” throw incubator). The cells were centrifuged and the cell pellet
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resuspended in 12.5 mL of TB-lowN media (yeast nitrogen base without amino acids and
without ammonium sulfate, 1.7 g/L; yeast extract, 3.0 g/L; potassium phosphate monobasic, 1.0
g/L; potassium phosphate dibasic, 1.0 g/L) and was transferred to 250 mL glass bottom-baffled
flasks. Either 0.281 mL of oleic acid or linoleic acid was added to start adipic acid production
and the cultures were incubated at 30°C, with shaking at 300 rpm. Samples were taken after 48
hours for gas chromatographic (GC) analysis. Shown below are the diacid profiles produced
from oleic acid and linoleic acid with strains SAA875 (ECI1" ECI2") and sAA2220 (ecil”
ECI2"). In the case of linoleic acid, all unsaturated diacid products, whether having one or two
double bonds, are combined and listed as the monounsaturated product. The results are shown
in TABLE 51 AND TABLE 52 below; “g/L” refers to grams of the indicated di-acid per liter of

fermentation broth.

TABLE 51

: ___________________________________________________________________ Diacid Profile, Linoleic acid Bioconversion (g/L)

: C12:1 DA | C10:1 DA| C8:1 DA | C6:1 DA | C8:0DA | C6:0DA
ECI1+ ECI2+ 0.00 0.78 2.26 0.00 2.88 5.82
ecil- ECI2+ 6.17 2.18 0.47 0.00 0.38 0.09
TABLE 52

| Diacid Profile, Oleic acid Bioconversion (g/L)

: C12:1DA|C10:1DA| C8:1DA | C6:1 DA | CB:.0DA | C6:0DA
ECI1+ ECI2+ 0.00 0.11 0.46 0.00 4.88 7.77
ecil- ECI2+ 1.23 2.44 3.61 0.00 0.66 0.16

Example 45: Construction of Strains sAA2428 and sAA1269,

Construction of sSAA1269

Candida strain sAA988 was grown overnight in YPD and plated on 5-FOA plate. Colonies that
grew in the presence of 5-FOA were PCR screened for the looping out of the URA3 gene

leaving behind only the URA3 terminator. One such strain was named sAA1269.

Construction of Strain sAA2428
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Candida strain SAA2428 was constructed by knocking out both alleles of POXS5 from the
genome of the starting strain SAA886. Both POXS5 alleles were deleted by transforming the
strain with the knock out plasmid construct pAA918.

1* copy KO after FOA 2™ copy KO after FOA
SAA886 2 SAA2291 > sAA2310 =2 sAA2399 > sAA2428

Knock out plasmid construct pAA4918: Approximately 600 bp of the 5’ flanking region of the
Candida POXS5 gene was amplified using oligos 0AA2656/0AA2657 and genomic DNA from
ATCC20336. This fragment was gel purified and cloned into a PCR Blunt II TOPO vector to
create plasmid pAA494. Approximately 500 bp of the 3’ flanking region of the POXS5 gene was
amplified with primers 0AA2658/0AA2659 using genomic DNA of ATCC20336 and this
fragment was cloned into a PCR Blunt I TOPO vector to create plasmid pAA495.
EcoRI/BamHI digested fragment of pAA494, HindlIl/BamHI fragment of pAA495 and
HindIll/EcoRI fragment of pUC19 were ligated together to construct plasmid pAA496.
Subsequently, a DNA fragment containing the URA3 terminator —URA3 promoter — URA3
coding sequence — URA3 terminator flanked by Notl restriction sites was cloned into the Not/

site of pAA496 to create the POXS5 knockout construct plasmid pAA918. (FIG. 32).

TABLE 53 — Primer List

Primer Sequence

0AA265 | AAGCTTTTAATTAAAGATAATCACAGGGGTAGAGACCTTG
6

0AA265 | GGATCCGCATGCGGCCGGCCGATAGCGTGGTATGAATGAATAAGTGTG
7

0AA265 | GGATCCGAGCTCGCGGCCGCGAGCACTAGGTTTTGATAATTTGGTTCTT
8 AC

0AA265 | GAATTCTTAATTAACGGCGAAGAACATAGTGTGATG
9

Example 46: Generation of Strain SAA2291
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Candida strain SAA886 was transformed with Pacl-digested fragment of pAA918 and plated on
SCD-Ura plate. Several colonies were screened by PCR for integration of the deletion cassette

in the first POX3 allele. A positive colony was named sAA2291.

Example 47: Generation of Strain SAA2310

Strain SAA2291 was grown in YPD media overnight and plated on a 5-FOA plate. Colonies
that grew in the presence of 5-FOA were PCR screened for the looping out of the URA3 gene to
leave behind only the URA3 terminator (77r43) in the first POXS allele. This strain was named
sAA2310.

Example 48: Generation of Strain SAA2399

The deletion of the second POX5 allele was performed by transformation of Pacl-digested
fragment of pAA918 into sAA2310 and plating on a SCD-Ura plate. Colonies that grew on the
SCD-Ura plate were PCR screened for integration of the knockout cassette in the second POXS
allele. A positive colony was named sAA2399.

Example 49: Generation of Strain SAA2428

Strain SAA2399 was grown in YPD media overnight and plated on a 5-FOA plate. Colonies
that grew in the presence of 5-FOA were PCR screened for the looping out of the URA3 gene to
leave behind only the URA3 terminator (7r43) in the second POXS allele. This strain was
named sAA2428.

Example 50: Construction of ATCC20336 POX4 and POX5 mutants in Strain sAA1269 or
sAA2428

Mutants of ATCC20336 POX4 and POXS5 had previously been constructed for expression in E.
coli (as described above). To test these mutants for activity when expressed in strains derived
from ATCC20336, they were cloned by PCR and inserted into either the vector pAA073 or
pAA33S.
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The pAA335 vector was generated as follows. The promoter and terminator of PEX11 were
PCR amplified from genomic DNA obtained from Candida strain ATCC20336 using oligos
0AA2164 and 0AA2138 or oAA2135 and 0AA2136, respectively. The two pieces were
digested with either Pst1 and Smal or Ndel and Smal and ligated into the Pst]l and Ndel sites of
pAA61 to form pAA335.

If a gene is cloned into pAAO73 or pAA335, it is under the regulation of the POX4 or PEX11
promoter, respectively. The oligonucleotides 0AA540 and 0AAS541 were used to amplify POX5
sequences for seamless cloning into pAA073. The oligonucleotides 0AA2984 and 0AA2985
were used to amplify POXS5 sequences for seamless cloning into pAA335. The
oligonucleotides 0AA3452 and 0AA3453 were used to amplify POX4 sequences for secamless
cloning into pAA335. The coding sequence for wildtype POX4 was amplified from genomic
DNA of ATCC20336. All POXS5 mutants except for T287A were transformed into sAA2428.
The construct for the POX5 T287A mutant was transformed into sAA1269 to produce the strain
sAA2058. The wildtype POX4 construct was transformed into sAA2428 to produce the strains
sAA2778-2780 while the mutant POX4 D96A construct was transformed into SAA1269 to
produce the strain SAA2109. All PCR amplifications were performed using Pfu Ultra Il DNA
Polymerase (Agilent Technologies, Santa Clara, CA) according to the manufacturer’s
instructions. Clones were selected by growth on SCD-ura plates and subsequently tested for
growth on minimal media containing 0.1% Tween 80 with 0.1% oleic acid. Clones that grew
well on media containing Tween 80 and oleic acid were tested in shake flask fermentations. In
the case of the T287A mutant of POX5 and the D96A mutant of POX4, clones to be tested were
identified by qPCR to determine how many copies of the mutant gene had been integrated.
qPCR was performed using Brilliant III Ultra-Fast SYBR Green qPCR Master Mix (Agilent
Technologies, Santa Clara, CA) according to the manufacturer’s instructions. The
oligonucleotides 0AA2718 and 0AA2719 were used to amplify a portion of the actin gene
while the oligonucleotides 0AA3515 and 0AA3516 were used to amplify a portion of the
PEX11 promoter as the means of quantitating gene copy number. The tables below shows the
sequences of oligonucleotides used for the above cloning procedures and qPCRs and the

resulting strains from integration of the constructs by transformation.
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TABLE 54 — Cloning Primers List

PCT/US2013/076739

Primer Primer Sequence (5'-3") Restriction Site(s)
CACACAGCTCTTCCATAATGCCTACCGAACTTCAA

0AA540 | AAAGAAAG BspQl
CACACAGCTCTTCCCTCTCTTCTATTCTTAACTGGA

0AA541 | CAAGATTTCAGCAGC BspQl

0AA298 | CACACAGCTCTTCAGCCATGCCTACCGAACTTCAA

4 AAAGAAAGAGAACTC BspQl

0AA298 | CACACAGCTCTTCGAGCTTACAATTTAGAACTGGA

5 CAAGATTTCAGCAGCTTCTTCG BspQl

0AA345 | CACACAGCTCTTCAGCCATGACTTTTACAAAGAAA

2 AACGTTAGTGTATCACAAGG BspQl

0AA345 | CACACAGCTCTTCGAGCTTACTTGGACAAGATAGC

3 AG BspQl

0AA213 | GAGCCCGGGTCTAGATGTGTGCTCTTCCGCTCCAG

5 GCTTGTTATGACTCTAGAGAGAAGTGTG Smal

0AA213 | CACACACATATGAATTCGGTCGGGTTTTGACCTTG

6 GATATGAAACTCAAAAATCATCAAATT Ndel

0AA213 | CACACATCTAGACCCGGGCTCTTCTGGCTGCGTTG

8 TGTATGGGTT Smal

0AA216

CACACACTGCAGGAGGATGAAGAAGACGAAGA

Pstl

TABLE 55 — qPCR Primer List

Primer Primer Sequence (5'-3") Restriction Site(s)
0AA271

8 AGAAGCTTTGTTCAGACCAGCCGA n/a

0AA271

9 ACCACCGGACATGACAATGTTACC n/a

0AA351

5 GCAGAGTTAAGCCCGAGAAAGCAA n/a
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0AA351

6 TTGCCTTCCTCTATTCGGCTACCA
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TABLE 56 — POXS Mutants
Position(s | Native Amino | Introduced Primer Resulting
Mutant | ) Acid(s) Mutation(s) Combination Strain
0 88 |S A 0AAS540, 541 | sAA2645
| 284,436 | G, E E,G 0AA540, 541 | sAA2646
K 292 | S A 0AA540, 541 | sAA2648
E 95,96 | P,Q A A 0AAS540, 541 | sAA2651
P 98 | F G 0AA540, 541 | sAA2570
0AA2984,
G 287 | T A 2985 SAA2058
TABLE 57 — POX4 Mutants
Position(s | Native Amino | Introduced Primer Resulting
Mutant | ) Acid(s) Mutation(s) Combination Strain
0AA3452,
C 9 | D A 3453 SAA2109

Example 51: Mutagenic target sites for Y. lipolytica Pox2, Pox3 and Pox5

Structural models of Y. lipolytica Pox2, Pox3 and Pox35, based on the crystal structure of R.
norvegicus Acoll (PDB ID: 11S2A), were obtained from MODBASE (ModBase: Database of
Comparative Protein Structure Models - http://modbase.compbio.ucsf.edu/modbase-
cgi/index.cgi) and used for HotSpot Wizard analyses of these enzymes (Hotspot Wizard -
loschmidt.chemi.muni.cz/hotspotwizard/). The MODBASE identification numbers for the
structural models of Y. lipolytica Pox2, Pox3 and Pox5 (in addition to their UniProtKB

identification numbers) are shown in TABLE 58 below:
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TABLE 58
Y. lipolytica acyl-CoA oxidase|MODBASE Database |UniProt Knowledgebase ID
ID
Pox2 TR 074935 074935
Pox3 TR 074936 074936
Pox5 TR 074938 074938

All three of the Y. lipolytica enzymes contain similar “hotspots” for mutagenesis as those found
in both POX4 and POXS of ATCC20336. TABLE 59 below shows the hotspots for POX4 and
POXS5 of ATCC20336 and the corresponding residues in Pox2, Pox3 and Pox5 of Y. lipolytica
based on the multiple sequence alignment shown above. An amino acid at one or more
positions identified in TABLE 59 can be substituted with a non-native amino acid for the

purpose of modifying substrate specificity.
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TABLE 59

ATCC20336 POX5

YlAco5

Y

92|R

o4|L
100(K

102|A
103]1

104|L

106|G

107|Q
109|H
110|G
111f1

306|T

313|L

314|L

372|1Q
375N
472|C

473|1

474|A

475|M
476|R

477|K

478|K

479|K

480|G
481|H

482|V
433|G
484|K

486|V.
487|E
48,

8

4389|L

490|Q
491|R

492|R

293|D
204(E

495|L

496|Q
497N

498|A
499|R

500|V
501D

502N

YlAco3

S
S

Y

94|G

96|W
102|K

104|A
105|L

106|L

108|S

109|1Q
111[H
112|G
113]1
308|T
315(F

316{V
374(1

377|D
473|C
474|L

475|G
476|H

477|R

478|K

479|G

480|K

431|P

432|L

433|G

4

485

6

487

8

489

490(A
491N

492|K

493G
294]L

495(E

496|Q
497(A
498|T
499|L

500(s

501{G

YlAco2

S
Y

K

93|L

95|V
101|D
103]1

104(K
105(K

107|F

108|A
1101

111|G
1121

3075

314|Q
315V
373|A
376|S

472|A
473|V
474|A
475|L

476|R

477|K

478|G
479|E

480|P

481|V
4382|G

3

484

5

486

7

488

489

490|R

491)Y

492|K

293[D
204{L

495|A
496N

497|A
498K

499|L

500N
501|G

ATCC20336 POX4

G

T
A

Position |Residue |Position |Residue |Position |Residue |Position |Residue

88|R

90|R

96|D

98|F

99N
100|K

102|L

103|S
105]1

106|G
107]!

302{M
309|R

310{™m
374D
377|H

A74|V
475]1

476(S

47711

478|E

479|D
430(A

4381|G

482|K

433|T
434(v

485|R

6
487
48

8

489

490(F

491 (L

492N

493|Q
494(L

495|K

496|D

497|Y

498|T
499|G
500(s

501N

502(s

503(s

504|K

505(V

YlAco5

100|K

101|E

102)A
103]1

104|L

105|R

107|1Q
112|V

113|D

114{M
115|G
117[R
121)A
303|G
306|T

309(A
310[E

311(s

313(L

314(L

446|D

447 |W

454|E

471|S

472|C

473|1

474|A

475|M
476|R

4771K

478|K

495|K

496|G
497|K

YlAco3

102|K

103|E

104|A
105|L

106|L

107|R

109|Q
114|V

115/D

116|M
117|G
119|R
123|G
305|G
308|T
311|A
312|D
313|S
315|F

316|V.

447|D

443\ W

455|E

472|S

473
474{L

475|G
476|H

477|R

478|K

479|G
494|K

495|G
496|5

YlAco2

101|D

102|D
103]!

104|K
105|K

106|R

108]|A
113)A

114D

115(M
116|G
118|Y
122|G
304{G
307|s

310(s
311{D
312|s

314|Q
315|v

446|D

447 |W

454|E

471|S

472[A
473V
474|1A
475|L

476|R

4771K

478|G
494(E

495|G
496[N

Position [Residue |Position |Residue |Position [Residue |Position |Residue

81

82

33
84
85

86

88
93
94
95

96

98
102
284
287
290
291
292

294
295
428
429
436
453
454
455
456
457
458
459
460
461
462
463
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Example 52: Functional Analvses of ATCC20336 POX4 and POXS5 mutants

Functional analyses of “hotspot” residues in POXS5 and one residue in POX4 were performed
by primarily substituting alanine or glycine at those positions to test if they changed the activity
or substrate specificity of the enzyme. The (G284E, E436G) mutant is based on the ACAD
mutagenesis studies previously described. The resulting mutants were cloned into either
pAAO073 or pAA335 and integrated into sAA2428. These clones were tested in shake flask
fermentations of oleic acid as follows over a 48- or 72-hour period. Starter cultures (SmL) of
the strains to be tested were grown in SP92 glycerol media (6.7g/L Difco yeast nitrogen base,
3.0g/L Difco yeast extract, 3.0g/L. ammonium sulfate, 1.0g/L potassium phosphate monobasic,
1.0g/L potassium phosphate dibasic, 75g/L glycerol) were incubated overnight at 30°C, 250
rpm and used to inoculate 25mL fresh SP92 glycerol media to an initial OD600nm of 0.4 and
incubated for approximately18 hours at 30°C, 300 rpm. Cells were then pelleted by
centrifugation for 10 minutes at 4,000xg, 4°C then resuspended in 12.5mL of TB-lowN media
(1.7g/L Difco yeast nitrogen base without amino acids and ammonium sulfate, 3.0g/L Difco
yeast extract, 1.0g/L potassium phosphate monobasic, 1.0g/L potassium phosphate dibasic).
Oleic acid (562 pl) was added to start diacid production. TABLE 060 below shows the

resulting diacids produced from these fermentations:
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TABLE 60

g/L FProduct (saturated + unsaturated diacid) .
>train POXS mutation | C14 diacid | C12 diacid | C10 diacid | C8 diacid | Cb diacid

|sAAZRAS SE5A, 0.05 0.12 271 835 1.64

|sAAZB4E | GAE4E, E436G 0.00 0.06 0.7o 8.54 f.45
sALMEAE 52924, 0.00 0.08 0.568 7.58 3.04

|sAAZEET | PISA, LEBA 0.00 0.05 0.95 772 3.35
sALZATO FIsG 0.00 0.00 0.00 0.16 12.02
sAASTE wit 0.00 0.04 014 4.24 7.48

| 5AAL05E T257 AT 0.04 0.48 10.35 4.1
sAASTE wi™ 0.0z 017 4.84 B.BY
Strain POxd mutation | C14 diacid | C12 diacid | C10 diacid | C8 diacid | CE diacid

Jsaso7n| wildtype® 0.02 0.02 0.04 019 | 1013 |

|sAA210 D95 A% a 0.m a.m 0.12 8.0

*Results from a separate 48 hour fermentation

TABLE 61 — Description of some strains referenced herein.

Strain Genetic Modifications

sAA496 pox4A, CPR750, P450A19

SAA617 pox4A, CPR750, acoataA/ACOATB, POX5
SAA620 pox4A, CPR750, acoataA/ACOATB, POXS, ura3
SAA632 pox4A, CPR750, acoataA/ACOATB, P450A19
SAA635 pox4A, CPR750, acoataA/ACOATB, P450A19
SAAT22 pox4A, acs1A/ACS1

SAAT41 pox4A, acs1A/ACSI1, ura3

SAAT76 pox4A, acs1A

SAAT79 pox4A, acs1A, ura3

SAAR11 pox4A, acs1A, P450A19

SAAR10 pox4A, acs1A, P450A19, ECTESA

SAAR6S pox4A, acs1A, fat1A/FATI1

SAAB69 pox4A, acs1A, fat1A/FATI, ura3

SAARTS pox4A, acs1A, fat1A

SAABR6H pox4A, acs1A, fatlA, ura3

SAA1764 pox4A, acs1A, fatlA, ecil A/ECI1
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SAA1860 pox4A, acs1A, fat1A, ecil A/ECII, ura3
SAA2058 pox4A, pox5SA, acs1A, fatlA, POX5(T287A)
SAA2109 pox4A, poxSA, acs1A, fatlA, POX4(D96A)
SAA2220 pox4A, acs1A, fatlA, ecilA
SAA2291 pox4A, poxSA/POXS, acs1A, fat1A
SAA2310 pox4A, poxSA/POXS, acs1A, fat1A, ura3
SAA2399 pox4A, pox5SA, acslA, fatlA
SAA2428 pox4A, pox5SA, acslA, fatlA, ura3
SAA2570 pox4A, pox5SA, acs1A, fatlA, POX5(F98G)
SAA2645 pox4A, poxSA, acs1A, fatlA, POX5(S88A)
SAA2646 pox4A, poxSA, acs1A, fatlA, POX5(G284E)
SAA2648 pox4A, poxSA, acslA, fatlA, POX5(5292A)
SAA2651 pox4A, poxSA, acslA, fatlA, POX5(P95A,Q96A)
*ESAA2780 | pox4A, poxSA, acslA, fatlA, POX4

PCT/US2013/076739

Note: Genes in lower case and/or with a A symbol indicate a deleted gene. Strains SAA617,

sAA620 and SAA632 comprise a deletion of one allele of “acoat” and are heterozygous for the

acoat gene knock out (e.g., acetoacetyl CoA thiolase 7).

**Strain AA2780 comprises a deletion of the endogenous POX4 gene (i.e. pox4A) and re-

introduction of the wild type POX4 gene (i.e., POX4) under the control of a PEX11 promoter.

Example 53: Nucleotide and Amino Acid Sequences Used for Manipulations described herein

SEQ | Description Sequence
ID
NO:
SEQ | Thioesterase MVAAAATSAFFPVPAPGTSPKPGKSGNWPSSLSPTFKPKSIPN
ID activity AGFQVKANASAHPKANGSAVNLKSGSLNTQEDTSSSPPPRAF
NO:1 | Cuphea LNQLPDWSMLLTAITTVFVAAEKQWTMLDRKSKRPDMLVDS
lanceolata VGLKSIVRDGLVSRQSFLIRSYEIGADRTASIETLMNHLQETSI
Amino acid NHCKSLGLLNDGFGRTPGMCKNDLIWVLTKMQIMVNRYPT
(A.A. Seq) WGDTVEINTWFSQSGKIGMASDWLISDCNTGEILIRATSVWA
MMNQKTRRFSRLPYEVRQELTPHFVDSPHVIEDNDQKLHKFD
VKTGDSIRKGLTPRWNDLDVNQHVSNVKYIGWILESMPIEVL
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SEQ | Description Sequence
ID
NO:

ETQELCSLTVEYRRECGMDSVLESVTAVDPSENGGRSQYKHL

LRLEDGTDIVKSRTEWRPKNAGTNGAISTSTAKTSNGNSAS
SEQ | FAO-13 (fatty | atggctccatttttgcccgaccaggtcgactacaaacacgtcgacacccttatgttattatgtgacgg
ID alcohol oxidase | gatcatccacgaaaccaccgtcgaccaaatcaaagacgttattgctcetgacttcectgetgacaa
NO:2 | activity) gtacgaagagtacgtcaggacattcaccaaaccctccgaaaccccagggttcagggaaaccgte

C. Tropicalis
Nucleotide

(Nuc. Seq)

tacaacacagtcaacgcaaacaccacggacgcaatccaccagttcattatcttgaccaatgttttgg
catccagggtcttggctccagcetttgaccaactegttgacgectatcaaggacatgagcettggaag
accgtgaaaaattgttggectegtggegegactececccaategetgecaaaaggaagttgttcaggt
tggtttctacgcttaccttggtcacgttcacgagattggecaatgagttgceatttgaaagcecattcatta
tccaggaagagaagaccgtgaaaaggettatgaaacccaggagattgacccttttaagtaccagtt
tttggaaaaaccgaagttttacggegcetgagttgtacttgeccagatattgatgtgatcattattggatct
ggtogccggtoctggtottgtogecccacactttggecaacgatggcettcaagagtttgottttgoaaa
agggcaaatactttagcaactccgagttgaactttgatgacaaggacggcgttcaagaattatacca
aagtggaggtactttgactacagtcaaccaacagttgtttgttcttgetggttccacttttggtggcggt
accactgtcaattggtcagectgtcttaagacgccattcaaggtgcgtaaggaatggtatgatgagt
ttggtottgactttgctgctgatgaagecatacgataaagegeaggattatgtttggcageaaatggg
agcttctaccgaaggcatcacccactctttggctaacgagattattattgaaggtggtaagaaattag
gttacaaggccaaggtattagaccaaaacageggtggtcatcctcagcacagatgeggtttetgtt
atttggoctgtaagcacggtatcaagcagggttctgttaataactggtttagagacgecagetgecca
cggttcccagttcatgcaacaggttagagttttgcaaatacttaacaagaaggggatcgcettacggt
atcttgtgtgaggatgttgtaaccggegecaagttcaccattactggecccaaaaagtttgttgttoct
geeggtgctttgaacactccatctgtgttggtcaactccggettcaagaacaagaacatcggtaaga
acttaactttgcacccagtttctgtcgtgtttggtgattttggcaaagacgttcaagcagaccacttce
acaactccatcatgactgcecctttgttcagaagecgetgatttagacggcaagggccatggatgea
gaattgaaaccatcttgaacgctccattcatccaggcettcattcttaccatggagaggtagtaacgag
gctagacgagacttgttgcgttacaacaacatggtggcgatgttgctecttagtcgtgacaccacca
gtggttcegtttctgctcatccaaccaaacctgaagetttggtigtcgagtacgacgtgaacaagttt
gacagaaactcgatcttgcaggcattgttggtcactgetgacttgttgtatatccaaggtgecaaga
gaatccttagtccacaggcatgggtgcecaatttttgaatccgacaagecaaaggataagagatcaa
tcaaggacgaggactatgtcgaatggagagcecaaggttgccaagattectttcgacacctacgget
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SEQ
ID
NO:

Description

Sequence

caccttatggttcggcacatcaaatgtcttcttgecgtatgtcaggtaagggtcctaaatacggtgct
gttgacaccgatggtagattgtttgaatgttcgaatgtttatgttgccgatgeaagtcttttgeccaactg
caagcggtgccaaccctatggtcaccaccatgactcttgecagacatgttgegttaggtttggcag

actccttgaagaccaaagccaagttgtag

SEQ
1D
NO:3

FAO-13 (fatty
alcohol oxidase
activity)

C. Tropicalis
A.A. Seq

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDQIKDVIAPDFPA
DKYEEYVRTFTKPSETPGFRETVYNTVNANTTDAIHQFIILTN
VLASRVLAPALTNSLTPIKDMSLEDREKLLASWRDSPIAAKRK
LFRLVSTLTLVTFTRLANELHLKATHYPGREDREKAYETQEID
PFKYQFLEKPKFYGAELYLPDIDVIIIGSGAGAGVVAHTLAND
GFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGTLTTVNQQ
LFVLAGSTFGGGTTVNWSACLKTPFKVRKEWYDEFGVDFAA
DEAYDKAQDYVWQQMGASTEGITHSLANEITIEGGKKLGYKA
KVLDQNSGGHPQHRCGFCYLGCKHGIKQGSVNNWFRDAAA
HGSQFMQQVRVLQILNKKGIAYGILCEDVVTGAKFTITGPKKF
VVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKD
VQADHFHNSIMTALCSEAADLDGKGHGCRIETILNAPFIQASF
LPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKP
EALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQAW
VPIFESDKPKDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAH
QMSSCRMSGKGPKYGAVDTDGRLFECSNVYVADASLLPTAS
GANPMVTTMTLARHVALGLADSLKTKAKL

SEQ
1D
NO:4

FAO-17(fatty
alcohol oxidase
activity)

C. Tropicalis
Nuc. Seq

atggctccatttttgcccgaccaggtcgactacaaacacgtcgacacccttatgttattatgtgacgg
gatcatccacgaaaccaccgtggacgaaatcaaagacgtcattgecectgacttccecegecgaca
aatacgaggagtacgtcaggacattcaccaaaccctccgaaaccccagggttcagggaaaccgt
ctacaacaccgtcaacgcaaacaccatggatgcaatccaccagttcattatcttgaccaatgttttgg
gatcaagggtcttggcaccagctttgaccaactcgttgactcctatcaaggacatgagettggaag

accgtgaaaagttgttagcctegtggegtgacteecctattgetgctaaaaggaagttgttcaggttg
gtttctacgcttaccttggtcacgttcacgagattggecaatgagttgcatttgaaagcecattcattatce
caggaagagaagaccgtgaaaaggcttatgaaacccaggagattgacccttttaagtaccagttttt
ggaaaaaccgaagttttacggegcetgagttgtacttgccagatattgatgtgatcattattggatetg
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SEQ
ID
NO:

Description

Sequence

gtgccggtgctggtattgtoocccacactttggecaacgatggcttcaagagtttggttttggaaaa
gggcaaatactttagcaactccgagttgaactttgatgacaaggacggegttcaagaattataccaa

agtggaggtactttgactacagtcaaccaacagttgtttgttcttgctggttccacttttggtggcggta
ccactgtcaattggtcagectgtcttaagacgccattcaaggtgegtaaggaatggtatgatgagttt
ggtottgactttgctgctgatgaagcatacgataaagegeaggattatgtttggcagceaaatgggag
cttctaccgaaggcatcacccactctttggctaacgagattattattgaaggtggtaagaaattaggtt
acaaggccaaggtattagaccaaaacagcggtggtcatcctcagecacagatgeggtttctgttattt
gggttgtaagcacggtatcaageagggctctgttaataactggtttagagacgeagcetgeccacgg
ttctcagttcatgcaacaggttagagttttgcaaatccttaacaagaagggcatcgcettatggtatett
gtgtgaggatgttotaaccggtgccaagttcaccattactggecccaaaaagtttgttgttgccgec
ggegccttaaacactccatetgtgttggtcaactccggattcaagaacaagaacatcggtaagaac
ttaactttgcatccagtttctgtcgtgtttggtgattttggcaaagacgttcaagcagaccacttccaca
actccatcatgactgccctttgttcagaagccgetgatttagacggcaagggccatggatgcagaa
ttgaaaccatcttgaacgctccattcatccaggcettcattettaccatggagaggtagtaacgaggct
agacgagacttgttgegttacaacaacatggtggegatgttgctecttagtcgtgacaccaccagtg
gttcegtttetgetcatccaaccaaacctgaagetttggttgtcgagtacgacgtgaacaagtttgac
agaaactcgatcttgcaggcattgttggtcactgetgacttgttgtatatccaaggtgecaagagaat
ccttagtccacaggcatgggtgccaatttttgaatccgacaagccaaaggataagagatcaatcaa
ggacgaggactatgtcgaatggagagecaaggttgccaagattectttcgacacctacggcetcac
cttatggttcggcacatcaaatgtcttcttgecgtatgtcaggtaagggtcctaaatacggtgctgttg
acaccgatggtagattgtttgaatgttcgaatgtttatgttgccgatgcaagtcettttgccaactgcaa
geggtgccaaccctatggtcaccaccatgactcttgcaagacatgttgegttaggtttggcagactc
cttgaagaccaaggccaagttgtag

SEQ
1D
NO:5

FAO-17(fatty
alcohol oxidase
activity)

C. Tropicalis
A.A. Seq

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDEIKDVIAPDFPA
DKYEEYVRTFTKPSETPGFRETVYNTVNANTMDAIHQFIILTN
VLGSRVLAPALTNSLTPIKDMSLEDREKLLASWRDSPIAAKRK
LFRLVSTLTLVTFTRLANELHLKAIHYPGREDREKAYETQEID
PFKYQFLEKPKFYGAELYLPDIDVIIGSGAGAGVVAHTLAND
GFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGTLTTVNQQ
LFVLAGSTFGGGTTVNWSACLKTPFKVRKEWYDEFGVDFAA
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SEQ
ID
NO:

Description

Sequence

DEAYDKAQDYVWQQMGASTEGITHSLANEITIEGGKKLGYKA
KVLDQNSGGHPQHRCGFCYLGCKHGIKQGSVNNWFRDAAA
HGSQFMQQVRVLQILNKKGIAYGILCEDVVTGAKFTITGPKKF
VVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKD
VQADHFHNSIMTALCSEAADLDGKGHGCRIETILNAPFIQASF
LPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKP
EALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQAW
VPIFESDKPKDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAH
QMSSCRMSGKGPKYGAVDTDGRLFECSNVYVADASLLPTAS
GANPMVTTMTLARHVALGLADSLKTKAKI

SEQ
1D
NO:6

FAO-20(fatty
alcohol oxidase
activity)

C. Tropicalis
Nuc. Seq

atggctccatttttgcccgaccaggtcgactacaaacacgtcgacacccttatgttattatgtgacgg
gatcatccacgaaaccaccgtcgaccaaatcaaagacgttattgetcctgacttcectgetgacaa

gtacgaagagtacgtcaggacattcaccaaacccetccgaaaccecagggttcagggaaaccgte
tacaacacagtcaacgcaaacaccacggacgcaatccaccagttcattatcttgaccaatgttttgg
catccagggtcttggctccagcetttgaccaactegttgacgectatcaaggacatgagcettggaag

accgtgaaaaattgttggectegtggegegactcecccaatcgetgecaaaaggaaattgttcaggt
tggtttccacgcttaccttggttactttcacgagattggccaatgagttgceatttgaaagcecattcacta
tccaggaagagaagaccgtgaaaaggcttatgaaacccaggagattgaccctttcaagtaccagt
ttatggaaaagccaaagtttgacggegcetgagttgtacttgccagatattgatgttatcattattggat

ctggtgccggtoctggtattgtgocccacactttggeccaacgatggcetticaagagtttggttttggaa
aagggcaaatactttagcaactccgagttgaactttgatgacaaggacggegttcaagaattatace
aaagtggaggtactttgactacagtcaaccaacagttgtttgttcttgetggttccacttitggtggcg

gtaccactgtcaattggtcagcctgtcttaagacgcecattcaaggtgegtaaggaatggtatgatga
gtttggtgttgactttgctgetgatgaageatacgataaagegeaggattatgtitggcageaaatgg
gagcttctaccgaaggcatcacccactctttggctaacgagattattattgaaggtggtaagaaatta
ggttacaaggccaaggtattagaccaaaacageggtegteatcctcagecacagatgeggtttetgt
tatttgggctgtaagcacggtatcaagcagggttctgttaataactggtttagagacgeagetgecce

acggttcccagttcatgcaacaggttagagttttgcaaatacttaacaagaaggggatcgettacgg
tatcttgtgtgaggatgttgtaaccggegecaagttcaccattactggecccaaaaagtttgttgttge
tgccggtgctttgaacactccatctgtgttggtcaactccggettcaagaacaagaacatcggtaag
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Sequence

aacttaactttgcacccagtttctgtcgtgtttggtgattttggcaaagacgttcaagcagaccacttc
cacaactccatcatgactgccctttgttcagaagecgctgatttagacggecaagggccatggatge
agaattgaaaccatcttgaacgctccattcatccaggcettcattcttaccatggagaggtagtaacga
ggctagacgagacttgttgegttacaacaacatggtggegatgttgetecttagtcgtgacaccacce
agtggttccgtttetgetcatccaaccaaacctgaagcetttggttgtcgagtacgacgtgaacaagtt
tgacagaaactcgatcttgcaggcattgttggtcactgctgacttgttgtatatccaaggtgccaaga
gaatccttagtccacaggcatgggtgcecaatttttgaatccgacaagecaaaggataagagatcaa
tcaaggacgaggactatgtcgaatggagagcecaaggttgccaagattectttcgacacctacgget
caccttatggttcggcacatcaaatgtcttcttgecgtatgtcaggtaagggtcctaaatacggtgct
gttgacaccgatggtagattgtttgaatgttcgaatgtttatgttgccgatgeaagtcttttgeccaactg
caagcggtgccaaccctatggtcaccaccatgactcttgecagacatgttgegttaggtttggcag

actccttgaagaccaaagccaagttgtag

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDQIKDVIAPDFPA
DKYEEYVRTFTKPSETPGFRETVYNTVNANTTDAIHQFIILTN
VLASRVLAPALTNSLTPIKDMSLEDREKLLASWRDSPIAAKRK
LFRLVSTLTLVTFTRLANELHLKATHYPGREDREKAYETQEID
PFKYQFMEKPKFDGAELYLPDIDVIIIGSGAGAGVVAHTLAND
GFKSLVLEKGKYFSNSELNFDDKDGVQELYQSGGTLTTVNQQ
LFVLAGSTFGGGTTVNWSACLKTPFKVRKEWYDEFGVDFAA
DEAYDKAQDYVWQQMGASTEGITHSLANEITIEGGKKLGYKA
KVLDQNSGGHPQHRCGFCYLGCKHGIKQGSVNNWFRDAAA
HGSQFMQQVRVLQILNKKGIAYGILCEDVVTGAKFTITGPKKF
VVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKD
VQADHFHNSIMTALCSEAADLDGKGHGCRIETILNAPFIQASF
LPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSAHPTKP
EALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQAW
VPIFESDKPKDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAH
QMSSCRMSGKGPKYGAVDTDGRLFECSNVYVADASLLPTAS
GANPMVTTMTLARHVALGLADSLKTKAKL

WO 2014/100504
SEQ | Description
ID
NO:
SEQ | FAO-20(fatty
ID alcohol oxidase
NO:7 | activity)
C. Tropicalis
A.A. Seq
SEQ | FAO-2a(fatty

atgaataccttcttgccagacgtgetcgaatacaaacacgtcgacacccttttgttattgtgtgacgg
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SEQ | Description Sequence
ID
NO:
ID alcohol oxidase | gatcatccacgaaaccacagtcgatcagatcaaggacgccattgetccegacttcectgaggace
NO:8 | activity) agtacgaggagtatctcaagaccttcaccaagccatctgagacccctgggttcagagaagecegte

C. Tropicalis
Nuc. Seq

tacgacacgatcaacgccaccccaaccgatgecgtgcacatgtgtattgtcttgaccaccgeattg
gactccagaatcttggcccccacgttgaccaactcgttgacgectatcaaggatatgaccttgaag

gagcegtgaacaattgttggectcttggegtgatticcccgattgeggeaaagagaagattgttcagat
tgatttcctegettaccttgacgacgtttacgagattggecagegaattgeacttgaaagecatccac
taccctggeagagacttgegtgaaaaggegtatgaaacccaggtggttgacecttticaggtacctg
tttatggagaaaccaaagtttgacggcgcecgaattgtacttgccagatatcgacgtcatcatcattgg
atcaggcgceeggtgctggtgtcatggeccacactctcgecaacgacgggttcaagaccttggtttt
ggaaaagggaaagtatttcagcaactccgagttgaactttaatgacgetgatggegtgaaagagtt
gtaccaaggtaaaggtgctttggccaccaccaatcagcagatgtttattcttgeccggttccactttgg
geggtggtaccactgtcaactggtetgettgecttaaaacaccatttaaagtgegtaaggagtggta
cgacgagtttggtcttgaatttgctgecgatgaagectacgacaaagegeaggattatgtttggaaa
caaatgggtgcttcaacagatggaatcactcactccttggecaacgaagttgtggottgaaggaggt
aagaagttgggctacaagagcaaggaaattgagcagaacaacggtggccaccctgaccaccca
tgtggtttctgttacttgggctgtaagtacggtattaaacagggttctgtgaataactggtttagagac

geagctgeccacgggtccaagttcatgcaacaagtcagagttgtgcaaatcctcaacaagaatgg
cgtegcttatggtatctigtgtgaggatgtcgaaaccggagtcaggttcactattagtggccccaaa

aagtttgttgtttctgctggttctttgaacacgccaactgtgttgaccaactccggattcaagaacaag
cacattggtaagaacttgacgttgcacccagtttccaccgtgtttggtgactttggcagagacgtgce

aagccgaccatttccacaaatctattatgacttcgetttgttacgaggttgetgacttggacggcaag

ggccacggatgeagaatcgaaaccatcttgaacgctccattcatccaagcettetttgttgecatgga
gaggaagtgacgaggtcagaagagacttgttgegttacaacaacatggtggccatgttgcttatca
cgegtgataccaccagtggttcagtttctgetgacccaaagaageccgacgctttgattgtcgacta
tgagattaacaagtttgacaagaatgccatcttgcaagctttcttgatcacttccgacatgttgtacatt
gaaggtoccaagagaatcctcagtccacagecatgggteccaatctttgagtcgaacaagccaaa
ggagcaaagaacgatcaaggacaaggactatgttgagtggagagecaaggcetgetaagatacct
ttcgacacctacggttctgcatatgggtccgeacatcaaatgtccacctgtegtatgtccggaaagg
gtcctaaatacggtgctgttgatactgatggtagattgtttgaatgticgaatgtetatgttgetgatget
agtgttttgcctactgccageggtgccaacccaatgatatccaccatgacctttgctagacagattge
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SEQ
ID
NO:

Description

Sequence

gttaggtttggctgactccttgaagaccaaacccaagttgtag

SEQ
1D
NO:9

FAO-2a(fatty
alcohol oxidase
activity)

C. Tropicalis
A.A. Seq

MNTFLPDVLEYKHVDTLLLLCDGIIHETTVDQIKDAIAPDFPE
DQYEEYLKTFTKPSETPGFREAVYDTINATPTDAVHMCIVLTT
ALDSRILAPTLTNSLTPIKDMTLKEREQLLASWRDSPIAAKRR
LFRLISSLTLTTFTRLASELHLKAIHYPGRDLREKAYETQVVDP
FRYSFMEKPKFDGAELYLPDIDVIIGSGAGAGVMAHTLANDG
FKTLVLEKGKYFSNSELNFNDADGVKELYQGKGALATTNQQ
MFILAGSTLGGGTTVNWSACLKTPFKVRKEWYDEFGLEFAA
DEAYDKAQDYVWKQMGASTDGITHSLANEVVVEGGKKLGY
KSKEIEQNNGGHPDHPCGFCYLGCKYGIKQGSVNNWFRDAA
AHGSKFMQQVRVVQILNKNGVAYGILCEDVETGVRFTISGPK
KFVVSAGSLNTPTVLTNSGFKNKHIGKNLTLHPVSTVFGDFGR
DVQADHFHKSIMTSLCYEVADLDGKGHGCRIETILNAPFIQAS
LLPWRGSDEVRRDLLRYNNMVAMLLITRDTTSGSVSADPKKP
DALIVDYEINKFDKNAILQAFLITSDMLYIEGAKRILSPQPWVP
IFESNKPKEQRTIKDKDYVEWRAKAAKIPFDTYGSAYGSAHQ
MSTCRMSGKGPKYGAVDTDGRLFECSNVYVADASVLPTASG
ANPMISTMTFARQIALGLADSLKTKPKL

SEQ
1D
NO:1

FAO-2b(fatty
alcohol oxidase
activity)

C. Tropicalis
Nuc. Seq

atgaataccttcttgccagacgtgetcgaatacaaacacgtcgatacccttttgttattatgtgacggg
atcatccacgaaaccacagtcgaccagatcagggacgcecattgetcecgacttccctgaagacca
gtacgaggagtatctcaagaccttcaccaagccatctgagaccectgggttcagagaagecgtct

acgacacgatcaacagcaccccaaccgaggcetgtgcacatgtgtattgtattgaccaccgeattgg
actcgagaatcttggcccccacgttgaccaactcgttgacgectatcaaggatatgaccttgaaag

agcgtgaacaattgttggetgectggegtgattcccegategeggecaagagaagattgttcagat
tgatttcctcacttaccttgacgacctttacgagattggecagegacttgcacttgagagecatccac
taccctggcagagacttgegtgaaaaggcatatgaaacccaggtggttgaccctttcaggtacctg
tttatggaaaaaccaaagtttgacggcaccgagttgtacttgccagatatcgacgtcatcatcattgg
atccggtgceggtgctggtgtcatggcccacactttagccaacgacgggtacaagaccttggtttt

ggaaaagggaaagtatttcagcaactccgagttgaactttaatgatgccgatggtatgaaagagttg
taccaaggtaaatgtgcgttgaccaccacgaaccagcagatgtttattcttgecggttccactttggg
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Sequence

cggtggtaccactgttaactggtetgettgtcttaaaacaccatttaaagtgegtaaggagtggtacg
acgagtttggtcttgaatttgectgccgacgaagectacgacaaagcacaagactatgtttggaaaca
aatgggcgcttctaccgaaggaatcactcactctttggcgaacgeggttgtggttgaaggaggtaa
gaagttgggttacaagagcaaggaaatcgagcagaacaatggtggccatcctgaccaccectgt
ggtttctgttacttggoctgtaagtacggtattaagcagggttctgtgaataactggtttagagacgea
getgeccacgggtccaagttcatgcaacaagtcagagttgtgcaaatectccacaataaaggegte
gettatggceatcttgtgtgaggatgtcgagaccggagtcaaattcactatcagtggecccaaaaagt
ttgttgtttctgcaggttctttgaacacgecaacggtgttgaccaactccggattcaagaacaaacac
atcggtaagaacttgacgttgcacccagtttcgaccgtgtttggtgactttggcagagacgtgcaag
ccgaccatttccacaaatctattatgacttcgcetetgttacgaagtcgetgacttggacggeaaggg
ccacggatgcagaatcgagaccatcttgaacgctccattcatccaagcttctttgttgecatggaga
ggaagcgacgaggtcagaagagacttgttgegttacaacaacatggtggcecatgttgcttatcace
cgtgacaccaccagtggttcagtttctgetgacccaaagaageccgacgcetttgattgtcgactatg
acatcaacaagtttgacaagaatgccatcttgcaagctttcttgatcacctccgacatgttgtacatcg
aaggtgccaagagaatcctcagtccacaggeatgggtgccaatctttgagtcgaacaagecaaag
gagcaaagaacaatcaaggacaaggactatgtcgaatggagagcecaaggetgccaagatacctt
tcgacacctacggttctgectatgggtccgeacatcaaatgtecacctgtegtatgtccggaaagg
gtcctaaatacggegcecgttgataccgatggtagattgtttgaatgttcgaatgtctatgttgetgatg
ctagtgttttgcctactgccageggtgecaacccaatgatctccaccatgacgtttgetagacagatt
gegttaggtttgoctgactctttgaagaccaaacccaagttgtag

WO 2014/100504
SEQ | Description
ID
NO:
SEQ | FAO-2b(fatty
ID alcohol oxidase
NO:1 | activity)
1 C. Tropicalis

A.A. Seq

MNTFLPDVLEYKHVDTLLLLCDGIIHETTVDQIRDAIAPDFPE
DQYEEYLKTFTKPSETPGFREAVYDTINSTPTEAVHMCIVLTT
ALDSRILAPTLTNSLTPIKDMTLKEREQLLAAWRDSPIAAKRR
LFRLISSLTLTTFTRLASDLHLRAIHYPGRDLREKAYETQVVDP
FRYSFMEKPKFDGTELYLPDIDVIIIGSGAGAGVMAHTLANDG
YKTLVLEKGKYFSNSELNFNDADGMKELY QGKCALTTTNQQ
MFILAGSTLGGGTTVNWSACLKTPFKVRKEWYDEFGLEFAA
DEAYDKAQDYVWKQMGASTEGITHSLANAVVVEGGKKLGY
KSKEIEQNNGGHPDHPCGFCYLGCKYGIKQGSVNNWFRDAA
AHGSKFMQQVRVVQILHNKGVAYGILCEDVETGVKFTISGPK
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SEQ
ID
NO:

Description

Sequence

KFVVSAGSLNTPTVLTNSGFKNKHIGKNLTLHPVSTVFGDFGR
DVQADHFHKSIMTSLCYEVADLDGKGHGCRIETILNAPFIQAS
LLPWRGSDEVRRDLLRYNNMVAMLLITRDTTSGSVSADPKKP
DALIVDYDINKFDKNAILQAFLITSDMLYIEGAKRILSPQAWYV
PIFESNKPKEQRTIKDKDYVEWRAKAAKIPFDTYGSAYGSAH
QMST

SEQ
1D
NO:1

FAO-18(fatty
alcohol oxidase
activity)

C. Tropicalis
Nuc. Seq

atggctccatttttgcccgaccaggtcgactacaaacacgtcgacacccttatgttattatgtgacgg
gatcatccacgaaaccaccgtggacgaaatcaaagacgtcattgecectgacttccecegecgaca
aatacgaggagtacgtcaggacattcaccaaaccctccgaaaccccagggttcagggaaaccgt
ctacaacaccgtcaacgcaaacaccatggatgcaatccaccagttcattatcttgaccaatgttttgg
gatcaagggtcttggcaccagctttgaccaactcgttgactcctatcaaggacatgagettggaag
accgtgaaaagttgttagcctegtggegtgacteecctattgetgctaaaaggaagttgttcaggttg
gtttctacgcttaccttggtcacgttcacgagattggecaatgagttgcatttgaaagcecattcattatce
caggaagagaagaccgtgaaaaggcttatgaaacccaggagattgacccttttaagtaccagttttt
ggaaaaaccgaagttttacggegcetgagttgtacttgccagatattgatgtgatcattattggatetg
ggocecggtgctggtategtggcccacactttgaccaacgacggcettcaagagtttgottttgoaaa
agggcagatactttagcaactccgagttgaactttgatgacaaggacggggttcaagaattatace
aaagtggaggtactttgaccaccgtcaaccagcagttgtttgttcttgetggttccacttttggtggote
gtaccactgtcaattggtcggectgtcttaaaacgecattcaaggtgegtaaggaatggtatgatga
gtttggegttgactttgctgeccgatgaagectacgacaaagcacaggattatgtttggcagcaaatg
ggagcttctaccgaaggcatcacccactctttggctaacgagattattattgaaggtggcaagaaat
taggttacaaggccaaggtattagaccaaaacageggtggtcatcctcatcacagatgeggtttct
gttatttggottgtaagcacggtatcaagcagggctctgttaataactggtttagagacgceagetgec
cacggttctcagttcatgcaacaggttagagttttgcaaatccttaacaagaagggcatcgcttatgg
tatcttgtgtgaggatgttgtaaccggtgccaagttcaccattactggecccaaaaagtttgttgttge
cgecggegecttaaacactccatetgtgttggtcaactccggattcaagaacaagaacatcggtaa
gaacttaactttgcatccagtttctgtcgtgtttggtgattttggcaaagacgttcaagcagatcacttc
cacaactccatcatgactgctctttgttcagaagecgetgatttagacggcaagggtcatggatgea
gaattgaaaccatcttgaacgctccattcatccaggcettcattcttaccatggagaggtagtaacgag
gctagacgagacttgttgegttacaacaacatggtggcecatgttacttcttagtcgtgataccaccag
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SEQ
ID
NO:

Description

Sequence

tggttccgtttcgtcccatccaactaaacctgaageattagttgtcgagtacgacgtgaacaagtttg

acagaaactccatcttgcaggcattgttggtcactgetgacttgttgtacattcaaggtgecaagaga
atccttagtccccaaccatgggtgccaatttttgaatccgacaagecaaaggataagagatcaatca
aggacgaggactatgtcgaatggagagcecaaggttgecaagattccttttgacacctacggeteg

ccttatggtticggcgceatcaaatgtcettcttgtcgtatgtcaggtaagggtcctaaatacggtgctgtt

gataccgatggtagattgtttgaatgttcgaatgtttatgttgetgacgctagtettttgccaactgceta

geggtgctaatcctatggtcaccaccatgactcttgcaagacatgttgegttaggtttggcagactee
ttgaagaccaaggccaagttgtag

SEQ
1D
NO:1

FAO-1(fatty
alcohol oxidase
activity)

C. Tropicalis
A.A. Seq

MAPFLPDQVDYKHVDTLMLLCDGIIHETTVDEIKDVIAPDFPA
DKYEEYVRTFTKPSETPGFRETVYNTVNANTMDAIHQFIILTN
VLGSRVLAPALTNSLTPIKDMSLEDREKLLASWRDSPIAAKRK
LFRLVSTLTLVTFTRLANELHLKAIHYPGREDREKAYETQEID
PFKYQFLEKPKFYGAELYLPDIDVIIGSGAGAGVVAHTLTND
GFKSLVLEKGRYFSNSELNFDDKDGVQELYQSGGTLTTVNQQ
LFVLAGSTFGGGTTVNWSACLKTPFKVRKEWYDEFGVDFAA
DEAYDKAQDYVWQQMGASTEGITHSLANEIIEGGKKLGYKA
KVLDQNSGGHPHHRCGFCYLGCKHGIKQGSVNNWFRDAAA
HGSQFMQQVRVLQILNKKGIAYGILCEDVVTGAKFTITGPKKF
VVAAGALNTPSVLVNSGFKNKNIGKNLTLHPVSVVFGDFGKD
VQADHFHNSIMTALCSEAADLDGKGHGCRIETILNAPFIQASF
LPWRGSNEARRDLLRYNNMVAMLLLSRDTTSGSVSSHPTKPE
ALVVEYDVNKFDRNSILQALLVTADLLYIQGAKRILSPQPWV
PIFESDKPKDKRSIKDEDYVEWRAKVAKIPFDTYGSPYGSAHQ
MSSCRMSGKGPKYGAVDTDGRLFECSNVYVADASLLPTASG
ANPMVTTMTLARHVALGLADSLKTKAKL

SEQ
1D
NO:1

cytochrome
P450 A12
(CYP52A12)
Nuc. Seq

atggccacacaagaaatcatcgattctgtacttccgtacttgaccaaatggtacactgtgattactge

agcagtattagtcttccttatctccacaaacatcaagaactacgtcaaggcaaagaaattgaaatgtg
tcgatccaccatacttgaaggatgecggtctcactggtattetgtetttgatcgecgecatcaaggec
aagaacgacggtagattggctaactttgccgatgaagttttcgacgagtacccaaaccacaccttct
acttgtctgttgecggtgctttgaagattgtcatgactgttgacccagaaaacatcaaggetgtettgg
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SEQ
ID
NO:

Description

Sequence

ccacccaattcactgacttcteettgggtaccagacacgeccactttgetectttgttgggtgacggt
atcttcaccttggacggagaaggttggaagcactccagagctatgttgagaccacagtttgctaga
gaccagattggacacgttaaagccttggaaccacacatccaaatcatggctaagcagatcaagttg
aaccagggaaagactttcgatatccaagaattgttctttagatttaccgtcgacaccgcetactgagtt
cttgtttggtgaatcegttcactccttgtacgatgaaaaattgggceatcccaactccaaacgaaatce
caggaagagaaaactttgccgetgctttcaacgtttcccaacactacttggecaccagaagttacte
ccagactttttactttttgaccaaccctaaggaattcagagactgtaacgccaaggtccaccacttgg
ccaagtactttgtcaacaaggccttgaactttactcctgaagaactcgaagagaaatccaagteegg
ttacgttttcttgtacgaattggttaagcaaaccagagatccaaaggtcttgcaagatcaattgttgaa
cattatggttgccggaagagacaccactgecggtttgttgtectttgetttgtttgaattggetagaca
cccagagatgtggtccaagttgagagaagaaatcgaagttaactttggtgttggtoaagacteeeg
cgttgaagaaattaccttcgaagecttgaagagatgtgaatacttgaaggctatccttaacgaaacct
tgcgtatgtacccatctgttcctgtcaactttagaaccgecaccagagacaccactttgecaagagg
tggtggtoctaacggtaccgacccaatctacattcctaaaggetccactgttgettacgttgtctaca
agacccaccgtttggaagaatactacggtaaggacgctaacgacttcagaccagaaagatggttt
gaaccatctactaagaagttgggctgggcttatgttccattcaacggtggtccaagagtetgettgg
gtcaacaattcgecttgactgaagcttcttatgtgatcactagattggeccagatgtttgaaactgtct
catctgatccaggtctcgaataccctccaccaaagtgtattcacttgaccatgagtcacaacgatgg

tgtetttgtcaagatgtaa

SEQ
1D
NO:1

cytochrome
P450 A13
(CYP52A13)
Nuc. Seq

atgactgtacacgatattatcgccacatacttcaccaaatggtacgtgatagtaccactcgcetttgatt

gcttatagagtcctcgactacttctatggcagatacttgatgtacaagcettggtgctaaaccatttttee
agaaacagacagacggctgtttcggattcaaagetccgcttgaattgttgaagaagaagagegac

ggtaccctcatagacttcacactccagegtatccacgatctcgategteccgatatcccaactttcac
attcccggtcttttccatcaaccttgtcaatacccttgagecggagaacatcaaggecatcttggeca
ctcagttcaacgatttctccttgggtaccagacactcgeactttgetectttgttgggtoatggtatettt
acgttggatggcgecggetggaageacagcagatctatgttgagaccacagtttgeccagagaaca
gatttcccacgtcaagttgttggagecacacgttcaggtgttcttcaaacacgtcagaaaggcacag
ggcaagacttttgacatccaggaattgtttttcagattgaccgtcgactcegecaccgagtttttgtitg
gtgaatccgttgagtccttgagagatgaatctatcggceatgtccatcaatgegettgactttgacgge
aaggctggctttgctgatgcttttaactattcgcagaattatttggctticgagageggttatgcaacaa
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Sequence

ttgtactgggtgttgaacgggaaaaagtttaaggagtgcaacgctaaagtgcacaagtttgetgact
actacgtcaacaaggctttggacttgacgcctgaacaattggaaaagcaggatggttatgtgtttttg
tacgaattggtcaagcaaaccagagacaagceaagtgttgagagaccaattgttgaacatcatggtt
getggtagagacaccaccgecggtttgttgtegtttgttttctttgaattggccagaaacccagaagtt
accaacaagttgagagaagaaattgaggacaagtttggactcggtgagaatgctagtgttgaaga
catttcctttgagtcgttgaagtcctgtgaatacttgaaggetgttctcaacgaaaccttgagattgtac
ccatccgtgecacagaatttcagagttgccaccaagaacactaccctcccaagaggtggtggtaa
ggacgggttgtctectgtittggtgagaaagggtcagaccgttatttacggtgtctacgecageccac
agaaacccagctgtttacggtaaggacgctcttgagtttagaccagagagatggtttgagccagag
acaaagaagcttggctgggccttcctcccattcaacggtggtccaagaatctgtitgggacageag
tttgecttgacagaagcttegtatgtcactgtcaggttgctccaggagtttgeacacttgtctatggac
ccagacaccgaatatccacctaagaaaatgtcgeatttgaccatgtegcettttcgacggtgecaata

ttgagatgtattag

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | cytochrome
ID P450 A14
NO:1 | (CYP52A14)
6 Nuc. Seq

atgactgcacaggatattatcgccacatacatcaccaaatggtacgtgatagtaccactcgetttgat
tgcttatagggtcctegactacttttacggeagatacttgatgtacaagettggtgctaaaccgtttttc
cagaaacaaacagacggttatttcggattcaaagctccacttgaattgttaaaaaagaagagtgac
ggtaccctcatagacttcactctcgagegtatccaagegcetcaatcgtccagatatcccaacttttac
attcccaatcttttccatcaaccttatcagcacccttgagccggagaacatcaaggctatcttggeca
cccagttcaacgatttctccttgggcaccagacactcgeactttgetectttgttgggcgatggtatet
ttaccttggacggtgccggcetggaageacageagatctatgttgagaccacagtttgeccagagaa
cagatttcccacgtcaagttgttggagccacacatgecaggtgttcttcaagcacgtcagaaaggea
cagggcaagacttttgacatccaagaattgtttttcagattgaccgtcgactcecgecactgagtttttg
tttggtgaatccgttgagtecttgagagatgaatctattgggatgtccatcaatgcacttgactttgac
ggcaaggctggctttgctgatgcttttaactactcgcagaactatttggettcgagageggttatgea
acaattgtactgggtottgaacgggaaaaagtttaaggagtgcaacgctaaagtgcacaagtttget
gactattacgtcagcaaggctttggacttgacacctgaacaattggaaaagcaggatggttatgtot
tcttgtacgagttggtcaagcaaaccagagacaggcaagtgttgagagaccagttgttgaacatca
tggttgccggtagagacaccaccgeeggtttgttgtegtttgttttctttgaattggccagaaacccea
gaggteaccaacaagttgagagaagaaatcgaggacaagtttggtettggtgagaatgetegtgtt
gaagacatttcctttgagtcgttgaagtcatgtgaatacttgaaggctgtictcaacgaaactttgaga
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SEQ | Description Sequence

ID

NO:
ttgtacccatccgtgecacagaatttcagagttgccaccaaaaacactacccttccaaggggaggt
ggtaaggacgggttatctectgttttggtcagaaagggtcaaaccgttatgtacggtgtctacgetg
cccacagaaacccagctgtctacggtaaggacgeccttgagtttagaccagagaggtggtitgag
ccagagacaaagaagcttggctgggccttccttcecattcaacggtggtccaagaatttgettggga
cagcagtttgccttgacagaagcttcgtatgtcactgtcagattgetccaagagtttggacacttgtct
atggaccccaacaccgaatatccacctaggaaaatgtcgceatttgaccatgtcecttttcgacggtg
ccaacattgagatgtattag

SEQ | cytochrome atgtcgtcttctccategtttgeccaagaggttctecgetaccactagtecttacatcgagtactttettg

ID P450 A15 acaactacaccagatggtactacttcatacctttggtgcttetttcgttgaactttataagtttgctecac

NO:1 | (CYP52A15) acaaggtacttggaacgcaggttccacgccaagecacteggtaactttgtcagggaccctacgttt

7 Nuc. Seq ggtatcgctactcegttgettttgatctacttgaagtcgaaaggtacggtcatgaagtttgcttgggec

ctctggaacaacaagtacatcgtcagagacccaaagtacaagacaactgggcetcaggattgttgg
ccteecattgattgaaaccatggacccagagaacatcaaggetgttttggcetactcagttcaatgatt
tetetttgggaaccagacacgatttcttgtactecttgttgggtgacggtattttcaccttggacggtgce
tggctggaaacatagtagaactatgttgagaccacagtttgctagagaacaggtttctcacgtcaag
ttgttggagecacacgttcaggtgttcticaagcacgttagaaagcaccgeggtcaaacgttcgac

atccaagaattgttcttcaggttgaccgtcgactccgecaccgagttettgtttggtgagtctgctgaa
tccttgagggacgaatctattggattgaccccaaccaccaaggatttcgatggcagaagagatttc

getgacgctttcaactattcgcagacttaccaggectacagatttttgttgcaacaaatgtactggate
ttgaatggctcggaattcagaaagtegattgetgtegtgecacaagtttgetgaccactatgtgcaaaa
ggctttggagttgaccgacgatgacttgcagaaacaagacggctatgtgttcttgtacgagttggct
aagcaaaccagagacccaaaggtcttgagagaccagttattgaacattttggttgccggtagagac
acgaccgecggtttgttgtcatttgttttctacgagttgtcaagaaaccctgaggtgtttgctaagttga
gagaggaggtggaaaacagatttggactcggtgaagaagetegtgttgaagagatctegtttgagt
ccttgaagtcttgtgagtacttgaaggetgtcatcaatgaaaccttgagattgtacccatcggttccac
acaactttagagttgctaccagaaacactaccctcccaagaggtegteoteaagatggatactcge
caattgtcgtcaagaagggtcaagttgtcatgtacactgttattgctacccacagagacccaagtate
tacggtgccgacgetgacgtcttcagaccagaaagatggtttgaaccagaaactagaaagttggg
ctgggcatacgttccattcaatggtggtccaagaatctgtttgggtcaacagtttgecttgaccgaag
cttcatacgtcactgtcagattgctccaggagtttgcacacttgtctatggacccagacaccgaatat
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SEQ
ID
NO:

Description

Sequence

ccaccaaaattgcagaacaccttgaccttgtcgetctttgatggtgctgatgttagaatgtactaa

SEQ
1D
NO:1

cytochrome
P450 A16
(CYP52A16)
Nuc. Seq

atgtcgtcttctccategtttgetcaggaggttetcgetaccactagtecttacatcgagtactttcttga
caactacaccagatggtactacttcatccctttggtgcttctttcgttgaacttcatcagettgetccac
acaaagtacttggaacgcaggttccacgccaagecegetcggtaacgtegtgttggatcctacgttt
ggtatcgctactcegttgatcttgatctacttaaagtcgaaaggtacagtcatgaagtttgectggag
cttctggaacaacaagtacattgtcaaagacccaaagtacaagaccactggecttagaattgtegg
ccteecattgattgaaaccatagacccagagaacatcaaagetgtgttggctactcagttcaacgat
ttetecttgggaactagacacgatttcttgtactecttgttgggcegatggtatttttaccttggacggtg
ctggctggaaacacagtagaactatgttgagaccacagtttgctagagaacaggtttcccacgtca
agttgttggaaccacacgttcaggtgttcticaagcacgttagaaaacaccgeggtcagacttttga
catccaagaattgttcttcagattgaccgtcgactcecgecaccgagttcttgtttggtgagtetgctga
atccttgagagacgactctgttggtttgaccccaaccaccaaggatttcgaaggcagaggagattt
cgetgacgctttcaactactcgeagacttaccaggectacagatttttgttgcaacaaatgtactgga
ttttgaatggcgeggaattcagaaagtcgattgecategtgeacaagtttgetgaccactatgtgeaa
aaggctttggagttgaccgacgatgacttgcagaaacaagacggctatgtgttcttgtacgagttgg
ctaagcaaactagagacccaaaggtcttgagagaccagttgttgaacattttggttgccggtagag
acacgaccgccggtttgttgtcgtttgtgttctacgagttgtcgagaaaccctgaagtgtttgccaag
ttgagagaggaggotggaaaacagatttggactcggcgaagaggcetegtgtigaagagatctetttt
gagtccttgaagtcctgtgagtacttgaaggctgtcatcaatgaagecttgagattgtacccatctgtt
ccacacaacttcagagttgccaccagaaacactacccttccaagaggeggtggtaaagacggat
getegecaattgttgtcaagaagggtcaagttgtcatgtacactgtecattggtacccacagagaccce
aagtatctacggtgccgacgecgacgtcttcagaccagaaagatggttcgagccagaaactagaa
agttgggctgggcatatgttccattcaatggtggtccaagaatctgtttgggtcageagtttgecttga
ctgaagcttcatacgtcactgtcagattgctccaagagtttggaaacttgtccctggatccaaacget
gagtacccaccaaaattgcagaacaccttgaccttgtcactctttgatggtectgacgttagaatgtt

ctaa

SEQ
1D
NO:1

cytochrome
P450 A17
(CYP52A17)
Nuc. Seq

atgattgaacaactcctagaatattggtatgtcgttgtgecagtgttgtacatcatcaaacaactecttg
catacacaaagactcgcgtcttgatgaaaaagttgggtoctgctccagtcacaaacaagttgtacg

acaacgctttcggtatcgtcaatggatggaaggctctccagticaagaaagagggcagggctcaa
gagtacaacgattacaagtttgaccactccaagaacccaagegtgggceacctacgtcagtattettt




WO 2014/100504

PCT/US2013/076739
225

SEQ
ID
NO:

Description

Sequence

tcggcaccaggatcgtegtgaccaaagatccagagaatatcaaagcetattttggcaacccagtttg
gtgatttttctttgggcaagaggcacactctttttaagectttgttaggtgatgggatcttcacattgga
cggegaaggcetggaagcacagceagagecatgttgagaccacagtttgeccagagaacaagttgct
catgtgacgtcgttggaaccacacttccagttgttgaagaagcatattcttaagcacaagggtgaat
actttgatatccaggaattgttctttagatttaccgttgattcggeccacggagttcttatttggtgagtee
gtgcactccttaaaggacgaatctattggtatcaaccaagacgatatagattttgctggtagaaagg
actttgctgagtcgttcaacaaagcccaggaatacttggctattagaaccttggtgecagacgttctac
tggttggtcaacaacaaggagtttagagactgtaccaagetggtgcacaagttcaccaactactatg
ttcagaaagctttggatgctagcccagaagagettgaaaagcaaagtgggtatgtottcttgtacga
gettgtcaagcagacaagagaccccaatgtgttgegtgaccagtcetttgaacatcttgttggecgga
agagacaccactgctgggttgttgtcgtttgetgtcetttgagttggccagacacccagagatctggg
ccaagttgagagaggaaattgaacaacagtttggtcttggagaagactctcgtgttgaagagattac
ctttgagagcttgaagagatgtgagtacttgaaagegttccttaatgaaaccttgegtatttacccaa
gtgtcccaagaaacttcagaatcgecaccaagaacacgacattgccaaggggecggtggottcaga
cggtacctcgecaatcttgatccaaaagggagaagcetgtgtegtatggtatcaactctactcatttgg
accctgtctattacggecctgatgetgetgagtticagaccagagagatggtttgagecatcaaccaa
aaagctcggetgggcttacttgecattcaacggtggtccaagaatctgtttgggtcageagtttgect
tgacggaagctggctatgtgttggttagattggtocaagagttctcccacgttaggetggacccaga
cgaggtgtacccgecaaagaggttgaccaacttgaccatgtgtitgcaggatggtoctattgtcaa
gtttgactag

SEQ
1D
NO:2

cytochrome
P450 A18
(CYP52A18)

Nuc. Seq

atgattgaacaaatcctagaatattggtatattgttgtgcctgtgttgtacatcatcaaacaactcattg
cctacagcaagactcgegtcttgatgaaacagttgggtgetgctccaatcacaaaccagttgtacg
acaacgttttcggtatcgtcaacggatggaaggctctccagttcaagaaagagggcagagcetcaa
gagtacaacgatcacaagtttgacagctccaagaacccaagegtcggeacctatgtcagtattettt
ttggcaccaagattgtcgtgaccaaggatccagagaatatcaaagctattttggcaacccagtttgg
cgatttttctttgggcaagagacacgctctttttaaacctttgttaggtgatggoatcttcaccttggac
ggcgaaggctggaagcatagcagatccatgttaagaccacagtttgccagagaacaagttgetca
tgtgacgtcgttggaaccacacttccagttgttgaagaagcatatccttaaacacaagggtgagtac
tttgatatccaggaattgttctttagatttactgtcgactcggcecacggagttcttatttggtgagtecgt
geactccttaaaggacgaaactatcggtatcaaccaagacgatatagattttgetggtagaaagga
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SEQ
ID
NO:

Description

Sequence

ctttgctgagtcgttcaacaaagceccaggagtatttgtctattagaattttggtgcagaccttctactgg
ttgatcaacaacaaggagtttagagactgtaccaagctggtgcacaagtttaccaactactatgttca
gaaagctttggatgctaccccagaggaacttgaaaagcaaggegggtatgtgttcttgtatgagett
gtcaagcagacgagagaccccaaggtgttgcgtgaccagtctttgaacatcttgttggcaggaag
agacaccactgctgggttgttgtcctttgetgtgtttgagttggccagaaacccacacatctgggec
aagttgagagaggaaattgaacagcagtttggtcttggagaagactctcgtgttgaagagattacct
ttgagagcttgaagagatgtgagtacttgaaagegttccttaacgaaaccttgegtgtttacccaagt
gtcccaagaaacttcagaatcgecaccaagaatacaacattgeccaaggggtggtogteccagacg
gtacccagccaatcttgatccaaaagggagaaggtotgtcgtatggtatcaactctacccacttaga
teetgtcetattatggecctgatgetgetgagttcagaccagagagatggtttgagecatcaaccaga
aagctcggcetgggcttacttgecattcaacggtgggccacgaatctgtttgggtcageagtttgectt
gaccgaagctggttacgttttggtcagattggtogcaagagttctcccacattaggetggacccagat
gaagtgtatccaccaaagaggttgaccaacttgaccatgtgtttgcaggatggtgctattgtcaagtt
tgactag

SEQ
1D
NO:2

cytochrome
P450 A19
(CYP52A19)
Nuc. Seq

atgctcgatcagatcttacattactggtacattgtcttgecattgttggccattatcaaccagatcgtgg
ctcatgtcaggaccaattatttgatgaagaaattgggtgctaagcecattcacacacgtccaacgtga
cgggtegttggocttcaaattcggecgtgaattcctcaaagecaaaaagtgetgggagactggttga
tttaatcatctcccgtttccacgataatgaggacactttctccagetatgcettttggcaaccatgtggtg
ttcaccagggaccccgagaatatcaaggegcttttggcaacccagtttggtgatttttcattgggcea
geagggtcaagttcttcaaaccattattggggtacggtatcttcacattggacgecgaaggcetggaa
geacagcagagccatgttgagaccacagtttgccagagaacaagttgetcatgtgacgtegttgg
aaccacacttccagttgttgaagaagcatatccttaaacacaagggtgagtactttgatatccagga
attgttctttagatttactgtcgactcggecacggagttcttatttggtgagtccgtgeactccttaaag
gacgaggaaattggctacgacacgaaagacatgtctgaagaaagacgcagatttgecgacgegt
tcaacaagtcgcaagtctacgtggecaccagagttgctttacagaacttgtactggttggtcaacaa
caaagagttcaaggagtgcaatgacattgtccacaagtttaccaactactatgticagaaagcecttg
gatgctaccccagaggaacttgaaaagcaaggegggtatgtgttcttgtatgagettgtcaageag
acgagagaccccaaggtgttgcgtgaccagtctttgaacatcttgttggcaggaagagacaccact
getgggttottgtectttgetgtgtitgagttggccagaaacccacacatctgggecaagttgagag
aggaaattgaacagcagtttggtcttggagaagactctcgtgttgaagagattacctttgagagcettg




WO 2014/100504 PCT/US2013/076739
227
SEQ | Description Sequence
ID
NO:
aagagatgtgagtacttgaaggccgtgttgaacgaaactttgagattacacccaagtgtcccaaga
aacgcaagatttgcgattaaagacacgactttaccaagaggeggtggecccaacggcaaggatc
ctatcttgatcaggaaggatgaggtggtgcagtactccatctcggcaactcagacaaatcctgetta
ttatggcgecgatgcetgetgattttagaccggaaagatggtttgaaccatcaactagaaacttggga
tgggctttcttgecattcaacggtggtccaagaatctgtttgggacaacagtttgetttgactgaagec
ggttacgttttggttagacttgttcaggagtttccaaacttgtcacaagaccccgaaaccaagtacce
accacctagattggcacacttgacgatgtgcttgtttgacggtgcacacgtcaagatgtcatag
SEQ cytochrome atgctcgaccagatcttccattactggtacattgtcttgecattgttggtcattatcaageagategtgg
ID P450 A20 ctcatgccaggaccaattatttgatgaagaagttgggcgetaagecattcacacatgtccaactaga
NO:2 | (CYP52A20) cgggtggtttggcttcaaatttggccgtgaattcctcaaagetaaaagtgetgggagecaggttgat
2 Nuc. Seq ttaatcatctcccgtttccacgataatgaggacactttctccagctatgettttggcaaccatgtggtgt

tcaccagggaccccgagaatatcaaggegcttttggcaacccagtttggtgatttttcattgggaag
cagggtcaaattcttcaaaccattgttggggtacggtatcttcaccttggacggegaaggetggaa
geacagcagagccatgttgagaccacagtttgccagagagcaagttgctcatgtgacgtegttgg
aaccacatttccagttgttgaagaagcatattcttaagcacaagggtgaatactttgatatccaggaa
ttgttctttagatttaccgttgattcagegacggagttcttatttggtgagtcegtgeactecttaaggg
acgaggaaattggctacgatacgaaggacatggcetgaagaaagacgceaaatttgecegacgegtt
caacaagtcgcaagtctatttgtccaccagagttgctttacagacattgtactggttggtcaacaaca
aagagttcaaggagtgcaacgacattgtccacaagttcaccaactactatgttcagaaagcecttgg
atgctaccccagaggaacttgaaaaacaaggegggtatgtgttcttgtacgagcettgeccaageaga
cgaaagaccccaatgtgttgcgtgaccagtctttgaacatcttgttggctggaagggacaccactg
ctgggttattgtcctttgetgtgtitgagttggccaggaacccacacatctgggecaagttgagaga
ggaaattgaatcacactttgggcetgggtgaggactctegtgttgaagagattacctttgagagettg
aagagatgtgagtacttgaaagcecgtgttgaacgaaacgttgagattacacccaagtgtcccaaga
aacgcaagatttgcgattaaagacacgactttaccaagaggeggtggecccaacggcaaggatc
ctatcttgatcagaaagaatgaggtggtgcaatactccatctcggcaactcagacaaatcctgettat
tatggcgecegatgetgctgattttagaccggaaagatggtttgagecatcaactagaaacttgggat
gggcttacttgecattcaacggtggtccaagaatctgettgggacaacagtttgctttgaccgaage
cggttacgttttggttagacttgttcaggaattccctagettgtcacaggaccccgaaactgagtace
caccacctagattggcacacttgacgatgtgcttgtttgacggggcatacgtcaagatgcaatag
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Sequence

atggctatatctagtttgctatcgtgggatgtgatctgtgtegtettcatttgegtttgtgtttatttcgggt
atgaatattgttatactaaatacttgatgcacaaacatggegctcgagaaatcgagaatgtgatcaac
gatgggttctttgggttccgettacctttgetactcatgegagecageaatgagggecgacttatcga
gttcagtgtcaagagattcgagtecggegecacatccacagaacaagacattggtcaaccgggceat
tgagcgttcctgtgatactcaccaaggacccagtgaatatcaaagegatgetatcgacccagtttga
tgacttttcccttgggttgagactacaccagtttgegecegttgttggggaaaggcatctttactttgga

cggeccagagtggaageagagecgatctatgttgegteegeaatttgeccaaagategggtttctca
tatcctggatctagaaccgcattttgtgttgcttcggaagcacattgatggecacaatggagactact

tcgacatccaggagctctacttccggttctcgatggatgtggegacggggtttttgtttggcgagtct

gtggootcgttgaaagacgaagatgcgaggttcctggaagceattcaatgagtcgeagaagtatttg
gcaactagggcaacgttgcacgagttgtactttctttgtgacgggtttaggtttcgeccagtacaacaa
ggttgtgcgaaagttctgcagecagtgtgtccacaaggegttagatgttgcaccggaagacacca

gegagtacgtgtttctccgegagttggtcaaacacactcgagatceegttgttttacaagaccaage
gttgaacgtcttgettgetggacgegacaccaccgegtegttattatcgtttgecaacatttgagetag

cccggaatgaccacatgtggaggaagetacgagaggaggttatcctgacgatgggaccgtecag
tgatgaaataaccgtggecgggttgaagagttgccgttacctcaaagcaatcctaaacgaaactcett
cgactatacccaagtgtgcctaggaacgegagatttgctacgaggaatacgacgcettectegtgge

ggaggtccagatggatcgtttccgattttgataagaaagggccagecagtggggtatttcatttgtg
ctacacacttgaatgagaaggtatatgggaatgatagcecatgtgtttcgaccggagagatgggctg

cgttagagggcaagagtttgggctggtegtatcttccattcaacggeggeccgagaagetgecttg
gtcagcagtttgcaatccttgaagcettcgtatgttttggctcgattgacacagtgctacacgacgata
cagcttagaactaccgagtacccaccaaagaaactcgttcatctcacgatgagtctictcaacggg

gtgtacatccgaactagaacttga

WO 2014/100504
SEQ | Description
D
NO:

SEQ | cytochrome
1D P450 D2
NO:2 | (CYP52D2)
3 Nuc. Seq
SEQ | cytochrome
1D P450:NADPH
NO:2 | P450 reductase
4 (Bacillus
megaterium)
nucleotide
Nuc. Seq

atgacaattaaagaaatgcctcagccaaaaacgtttggagagcttaaaaatttaccgttattaaacac
agataaaccggttcaagctttgatgaaaattgcggatgaattaggagaaatctttaaattcgaggeg
cctggtegtgtaacgegcetacttatcaagtcagegtctaattaaagaagcatgegatgaatcacget
ttgataaaaacttaagtcaagcgcttaaatttgtacgtgattttgcaggagacgggttatttacaagcet
ggacgcatgaaaaaaattggaaaaaagcgcataatatcttacttccaagettcagtcagecaggceaa
tgaaaggctatcatgcgatgatggtegatatcgecgtgeagettgttcaaaagtgggagegtctaa
atgcagatgagcatattgaagtaccggaagacatgacacgtttaacgcttgatacaattggtctttge
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SEQ
ID
NO:

Description

Sequence

ggctttaactatcgcetttaacagcttttaccgagatcagcectcatccatttattacaagtatggtcegtg
cactggatgaagcaatgaacaagctgcagegagcaaatccagacgacccagcttatgatgaaaa
caagcgcecagtttcaagaagatatcaaggtgatgaacgacctagtagataaaattattgcagatcg
caaagcaagcggtgaacaaagcegatgatttattaacgcatatgctaaacggaaaagatccagaaa
cgggtgagecgcettgatgacgagaacattcgctatcaaattattacattcttaattgegggacacga
aacaacaagtggtcttttatcatttgcgctgtatttcttagtgaaaaatccacatgtattacaaaaagcea
gcagaagaagcagcacgagttctagtagatcctgttccaagcetacaaacaagtcaaacagcttaa
atatgtcggcatggtcttaaacgaagegetgegcettatggecaactgetectgegttttcectatatg
caaaagaagatacggtgcttggaggagaatatcctttagaaaaaggegacgaactaatggttctga
ttcctcagcettcaccgtgataaaacaatttggggagacgatgtggaagagttccgtccagagegttt
tgaaaatccaagtgcegattccgecageatgegtttaaaccgtttggaaacggtcagegtgcegtgtate
ggtcagcagttcgcetcttcatgaagcaacgcetggtacttggtatgatgctaaaacactttgactttga
agatcatacaaactacgagctggatattaaagaaactttaacgttaaaacctgaaggctttgtggtaa
aagcaaaatcgaaaaaaattccgcettggeggtattccttcacctagcactgaacagtctgetaaaaa
agtacgcaaaaaggcagaaaacgctcataatacgcegcetgettgtgctatacggttcaaatatggg
aacagctgaaggaacggegegtgatttagcagatattgcaatgagcaaaggatttgecaccgeagg
tcgcaacgcttgattcacacgecggaaatcttccgegegaaggagetgtattaattgtaacggegt
cttataacggtcatccgcctgataacgcaaagceaatttgtcgactggttagaccaagegtctgetga
tgaagtaaaaggegttcgctactccgtatttggatgeggegataaaaactgggcetactacgtatcaa
aaagtgcctgcttttatcgatgaaacgettgecgctaaaggggcagaaaacatcgetgaccgeggt
gaagcagatgcaagcegacgactttgaaggcacatatgaagaatggcgtgaacatatgtggagtg
acgtagcagcctactttaacctcgacattgaaaacagtgaagataataaatctactctttcacttcaat
ttgtcgacagegecgeggatatgecgettgegaaaatgecacggtgegttttcaacgaacgtegtag
caagcaaagaacttcaacagccaggcagtgcacgaageacgcegacatcttgaaattgaacttcca
aaagaagcttcttatcaagaaggagatcatttaggtgttattcctcgcaactatgaaggaatagtaaa
ccgtgtaacagcaaggticggcctagatgceatcacagcaaatccgtetggaagcagaagaagaa
aaattagctcatttgccactcgcetaaaacagtatccgtagaagagcettctgcaatacgtggagettca
agatcctgttacgecgeacgcagettcgegeaatggetgetaaaacggtctgeccgecgeataaag
tagagcttgaagccttgcttgaaaagcaagectacaaagaacaagtgctggcaaaacgtttaacaa

tgcttgaactgcettgaaaaatacceggegtgtgaaatgaaattcagegaatttatcgececttetgeca
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Sequence

agcatacgcccgegctattactcgatttcttcatcacctegtgtcgatgaaaaacaagceaageatca
cggtcagcegttgtctcaggagaagegtggageggatatggagaatataaaggaattgegtcgaac
tatcttgccgagcetgecaagaaggagatacgattacgtgctttatttccacaccgcagtcagaatttac
getgecaaaagaccctgaaacgecgcttatcatggtecggaccgggaacaggegtegegecgttt
agaggctttgtgcaggcgegcaaacagctaaaagaacaaggacagtcacttggagaagcacatt
tatacttcggetgecgttcacctcatgaagactatctgtatcaagaagagcettgaaaacgeccaaag
cgaaggcatcattacgcttcataccgcetttttctcgeatgccaaatcagecgaaaacatacgttcage
acgtaatggaacaagacggcaagaaattgattgaacttcttgatcaaggagcgcacttctatatttg
cggagacggaagcecaaatggeacctgecgttgaagcaacgcttatgaaaagetatgetgacgtte
accaagtgagtgaagcagacgctcgcettatggetgcageagcetagaagaaaaaggecgatacge

aaaagacgtgtggectggootaa

WO 2014/100504

SEQ | Description

ID

NO:

SEQ | NADPH

ID cytochrome

NO:2 | P450 reductase,

5 CPR (C.
tropicalis strain
ATCC750)
Nuc. Seq

atggcattagataagttagatttatatgttattataacattggtggttecaattgcagcettattttgcaaag
aatcagtttcttgaccaacaacaagataccgggttccttaatactgatagtggagatggtaattcaag
agatatcttacaagctttgaagaagaacaataaaaatacgttattattatttggatcccaaacaggtac
agcagaagattatgccaacaaattgtcaagagaattgcattcaagatttggtttgaaaaccatggttg
ctgatttcgctgattatgatttcgaaaacttcggagatattactgaagatatcttggttttctttattgttge
tacttatggtgaaggtgaaccaaccgataatgctgacgaatttcacacttggttgactgaagaagcet

gacaccttgagtactttgaaatatactgtttttggtttgggtaattcaacttatgaattcttcaatgcetattg
gtagaaaatttgacagattgttggoagaaaaaggtggtoacagatttgctgaatacggtgaaggty
acgatggtactggtactttagatgaagatttcttggcctggaaggataacgtgtttgattccttaaaga
atgatttgaattttgaagaaaaagagttgaaatacgaaccaaatgttaaattgactgaaagagatgat
ttatctggcaatgatccagatgtctecttgggtgaaccaaatgtcaaatacattaaatctgaaggtgtt
gacttaactaaaggtccatttgatcatactcatccatttttggctagaattgttaaaactaaagaattgtt
tacttctgaagacagacattgtgttcatgttgaatttgatatttctgaatcaaacttgaaatataccaccg
gtgatcatcttgcaatctggecatctaactctgatgaaaacattaagcaatttgecaaatgttttggttt

agaagacaaacttgatactgttattgaattgaaagctttggattccacttattccatcccattcectaat

ccaatcacttatggagctgttattagacaccatttggaaatttcaggtcctgtttctagacaatttttctta
tctattgetggatttgcccctgatgaagaaactaaaaagtcatttactagaattggtggtgataagcaa
gaatttgctagtaaagtcacccgtagaaaattcaacattgecgatgctttattatttgettccaacaaca

gaccatggtccgatgttccattcgaattccttattgaaaatgtccaacacttaactcctegttattacte
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SEQ | Description Sequence
ID
NO:
catttcttcttcctcattaagtgaaaagcaaaccattaatgttactgetgttgttgaageccgaagaaga
agctgatggaagaccagttactggtgttgtcaccaacttgttgaagaatattgaaattgaacaaaac
aaaactggtgaaaccccaatggttcattatgatttgaatggtccaagaggcaaatttagcaagttca
gattgccagttcacgttagaagatctaatttcaaattaccaaagaatagcactaccccagttattttgat
tggtccaggtaccggtgttgcaccattgagaggttttgttagagaaagagttcaacaagttaaaaat
ggtottaatgttggtaagactgtattgttttatggatgtagaaattccgaacaagatttcttgtacaaac
aagaatggagtgaatatgcctcagtattgggagaaaatttcgaaatgtttaatgecttctcaagacaa
gatccaactaagaaagtttatgttcaagataagattttagaaaatagtgetcttgttgatgagttattatc
tagtggagcaattatttatgtttgtggtoatgccagtagaatggctagagatgttcaagetgcaattge
caagattgttgccaaaagtagagatatccacgaagataaagctgcetgaattggttaaatcttggaaa
gttcaaaatagataccaagaagatgtctggtaa
SEQ | NADPH atggctttagacaagttagatttgtatgtcatcataacattggtggtegetgtagecgectattttgcta
ID cytochrome agaaccagttccttgatcagecceccaggacaccgggttectcaacacggacageggaagceaactc
NO:2 | P450 reductase | cagagacgtcttgctgacattgaagaagaataataaaaacacgttgttgttgtttgggtcccagacg
6 A, CPRA ggtacggcagaagattacgccaacaaattgtccagagaattgeactccagatttggcttgaaaacg
(Candida strain | atggttgcagatttcgctgattacgattgggataacttcggagatatcaccgaagacatcttggtgttt
ATCC20336) ttcattgttgccacctatggtgagggtgaacctaccgataatgecgacgagttccacacctggttga
Nuc. Seq ctgaagaagctgacactttgagtaccttgaaatacaccgtgttcgggttgggtaactccacgtacga

gttcttcaatgcecattggtagaaagtttgacagattgttgagegagaaaggtggtoacaggtttgctg
aatacgctgaaggtgatgacggtactggeaccttggacgaagatttcatggectggaaggacaat
gtctttgacgcecttgaagaatgatttgaactttgaagaaaaggaattgaagtacgaaccaaacgtga
aattgactgagagagacgacttgtctgetgetgactcccaagtttecttgggtgagecaaacaaga
agtacatcaactccgagggcatcgacttgaccaagggtccattcgaccacacccacccatacttg
gccagaatcaccgagacgagagagttgttcagetccaaggacagacactgtatccacgttgaattt
gacatttctgaatcgaacttgaaatacaccaccggtgaccatctagcetatctggecatccaacteeg
acgaaaacattaagcaatttgccaagtgtttcggattggaagataaactcgacactgttattgaattg
aaggcgttggactccacttacaccatcccattcccaaccccaattacctacggtgctgtcattagac
accatttagaaatctccggtccagtctcgagacaattctttttgtcaattgetgggtttgctectgatga
agaaacaaagaaggcttttaccagacttggtggtgacaagcaagaattcgecgecaaggtcacce

gcagaaagttcaacattgccgatgecttgttatattcctccaacaacgetccatggtcegatgttectt
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SEQ
ID
NO:

Description

Sequence

ttgaattccttattgaaaacgttccacacttgactccacgttactactccatttegtettcgteattgagt

gaaaagcaactcatcaacgttactgcagttgttgaagccgaagaagaagetgatggcagaccagt
cactggtgttgtcaccaacttgttgaagaacgttgaaattgtgcaaaacaagactggegaaaagec
acttgtccactacgatttgagcggceccaagaggceaagttcaacaagttcaagttgeccagtgeatgt

gagaagatccaactttaagttgccaaagaactccaccaccccagttatcttgattggtccaggtact

ggtgttgccccattgagaggttttgtcagagaaagagttcaacaagtcaagaatggtgtcaatgttg
gcaagactttgttgttttatggttgcagaaactccaacgaggactttttgtacaagcaagaatgggec
gagtacgcttctgttttgggteaaaactttgagatgttcaatgecttctccagacaagacccatccaa
gaaggtttacgtccaggataagattttagaaaacagcecaacttgtgcacgagttgttgactgaaggt
gecattatctacgtetgtggtgatgecagtagaatggctagagacgtgcagaccacaatttccaag

attgttgctaaaagcagagaaattagtgaagacaaggetgctgaattggtcaagtcctggaaggte
caaaatagataccaagaagatgtttggtag

SEQ
1D
NO:2

NADPH
cytochrome
P450 reductase
B, CPRB
(Candida strain
ATCC20336)
Nuc. Seq

atggctttagacaagttagatttgtatgtcatcataacattggtggtcgetgtggecgectattttgcta
agaaccagttccttgatcagccccaggacaccgggttcctcaacacggacageggaagceaactc
cagagacgtcttgctgacattgaagaagaataataaaaacacgttgttgttgtttgggtcccagacc
ggtacggcagaagattacgccaacaaattgtcaagagaattgeactccagatttggcttgaaaacc
atggttgcagatttcgctgattacgattgggataacttcggagatatcaccgaagatatcttggtgtttt
tcatcgttgccacctacggtgagggtgaacctaccgacaatgecgacgagttccacacctggttga
ctgaagaagctgacactttgagtactttgagatataccgtgttcgggttgggtaactccacctacga
gttcttcaatgctattggtagaaagtttgacagattgttgagtgagaaaggtggtgacagatttgetga
atatgctgaaggtgacgacggcactggcaccttggacgaagatttcatggectggaaggataatgt
ctttgacgccttgaagaatgacttgaactttgaagaaaaggaattgaagtacgaaccaaacgtgaa
attgactgagagagatgacttgtctgetgccgactcccaagtttccttgggtoagecaaacaagaa
gtacatcaactccgagggcatcgacttgaccaagggtccattcgaccacacccacccatacttgg
ccaggatcaccgagaccagagagttgticagctccaaggaaagacactgtattcacgttgaatttg
acatttctgaatcgaacttgaaatacaccaccggtgaccatctagecatctggecatccaactcega
cgaaaacatcaagcaatttgccaagtgtttcggattggaagataaactcgacactgttattgaattga
aggcattggactccacttacaccattccattcccaactccaattacttacggtgetgtcattagacacce
atttagaaatctccggtccagtctcgagacaattctttttgtcgattgetgggtttgctectgatgaaga

aacaaagaagactttcaccagacttggtggtgacaaacaagaattcgccaccaaggttaccegea
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Sequence

gaaagttcaacattgccgatgecttgttatattcctccaacaacactccatggtecgatgttecttttga
gttccttattgaaaacatccaacacttgactccacgttactactccatttcttcttcgtcgttgagtgaaa
aacaactcatcaatgttactgcagtcgttgaggccgaagaagaagecgatggcagaccagtcact
ggtottgttaccaacttgttgaagaacattgaaattgcgcaaaacaagactggegaaaagecacttg
ttcactacgatttgagcggcccaagaggceaagttcaacaagttcaagttgeccagtgecacgtgagaa
gatccaactttaagttgccaaagaactccaccaccccagttatcttgattggtccaggtactggtgtt
geeccattgagaggtttcgttagagaaagagttcaacaagtcaagaatggtgtcaatgttggcaag
actttgttgttttatggttgcagaaactccaacgaggactttttgtacaagcaagaatgggccgagta
cgcttctgttttggotgaaaactttgagatgttcaatgecttctctagacaagacccatccaagaaggt
ttacgtccaggataagattttagaaaacagccaacttgtgcacgaattgttgaccgaaggtgecatt
atctacgtctgtggtgacgccagtagaatggccagagacgtccagaccacgatctccaagattgtt
gccaaaagcagagaaatcagtgaagacaaggecgetgaattggtcaagtecctggaaagtccaaa

atagataccaagaagatgtttggtag

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | cytochrome

ID P450:NADPH

NO:2 | P450 reductase

8 (Bacillus
megaterium)
amino acid
[P450 activity
shown in
italics, P450
reductase
activity shown
in normal font]
A.A. Seq

mtikempgpktfgelkniplintdkpvgalmkiadelgeifkfeapgrvtrylssqrlikeacdes
rfdknlsqalkfvrdfagdglftswtheknwkkahnillpsfsqgamkgyhammvdiavglvg
kwerlnadehievpedmtritidtigicgfnyrfnsfyrdgphpfitsmvrasdeamnksqran
pddpaydenkrqfqedikvmndlvdkiiadrkasgeqsddlithmingkdpetgeplddenir
vqiitfliaghettsglisfasyflvknphvigkaaeeaarvivdpvpsykqvkqlkyvgmvinea
sriwptapafslyakedtviggeyplekgdelmvsipglhrdktiwgddveefrperfenpsaip
qghafkpfgngqracigqqfalheatsvigmmlkhfdfedhtnyesdiketitikpegfvvkaksk
kiplggipspstegsakkvrkkaenahntpslvlygsnmgtaegtardladiamskgfapqvat
ldshagnlpregavlivtasynghppdnakqfvdwldqasadevkgvrysvfgcgdknwat
tygkvpafidetlaakgaeniadrgeadasddfegtyeewrehmwsdvaayfnldiensedn
kstlslqfvdsaadmplakmhgafstnvvaskelqqpgsarstrhleielpkeasyqegdhlgv
iprmyegivnrvtarfgldasqqirseaceeklahlplaktvsveelsqyvelqdpvtrtqlrama
aktvepphkveleallekqaykeqvsakrltmleslekypacemkfsefialspsirpryysiss
sprvdekqasitvsvvsgeawsgygeykgiasnylaesqegdtitcfistpgseftspkdpetpl
imvgpgtgvapfrgfvqarkqlkeqgqslgeahlyfgersphedysyqeelenagsegiitlht
afsrmpnqpktyvghvmeqdgkklielldqgahfyicgdgsqmapaveatlmksyadvhq
vseadarlwsqqleekgryakdvwag*
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SEQ | Description Sequence

ID

NO:

SEQ | acyl CoA ATGACTTTTACAAAGAAAAACGTTAGTGTATCACAAGGTC
ID oxidase, POX4 | CTGACCCTAGATCATCCATCCAAAAGGAAAGAGACAGCTC
NO:2 | (Candida strain | CAAATGGAACCCTCAACAAATGAACTACTTCTTGGAAGGC

ATCC20336)

nucleotide

TCCGTCGAAAGAAGTGAGTTGATGAAGGCTTTGGCCCAAC
AAATGGAAAGAGACCCAATCTTGTTCACAGACGGCTCCTA
CTACGACTTGACCAAGGACCAACAAAGAGAATTGACCGCC
GTCAAGATCAACAGAATCGCCAGATACAGAGAACAAGAAT
CCATCGACACTTTCAACAAGAGATTGTCCTTGATTGGTATC
TTTGACCCACAGGTCGGTACCAGAATTGGTGTCAACCTCGG
TTTGTTCCTTTCTTGTATCAGAGGTAACGGTACCACTTCCCA
ATTGAACTACTGGGCTAACGAAAAGGAAACCGCTGACGTT
AAAGGTATCTACGGTTGTTTCGGTATGACCGAATTGGCCCA
CGGTTCCAACGTTGCTGGTTTGGAAACCACCGCCACATTTG
ACAAGGAATCTGACGAGTTTGTCATCAACACCCCACACATT
GGTGCCACCAAGTGGTGGATTGGTGGTGCTGCTCACTCCGC
CACCCACTGTTCTGTCTACGCCAGATTGATTGTTGACGGTC
AAGATTACGGTGTCAAGACTTTTGTTGTCCCATTGAGAGAC
TCCAACCACGACCTCATGCCAGGTGTCACTGTTGGTGACAT
TGGTGCCAAGATGGGTAGAGATGGTATCGATAACGGTTGG
ATCCAATTCTCCAACGTCAGAATCCCAAGATTCTTTATGTT
GCAAAAGTTCTGTAAGGTTTCTGCTGAAGGTGAAGTCACCT
TGCCACCTTTGGAACAATTGTCTTACTCCGCCTTGTTGGGT
GGTAGAGTCATGATGGTTTTGGACTCCTACAGAATGTTGGC
TAGAATGTCCACCATTGCCTTGAGATACGCCATTGGTAGAA
GACAATTCAAGGGTGACAATGTCGATCCAAAAGATCCAAA
CGCTTTGGAAACCCAATTGATAGATTACCCATTGCACCAAA
AGAGATTGTTCCCATACTTGGCTGCTGCCTACGTCATCTCC
GCTGGTGCCCTCAAGGTTGAAGACACCATCCATAACACCTT
GGCTGAATTGGACGCTGCCGTTGAAAAGAACGACACCAAG
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SEQ
ID
NO:

Description

Sequence

GCTATCTTTAAGTCTATTGACGACATGAAGTCATTGTTTGT
TGACTCTGGTTCCTTGAAGTCCACTGCCACTTGGTTGGGTG
CTGAAGCCATTGACCAATGTAGACAAGCCTGTGGTGGTCA
CGGTTACTCGTCCTACAACGGCTTCGGTAAAGCCTACAACG
ATTGGGTTGTCCAATGTACTTGGGAAGGTGACAACAATGTC
TTGGCCATGAGTGTTGGTAAGCCAATTGTCAAGCAAGTTAT
CAGCATTGAAGATGCCGGCAAGACCGTCAGAGGTTCCACC
GCTTTCTTGAACCAATTGAAGGACTACACTGGTTCCAACAG
CTCCAAGGTTGTTTTGAACACTGTTGCTGACTTGGACGACA
TCAAGACTGTCATCAAGGCTATTGAAGTTGCCATCATCAGA
TTGTCCCAAGAAGCTGCTTCTATTGTCAAGAAGGAATCTTT
CGACTATGTCGGCGCTGAATTGGTTCAACTCTCCAAGTTGA
AGGCTCACCACTACTTGTTGACTGAATACATCAGAAGAATT
GACACCTTTGACCAAAAGGACTTGGTTCCATACTTGATCAC
CCTCGGTAAGTTGTACGCTGCCACTATTGTCTTGGACAGAT
TTGCCGGTGTCTTCTTGACTTTCAACGTTGCCTCCACCGAA
GCCATCACTGCTTTGGCCTCTGTGCAAATTCCAAAGTTGTG
TGCTGAAGTCAGACCAAACGTTGTTGCTTACACCGACTCCT
TCCAACAATCCGACATGATTGTCAATTCTGCTATTGGTAGA
TACGATGGTGACATCTATGAGAACTACTTTGACTTGGTCAA
GTTGCAGAACCCACCATCCAAGACCAAGGCTCCTTACTCTG
ATGCTTTGGAAGCCATGTTGAACAGACCAACCTTGGACGA
AAGAGAAAGATTTGAAAAGTCTGATGAAACCGCTGCTATC
TTGTCCAAGTAA

SEQ
D
NO:3

acyl CoA
oxidase, POX4
(Candida strain
ATCC20336)

amino acid

MTFTKKNVSVSQGPDPRSSIQKERDSSKWNPQOQMNYFLEGSV
ERSELMKALAQQMERDPILFTDGSYYDLTKDQQRELTAVKIN
RIARYREQESIDTFNKRLSLIGIFDPQVGTRIGVNLGLFLSCIRG

NGTTSQLNYWANEKETADVKGIYGCFGMTELAHGSNVAGLE
TTATFDKESDEFVINTPHIGATKWWIGGAAHSATHCSVYARLI
VDGQDYGVKTFVVPLRDSNHDLMPGVTVGDIGAKMGRDGID
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SEQ
ID
NO:

Description

Sequence

NGWIQFSNVRIPRFFMLQKFCKVSAEGEVTLPPLEQLSYSALL
GGRVMMVLDSYRMLARMSTIALRYAIGRRQFKGDNVDPKDP
NALETQLIDYPLHQKRLFPYLAAAYVISAGALKVEDTIHNTLA
ELDAAVEKNDTKAIFKSIDDMKSLFVDSGSLKSTATWLGAEA
IDQCRQACGGHGYSSYNGFGKAYNDWVVQCTWEGDNNVLA
MSVGKPIVKQVISIEDAGKTVRGSTAFLNQLKDYTGSNSSKV
VLNTVADLDDIKTVIKAIEVAIIRLSQEAASIVKKESFDY VGAE
LVQLSKLKAHHYLLTEYIRRIDTFDQKDLVPYLITLGKLYAAT
IVLDRFAGVFLTFNVASTEAITALASVQIPKLCAEVRPNVVAY
TDSFQQSDMIVNSAIGRYDGDIYENYFDLVKLQNPPSKTKAPY
SDALEAMLNRPTLDERERFEKSDETAAILSK*

SEQ
1D
NO:3

acyl CoA
oxidase, POX5
(Candida strain
ATCC20336)

nucleotide

ATGCCTACCGAACTTCAAAAAGAAAGAGAACTCACCAAGT
TCAACCCAAAGGAGTTGAACTACTTCTTGGAAGGTTCCCAA
GAAAGATCCGAGATCATCAGCAACATGGTCGAACAAATGC
AAAAAGACCCTATCTTGAAGGTCGACGCTTCATACTACAA
CTTGACCAAAGACCAACAAAGAGAAGTCACCGCCAAGAAG
ATTGCCAGACTCTCCAGATACTTTGAGCACGAGTACCCAGA
CCAACAGGCCCAGAGATTGTCGATCCTCGGTGTCTTTGACC
CACAAGTCTTCACCAGAATCGGTGTCAACTTGGGTTTGTTT
GTTTCCTGTGTCCGTGGTAACGGTACCAACTCCCAGTTCTT
CTACTGGACCATAAATAAGGGTATCGACAAGTTGAGAGGT
ATCTATGGTTGTTTTGGTATGACTGAGTTGGCCCACGGTTC
CAACGTCCAAGGTATTGAAACCACCGCCACTTTTGACGAA
GACACTGACGAGTTTGTCATCAACACCCCACACATTGGTGC
CACCAAGTGGTGGATCGGTGGTGCTGCGCACTCCGCCACC
CACTGCTCCGTCTACGCCAGATTGAAGGTCAAAGGAAAGG
ACTACGGTGTCAAGACCTTTGTTGTCCCATTGAGAGACTCC
AACCACGACCTCGAGCCAGGTGTGACTGTTGGTGACATTG
GTGCCAAGATGGGTAGAGACGGTATCGATAACGGTTGGAT
CCAGTTCTCCAACGTCAGAATCCCAAGATTCTTTATGTTGC
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SEQ
ID
NO:

Description

Sequence

AAAAGTACTGTAAGGTTTCCCGTCTGGGTGAAGTCACCATG
CCACCATCTGAACAATTGTCTTACTCGGCTTTGATTGGTGG
TAGAGTCACCATGATGATGGACTCCTACAGAATGACCAGT
AGATTCATCACCATTGCCTTGAGATACGCCATCCACAGAAG
ACAATTCAAGAAGAAGGACACCGATACCATTGAAACCAAG
TTGATTGACTACCCATTGCATCAAAAGAGATTGTTCCCATT
CTTGGCTGCCGCTTACTTGTTCTCCCAAGGTGCCTTGTACTT
AGAACAAACCATGAACGCAACCAACGACAAGTTGGACGA
AGCTGTCAGTGCTGGTGAAAAGGAAGCCATTGACGCTGCC
ATTGTCGAATCCAAGAAATTGTTCGTCGCTTCCGGTTGTTT
GAAGTCCACCTGTACCTGGTTGACTGCTGAAGCCATTGACG
AAGCTCGTCAAGCTTGTGGTGGTCACGGTTACTCGTCTTAC
AACGGTTTCGGTAAAGCCTACTCCGACTGGGTTGTCCAATG
TACCTGGGAAGGTGACAACAACATCTTGGCCATGAACGTT
GCCAAGCCAATGGTTAGAGACTTGTTGAAGGAGCCAGAAC
AAAAGGGATTGGTTCTCTCCAGCGTTGCCGACTTGGACGAC
CCAGCCAAGTTGGTTAAGGCTTTCGACCACGCCCTTTCCGG
CTTGGCCAGAGACATTGGTGCTGTTGCTGAAGACAAGGGT
TTCGACATTACCGGTCCAAGTTTGGTTTTGGTTTCCAAGTT
GAACGCTCACAGATTCTTGATTGACGGTTTCTTCAAGCGTA
TCACCCCAGAATGGTCTGAAGTCTTGAGACCTTTGGGTTTC
TTGTATGCCGACTGGATCTTGACCAACTTTGGTGCCACCTT
CTTGCAGTACGGTATCATTACCCCAGATGTCAGCAGAAAG
ATTTCCTCCGAGCACTTCCCAGCCTTGTGTGCCAAGGTTAG
ACCAAACGTTGTTGGTTTGACTGATGGTTTCAACTTGACTG
ACATGATGACCAATGCTGCTATTGGTAGATATGATGGTAAC
GTCTACGAACACTACTTCGAAACTGTCAAGGCTTTGAACCC
ACCAGAAAACACCAAGGCTCCATACTCCAAGGCTTTGGAA
GACATGTTGAACCGTCCAGACCTTGAAGTCAGAGAAAGAG
GTGAAAAGTCCGAAGAAGCTGCTGAAATCTTGTCCAGTTA
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SEQ | Description Sequence

ID

NO:
A

SEQ | acyl CoA MPTELQKERELTKFNPKELNYFLEGSQERSEIISNMVEQMQKD

ID oxidase, POX5 | PILKVDASYYNLTKDQQREVTAKKIARLSRYFEHEYPDQQAQ

NO:3 | (Candida strain | RLSILGVFDPQVFTRIGVNLGLFVSCVRGNGTNSQFFYWTINK

2 ATCC20336) GIDKLRGIYGCFGMTELAHGSNVQGIETTATFDEDTDEFVINT

amino acid PHIGATKWWIGGAAHSATHCSVYARLKVKGKDYGVKTFVVP

LRDSNHDLEPGVTVGDIGAKMGRDGIDNGWIQFSNVRIPRFF
MLQKYCKVSRSGEVTMPPSEQLSYSALIGGRVTMMMDSYRM
TSRFITIALRYAIHRRQFKKKDTDTIETKLIDYPLHQKRLFPFLA
AAYLFSQGALYLEQTMNATNDKLDEAVSAGEKEAIDAAIVES
KKLFVASGCLKSTCTWLTAEAIDEARQACGGHGYSSYNGFG
KAYSDWVVQCTWEGDNNILAMNVAKPMVRDLLKEPEQKGL
VLSSVADLDDPAKLVKAFDHALSGLARDIGAVAEDKGFDITG
PSLVLVSKLNAHRFLIDGFFKRITPEWSEVLRPLGFLYADWILT
NFGATFLQYGITPDVSRKISSEHFPALCAKVRPNVVGLTDGF
NLTDMMTNAAIGRYDGNVYEHYFETVKALNPPENTKAPYSK
ALEDMLNRPDLEVRERGEKSEEAAEILSS*

SEQ | Acyl-CoA atgatcagaaccgtccgttatcaatcectcaagaggttcagacctetggcetttgtetectgtttttegte

ID Hydrolase cacgctacaactcccagaaggcecaatttccaccgtccagaccaccectgggtecgacgagecage

NO:3 | (ACHA) tgaagccgecgacgecgecgecacgatectcgecgagttgegagacaagecagacgaaccega

3 Nucleotide Seq | acaaggccacctggetcgatgegttaacggagegggagaagttgegtgeccgagggcaagacga

ttgacagtttcagetacgttgaccccaagacgacegtegtggggoagaagacacgeagtgactcg
ttetegttettgttgttgecgttcaaggacgacaagtggttgtgtgacgegtacatcaatgegtitgge
cggttgegtgtagegeagttgticcaggacttggacgecttggeggggegeatcgegtacaggea
ctgttccccageggageccgtgaatgtcacggegagegtggatagggtgtacatggtgaagaaa
gtggacgagattaacaattacaatttegtgttggecggggtecgtgacgtggaccgggagategteg
atggagatcacggtgaaagggtatgcttttgaagacgecgtgeccggatataacgaacgaggagtc
cttgcecggcagagaatgtgtttttgoctgctaatttcaccttcgtggecacggaacccacttacacaca
agtcctttgctattaacagattgttgeccgtgactgagaaggactgggtcgactatcgeegtgetga

gtcccacaacgcecaagaagaagttgatggcaaagaacaagaagatcttggagectaccgegga
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Sequence

agagtccaagttgatctacgacatgtggagatcgtccaagtcecttacagaacatcgagagggcca
acgatgggatcgegttcatgaaggacacgaccatgaagtccaccttgttcatgcagecccagtac
cgtaacagacactcatacatgattttcggagggtacttgttaagacaaactttcgaattggectactgt
accgeggeaacgttttccctggecgggeccegtttegtcagettggactccaccacgttcaagaac
ccegtgecegtggggtcggtectcaccatggactegtegatetegtacacggageacgtgeacg
agggagtggaggagattgacgcggactcaccgticaacttcagettgectgecacgaacaagate
tcgaagaaccccgaggegttettgtcggaacceggeacgttgattcaagtcaaggtcgacacata
catccaggagttagagcagagtgtgaagaagcececgegggtacgttcatctactegttctatgttgat
aaagaaagcgttactgttgatggaaaggegtcgttttgttcagttatcccgcagacgtactccgaga
tgatgacttatgtgggcgggagaagaagageccaggatactgctaactacgtggagactttgecg
tttagtggaagcggcaattaa

MIRTVRYQSLKRFRPSALSPVFRPRYNSQKANFHRPDHPGSDE
PAEAADAAATILAELRDKQTNPNKATWLDALTEREKLRAEG
KTIDSFSYVDPKTTVVGEKTRSDSFSFLLLPFKDDKWLCDAYI
NAFGRLRVAQLFQDLDALAGRIAYRHCSPAEPVNVTASVDRV
YMVKKVDEINNYNFVLAGSVTWTGRSSMEITVKGYAFEDAV
PDITNEESLPAENVFLAANFTFVARNPLTHKSFAINRLLPVTEK
DWVDYRRAESHNAKKKLMAKNKKILEPTAEESKLIYDMWRS
SKSLQNIERANDGIAFMKDTTMKSTLFMQPQYRNRHSYMIFG
GYLLRQTFELAYCTAATFSSAGPRFVSLDSTTFKNPVPVGSVL
TMDSSISYTEHVHEGVEEIDADSPFNFSLPATNKISKNPEAFLS
EPGTLIQVKVDTYIQELEQSVKKPAGTFIYSFYVDKESVTVDG
KASFCSVIPQTYSEMMTYVGGRRRAQDTANY VETLPFSGSGN

WO 2014/100504
SEQ | Description
D
NO:

SEQ | Acyl-CoA

ID Hydrolase

NO:3 | (ACHA)

4 Amino Acid
Seq

SEQ | Acyl-CoA

ID Hydrolase

NO:3 | (ACHB)

5 Nucleotide Seq

atgatcagaaccgtccgttatcaatccttcaagaggttcaaacctctgactttatccccegttttcegte
cacgctacaactcccagaaggcecaatttccaccgtccagaccacgetgggtecegacgagecage
cgaagcegecegacgecgcetgecacgatectcgecgagttgcgagacaageagacgaaccecga
acaaggccacctggcetcgatgegttaacggagegggagaagttgegtgeccgagggcaagacaa
tcgacagcttcagctacgttgaccccaagacaaccgtegtgggggagaagacacgecagegactc
gttcetegttettgttgttgecgttcaaggacgacaagtggtigtgtgacgegtacatcaatgegtttgg
ccggttgegtgtagegeagttgttccaggacttggacgecttggegggccgeatcgegtacagge
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SEQ
ID
NO:

Description

Sequence

actgttccceegetgageccgtgaatgtcacggegagegtggatagagtgtatatggtgaagaaa
gtggacgagattaataattacaatttcgtgttggeggggtecgtgacgtggaccgggagategteg
atggagatcacggtcaaagggtatgcttttgaagacgecgtgecggagataactaacgaggagtc
cttgccggcagagaatgtgttcttggctgttaatttcaccttcgtggecacgtaacccactcacacaca
agtccttcgctattaacagattgttgeccgtgactgagaaggactgggtegattatcgeegtgetga
gtcccacaacgcecaagaagaagttgatggcaaagaacaagaagatcttggagectacceecggaa
gagtccaagttgatctacgacatgtggagatcgtccaagtecttacagaacatcgagaaggcecaa
cgacgggatcgegttcatgaaggacacgataatgaagtccaccttgttcatgcagecccagtace
gtaacagacactcatacatgattttcggtgggtatttgttaagacaaactttcgaattggcctattgtac
cgcagcaacgttttccctggegggacccecgtttegtcagettggactccaccacgttcaagaaccce
cgtgeeegtggggteggtactcaccatggactegtegatctegtacacggageacgtccacgatg
gegttgaggagattgacgecgactceccgttcaacttcagettgectgecacgaacaagatctcga
agaaccccgaggcegttcttgtcggageccggceacgttgatccaagtcaaggtcgacacgtacate
caggagttagagcaaagtgtgaagaagectgcgggaacgttcatctactegttctatgttgataaag
agagcgttactgtggatggaaaggcegtegttttgttcagttatcccgecagacgtactccgagatgat
gacttatgtgggcgggagaagaagagcccaggatactgctaattacgtggagactttgecgtttag
tggaagcggcaattaa

SEQ
1D
NO:3

Acyl-CoA
Hydrolase
(ACHB)

MIRTVRYQSFKRFKPLTLSPVFRPRYNSQKANFHRPDHAGSDE
PAEAADAAATILAELRDKQTNPNKATWLDALTEREKLRAEG
KTIDSFSYVDPKTTVVGEKTRSDSFSFLLLPFKDDKWLCDAYI
NAFGRLRVAQLFQDLDALAGRIAYRHCSPAEPVNVTASVDRV
YMVKKVDEINNYNFVLAGSVTWTGRSSMEITVKGYAFEDAV
PEITNEESLPAENVFLAVNFTFVARNPLTHKSFAINRLLPVTEK
DWVDYRRAESHNAKKKLMAKNKKILEPTPEESKLIYDMWRS
SKSLQNIEKANDGIAFMKDTIMKSTLFMQPQYRNRHSYMIFG
GYLLRQTFELAYCTAATFSLAGPRFVSLDSTTFKNPVPVGSVL
TMDSSISYTEHVHDGVEEIDADSPFNFSLPATNKISKNPEAFLS
EPGTLIQVKVDTYIQELEQSVKKPAGTFIYSFYVDKESVTVDG
KASFCSVIPQTYSEMMTYVGGRRRAQDTANY VETLPFSGSGN

SEQ

E. coli Acyl-

atggccgatacattgctcatcttgggtgactctttgtctgecagggtatcggatgtecgeatctgecge
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Sequence

atggcctgcactcctcaatgacaaatggecaaagcaagacatcggtegtgaatgcatctatctetgg
cgatacctcgecagcaggggttggccegtetcccagecttgttgaagcaacatcaaccacgttgggt
cttggtcgaattgggcggcaatgatggtctcagaggttticaacctcaacagaccgagcagacatt
gegtcaaatcctccaagacgtgaaggcagceaaacgecgaacctcetettgatgecagataagattge
ctgccaactatggtcgtagatacaatgaagcectttictgcaatctacccgaagcettgcaaaggagttt
gacgtcccattgttgecgtttttgatggaagaggtgtaccttaagectcagtggatgcaagacgatg
gtatccatccgaaccgtgatgcacaaccattcatcgeagattggatggecaaacaactccaaccttt

ggtcaatcatgatagctaa

MADTLLILGDSLSAGYRMSASAAWPALLNDKWQSKTSVVNA
SISGDTSQQGLARLPALLKQHQPRWVLVELGGNDGLRGFQPQ
QTEQTLRQILQDVKAANAEPLLMQIRLPANYGRRYNEAFSAI
YPKLAKEFDVPLLPFLMEEVYLKPQWMQDDGIHPNRDAQPFI
ADWMAKQLQPLVNHDS

WO 2014/100504
SEQ | Description
D
NO:

ID CoA

NO:3 | Thioesterase

7 (TESA) gene
without signal
peptide
sequence
optimized for
C. tropicalis
Nucleotide Seq

SEQ | E. coli Acyl-

ID CoA

NO:3 | Thioesterase

8 (TESA) without
signal peptide
Amino Acid
Seq

SEQ | Acyl-CoA

ID Synthetase

NO:3 | (ACSI) Nuc.

9 Seq

atgggtgeccctttaacagtcgecgttggcgaagcaaaaccaggegaaaccgetccaagaagaa
aagccgctcaaaaaatggcectctgtcgaacgeccaacagactcaaaggceaaccactttgecaga
cttcattgaagagtgttttgccagaaacggcaccagagatgecatggectggagagacttggtcga
aatccacgtcgaaaccaaacaggttaccaaaatcattgacggcgaacagaaaaaggtcgataag
gactggatctactacgaaatgggtccttacaactacatatcctaccccaagttgttgacgttggtcaa
gaactactccaagggtttgttggagttggocttggccccagatcaagaatccaagttgatgatctttg
ccagtacctcccacaagtggatgcagaccttcttagectccagttticcaaggtatcceegttgtecac
cgcectacgacaccttgggtgagtcggacttgacccactecttggtgcaaaccgaatccgatgecgt
gttcaccgacaaccaattgttgtcctcecttgattcgtectttggagaaggecaccteccgtcaagtatgt
catccacggggaaaagattgaccctaacgacaagagacagggceggcaaaatctaccaggatge
ggaaaaggcecaaggagaagattttacaaattagaccagatattaaatttatttctttcgacgaggttgt
tgcattgggtgaacaatcgtccaaagaattgeatttcccaaaaccagaagacccaatctgtatcatg
tacacctcgggttccaccggtgctccaaagggtgtggttatcaccaatgecaacattgttgecgec
gtggptegotatctccaccaatgcetactagagacttggttagaactgtecgacagagtgattgeattttt
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Sequence

gecattggcccacattttcgagttggectttgagttggttaccttetggtggggggctccattgggtta
cgccaatgtcaagactttgaccgaagcectcctgecagaaactgtcagecagacttgattgaattcaaa
ccaaccatcatggttggtgttgctgecgtttgggaatcggtcagaaagggtgtctigtctaaattgaa
acaggcttctccaatccaacaaaagatcttctgggctgceattcaatgeccaagtctactttgaaccgtt

atggcttgccaggeggtgggttgtitgacgctgtcticaagaaggttaaagecgecactggtggec

aattgcgttatgtgttgaatggtgggtccccaatctetgttgatgeccaagtgtttatctccaccttgett
gegecaatgttgttgggttacggtttgactgaaacctgtgccaataccaccattgtcgaacacacge
gettccagattggtactttgggtaccttggttggatctgtcactgecaagttggttgatgttoctgatge
tggatactacgccaagaacaaccagggtgaaatctggttgaaaggeggtccagttgtcaaggaat

actacaagaacgaagaagaaaccaaggctgcattcaccgaagatggctggttcaagactggtgat
attggtgaatggaccgecgacggtggtttgaacatcattgaccgtaagaagaacttggtcaagactt
tgaatggtgaatacattgctitggagaaattggaaagtatttacagatccaaccacttgattttgaactt
gtgtgtttacgctgaccaaaccaaggtcaagccaattgctattgtettgccaattgaagecaacttga
agtctatgttgaaggacgaaaagattatcccagatgctgattcacaagaattgagceagcttggttca

caacaagaaggttgcccaagcetgtettgagacacttgetccaaaccggtaaacaacaaggtttgaa
aggtattgaattgttgcagaatgttgtcttgttggatgacgagtggaccccacagaatggttttgttac
ttctgcccaaaagttgcagagaaagaagattttagaaagttgtaaaaaagaagttgaagaggcata

caagtcgtcttag

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | Acyl-CoA
ID Synthetase
NO:4 | (ACS1)

0 A. A. Seq

MGAPLTVAVGEAKPGETAPRRKAAQKMASVERPTDSKATTL
PDFIEECFARNGTRDAMAWRDLVEIHVETKQVTKIIDGEQKK
VDKDWIYYEMGPYNYISYPKLLTLVKNYSKGLLELGLAPDQE
SKLMIFASTSHKWMQTFLASSFQGIPVVTAYDTLGESGLTHSL
VQTESDAVFTDNQLLSSLIRPLEKATSVKY VIHGEKIDPNDKR
QGGKIYQDAEKAKEKILQIRPDIKFISFDEVVALGEQSSKELHF
PKPEDPICIMYTSGSTGAPKGVVITNANIVAAVGGISTNATRDL
VRTVDRVIAFLPLAHIFELAFELVTFWWGAPLGYANVKTLTE
ASCRNCQPDLIEFKPTIMVGVAAVWESVRKGVLSKLKQASPI
QQKIFWAAFNAKSTLNRYGLPGGGLFDAVFKKVKAATGGQL
RYVLNGGSPISVDAQVFISTLLAPMLLGYGLTETCANTTIVEH
TRFQIGTLGTLVGSVTAKLVDVADAGYYAKNNQGEIWLKGG
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SEQ | Description Sequence

ID

NO:
PVVKEYYKNEEETKAAFTEDGWFKTGDIGEWTADGGLNIIDR
KKNLVKTLNGEYIALEKLESIYRSNHLILNLCVYADQTKVKPI
AIVLPIEANLKSMLKDEKIIPDADSQELSSLVHNKKVAQAVLR
HLLQTGKQQGLKGIELLONVVLLDDEWTPQNGFVTSAQKLQ
RKKILESCKKEVEEAYKSS

SEQ Long-chain atgtcaggattagaaatagccgcetgetgecatccttggtagtcagttattggaagecaaatatttaatt

ID Acyl-CoA geegacgacgtgctgttagecaagacagtcgetgtcaatgeccteccatacttgtggaaagecag

NO:4 | Synthetase cagaggtaaggcatcatactggtactttttcgagcagtccgtgttcaagaacccaaacaacaaage

1 (FAT1) gttggegttcccaagaccaagaaagaatgeccccacceccaagaccgacgecgagggattceca

Nuc. Seq gatctacgacgatcagtttgacctagaagaatacacctacaaggaattgtacgacatggttttgaag

tactcatacatcttgaagaacgagtacggcegtcactgecaacgacaccatcggtgtttcttgtatgaa
caagccgcttttcattgtettgtggttggcattgtggaacattggtgccttgectgegttettgaactte
aacaccaaggacaagccattgatccactgtcttaagattgtcaacgcettcgcaagttttcgttgacce
ggactgtgattccccaatcagagataccgaggcetcagatcagagaggaattgecacatgtgcaaa
taaactacattgacgagtttgccttgtttgacagattgagactcaagtcgactccaaaacacagage
cgaggacaagaccagaagaccaaccgatactgactcctcegettgtgeattgatttacacctcggg
taccaccggtttgccaaaageceggtatcatgtcctggagaaaagecttcatggecteggttttetttg
gccacatcatgaagattgactcgaaatcgaacgtcttgaccgecatgeccttgtaccactccaceg
cggecatgttggggottgtotcctactttgattgtcggtggctgtgteteccgtgtcccagaaattctecg
ctacttcgttctggacccaggcecagattatgtggtgccacccacgtgcaatacgteggtgaggtetg
tcgttacttgttgaactccaagectcatccagaccaagacagacacaatgtcagaattgectacggt
aacgggttgcgtccagatatatggtctgagttcaagegcagattccacattgaaggtatcggtgagt
tctacgecgecaccgagtecectatcgecaccaccaacttgcagtacggtgagtacggtgtegee
gectgtegtaagtacgggtecctcatcagettgttattgtctacccagecagaaattggecaagatgg
acccagaagacgagagtgaaatctacaaggaccccaagaccgggttctgtaccgaggecgcetta
caacgagccaggtgagttgttgatgagaatcttgaaccctaacgacgtgcagaaatecttccaggg
ttattatggtaacaagtccgecaccaacagcaaaatcctcaccaatgttttcaaaaaaggtgacgeg
tggtacagatccggtgacttgttgaagatggacgaggacaaattgttgtactttgtcgacagattag
gtgacactttccgttggaagtccgaaaacgtctccgecaccgaggtegagaacgaattgatggec

tccaaggccttgaageagtecgtegttgtcggtgtcaaggtgccaaaccacgaaggtagagectg
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SEQ
ID
NO:

Description

Sequence

ttttgccgtetgtgaagecaaggacgagttgagecatgaagaaatcttgaaattgattcactctcacg
tgaccaagtctttgectgtgtatgctcaacctgegttcatcaagattggcaccattgaggcettcgeac
aaccacaaggttcctaagaaccaattcaagaaccaaaagttgccaaagggtgaagacggcaagg
atttgatctactggttgaatggcgacaagtaccaggagttgactgaagacgattggtctttgatttgta

ccggtaaagcecaaattg

SEQ
1D
NO:4

Long-chain
Acyl-CoA
Synthetase
(FAT1)
A.A. Seq

MSGLEIAAAAILGSQLLEAKYLIADDVSLAKTVAVNALPYLW
KASRGKASYWYFFEQSVFKNPNNKALAFPRPRKNAPTPKTDA
EGFQIYDDQFDLEEYTYKELYDMVLKYSYILKNEYGVTANDT
IGVSCMNKPLFIVLWLALWNIGALPAFLNFNTKDKPLIHCLKI
VNASQVFVDPDCDSPIRDTEAQIREELPHVQINYIDEFALFDRL
RLKSTPKHRAEDKTRRPTDTDSSACALIYTSGTTGLPKAGIMS
WRKAFMASVFFGHIMKIDSKSNVLTAMPLYHSTAAMLGLCP
TLIVGGCVSVSQKFSATSFWTQARLCGATHVQYVGEVCRYLL
NSKPHPDQDRHNVRIAYGNGLRPDIWSEFKRRFHIEGIGEFYA
ATESPIATTNLQYGEYGVGACRKYGSLISLLLSTQQKLAKMD
PEDESEIYKDPKTGFCTEAAYNEPGELLMRILNPNDVQKSFQG
YYGNKSATNSKILTNVFKKGDAWYRSGDLLKMDEDKLLYFV
DRLGDTFRWKSENVSATEVENELMGSKALKQSVVVGVKVPN
HEGRACFAVCEAKDELSHEEILKLIHSHVTKSLPVYAQPAFIKI
GTIEASHNHKVPKNQFKNQKLPKGEDGKDLIYWLNGDKYQE
LTEDDWSLICTGKAKL

SEQ
1D
NO:4

Acyl-CoA
Sterol acyl
transferase
(ARE1)
Nuc. Seq

atgtccgacgacgagatagcaggaatagtcattgaaatcgacgatgacgtgaaatccacgtcttcg
ttccaggaagaactagtcgaggttgaaatgtccaactcgtccattaacgaatcccagaccgatgag
tcgtaccgtectgaagaaacctcattgeattacaggaggaagtcccacaggaccccgtcagagga
gtcgttcctagagatcaccaagaacgtgaatgatccggatctagtttccaagattgagaacctaagg
ggcaaagtaagccaacgggaagacaggttgaggaagceactaccttcacacctcccaggacgte
aagttcttgtcccggttcaacgacatcaagttcaagetgaactccgegacgattctagattcggatg
cgttttacaagagtgaatactttggagtcttgaccatcttctgggtggttatcgeactctacatattgte
aacgttgtcagatgtttactttggcatggecaageccttactggactggatcatcataggaatgttca
agcaggacttggtgaaagttgcactcgttgatcttgecatgtacctatcctegtattttecttatttcttg
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Sequence

caggttgcatgcaaacggggtgatgtatcttggeatggtettggatgggcaatacagggggtttac
agcttggtgtttttgacgttctggacggtagttccgecaggagttggccatggatcttccttggattgea
cgaattttcttgatcttgcattgcttggtgtttattatgaagatgcagtcgtatgggceattacaatggata
cctttgggatgtgtatcaggaaggattggectctgaggetgatctcagggacctttctgagtatgatg
aagatttcccectggatcacgtggaggttctagaacagagettgtggtitgccaaacacgagttgga
gtttcaatcgaatggaactgctgagaggaaggaccaccatcaccatgtattcgacgaaaaggatgt
caacaaaccaatacgtgtcttgcaagaagagggaattatcaagtttccggcaaacatcaacttcaa
ggattatttcgagtacagtatgttcccaacgctagtctacacgttgagettcccecgaactegacaga
ttagatggacgtatgtgttgcagaaggttttggoaacatttgecttagtgtttgccatgattatcgtege
cgaagagagtttctgecccttgatgcaagaagttgatcagtacacaaaattgccaaccaaccaaag
gttcccaaaatacttcgtcgttctttcccacttgatattaccgetecggeaagceagtacttgetcteatte
atcctcatctggaatgaaattctcaacggeatageggagttaagecaggtttggcgaccggceatttct
acggcegcettggtggtcgagegtegattacatggactattcaagaaaatggaacaccatcgtgecacc
gattcctccgteggceacgtttacaattcgageattcacatccteggtatttccaggacgcaageege
gatagttacacttttgctttctgccacaatccacgaactegttatgtacgtcctatttggcaaattacga
gggtacctattccttacgatgettgtccagatccccatgaccgtcacctecaagttcaacaaccgtgt
ttgggocaacatcatgtictggttgacgtatttatctggccccagettggttagtgcgttgtatttactet
tctag

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | Acyl-CoA
ID Sterol acyl
NO:4 | transferase
4 (ARE1)
A.A. Seq

MSDDEIAGIVIEIDDDVKSTSSFQEELVEVEMSNSSINESQTDE
SYRPEETSLHYRRKSHRTPSEESFLEITKNVNDPDLVSKIENLR
GKVSQREDRLRKHYLHTSQDVKFLSRFNDIKFKLNSATILDSD
AFYKSEYFGVLTIFWVVIALYILSTLSDVYFGMAKPLLDWIIIG
MFKQDLVKVALVDLAMYLSSYFPYFLQVACKRGDVSWHGL
GWAIQGVYSLVFLTFWTVVPQELAMDLPWIARIFLILHCLVFI
MKMQSYGHYNGYLWDVYQEGLASEADLRDLSEYDEDFPLD
HVEVLEQSLWFAKHELEFQSNGTAERKDHHHHVFDEKDVNK
PIRVLQEEGIIKFPANINFKDYFEYSMFPTLVYTLSFPRTRQIRW
TYVLQKVLGTFALVFAMIIVAEESFCPLMQEVDQYTKLPTNQ
RFPKYFVVLSHLILPLGKQYLLSFILIWNEILNGIAELSRFGDRH
FYGAWWSSVDYMDYSRKWNTIVHRFLRRHVYNSSIHILGISR
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SEQ
ID
NO:

Description

Sequence

TQAAIVTLLLSATIHELVMY VLFGKLRGYLFLTMLVQIPMTVT
SKFNNRVWGNIMFWLTYLSGPSLVSALYLLF

SEQ
1D
NO:4

Acyl-CoA
Sterol acyl
transferase
(ARE2)
Nuc. Seq

atgtccgacgacgagatagcaggaatagtcattgaaatcgacgatgacgtgaaatctacgtettcg
ttccaggaagacctagtcgaggttgagatgtccaactcgtccattaacgaatcccagacggatgag
ttgtcgtaccgtectgaagaaatctcattgecattcgagaaggaagtcccacaagaccecgtcagat
gagtcgttcctagagatcaccaagaacgtgaatgatccggatctagtctccaagattgagaacttaa
ggggcaaagtaagecaacgggaagacaggttgaggaaacactacctccacacatcccaggacg
tcaagttcttgtctcggttcaacgacatcaagttcaagetgaactccgegacgattctagattcggat
gegttttacaagagcgagcactttggagtcttgactatcttetgggtogttatcggactctacataatg
tcaacgttgtcagacatgtattttggcatggecaageccttactggactggataatcataggaatgtt
caagaaggatttgatgcaagttgcactcgttgatcttgtcatgtacttatcctegtattttccttatttect
acaggttgcatgcaagaccggagctatatcttggeatggtettggatggaccatacagggggtita
cagcttggtgtttttaactttctgggcggtacttccgetggagetggecatggatettecttggattge
acgagttttcttgatcttgcattgcettggtgtttattatgaagatgcaatcatatggacattacaatggat
acctttgggatgtatatcaggaaggattggtctcggaagcetgatctcacggctgtttctgagtatgat
gatgatttcccectggatcacggggaggtictagaacagagcttgtggttcgccaaacacgagttg
gagtttcaatctaatggaactacggagaggaaggatcaccatcatcatgtattcgacgaaaaggat
gtcaacaaaccaatgegtgtcttgcaagaagagggaattatcaaatttccggcaaacatcaatttca
aggattatttcgagtacagtatgttccccacgctagtctacacattgaacttccccagaattcgacata
ttagatgggcgtatgtgttgcagaaagttttgggaacatttgecttagtgtttgccatgattatcgtege
cgaagagagtttctgtcecttgatgcaagaagttgaacagtacacaagattgccaaccaaccaaag
gttctcaaagtacttcgtegttetttcccacttgatattgecccteggeaaacagtacttgetctegttta
tcctcatttggaacgaaattctcaacgggatageggagttaageaggtttggggatcgecatttcta
cggegectggtggtcaagegtegactacatggactattcaagaaaatggaacacgatcgtgeace
gattcctcegeeggceacgtttacaattcgaccattcgeatecteggtatttccaggacccaagecge
gataattacacttttgctttcagccacaatccacgaactcgttatgtacatcctatttggaaaattacga
gggtacctattccttacgatgettgtccagatccccatgacagtcaccgecaagttcaacaaccgttt
gtgggocaacatcatgttctggttgacgtatttatctggecccagettggttagtgegttgtatttacte
ttctga

SEQ

Acyl-CoA

MSDDEIAGIVIEIDDDVKSTSSFQEDLVEVEMSNSSINESQTDE
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SEQ | Description Sequence

ID

NO:

ID Sterol acyl LSYRPEEISLHSRRKSHKTPSDESFLEITKNVNDPDLVSKIENLR

NO:4 | transferase GKVSQREDRLRKHYLHTSQDVKFLSRFNDIKFKSNSATILDSD

6 (ARE2) AFYKSEHFGVLTIFWVVIGLYIMSTLSDMYFGMAKPLSDWIII

A.A. Seq GMFKKDLMQVALVDLVMYLSSYFPYFLQVACKTGAISWHGL

GWAIQGVYSLVFLTFWAVLPSESAMDLPWIARVFLILHCLVFI
MKMQSYGHYNGYLWDVYQEGLVSEADLTAVSEYDDDFPSD
HGEVLEQSLWFAKHELEFQSNGTTERKDHHHHVFDEKDVNK
PMRVLQEEGIIKFPANINFKDYFEYSMFPTLVYTLNFPRIRHIR
WAYVLQKVLGTFALVFAMIIVAEESFCPLMQEVEQYTRLPTN
QRFSKYFVVLSHLILPLGKQYLLSFILIWNEILNGIAELSRFGDR
HFYGAWWSSVDYMDYSRKWNTIVHRFLRRHVYNSTIRILGIS
RTQAAIITLLLSATIHELVMYILFGKLRGYLFLTMLVQIPMTVT
AKFNNRLWGNIMFWLTYLSGPSLVSALYLLF

SEQ Diacylglycerol | atgactcaggactataaagacgatagtcctacgtccactgagttggacactaacatagaagaggte

ID acyltransferase | gaaagcactgcaaccctagagtcggaactcagacagagaaaacagaccacggaaactccagea

NO:4 | (DGA1) tcaaccccaccaccacctccacaacaacageaggcegeataagaaagecctgaagaatggeaag

7 Nuc. Seq aggaagagaccatttataaacgtggcegccgetcaacacccegttggetcacaggcetcgagacttt

ggcetgttgtttggcactgtgtcagtatccegttctttatgtttttgttcttgettacggtetecatggggtt
gettgggtoottctttatcattttgecatatttcatttggtggtacggtttcgacttgcacactccatcga
atggtaaagttgtctatcgtgtgcgcaactcgttcaagaatttcatcatttgggactggtttgtcaagta
tttccecgattgaagtgcacaagacggtcgagttggatcctacttttagegaattgectgtggaagag
agcggcgacagttcggacgacgacgaacaagacttggtgtctgagcacageagaactttggttg
atcaaatcttcaagtttttcgggttgaagaaacgcttgaatgacacctcectgggeaaaccagagac
attcaagaatgtgcctacgggtccaaggtatatttttgggotaccacccacacggagtgatttctatgg
gggcagtggoottotttoccaacaacgecttgaggaacgaaccatatacgecaatttccaaatggt
taaaaccattcttccacgacagetccaagggegagagattgttccctggtattggeaatatetteeca
ttgacgcttaccacacagtttgcgctcccattttaccgtgactacttgatggcetttggggatcactagt
geatcggctaaaaacattagaagcttgatcaacaatggagacaactctgtgtgtetegtegttggeg
gtgcacaagaatcgttgttgaacaatatgattgccaagcacgecagagtegggtacggttacaaag
agagcctagatattcatggcgaccagtccgaagaagaagaagaagaagaggatgataccaage
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Sequence

agctagagaacccaagtcctaaacgtgaagtgcaattggtcttgaacaaacgtaaaggttttgtgaa
gttggctatcgaactaggaaatgtttccttggtgcctatttttgecattcggagaagcetgatgtttacaga
ttggcccagecageaccaggetegttcttgtacaagttccageaatggatgaaggcaacttttcaat
tcaccatcccattgtttagtgctcgaggcgtgttcatctatgatttcggattgttgccattcagaaacce
aataaacatttgcgtcggtagacccgtctacattccgecacaacgtcttgcaagaatacaagcaaaa

geacccagaggagtttgccgaagaggaacctgecagtaccccgatgaagaagtetggatctttca
ccgatatgttcaaagctggtgaaaagaagceccaagacttcaagtatcaagactaaaatcccacctg
cattactagacaagtaccacaagctatacgtcgacgagttgaagaaggtctatgaagagaacaag

gaaaggtttggctacggtgatgttgaattaaacattgtagaatag

MTQDYKDDSPTSTELDTNIEEVESTATLESELRQRKQTTETPA
STPPPPPQQQQAHKKASKNGKRKRPFINVAPLNTPLAHRLETL
AVVWHCVSIPFFMFLFLLTVSMGLLGWFFIILPYFIWWYGFDL
HTPSNGKVVYRVRNSFKNFIIWDWFVKYFPIEVHKTVELDPTF
SELPVEESGDSSDDDEQDLVSEHSRTLVDQIFKFFGLKKRLND
TSSGKPETFKNVPTGPRYIFGYHPHGVISMGAVGLFANNALR
NEPYTPISKWLKPFFHDSSKGERLFPGIGNIFPLTLTTQFALPFY
RDYLMALGITSASAKNIRSLINNGDNSVCLVVGGAQESLLNN
MIAKHARVGYGYKESLDIHGDQSEEEEEEEDDTKQLENPSPK
REVQLVLNKRKGFVKLAIELGNVSLVPIFAFGEADVYRLAQP
APGSFLYKFQQWMKATFQFTIPLFSARGVFIYDFGLLPFRNPIN
ICVGRPVYIPHNVLQEYKQKHPEEFAEEEPASTPMKKSGSFTD
MFKAGEKKPKTSSIKTKIPPALLDKYHKLY VDELKKVYEENK
ERFGYGDVELNIVE

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | Diacylglycerol
ID acyltransferase
NO:4 | (DGA1)

8 A.A. Seq

SEQ | Diacylglycerol
ID acyltransferase
NO:4 | (LRO1)

9 Nuc. Seq

atgtcgtctttaaagaacagaaaatccgcaagegtcgecacaagegatacagaagactcagaaac
agaggcagtatcctcctcaattgatcccaacggceaccatattgegaccagtcctacatgacgaacc
ccaccacagccatcaccaccacaacataactagaccagtattggaggacgatggcageatcctg
gtgtccagaagatcgtcgatctccaaatccgacgacctgecaggcaaagcaaaagaagaagaaac
ccaagaagaagatcttggagtctcgtecgggtcatgtttatctttggtaccctcattgggttaatctttge
gtgggcgtttaccacagacacgcatcctttcaatggegacttggagaagtttatcaactttgaccag
ctcaacgggatctttgacgactggaagaactggaaggatatcttgecccaacageatccagacgta
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SEQ
ID
NO:

Description

Sequence

cttgcaggaatcgggceaagggcgaagataacgacgggttgcatggtctggecgattccttcteeg
tcgggcteegettgaaageccagaagaacttcactgacaaccacaatgtegtgttggttectggtgt
ggtgagcacggggttggaategtggggaacaaccaccaccggtgattgtccatctatcggatactt
caggaagagattgtgggoatcattttatatgttaaggacaatgattttggagaaaacgtgetggttga
agcatatccagttggacgagaagacggggttggatcctcccaatattaaggtecgtgeggegeag
ggtttcgaageggcagatttctttatggetgggtactggatctggaacaagatcttgecagaacttgg
cggttattgggtacggaccaaataacatggtgagtgctagttatgactggagattggcttacattgac
ttggagagaagagatggatatttttcgaaacttaaagcgcagattgagttgaataacaagttgaaca
acaagaagactgtgttgattggccactcgatggggacccagattattttctactttttgaaatgggtcg
aagccaccgggaaaccatactatggcaatggeggaccaaactgggtgaatgatcatattgagteg
attattgacatcagtgggtcgactttgggtacccccaagagtattcctgtgttgatctctggggaaat
gaaagacaccgttcaattgaacgegttggcggtttacgggttggagcaatttttcagcaggegtga
aagagtcgatatgttgcgtacatttggtggcgttgccagtatgttacccaaggggggagacaagat
atgggecaacttgacgcatgcgecagatgatccaatttccacattcagtgatgacgaagttacgga
cagccacgaacctaaagatcgttcttttggtacgtttatccaattcaagaaccaaactagecgacgceta
agccatacagggagatcaccatggctgaaggtatcgatgaattgttggacaaatcaccagactggt
attccaagagagtccgtgagaactactcttacggcattacagacagcaaggegceaattagagaag
aacaacaatgaccacctgaagtggtcgaacccattagaagcetgecttgectaaagcacccgacat
gaagatctattgtttctacggagttggaaatcctaccgaaagggceatacaagtatgtgactgecgat
aaaaaagccacgaaattggactacataatagacgccgacgatgecaatggagtcatattaggaga
cggagacggcactgtttcgttattaacccactcgatgtgccatgagtgggccaagggagacaagt
cgagatacaacccagccaactcgaaggttaccattgttgaaatcaagcacgagcecagacagattt
gatttacgaggcggcgecaagactgeggaacatgttgatattttggggagtgccgagttgaacga
gttgattttgactgtggttagcgggaacggggacgagattgagaatagatatgtcageaacttaaaa

gaaatagtagaggccataaatttataa

SEQ
1D
NO:5

Diacylglycerol
acyltransferase
(LRO1)

A.A. Seq

MSSLKNRKSASVATSDTEDSETEAVSSSIDPNGTILRPVLHDEP
HHSHHHHNITRPVLEDDGSISVSRRSSISKSDDSQAKQKKKKP
KKKILESRRVMFIFGTLIGLIFAWAFTTDTHPFNGDLEKFINFD
QLNGIFDDWKNWKDILPNSIQTYLQESGKGEDNDGLHGSADS
FSVGLRLKAQKNFTDNHNVVLVPGVVSTGLESWGTTTTGDC
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SEQ
ID
NO:

Description

Sequence

PSIGYFRKRLWGSFYMLRTMILEKTCWLKHIQLDEKTGLDPP
NIKVRAAQGFEAADFFMAGYWIWNKILQNLAVIGY GPNNMV
SASYDWRLAYIDLERRDGYFSKLKAQIELNNKLNNKKTVLIG
HSMGTQIIFYFLKWVEATGKPYYGNGGPNWVNDHIESIIDISG
STLGTPKSIPVLISGEMKDTVQLNALAVYGLEQFFSRRERVDM
LRTFGGVASMLPKGGDKIWGNLTHAPDDPISTFSDDEVTDSH
EPKDRSFGTFIQFKNQTSDAKPYREITMAEGIDELLDKSPDWY
SKRVRENYSYGITDSKAQLEKNNNDHSKWSNPLEAALPKAPD
MKIYCFYGVGNPTERAYKYVTADKKATKLDYIIDADDANGVI
LGDGDGTVSLLTHSMCHEWAKGDKSRYNPANSKVTIVEIKH
EPDRFDLRGGAKTAEHVDILGSAELNELILTVVSGNGDEIENR
YVSNLKEIVEAINL

SEQ
1D
NO:

Description

Sequence

SEQ
1D
NO:
3674

ECII,
ATCC20336
(Nucleic Acid

Seq.)

atgtccgacgaggaatcagatatcttatacgaggtcagagacagaaccgccatcatcaccttgaac

atccccaagagattgaacgcattgaacggtgctcaatacttgaagttgggtaagttcttggagagag
ccaacaacgaagaggacaccgtcttgacattgatccaggecctgggceagattettctcegeeggtg
ccaatttcgccgacaacgatatggccaaggtcgaaatgtccaagttgttcagtcacgagtactggtt

ggaaagattcgtcgecagaaacatctggttgaccaacttgttcaacgaccacaagaagatcttgget
getgcetgtcaatggtccagttatcggtttgageactggtttgttgttgttootegatttggtetacgtcca
cgacttgaacaagttctacctcttggecccatttgecaacttgggtttggttoccgaaggtgcttectet
gecactttgttcaacagattgggctggtcaaaggcettctgaggecttgttgttggccaagecaategg
cggcecaagactgttacaacgecggtttcatcaacaagcactacgacggtaagttttcctccactgaa
gagttcaacgaacacgtctacaaggagttgacggaagcttttgaaaacttgcacgatgactccatttt
gcagaacaagcaattgttgaagttgtccagagaccaggecatcaactag

SEQ

ECIl,

MSDEESDILYEVRDRTAIITLNIPKRLNALNGAQYLKLGKFLER
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SEQ | Description Sequence

ID

NO:

ID ATCC20336 ANNEEDTVLTLIQASGRFFSAGANFADNDMAKVEMSKLFSHE

NO: (Amino Acid YWLERFVARNIWLTNLFNDHKKILAAAVNGPVIGLSTGLLLLV

3675 | seq.) DLVYVHDLNKFYLLAPFANLGLVAEGASSATLFNRLGWSKAS
EALLLAKPIGGQDCYNAGFINKHYDGKFSSTEEFNEHVYKELT
EAFENLHDDSILQNKQLLKLSRDQAIN*

SEQ | ECI2, atgtccgacgaccttatcacctacgaagtcaaagaccgagcetgccgtgatcaccttgaacaaccee

ID ATCC20336 aagaagctcaacgccttatcgatcccgeagtacgacaccatetgeaagcetettagaacgagecaac

NO: (Nucleic Acid gccgaagaagacaccgtcatcaccttgetccagtccacgggeegggtgttctctgecggggccaa

3676 | Seq.) cgccgactccatcgtggggcaggatgecgagetcgagacctggttgaacatgteggtggecaag
cagacgttcttggtgcagacgttcctcgcacacaagaagatccttgecgtegecttgaacggecce
gtgattggcttatcggeggegttcgtggegetetgegacttggtctacgtgcacaacgecgeaaag
acgttcttettgacceegttcgecaacategggatcecttgeegagggeggeacctcagecacgttge
ccatgcgegtggggtggtccagggecgeggaagegttgttgttgtcaaagaggatttcgggagat
gacttgcagagageggggttcttcaataaggactacaaggggcagttcaagtccgeggaggagttt
aacgaggtcgtcttgaaggagttgcttgacgccacggaaaacttgecatgaggactcgatcatccag
aacaaggagttgttgaaggctattttcaagccaaagatcagtgaggtcaactcgecaggaggtgtca
agaggtgtgtacaagtggacctctggggtgccaatggatagatttaaaaaattgcettaatggtgagtt
gaaacataaattatag

SEQ | ECI2, MSDDLITYEVKDRAAVITLNNPKKLNALSIPQYDTICKLLERA

ID ATCC20336 NAEEDTVITLLQSTGRVFSAGANADSIVGQDAELETWLNMSV

NO: (Amino Acid AKQTFLVQTFLAHKKILAVALNGPVIGLSAAFVALCDLVYVH

3677 | seq.) NAAKTFFLTPFANIGILAEGGTSATLPMRVGWSRAAEALLLSK
RISGDDLQRAGFFNKDYKGQFKSAEEFNEVVLKELLDATENL
HEDSIIQNKELLKAIFKPKISEVNSQEVSRGVYKWTSGVPMDRF
KKLLNGELKHKL*

SEQ | >gi|50550800)r | ATGTTGTCCATTCGATCCATTACCCGATCTCTCCCCATTGGC

ID eflXM_502873. | AGCCGAATCTGCCAGCAGAGTGCCATGAAGGCCTCTACTGT

NO: 1| Yarrowia GCGACCTCTCGCCTTGAGAGCTTACTCCACCCGACCCCCTGT

3678 | lipolytica CACTCACTTCTCCGAGGAGGAGGAGATGTTTCGTGACATGG

YALIOD15708

TTAGCAAGTTTGCTGATGAGGTGATTGCTCCCAAGGTCCGT
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SEQ | Description Sequence
1D
NO:
p GAGATGGACGAGGCCGAGCAGATGGACAAGACAATCATCC
(YALIOD15708 | AGGACATGTTCGACAATGGCCTTATGGGCATCGAGACTCCC
g) mRNA, GAGGAGTTCGGTGGTGCAGGTGCCAACTTCACCTCTGCTAT
complete cds CATCGTCGTTGAGGAGCTTGCCAAGGTGGACCCCTCAGTGT
(similar to CTGTGATGAACGATGTCCACAATACCCTCGTCAACACCTGC
uniprot|P45954 | ATCCGATCCTGGGGATCCGACGCACTCCGAAACAAGTATCT
Homo sapiens | CCCCCAGCTTGCTGCCCAGAAGGTCGGATCTTTCGCTCTTTC
Acyl-CoA TGAGCCCTCTTCCGGATCTGATGCCTTCGCCATGAAGTCTCG
dehydrogenase | AGCCACAAAGACTGACGATGGATACATTTTGAACGGTTCCA
short/branched | AGATGTGGATCACCAACGCTGCCGAGGCTGAGCTTTTCATT
chain specific GTTTTTGCTAATCTCGATCCCAGCAAGGGCTACAAGGGTAT
mitochondrial TACTGCCTTTGTTGTCGAGAAGGACATGGGAGTGCAGATTG
precursor) CTAAGAAGGAGCAGAAGCTGGGTATCCGAGCCTCTTCTACC
TGCGTTCTCAACTTCGAGGACGTTTTCATTCCTAAGGAGAA
CCTTCTTGGCGAGGAGGGCAAGGGCTACAAGATTGCTATCG
AGTGCTTGAACGAGGGCCGAATCGGAATTGCGGCCCAGAT
GCTTGGCCTTGCTGGTGGAGCTTTCAAGAAGGCTACCGGCT
ATGCTTTCAACGACAGAAAGCAGTTCGGCCAGTACATCGGT
GAGTTCCAGGGTATGCAGCACCAGATTGGCCAGGCCGCTAC
TGAGATCGAGGCTGCTCGACTCCTGGTCTACAACGCTGCCC
GACTCAAGGAGGCTGGCGTTCCTTTCACAAAGGAGGCTGCT
ATGGCAAAGCTCTATGCTTCCCAGGTTGCAGGAAACGTCGC
ATCCAAGGCTGTCGAATGGATGGGTGGTGTCGGATTCACTC
GAGAGGAGACTCTGGAGAAGTTCTTCCGAGATTCTAAGATC
GGTGCCATTTACGAGGGAACTTCCAACATCCAGCTGCAGAC
TATTGCCAAGATCATCCAGAAGGAGTCTGCCTAA
SEQ | >gil49648741c | MLSIRSITRSLPIGSRICQQSAMKASTVRPLALRAYSTRPPVTHF
1D mb|CAGE1061. | SEEEEMFRDMVSKFADEVIAPKVREMDEAEQMDKTIQDMFD
NO: 1| NGLMGIETPEEFGGAGANFTSAIIVVEELAKVDPSVSVMNDVH
3679 | YALIOD15708 | NTLVNTCIRSWGSDALRNKYLPQLAAQKVGSFALSEPSSGSDA
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SEQ
D

Description

Sequence

NO:
p [Yarrowia FAMKSRATKTDDGYILNGSKMWITNAAEAELFIVFANLDPSK
lipolytica GYKGITAFVVEKDMGVQIAKKEQKLGIRASSTCandidaLNFEDV
CLIB122](simil | FIPKENLLGEEGKGYKIAIECLNEGRIGIAAQMLGLAGGAFKKA
ar to TGYAFNDRKQFGQYIGEFQGMQHQIGQAATEIEAARLLVYNA
uniprot|P45954 | ARLKEAGVPFTKEAAMAKLYASQVAGNVASKAVEWMGGVG
Homo sapiens | FTREETLEKFFRDSKIGAIYEGTSNIQLQTIAKIIQKESA
Acyl-CoA
dehydrogenase
short/branched
chain specific
mitochondrial
precursor)
SEQ | >gi|210075528| | ATGAGCGAGCAGTACACCCCCGAACAAGTTGCGGAGCACA
ID reflXM 501919 | ACTCTCCCGAATCTCTGTGGATCATCATTGACGGTAACGTTT
NO: 2| Yarrowia TCGACCTCACTGAATTCCAGAAAGAACACCCCGGCGGAAA
3680 | lipolytica AAAGATTCTCAAACGAGTCGCAGGAAAAGACGCTACCAAG
YALIOC16797 | TTTTTCCACAAATACCACGACGCCCCCAAGATTATGCGAAA
p GGTTGGACACAAGTTCAAGATCGGAACCCTTAAAGACGCTG
(YALIOC16797 | AAGCAAACCCCACTCGAGCCATGATTGCCCCTAACAAGACC
g) mRNA, ACCGCCCTCGAGCCCTACGGAGACCTTGTCCCCTACGCCGA

complete cds
(similar to
uniprot| Q96 VP
9 Glomus
intraradices
Probable acyl-
CoA
dehydrogenase)

CCCCAACTGGTACCACGGCTACCACAACCCCTACTACAAGG
AGTCCCACGCCAAGCTGCGTGACGAGGTCCGACAGTGGGTT
GAGGAGAAGATTGAGCCCTTCGTTGAGGAATGGGATGAGG

AGAAGGAGGTTCCCAAGGAGATCTTCCAGGAGATGGGCAA

GCGAGGTTACCTTGCCGGCTCTCTCGGCACCCCCTACAAGG

AGCTGGCCAAGTACACCAACGTCAAGCCCGCCTCTGTGCCC
ATTGAGGAGTACGACATGTTCCACGAGCTCATCATCACCGA
CGAGATCATGCGAGCTGGCTCCGGAGGTCTCACCTGGAACC
TGCTTGGTGGCTACTGTATTGGTCTGCCTCCCGTGATCAAGT
TCGCCAAGGAGCCCCTTAAGGAGCGAATCCTCCCCGGCCTG
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SEQ
1D
NO:

Description

Sequence

CTCGACGGTTCCAAGCGAATCTGTCTGTGTATCACTGAGCC
CGACGCTGGCTCCGATGTTGCCAACATCACCACTACCGCCG
AGAAGACCCCCGACGGAAAGTTCTACATTGTCAACGGTATC
AAGAAGTGGATCACCAACGGTATCTGGGCTGACTACTTCAC
TGTTGCCGTCCGAACCGGTGGCCCCGGCTCTGGCATGAACG
GTATCTCTGTTCTGCTGCTCGAGCGAGGCATGGAGGGTCTT
GAGACCCGACGAATGAACACTCAGGGTATGCTGTCTTCCGG
CTCTACCTGGGTCACCATGGAGGATGTCAAGGTCCCCGTGG
AGAACCTGCTCGGCAAGGAGAACAAGGGTTTCAAGGTCAT
CATGACCAACTTCAACCACGAGCGAGTTGGTATCATCATCC
AGGCAAACCGAGCTTCTCGAGTTTGCTACGAGGAGGCCTGC
AAGTACGCCCACAAGCGAAAGACTTTCGGCAAGCCTCTGAT
TGAGCACCCCGTCATCCGAGCCAAGCTCGCCAACATGGCCA
TTCGAATCGAGTCCACCCACGCCTGGCTCGAGAACCTGGTC
TTCCAGTGCCAGATGTTCCCCGAGGAGGAGGCCATGCTTCG
ACTTGGTGGTGCCATTGCTGGTTGCAAGGCCCAGGCCACCC
AGACCCTCGAGCTGTGTGCCCGAGAGGCTTCCCAGATCTTT
GGTGGTCTTTCCTACACCCGAGGCGGTCTCGGAGGTAAGGT
TGAGCGACTGTACCGAGAGGTCCGAGCCTACGCCATCCCCG
GTGGATCCGAGGAGATTATGCTGGATCTGGCCATGCGACAG
GCCCTCAAGGTCCACAAGGCTGTTGGCGCCAAGCTTTAA

SEQ
1D

NO:
3681

>gi|199425292
emb|CAG8223
9.2]
YALIOC16797
p [Yarrowia
lipolytica
CLIB122](simil
ar to

uniprot| Q96 VP

MSEQYTPEQVAEHNSPESLWIIIDGNVFDLTEFQKEHPGGKKIL
KRVAGKDATKFFHKYHDAPKIMRKVGHKFKIGTLKDAEANPT
RAMIAPNKTTALEPYGDLVPYADPNWYHGYHNPYYKESHAK
LRDEVRQWVEEKIEPFVEEWDEEKEVPKEIFQEMGKRGYLAG
SLGTPYKELAKYTNVKPASVPIEEYDMFHELIITDEIMRAGSGG
LTWNLLGGYCIGLPPVIKFAKEPLKERILPGLLDGSKRICLCITE
PDAGSDVANITTTAEKTPDGKFYIVNGIKKWITNGIWADYFTV
AVRTGGPGSGMNGISVLLLERGMEGLETRRMNTQGMLSSGST
WVTMEDVKVPVENLLGKENKGFKVIMTNFNHERVGIIQANR
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SEQ | Description Sequence

1D

NO:
9 Glomus ASRVCYEEACKYAHKRKTFGKPLIEHPVIRAKLANMAIRIEST
intraradices HAWLENLVFQCQMFPEEEAMLRLGGAIAGCKAQATQTLELC
Probable acyl- AREASQIFGGLSYTRGGLGGKVERLYREVRAYAIPGGSEEIML
CoA DLAMRQALKVHKAVGAKL
dehydrogenase)

SEQ | >gi|50556785|r | ATGCTTACCAGAATCTCCCGTTTGGCACCTGCTGCCCGAGG

ID eflXM_505801. | CTTTGCTACCTCCTCCGTCAACCGATCCACAGCCGCCATGG

NO: 1| Yarrowia ACTGGCAGGATCCCTTCCAGCTGGACTCTCTTCTCACCGAG

3682 | lipolytica GACGAGATTGCCGTGGCTGAGGCTGCTCGAGACTTCTGCCA
YALIOF23749p | GACAGAGCTCTACCCCAAGGTACTTGAGGGCTACCGAACCG
(YALIOF23749 | AGGAGTTCCCCCGAAGCATCATGAAGCAGATGGGTGAGGTT
g) mRNA, GGTCTGCTCGGAACAACCGTCAAGAGCCACGGATGCCCCGG
complete cds CATGTCTTCTGTCGCTTACGGTCTCGTGGCCCGAGAGGTCG
(highly similar | AGAGGGTCGACTCCGGCTACCGATCTGCCATGTCTGTGCAG
to TCGTCGCTGGTCATGCACCCCATTGAACAGTTTGGATCCCA
uniprot|Q7S579 | GGAGCAGAAGGACCGGTTCCTGCCCAAATTGGCCTCCGGCG
Neurospora AGATGATCGGCTGCTTCGGTCTCACCGAGCCTAACCACGGT
crassa TCCGACCCTGGATCCATGGAGACCGTCGCCAAGATGCACCC
NCU02291.1 TACTAAGAAGGGCGTCATTGTGCTCAATGGAGCCAAGAACT
hypothetical GGATCACTAACTCTCCTATTGCCGATCTCATGGTTGTGTGGG
protein CCAAGTTGGACGGTAAGATCCGAGGCTTCCTTGTCGAGCGA
probable TCTCAGGTCGCCTCCGGCCTCGCTACTCCCGCCATCAAGAA
Glutaryl-CoA CAAGACCGCTCTGCGAGCCTCCATCACCGGTATGATCCAGA
dehydrogenase) | TGGACGACGTTGAGATCCCTGTGGAGAACATGTTCCCCGAG

GTGACCGGTCTCAAGGGCCCCTTCACCTGCCTCAACTCTGC

CCGATACGGTATCGCCTGGGGAACCATGGGCGCTCTGTCCG
AGTCCATCAAGCTCGCTCGAGAGTACTCTCTGGACCGAAAG
CAGTTTAAGGGCCAGCCTCTGGCCAAGTACCAGCTCATCCA
GAAGAAGCTCGCTGACGCTCTGACCGATGCCACCTACGGAC
AGGTCGCTGCCATTCAGGTCGGCCGGCTCAAGGATGCCGGC
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SEQ | Description Sequence
1D
NO:
AATTGTCCTCCCGAGCTCATCTCCATGATTAAGAGACAGAA
CTGTGACCGAGCCCTCGCTGGCGCTCGAAACCTGATGGAGA
TCTTTGGCGGTAACGCTGCCTCTGACGAGTACCACATTGGC
CGAATTGCCGCCAACCTGTGGGTTGTCCAGACCTATGAGGG
CCAGTCTGATATCCATGCTCTCATCCTGGGAAGAGCCATGA
CCGGCGTCCAGGCTTTTGCTTAA
SEQ | >gil50556786]r | MLTRISRLAPAARGFATSSVNRSTAAMDWQDPFQLDSLLTEDE
1D ef]lXP_505801.1 | IAVAEAARDFCQTELYPKVLEGYRTEEFPRSIMKQMGEVGLLG
NO: | TTVKSHGCPGMSSVAYGLVAREVERVDSGYRSAMSVQSSLV
3683 | YALIOF23749p | MHPIEQFGSQEQKDRFLPKLASGEMIGCFGLTEPNHGSDPGSM
[Yarrowia ETVAKMHPTKKGVIVLNGAKNWITNSPIADLMVVWAKLDGKI
lipolytica](highl | RGFLVERSQVASGLATPAIKNKTALRASITGMIQMDDVEIPVE
y similar to NMFPEVTGLKGPFTCLNSARYGIAWGTMGALSESIKLAREYSL
uniprot/Q7S579 | DRKQFKGQPLAKYQLIQKKLADALTDATYGQVAAIQVGRLK
Neurospora DAGNCPPELISMIKRQNCDRALAGARNLMEIFGGNAASDEYHI
crassa GRIAANLWVVQTYEGQSDIHALILGRAMTGVQAFA
NCU02291.1
hypothetical
protein
probable
Glutaryl-CoA
dehydrogenase)
SEQ | >gi|255723091| | ATGTCAGTCAAAGAAGATATCCCAGCTGTTTTTCTTTCCCAA
ID reflXM_002546 | ATTTCTCCTCGTGGTCTTGAAGCTATCCAGAAAACCAAAGA
NO: | 434.1] Candida | CTTTGTCAATGACTACTGTATTCCAGCCGATGAAATCTACTT
3684 | tropicalis CAAACAGGTCTCTACTGATCCTGCCAAAAGATGGAAAACAA
MY A-3404 TCCCACCTATTATTGAGACATTGAAATCCAAAGCCAAAGAA
conserved CTTGGTTTATGGAATATGTTTTTATCCAAACATTATAAGGAA
hypothetical GGTCCACAATATACCAACTTAGAATATGGTTTGATGGCTAG

protein, mRNA

ATATTTGGGTCGTGCACACACTGCTCCTGAAGCTACTAATA
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SEQ
1D
NO:

Description

Sequence

(similar to C.
albicans

ACD99)

CTGCTGCTCCAGATACTGGTAACATGGAATTACTTGCTAAA
TACGGTACTCCATACCAAAAAGAAAAGTACTTACAACCATT
GTTAGATGGAAAGATCAGATCTGCTTTCTTGATGACCGAAA
AGGGCACATCATCTTCCAATGCATTAAATATCTCCACTAGT
GCCAAAAAGAATGCCAGTGGTAACTATGTTCTTGATGGTGT
AAAGTGGTTTGCTTCAGGTGCTGGTGATCCAAGGTGTTCTG
TTTGGTTGGTCATGTGTAAAACTGAAGACAATAAGAAGAAC
CCATATGCAAACCACACCGTGTTGGTTCTTGATGCCAAGAG
AGCATTGGCTAGCGGCAGGGCCAAATTAGTCAGACCTTTGC
ATGTTATTGGATATGATGATGCTCCTCATGGTCATTGTGAAA
TTTCTTTTGAAAACTACGAAGTTCCTGCTGACGAAATGCCA
AATGCTGTTTTGGCCGGTATTGGAAGAGGATTTGAGTTGAT
TCAGTCTAGATTAGGACCTGGTAGAATTCATCATTGTATGA
GAGCTATTGGTACAGGTGAAATTGCATTGTTGATCATTGCT
CATAGAGCTAACCACAGAATGATTTTTGGAAAACCAATGAA
AGACAGAGAAGGATTTTTGTCTAAGTTCGGTCAGAGCAGAA
TTGATATTACCAGATGCTTGTTATTGGTATTAAATGCTGCTC
ATAAAATTGATATTTCCAACGCAAAGGCTGCTCAGAAAGAG
ATTGCCATGGCTAAGATTGAAACACCAAGAACCATCTCTGA
TATCCTTGACTGGGGTATCCAAGTTTTTGGCGCAGAAGGGG
TCTCACAAGACACAGACTTAGCTAGAATGTATGCTCTCAAC
AGAACCTTGAGAATTGCTGATGGTCCTGATGAAGCTCACTT
GGCACAATTGGCAAGAAATGAGGCCAAAAAATTCCCAGAG
GTCGATATCTTCTTTGAACATGTTGCTAGTCAACGTAATAAA
TTATAG

SEQ
1D
NO:
3685

>gi|240130997
gb|EER30559.1
| conserved
hypothetical

protein

MSVKEDIPAVFLSQISPRGLEAIQKTKDFVNDYCIPADEIYFKQ
VSTDPAKRWKTIPPIIETLKSKAKELGLWNMFLSKHYKEGPQY
TNLEYGLMARYLGRAHTAPEATNTAAPDTGNMELLAKYGTP
YQKEKYLQPLLDGKIRSAFLMTEKGTSSSNALNISTSAKKNAS
GNYVLDGVKWFASGAGDPRCSVWLVMCKTEDNKKNPYANH
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SEQ | Description Sequence

1D

NO:
[Candida TVLVLDAKRALASGRAKLVRPLHVIGYDDAPHGHCEISFENYE
tropicalis VPADEMPNAVLAGIGRGFELIQSRLGPGRIHHCMRAIGTGEIAL
MY A-3404] LITAHRANHRMIFGKPMKDREGFLSKFGQSRIDITRCLLLVLNA
(similar to C. AHKIDISNAKAAQKEIAMAKIETPRTISDILDWGIQVFGAEGVS
albicans QDTDLARMYALNRTLRIADGPDEAHLAQLARNEAKKFPEVDI
ACD99) FFEHVASQRNKL

SEQ MSVKEDIPAVFLEKVSPRGLEAIQKTKDFVNDYCLPADQIYFE

1D QLSDIPSERWKSVPPVIETLKKKAKELGLWNMFLSKHYKEGPQ

NO: YTNLEYGLMARYLGRSYTAPEATNTAAPDTGNMELFAKYGT

3686 TYQKDRYLKPLLNGEIRSAFLMTEKGVSSSNALNISTSAVKNS
XP 716423.1] | NGNYVLNGVKWFASGAGDPRCSVWLVMCKTDNNKQNPYQN
probable acyl- HTVLIIDAKKALATGKAKLIRPLQVIGFDDAPHGHCEIQFQDYE
CoA VPADEMPNVVMAGVGRGFELIQSRLGPGRIHHCMRAIGAGEF
dehydrogenase | ALLRIAHRANHRLIFGKPMNQREGFLSRYGQSKIDIERCLLLVL
[Candida NAAHKIDISNAKEAQKEIAMAKIETPRTISDILDWGIQVYGAEG
albicans MSQDTELARMY AHNRTLRIADGPDEAHLAQLARNEAKKFAK
SC5314] VDDFFANMETQRSKL

SEQ ATGTCAGTTAAAGAAGACATTCCTGCTGTTTTCCTTGAAAA

ID GGTTTCTCCTCGTGGTCTCGAAGCCATCCAGAAAACCAAAG

NO: ATTTCGTTAACGATTATTGTCTTCCAGCCGATCAAATTTATT

3687 | XM _711330.1] | TTGAACAACTTTCAGACATCCCATCAGAAAGATGGAAGAGT
Candida GTTCCTCCTGTCATTGAGACATTGAAGAAGAAAGCCAAGGA
albicans ACTTGGTTTATGGAACATGTTTTTGTCAAAGCATTATAAGG
SC5314 AAGGTCCACAATATACAAACTTAGAGTATGGATTGATGGCC

probable acyl-
CoA
dehydrogenase
(ACD9Y9)
mRNA,

complete cds

AGATACTTGGGTCGTTCATACACAGCACCAGAGGCTACCAA
CACAGCTGCTCCAGATACCGGTAATATGGAATTGTTTGCCA
AATATGGAACCACTTATCAGAAAGATAGATACTTGAAACCC
TTGTTAAATGGGGAAATTAGATCAGCATTCTTGATGACAGA
AAAAGGTGTTTCATCATCTAATGCTCTCAATATTTCTACAAG
TGCTGTCAAGAATTCGAATGGAAATTACGTGCTCAATGGTG
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SEQ
1D
NO:

Description

Sequence

TCAAATGGTTTGCTTCAGGTGCAGGAGATCCAAGATGTTCC
GTCTGGTTGGTGATGTGCAAGACAGACAACAACAAGCAAA
ATCCATATCAAAACCACACAGTTTTGATCATCGATGCCAAA
AAGGCTTTGGCTACTGGAAAAGCCAAATTGATCAGACCATT
GCAGGTCATTGGTTTTGATGATGCTCCTCATGGACATTGTGA
GATTCAATTTCAAGATTACGAAGTTCCTGCCGATGAAATGC
CTAATGTTGTTATGGCTGGTGTTGGTAGAGGATTTGAGTTG
ATTCAATCCAGATTGGGTCCAGGTAGAATCCACCATTGTAT
GAGAGCTATTGGTGCTGGTGAATTTGCATTATTGAGAATTG
CTCACAGAGCAAATCACAGATTGATTTTTGGTAAACCTATG
AACCAGAGGGAAGGATTCTTATCCAGATACGGACAAAGCA
AAATCGACATTGAAAGATGTTTATTGTTGGTGTTGAATGCT
GCTCACAAAATTGATATTTCCAATGCCAAAGAAGCACAAAA
GGAAATTGCTATGGCTAAGATTGAGACCCCGAGAACTATCT
CTGATATTCTCGATTGGGGTATTCAAGTTTATGGTGCTGAGG
GTATGTCACAAGATACCGAGTTGGCCAGAATGTATGCTCAT
AACAGAACATTGAGAATAGCTGATGGACCTGATGAAGCTC
ATTTGGCCCAATTGGCTAGAAATGAAGCTAAAAAGTTTGCA
AAAGTTGACGACTTTTTCGCCAACATGGAAACTCAACGTAG
CAAATTATAA

SEQ
1D
NO:
3688

acyl-CoA
dehydrogenase
NM domain-
like protein
[Candida tenuis
ATCC 10573]
(similar to C.
albicans

ACD99)

ATGACAGACCTTGACATTCCAGCAGTATTCCTTGATAAGAT
CTCACCACGTGGCCTCGAGGCGATCCGCAAGACCTACGACT
TTGTGCATAACTACTGTATTCCTGCGGATGCTCTCTACTTTG
ACCAAATTTCCCAGGATCCCGAACAAAGGTGGAAAACCACT
CCTGAAGTCACTGAAAAATTGAAACAAAAGGCCAAACAAT
TAGGTTTGTGGAACATGTTCCTCTCTAAGCACTATACCGATG
GACCTGGCTACACAAACTTGGAGTATGGCCTTATGGCGCAA
TTCTTGGGCCGGTCGTTCGTGGCACCCGAGGCCACCAATAC
AGGTGCACCCGATACAGGTAACATGGAGATTCTCGCCAAGT
TCGGCTCGGCCTATCACCGGGAGCAGTACCTCCTTCCATTG
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SEQ
1D
NO:

Description

Sequence

CTCCGCGGTGAGATCCGCTCGGCGTTCTTGATGACAGAAAA
AGGCACTTCTTCATCCAATGCCTTGAACATCTCATGCTCGGC
CCAGAAGAATTCACACGGCAACTACGTTCTCAATGGAGTCA
AGTGGTTTGCCTCTGGTGCAGGTGATCCTCGGTGTCGCGTGT
GGTTGGTGATGTGCAAAACCGAGTCTCTGGACAACATCTAC
CGTAATCACAGTGTGTTGGTGTTGGATGCGAAAAAGGCTTT
AGCTTCAGGAAAAGCCAAATTGATCCGACCACTCAGCGTGT
TTGGCTATGACGATGCTCCTCATGGACACTGTGAGGTGGAG
TTCAACGACTTTGAGGTGCCAGCCGAGGATATGGATAATTC
TATCCTTGGTAAGGTGGGTATGGGATTTGAGATCATCCAGT
CTCGTTTAGGCCCTGGGCGTATTCACCACTGTATGCGTCTTA
TTGGTGCCGGAGAATATGCCTTAATGAGGGCGGTGCTGAGG
GCTGCCGGCAGAGACATTTTCGGCAAGCCCATGGTGAAGAG
AGAATCATTTCTCAATGCTTATGGAGAGCATAAGCTTTCAC
TTCAGAAATGCCGTCTTTTGGTGCTTAATGCAGCTCATCAAA
TCGATATTTCGAATGCTAAGACTGCCAAAAGAGATATAGCC
ATGGCCAAAATCGAGACTCCCAGAGCAGTATTGAAGATTCT
TGACTGGTGTATTCAGGTTTATGGGGCTGAAGGAGTGTCTC
AAGACACAGAGCTTGCAAAGATGTATGCTCACGCTCGGACT
TTGAGAATCGCAGATGGACCAGATGAAGCACACCTTGGAC
AGCTTGCACGGGACGAGTCAAAGAAGTTTGCGGAGGTGGT
GAAGTACTTTGAGGGACACAAGGCACGTCAAGACCAAGTC
CTGAAGTTGTGA

SEQ
1D
NO:
3689

>gi|344233800|
gbl[EGV65670.1
| acyl-CoA
dehydrogenase
NM domain-
like protein

[Candida tenuis

MTDLDIPAVFLDKISPRGLEAIRKTYDFVHNYCIPADALYFDQI
SQDPEQRWKTTPEVTEKLKQKAKQLGLWNMFLSKHYTDGPG
YTNLEYGLMAQFLGRSFVAPEATNTGAPDTGNMEILAKFGSA
YHREQYLLPLLRGEIRSAFLMTEKGTSSSNALNISCSAQKNSHG
NYVLNGVKWFASGAGDPRCRVWLVMCKTESSDNIYRNHSVL
VLDAKKALASGKAKLIRPLSVFGYDDAPHGHCEVEFNDFEVP
AEDMDNSILGKVGMGFENIQSRLGPGRIHHCMRLIGAGEYALM
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SEQ | Description Sequence

ID

NO:
ATCC RAVSRAAGRDIFGKPMVKRESFLNAYGEHKLSLQKCRLLVLN
10573](similar | AAHQIDISNAKTAKRDIAMAKIETPRAVLKILDWCIQVYGAEG
to C. albicans VSQDTELAKMYAHARTLRIADGPDEAHLGQLARDESKKFAEV
ACD99) VKYFEGHKARQDQVSKL

SEQ | >gi|50309254|r | ATGCCTAATGTCAGTGATAGACCGCGGACATATAAGAAACC

ID eflXM_454634. | TGCTTTAGAAGATGTTGATCCCATCACAAACTATATACCTG

NO: 1 CCAGTGTTAGGGATAAATTTGATGAGAGGCAGATGGATCGG

3690 | Kluyveromyces | TTCAAGAAGTTGCGGAAATTTGTTGAGTTTGAATGTTTGCC
lactis NRRL Y- | ATTAGATACGGTGTATTTGCAAGAGAGTACCCTATTTGAGC
1140 ATGAAAGCGATTTAGAGACGTGCCCAGTCATTATTAATTTA
hypothetical AGGAAGAAATTGGAGGCATACCAGTTGCATAAAATGTTTGT

protein partial
mRNA (similar
to C. albicans

ACD99)

TCCAATGGATCAACGTGGGTACGACCATAGTTTCAACGATA
ATTGGGAAGTGGTGAGTATGGTTGAATTTGCTATGATCGCT
TTCCTTGCTGGAAGATCTGTCATTGCCAGTTATTTGTTCCAT
TTGGATGATTTGATCGATTTAGGAACTATACAAGTTTTGTTG
AGAAATGGTTGTTCGAACCATGATTTGTGGGTACAAGTGAT
AGATGAGTTAGTTTCTAATAATATGAAATCGTGTTTGATGG
TAAGTGAAAGAGATGTGTCTGGTTCTGATGCGTTGAACGTT
CAAACCACCTGTAAAATTGAAGGGGATGATCTAAACGAAG
AGGAGGCTACTATGACACTTAACGGTACTAAATGGTTTATC
AAAGATGCAGGAGACTCAGATATTTGGTTAGTTTTATGTGT
CACTGAATTTGATGAGGGCAACATTTATAGAAAACATACAT
TATGCCTTGTTAACAGGAATGATTTACCACCAAATTCAACA
AGAATTGAACCTATAGAAACAAATGAAGCGATTGGTAAATT
TTATGAAGTACAATTTAAAGATTGTAAAGTACCGTTAAATA
TTATTGGTGAAAGAGGTGAAGGTTATCAAATTTTACAAATG
AAATCCTCTGTTACAAAATTATTTCAATGCTTAAAACTTTGT
GGTATGGGACAAGAATCCTTGAGACTTTCCAATAAGAGAGC
TGCTGAAAGGAAAGTGTTTGGTTCCAAATTACAGAAGAGTG
AGTATTTCAAATTTGATCTTGCTCATTGGAGGATTAAGATTG
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SEQ
1D
NO:

Description

Sequence

AAACCTGTAAGCTGCTTTGTTTCAACGCGGCAATCAAATGT
GATTACGAAGGTGTAAAAGCGGCAAGAGAAGAAATTGGGA
TGGTGAAAGCCGTGACACCAAAGGAAATCTCGTCACTGGTG
GATTGGTCTATCCAGTTGCATGGATGTTACGGACTCTGTTCA
ACACAAACACCCTTGTCACATATGTGGCAAGTGAGTCGATC
GCTAAGAATTAATGATACGCCGGACGAATCATTAATATCAC
AACTGGGGAGGTTGGAAATCAGTAATTATAACAAATTTCAA
AAGACATACGATCAAGAATTAACGACGCTCGCTGGCAAAT
GA

SEQ
1D

NO:
3691

>gi|49643769|c
mb|CAG99721.
1]
KLLAOE15181
p
[Kluyveromyce
s lactis] (similar
to C. albicans

ACD99)

MPNVSDRPRTYKKPALEDVDPITNYIPASVRDKFDERQMDRFK
KLRKFVEFECLPLDTVYLQESTLFEHESDLETCPVIINLRKKLE
AYQLHKMFVPMDQRGYDHSFNDNWEVVSMVEFAMIAFLAG
RSVIASYLFHLDDLIDLGTIQVLLRNGCSNHDLWVQVIDELVS
NNMKSCLMVSERDVSGSDALNVQTTCKIEGDDLNEEEATMTL
NGTKWFIKDAGDSDIWLVLCandidaTEFDEGNIYRKHTLCLVN
RNDLPPNSTRIEPIETNEAIGKFYEVQFKDCK VPLNIIGERGEGY
QILQMKSSVTKLFQCLKLCGMGQESLRLSNKRAAERKVFGSK
LQKSEYFKFDLAHWRIKIETCKLLCFNAAIKCDYEGVKAAREE
IGMVKAVTPKEISSLVDWSIQLHGCYGLCSTQTPLSHMWQVSR
SLRINDTPDESLISQLGRLEISNYNKFQKTYDQELTTLAGK

SEQ
1D
NO:
3692

>gi|301507715]
gb|GU338397.1
| Candida
rugosa
propionyl-CoA
dehydrogenase
mRNA,
complete cds
(similar to C.

albicans

ATGTCGATTAAGGACGACATCCCTGCCATCTTTTACGAAAA
ACTTTCCCCCCGCGGGCTTGAGGCTATCGCCAAAACCAAGG
AATTCGTCGACACTTACTGCTCCCCCGCCGACGAGATCTAC
TTCCAACAGGTGAGAACTGACGACCGCCGGTGGAAGGAAA
CGCCCCCCATCACCGAGCACTTGAAGAAGAAAGCTAAAGA
GCTCGGGTTATGGAACATGTTCTTGCTGAAGCACTACGCCG
AGGGCGCCGGCTACACCAACTTGGAGTATGGGCTTATGGCC
CAGTACCTTGGCCGCAGTCACATCGCCCCTGAAGCTACCAA
CACCAATGCTCCTGACACCGGCAACATGGAGATCCTTGCCA
AGTACGGCAACGACTACCACAAGCAGCGCTACCTCCAGCCG
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SEQ
1D
NO:

Description

Sequence

ACD99)

CTTCTCGACGGTAAAATCCGCCTGGCGTTCTTAATGACGGA
AAAGGGGACGTCGCTGTCCAACGCCCTTAACATCTCGTGCC
TGGCAAAACTTAACCAAAATGGCAACTACGTCATCAACGGC
GTCAAGTGGTTCGCCCTGGGTGCCGGCGACCCCCGGTGCAA
GGTGTGGTTGACGATGTGCAAGACCAGCGACGACGACGCC
AACCCATATTTCAACCACTCGTTGCTTGTGCTTGATGTCGAC
AAGGCCCTCGCCCTGGGACAGGCTCGTGTTGTCCGCCCGTT
GCACGTGTTTGGCTACGACGACGCTCCTCACGGTCACTGTG
AAATTGAATTTAACAACTACGAAGTGTCCAAAGAGGAAAT
GGCCAACGTCATCCTCGGCCAGGTGGGCCAAGGATTTGCCA
TCATCCAGCTGAGATTGGGGCCGGGGCGCATCCACCACTGC
ATGCGGATGATTGGCGTCGGCGAATTCGCCTTGATGAGAGT
GGCTCAGCGGGCTAACCACCGTATCATCTTCGGTAAGCCCA
TGGCCAAGCGCGAACTGTTTTTGAACGCCTACGCTCAGGCA
AAGATCGACATCCAAAAGTGCCGCTTGTTTGTTCTTAATGC
CGCCCACCACATCGACATTGCCGGAGCCAAAGCGGCGCAA
GCCGACATCGCCATGGCCAAGATCGAGACCCCGAGAACCA
TCCTTCGCATCTTGGACTGGGGGATCCAGATGTTTGGCGCC
GAAGGGGTGTCTCAAGACACCGAGCTCTCGCGCATGTACGC
GTTGGGGCGGACGTTACGCATTGCCGACGGCCCCGATGAAG
CTCACTTGGGCCAATTGGCCCGTAAGGAGCTGAAGAAGTTC
CCTTACGTCGATGAGTACTTTAAGCGGTTTGAAGAAAATAA
GGCGAAGTTGGCCAAGTTGTAA

SEQ
1D
NO:
3693

>gi|301507716|
gb|ADK77878.
1| propionyl-
CoA
dehydrogenase
[Candida

rugosa](similar

MSIKDDIPAIFYEKLSPRGLEAIAKTKEFVDTYCSPADEIYFQQV
RTDDRRWKETPPITEHLKKKAKELGLWNMFLSKHYAEGAGY
TNLEYGLMAQYLGRSHIAPEATNTNAPDTGNMEILAKYGNDY
HKQRYLQPLLDGKIRSAFLMTEKGTSSSNALNISCSAKLNQNG
NYVINGVKWFASGAGDPRCKVWLTMCKTSDDDANPYFNHSL
LVLDVDKALASGQARVVRPLHVFGYDDAPHGHCEIEFNNYEV
SKEEMANVILGQVGQGFAIIQSRLGPGRIHHCMRMIGVGEFAL
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SEQ
1D
NO:

Description

Sequence

to C. albicans

ACD99)

MRVAQRANHRIITFGKPMAKRESFLNAYAQAKIDIQKCRLFVLN
AAHHIDIAGAKAAQADIAMAKIETPRTILRILDWGIQMFGAEG
VSQDTELSRMYALGRTLRIADGPDEAHLGQLARKESKKFPYV
DEYFKRFEENKAKLAKL

SEQ
1D
NO:
3694

>gi|380353348:
214809-216140
Candida
orthopsilosis
Co 90-125,
chromosome 4
draft sequence
(similar to C.
albicans

ACD99)

ATGTCAGTTAAAGACGATATCCCAGCTATCTTTTTAGATAA
GGTTTCTCCAAGAGGTCTTGAAGCAATTCAAAAGACAAAGG
ACTTTGTCGACCAATATTGTATCCCTGCTGATAAGATTTTCA
AGGAGCAAATTTCGCAAGACCCAAAAATAAGATGGAAACA
ATATCCAGCTATCATTGAACCATTGAAGAAAAAGGCTAGAG
AGTTGGGTTTGTGGAACATGTTTTTGTCCAAGCATTACAAA
GAGGGTCCTCAATTTACCAATTTGGAATACGGATTAATGGC
TAGGTATTTGGGAAGATGTCACACTGGACCAGAAGCAACCA
ACACCAGTGCCCCAGACACAGGTAATATGGAATTGTTTGCT
AAATATGGTACAAAGGCGCAAAAGGATAAGTATTTAGTGC
CCTTGATGGATGGTAAGATCAGATCGGCATTCTTGATGACC
GAAAAGGGGATTTCATCGTCGAATGCATTAAACATTTCAAC
CACTGCCATTAAGAATGCCCGTGGTAACTATGTGTTGAATG
GAACAAAGTGGTTTGCCTCTGGTGCTGGAGATCCAAGAACT
GCTGTTTGGTTGGTTATGTGCAAAACAGACAATGATGAAAG
TAATATGTTCAGAAACCACTCCGTGTTAGTCATTGATGTCA
AGCATGCATTAGCATCAGGTAAGGCTGAAGTTATCAGGCCT
TTGAGTATTTTTGGCTACGATGATGCACCCCATGGTCATTGT
GAAATCGTTTTCAAGGATTATGAAGTTTCATCTGAATTGAT
GCCAGAAACGATTTTGGCCGGTGTCGGTAGGGGATTTGAAT
TGATTCAATCCCGTTTGGGTCCAGGTAGAATCCATCATTGTA
TGAGAGCCATAGGTGCTGGTGAATTTGCCTTGTTGCGTATT
GCTCACAGAGCAAATCACAGAACCATCTTTGGTAGGCCAAT
GAATAGAAGAGAAGGCTTCTTGATGCAGTATGCCAAGTACA
GAATTGAAATTCAAAAATGTTTATTATTGGTTTTGAATGCTG
CTCACAAGATTGACATCACTAATGCCAAACATGCACAAAGA
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SEQ | Description Sequence
1D
NO:
GAAATTGCCATGGCTAAAATTGAGACTCCAAAAACAATTTG
CGATATTCTCGACTGGGGTATTCAAGTCTTTGGAGCCGAAG
GATTCTCTCAAGATACAGAATTGGCACAAATGTATGCTTGG
AATAGAACTTTGAGAATCGCTGATGGTCCTGATGAAGCACA
TTTGGCTCAATTGTCAAGAAGAGAAGCTGCCAAGTTTCCAG
AAGTTGATGAGTTTTTCAAGAGTGTTGAATCAAGAGTTGAA
GCTATTAGTAAGTTATAA
SEQ | >gi|380353467| | MSVKDDIPAIFLDKVSPRGLEAIQKTKDFVDQYCIPADKIFKEQ
1D emb|CCG22977 | ISQDPKIRWKQYPANEPLKKKARELGLWNMFLSKHYKEGPQF
NO: 1| hypothetical | TNLEYGLMARYLGRCHTGPEATNTSAPDTGNMELFAKYGTK
3695 | protein AQKDKYLVPLMDGKIRSAFLMTEKGISSSNALNISTTAIKNAR
CORT 0D0129 | GNYVLNGTKWFASGAGDPRTAVWLVMCKTDNDESNMFRNH
0 [Candida SVLVIDVKHALASGKAEVIRPLSIFGYDDAPHGHCEIVFKDYEV
orthopsilosis](si | SSELMPETILAGVGRGFELIQSRLGPGRIHHCMRAIGAGEFALL
milar to C. RIAHRANHRTIFGRPMNRREGFLMQYAKYRIEIQKCLLLVLNA
albicans AHKIDITNAKHAQREIAMAKIETPKTICDILDWGIQVFGAEGFS
ACD99) QDTELAQMYAWNRTLRIADGPDEAHLAQLSRREAAKFPEVDE
FFKSVESRVEAISKL
SEQ | >gi|354545630: | ATGTCAGTTAAGGACGATATTCCAGCAATCTTTTTAGATAA
ID 225012-226343 | GGTTTCCCCAAGAGGTCTTGAAGCTATTCAAAAGACAAAAG
NO: Candida ACTTTGTTGAGCAATACTGTATTCCTGCCGATAAAGTTTTCA
3696 | parapsilosis AGAAACAGATTTCGACAGACCCAGCGGTAAGATGGAAACA
strain CDC317 | ATACCCTGCTATTATTGAACCATTGAAGAAAAAGGCTAGGG
annotated AATTGGGATTGTGGAACATGTTTTTGTCCAAGCATTACAAA
contig GAGGGTCCTCAATTTACCAACTTGGAATATGGATTGATGGC
005809(similar | TAGGTATCTAGGAAGATGCCACACTGGTCCTGAAGCCACTA

to C. albicans

ACD99)

ACACTAGTGCACCAGACACGGGTAATATGGAGTTGTTTGCA
AAATATGGTACAAAGGCGCAAAAAGACAAATATTTGGTGC
CCTTGATGGATGGTAAGATTAGATCAGCATTTTTGATGACT
GAAAAGGGGATCTCATCGTCCAATGCGTTGAACATTTCCAC
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SEQ
1D
NO:

Description

Sequence

CACTGCAATTAAAAACTCACGTGGAAACTATGTCTTGAATG
GTACCAAGTGGTTTGCATCAGGCGCTGGTGATCCTAGAACT
GCCATTTGGTTGGTTATGTGTAAGACTGCCAACGATGAAAA
GAATGCATTTAAAAACCACTCAGTATTAGTGATTAATGTTA
AGCATGCATTAGCATCAGGCAAGGCTGAAGTTATTAGACCT
TTGGGAATTTTCGGATACGACGATGCTCCTCATGGACATTG
TGAAATTGTTTTCAAAGATTATGAAGTTTCATCAGAGTTGAT
GCCAGATACCATTTTGGCTGGTGTTGGTAAAGGATTCGAAT
TGATTCAATCTAGATTGGGCCCGGGTAGAATCCATCATTGT
ATGAGAGCTATTGGTGCTGGTGAATTTGCATTGTTGCGTATC
GCCCACAGAGCTAATCACAGAATTATTTTTGGTAAACCAAT
GAATAGAAGAGAAGGCTTTTTGATGCAGTATGCCAAGTACA
GAATCGAGATTCAAAAATGTTTATTGTTGGTTTTAAATGCTG
CCCACAAGATAGATATCACTAATGCCAAAGAAGCTCAAAG
AGAAATTGCAATGGCCAAGATTGAAACTCCAAAAACCATTT
GTGATATTCTTGATTGGGGTATTCAAGTGTTTGGAGCTGAG
GGTTTCTCTCAGGATACAGAATTGGCGCAAATGTACGCTTG
GAACAGAACTTTGAGAATTGCAGATGGACCAGATGAAGCA
CATTTGGCTCAATTAGCAAGAAGAGAAGCCGCAAAGTTCCC
TGACGTTGACGTGTTTTTTAAAGATGTTGATTCAAGAGTTGA
GGCTGTTAGTAAATTATAA

SEQ
1D
NO:
3697

>g1|354545753|
emb|CCE42481
.1| hypothetical
protein
CPAR2 20124
0 [Candida
parapsilosis](si
milar to C.

albicans

MSVKDDIPAIFLDKVSPRGLEAIQKTKDFVEQYCIPADKVFKK
QISTDPAVRWKQYPAIIEPLKKKARELGLWNMFLSKHYKEGP
QFTNLEYGLMARYLGRCHTGPEATNTSAPDTGNMELFAKYGT
KAQKDKYLVPLMDGKIRSAFLMTEKGISSSNALNISTTAIKNSR
GNYVLNGTKWFASGAGDPRTAVWLVMCKTANDEKNAFKNH
SVLVINVKHALASGKAEVIRPLGIFGYDDAPHGHCEIVFKDYE
VSSELMPDTILAGVGKGFELIQSRLGPGRIHHCMRAIGAGEFAL
LRIAHRANHRIIFGKPMNRREGFLMQYAKYRIEIQKCLLLVLN
AAHKIDITNAKEAQREIAMAKIETPKTICDILDWGIQVFGAEGF
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SEQ | Description Sequence
1D
NO:

ACD99) SQDTELAQMYAWNRTLRIADGPDEAHLAQLARREAAKFPDV

DVFFKDVDSRVEAVSKL

SEQ ATGTCAGTTAAAGAAGATATTCCTGCTATTTTCCTTGAAAA
ID GATTTCCCCTCGTGGTCTTGATGCTATCCAGAAAACCAAAG
NO: ATTTCGTAAACGATTATTGTCTTCCAGCAGATCAGATCTATT

3698

>gi|241959309|
reflXM_ 002422
329.1] Candida
dubliniensis
CD36 acyl-
CoA
dehydrogenase,
putative
(CD36_34410)
mRNA,

complete cds

TTGAGCAGCTCTCTGACATCCCTTCAGAAAGATGGAAAAGT
GTTCCTCCTGTCATTGAGACATTGAAGAAGAAAGCCAAGGA
ACTTGGTTTATGGAACATGTTTTTGTCAAAGCATTATAAAG
AAGGTCCACAATACACAAACTTAGAGTATGGGTTGATGGCC
AGATACTTGGGTCGTTCATACACTGCGCCAGAGGCTACCAA
TACTGCTGCTCCAGATACCGGTAATATGGAATTGTTTGCCA
AATATGGTACCACTTATCAGAAAGATAGATACTTGAAACCC
TTGTTAAATGGGGAAATCAGATCGGCATTCTTGATGACCGA
AAAGGGTGTTTCATCATCCAATGCTCTCAATATTTCTACAAG
CGCTATCAAGAACTCTAATGGTAATTACGTGCTCAATGGTG
TCAAATGGTTTGCTTCAGGGGCAGGAGATCCAAGATGCTCT
GTATGGTTGGTAATGTGCAAGACCGACAACAATAAGCAAA
ACCCTTATCAGAACCACACTGTTTTGATTATCGATGCAAAA
AAGGCTTTGGCTACCGGAAAAGCCAAATTGATCAGACCATT
GCAAGTCATTGGTTTTGATGATGCTCCCCATGGACATTGTG
AAATCCAATTCAAAGACTACGAAGTTCCTGCTGATGAAATG
CCTAATGTTGTAATGGCAGGTGTTGGTAGAGGATTTGAGTT
GATTCAATCCAGATTGGGTCCAGGTAGAATCCACCATTGTA
TGAGAGCTATTGGTTCTGGTGAATTTGCTTTATTAAGAATTG
CTCATAGAGCAAATCACAGATTAATTTTTGGTAAGCCCATG
AACCAAAGAGAGGGGTTCTTATCCAGATACGGACAAAGCA
AAATAGATATTGAAAGATGTTTGTTATTGGTGTTGAATGCC
GCTCACAAAATCGATATTTCCAATGCCAAAGAGGCACAAAG
GGAAATTGCTATGGCCAAGATTGAAACCCCAAGAACTATTT
CTGATATTCTCGATTGGGGTATTCAAGTTTATGGAGCTGAA




WO 2014/100504

PCT/US2013/076739
268

SEQ
1D
NO:

Description

Sequence

GGTATGTCTCAAGACACTGAGTTGGCCAGAATGTATGCCCA
TAACAGAACATTGAGAATAGCTGATGGACCTGATGAAGCTC
ATTTGGCTCAATTGGCTAGAAACGAAGCTAAGAAGTTTCCA
AAAGTTGACGCCTTCTTTACCAACATGGAAACACAACGTAG
CAAATTATAA

SEQ
1D
NO:
3699

>0i|241959310]
ref]lXP_002422
374.1] acyl-
CoA
dehydrogenase,
putative
[Candida
dubliniensis

CD36]

MSVKEDIPAIFLEKISPRGLDAIQKTKDFVNDYCLPADQIYFEQ
LSDIPSERWKSVPPVIETLKKKAKELGLWNMFLSKHYKEGPQY
TNLEYGLMARYLGRSYTAPEATNTAAPDTGNMELFAKYGTT
YQKDRYLKPLLNGEIRSAFLMTEKGVSSSNALNISTSAIKNSNG
NYVLNGVKWFASGAGDPRCSVWLVMCKTDNNKQNPYQNHT
VLIIDAKKALATGKAKLIRPLQVIGFDDAPHGHCEIQFKDYEVP
ADEMPNVVMAGVGRGFELIQSRLGPGRIHHCMRAIGSGEFAL
LRIAHRANHRLIFGKPMNQREGFLSRYGQSKIDIERCLLLVLNA
AHKIDISNAKEAQREIAMAKIETPRTISDILDWGIQVYGAEGMS
QDTELARMYAHNRTLRIADGPDEAHLAQLARNEAKKFPKVD
AFFTNMETQRSKL

SEQ
1D
NO:
3700

>gi|126138209|
reflXM 001385
591.1]
Scheffersomyce
s stipitis CBS
6054 acetyl-
coenzyme-A
dehydrogenase
partial mRNA

ATGTCCGCCAAAGACGATATCCCTGCCATTTTCTTGGACAA
GATCTCTCCCAGAGGTCTTGAGGCCATTGAGAAGACCAAAC
GTTTCGTGGAAGACTACTGTTTGCCAGCTGACGATATCTACT
TCAAGCAGATCAAGACCGATCCCGCAGTTAGATGGAAATAT
ACTCCCGAAATCACGGAAAAGTTGAAGAAGAAAGCAAAGG
AACTCGGGCTCTGGAACATGTTCTTGTCTAAGCACTACAAG
GAAGGACCCCAGTTCACTAACTTGGAGTACGGGTTGATGGC
TGAGTACTTGGGCAAATCCTTTGTTGCTCCAGAGGCTACCA
ACACTGCAGCTCCAGATACCGGAAACATGGAACTTTTTGCC
AAATACGGAACTCCATACCAAAAGGAGAAGTGGCTCAAGC
CATTGTTGAACGGAGAAATCAGATCAGCTTTCTTGATGACA
GAGAAGGGTGTTTCTTCATCGAATGCCTTGAACATTTCGAC
TAGTGCCATTAAGAACGCCCAAGGCAACTACGTTCTTAACG
GTGTCAAGTGGTTTGCTTCTGGAGCTGGAGATCCCAGATGT
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SEQ
1D
NO:

Description

Sequence

TCAGTCTGGCTTGTCATGTGTAAAACCACCGACGACTCCAG
CAAGCCATACTTCAACCATTCTGTCTTGATTTTAGATCCCAA
AGTCGCTATTGCTTCTGGAAAAGCCAGGGTGGTCAGACCTT
TGCATGTGATTGGGTACGACGATGCGCCCCATGGCCATTGT
GAAATCGAGTTCACCAACTACGAGGTTTCAGCTGAAGAAAT
GAAGAACACCATTCTTGCTGGTGTTGGCCGTGGTTTTGAGC
TCATCCAGTCCCGTTTGGGACCAGGCAGAATCCATCACTGT
ATGAGACTGATTGGTTCTGGCGAGTTTGCTTTGCTCAAGAC
AGCACACAGAGCCAACAACAGAATCATCTTTGGCAAGCCCT
TGGCCAATAGAGAGTCCTTTATCACAGCTTTTGCTCAACAT
AAGATCGACATTCAGAAGTGTCGTTTGTTGGTGTTGAACGC
GGCCCACAAGATTGACATCACCAATGCCAAGGGTGCCCAG
AAGGAAATTGCCATGGCAAAGATCGAGACTCCAAGGACAG
TGTGCAAGATCATAGATTGGGGCATGCAAATGTTTGGTGCC
GAAGGGTTATCTCAAGACACTGAGCTTGCCAGAATTTATGC
CATGACCAGAATATTGAGAATTGCCGACGGTCCAGATGAAG
CTCATTTGAACCAGTTAGGTAGAAACGAAGCAAAGAAATTC
AACGAGGCTGATGCCTTCTTTGCTACCTATGAGGCAAGCAG
AGCCAGATTGGAAAAATTGTAG

SEQ
1D

NO:
3701

>gi|150866135]
reflXP_001385
628.2| acetyl-
coenzyme-A
dehydrogenase
[Scheffersomyc
es stipitis CBS
6054]

MSAKDDIPAIFLDKISPRGLEAIEKTKRFVEDYCLPADDIYFKQI
KTDPAVRWKYTPEITEKLKKKAKELGLWNMFLSKHYKEGPQF
TNLEYGLMAEYLGKSFVAPEATNTAAPDTGNMELFAKYGTPY
QKEKWLKPLLNGEIRSAFLMTEKGVSSSNALNISTSAIKNAQG
NYVLNGVKWFASGAGDPRCSVWLVMCKTTDDSSKPYFNHSV
LILDPKVAIASGKARVVRPLHVIGYDDAPHGHCEIEFTNYEVSA
EEMKNTILAGVGRGFELIQSRLGPGRIHHCMRSIGSGEFALLKT
AHRANNRIIFGKPLANRESFITAFAQHKIDIQKCRLLVLNAAHK
IDITNAKGAQKEIAMAKIETPRTVCKIIDWGMQMFGAEGLSQD
TELARIYAMTRILRIADGPDEAHLNQLGRNEAKKFNEADAFFA
TYEASRARLEKL
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SEQ
D

Description

Sequence

NO:

SEQ ATGTCTGTTAAAGAGGATATTCCGGCTATTTTTCTCGACAAG
D ATTTCGCCCAAAGGATTGGACGCGATCCAGAAATGTAAGGA
NO: TTTTGTCGAGCAATACTGTCTTCCGGCGGATAAAATATACCT

3702

>gi|146422929
ref]lXM_001487
349.1]
Meyerozyma
guilliermondii
ATCC 6260
hypothetical
protein

(PGUG _00776)
partial mRNA

AGAGCAGCTTAGCCCTGACCCCACAAAAAGATGGAAATCT
ACCCCACAAATCACTGAAAAATTGAAGAAAAAAGCCCAAG
AATTGGGACTTTGGAACATGTTCTTGTCAAAACACTATGCT
GAGGGTGCAGGGTACACCAACTTGGAATATGGGCTCATGGC
AGGTTATTTAGGGCGGTCGTTGGTGGCCCCAGAAGCAACCA
ATACCAATGCACCCGACACGGGCAATATGGAATTGCTTGCC
AAATACGGCACTCAGTACCATAAAGAACGTTGGCTCAAGCC
ATTGTTGAACGGAGAGATTCGGTCGGCTTTTTTGATGACGG
AAAAGGGTACTTCTTCGTCTAATGCGTTGAACATTTCTGTTT
CGGCCAAGAAAAATGCCAATGGGAATTGGGTATTGAATGG
TATTAAGTGGTTCGCTTCTGGATCAGGAGACCCACGGTGTT
CAGTTTGGTTGGTAATGTGCAAAACAGCCGAAACTAAGGCG
ATTTATGAAAACCACTCGGTTCTCGTTATCGATGCCAAAAA
GGCATTGGCTACAGGAAATGCCAAATTGATCCGGCCATTAC
ATGTTTTTGGCTATGACGATGCTCCTCACGGACACTTTGAGG
TGGAATTCAACAACTATGAGATTCCAAGTGAAGATATGCCC
CATTCCATATTGGCTTCTGAAGGTAGAGGATTCGAGCTCAT
TCAGTCGAGACTTGGTCCTGGTCGTATCCACCACTGTATGA
GACTGATTGGTGCTGGAGAACAAGCGTTGTTGCGCGTGAGC
CATCGTGCCAACAATCGGCTCATTTTCGGTACACTTATGGC
AAAGAGAGAATCATTTATTACTGCATTTGCCCAGCACAAGA
TCAACCTTCAGAAATGTAGATTGCTCGTTTTGAATGCTGCCC
ACAAAATTGACATCAGTAATGCCAAACAGGCACAACGGGA
GATTGCTATGGCCAAAATTGAGACTCCAAGAACCGTTGGTA
GGGTACTTGACTGGGGTATCCAAATGTTTGGAGCAGAGGGA
GTTTCGCAAGACACCGAATTGGCTCGTCTGTATGCTATCAA
CCGGACACTCCAGATTGCTGATGGCCCCGACGAAGCTCATT
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SEQ | Description Sequence

1D

NO:
TGAACCAATTGGGATTGAAAGAGGCCAAGAAATTTGCACTT
GCAAGTGAATTCTTTGCTCAACAAGAAGAATACCGCAAACG
ATTATCTAACCTCTAG

SEQ MSVKEDIPAIFLDKISPKGLDAIQKCKDFVEQYCLPADKIYLEQ

ID >0i|146422930
NO: ref]lXP_001487

LSPDPTKRWKSTPQITEKLKKKAQELGLWNMFLSKHYAEGAG
YTNLEYGLMAGYLGRSLVAPEATNTNAPDTGNMELLAKYGT

3703 | 399.1] QYHKERWLKPLLNGEIRSAFLMTEKGTSSSNALNISVSAKKNA
hypothetical NGNWVLNGIKWFASGSGDPRCSVWLVMCKTAETKAIYENHS
protein VLVIDAKKALATGNAKLIRPLHVFGYDDAPHGHFEVEFNNYEI
PGUG 00776 | PSEDMPHSILASEGRGFELIQSRLGPGRIHHCMRLIGAGEQALL
[Meyerozyma | RVSHRANNRLIFGTLMAKRESFITAFAQHKINLQKCRLLVLNA
guilliermondii | AHKIDISNAKQAQREIAMAKIETPRTVGRVLDWGIQMFGAEG
ATCC 6260] | VSQDTELARLYAINRTLQIADGPDEAHLNQLGLKEAKKFALAS

EFFAQQEEYRKRLSNL

SEQ ID 0AA2835 | CACACAGCTCTTCCATAATGTCCGACGAGGAATCAGA

NO: 3704

SEQ ID 0AA2836 | CACACAGCTCTTCCCTCTCTTCTATTCCTAGTTGATGGCCTG

NO: 3705 GTCTC

SEQ ID 0AA2837 | CACACAGCTCTTCCATAATGTCCGACGACCTTATCAC

NO: 3706

SEQ ID 0AA2838 | CACACAGCTCTTCCCTCTCTTCTATTCCTATAATTTATGTTTC

NO: 3707 AACTCACC

SEQ ID 0AA3085 | ATCGTTACCACCATCCCTACAAT

NO: 3708

SEQ ID 0AA3086 | CCGAAACAACCGTAGATACCTTTAAGCTACAACACTATACA

NO: 3709 CGATAATTCCC

SEQ ID 0AA3087 | GGGAATTATCGTGTATAGTGTTGTAGCTTAAAGGTATCTAC

NO: 3710 GGTTGTTTCGG
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SEQ | Description Sequence

1D

NO:

SEQ ID 0AA3088 | CTTGGACATTTCGACCTTGGCGGTACCGAGCTCTGCGAATT
NO: 3711

SEQ ID 0AA3089 | AATTCGCAGAGCTCGGTACCGCCAAGGTCGAAATGTCCAAG
NO: 3712

SEQ ID 0AA3090 | GCTTGTTCTGCAAAATGGAGTCA

NO: 3713

SEQ ID 0AA3212 | GGGGGAGATCGTTACCACCA

NO: 3714

SEQ ID 0AA3213 | AATTCGCAGAGCTCGGTACCGCTGCTGCTGCTGCTGTTTT
NO: 3715

SEQ ID 0AA3214 | AAAACAGCAGCAGCAGCAGCGGTACCGAGCTCTGCGAATT
NO: 3716

SEQ ID 0AA3215 | TTCGTTGTTGGCTCTCTCCATTAAAGGTATCTACGGTTGTTT
NO: 3717 CGG

SEQ ID 0AA3216 | CCGAAACAACCGTAGATACCTTTAATGGAGAGAGCCAACA
NO: 3718 ACGAA

SEQ ID 0AA3217 | CAAAGGCATCGGTCAACTCC

NO: 3719

SEQ | Candida strain | ATGACTTTTACAAAGAAAAACGTTAGTGTATCACAAGGTCC
ID ATCC20336 TGACCCTAGATCATCCATCCAAAAGGAAAGAGACAGCTCCA
NO: POX4 AATGGAACCCTCAACAAATGAACTACTTCTTGGAAGGCTCC
3720 GTCGAAAGAAGTGAGTTGATGAAGGCTTTGGCCCAACAAAT

GGAAAGAGACCCAATCTTGTTCACAGACGGCTCCTACTACG
ACTTGACCAAGGACCAACAAAGAGAATTGACCGCCGTCAA
GATCAACAGAATCGCCAGATACAGAGAACAAGAATCCATC
GACACTTTCAACAAGAGATTGTCCTTGATTGGTATCTTTGAC
CCACAGGTCGGTACCAGAATTGGTGTCAACCTCGGTTTGTT
CCTTTCTTGTATCAGAGGTAACGGTACCACTTCCCAATTGAA
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SEQ
1D
NO:

Description

Sequence

CTACTGGGCTAACGAAAAGGAAACCGCTGACGTTAAAGGT
ATCTACGGTTGTTTCGGTATGACCGAATTGGCCCACGGTTCC
AACGTTGCTGGTTTGGAAACCACCGCCACATTTGACAAGGA
ATCTGACGAGTTTGTCATCAACACCCCACACATTGGTGCCA
CCAAGTGGTGGATTGGTGGTGCTGCTCACTCCGCCACCCAC
TGTTCTGTCTACGCCAGATTGATTGTTGACGGTCAAGATTAC
GGTGTCAAGACTTTTGTTGTCCCATTGAGAGACTCCAACCA
CGACCTCATGCCAGGTGTCACTGTTGGTGACATTGGTGCCA
AGATGGGTAGAGATGGTATCGATAACGGTTGGATCCAATTC
TCCAACGTCAGAATCCCAAGATTCTTTATGTTGCAAAAGTT
CTGTAAGGTTTCTGCTGAAGGTGAAGTCACCTTGCCACCTTT
GGAACAATTGTCTTACTCCGCCTTGTTGGGTGGTAGAGTCA
TGATGGTTTTGGACTCCTACAGAATGTTGGCTAGAATGTCC
ACCATTGCCTTGAGATACGCCATTGGTAGAAGACAATTCAA
GGGTGACAATGTCGATCCAAAAGATCCAAACGCTTTGGAAA
CCCAATTGATAGATTACCCATTGCACCAAAAGAGATTGTTC
CCATACTTGGCTGCTGCCTACGTCATCTCCGCTGGTGCCCTC
AAGGTTGAAGACACCATCCATAACACCTTGGCTGAATTGGA
CGCTGCCGTTGAAAAGAACGACACCAAGGCTATCTTTAAGT
CTATTGACGACATGAAGTCATTGTTTGTTGACTCTGGTTCCT
TGAAGTCCACTGCCACTTGGTTGGGTGCTGAAGCCATTGAC
CAATGTAGACAAGCCTGTGGTGGTCACGGTTACTCGTCCTA
CAACGGCTTCGGTAAAGCCTACAACGATTGGGTTGTCCAAT
GTACTTGGGAAGGTGACAACAATGTCTTGGCCATGAGTGTT
GGTAAGCCAATTGTCAAGCAAGTTATCAGCATTGAAGATGC
CGGCAAGACCGTCAGAGGTTCCACCGCTTTCTTGAACCAAT
TGAAGGACTACACTGGTTCCAACAGCTCCAAGGTTGTTTTG
AACACTGTTGCTGACTTGGACGACATCAAGACTGTCATCAA
GGCTATTGAAGTTGCCATCATCAGATTGTCCCAAGAAGCTG
CTTCTATTGTCAAGAAGGAATCTTTCGACTATGTCGGCGCTG
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SEQ
1D
NO:

Description

Sequence

AATTGGTTCAACTCTCCAAGTTGAAGGCTCACCACTACTTGT
TGACTGAATACATCAGAAGAATTGACACCTTTGACCAAAAG
GACTTGGTTCCATACTTGATCACCCTCGGTAAGTTGTACGCT
GCCACTATTGTCTTGGACAGATTTGCCGGTGTCTTCTTGACT
TTCAACGTTGCCTCCACCGAAGCCATCACTGCTTTGGCCTCT
GTGCAAATTCCAAAGTTGTGTGCTGAAGTCAGACCAAACGT
TGTTGCTTACACCGACTCCTTCCAACAATCCGACATGATTGT
CAATTCTGCTATTGGTAGATACGATGGTGACATCTATGAGA
ACTACTTTGACTTGGTCAAGTTGCAGAACCCACCATCCAAG
ACCAAGGCTCCTTACTCTGATGCTTTGGAAGCCATGTTGAA
CAGACCAACCTTGGACGAAAGAGAAAGATTTGAAAAGTCT
GATGAAACCGCTGCTATCTTGTCCAAGTAA

SEQ
1D

NO:
3721

POX4

GTTCACTGCCATATGACTTTTACAAAGAAAAACGTTAGTGT
ATCACAAGG

Candida strain ATCC20336, Fwd. Primer, Ndel

SEQ
1D
NO:
3722

POX4

CTTCGAGATGCGGCCGCTTACTTGGACAAGATAGCAGCGGT
TTCATC

Candida strain ATCC20336, Rev. Primer, Notl

SEQ
1D
NO:
3723

Candida strain

ATCC20336

POX5

ATGCCTACCGAACTTCAAAAAGAAAGAGAACTCACCAAGTT
CAACCCAAAGGAGTTGAACTACTTCTTGGAAGGTTCCCAAG
AAAGATCCGAGATCATCAGCAACATGGTCGAACAAATGCA
AAAAGACCCTATCTTGAAGGTCGACGCTTCATACTACAACT
TGACCAAAGACCAACAAAGAGAAGTCACCGCCAAGAAGAT
TGCCAGACTCTCCAGATACTTTGAGCACGAGTACCCAGACC
AACAGGCCCAGAGATTGTCGATCCTCGGTGTCTTTGACCCA
CAAGTCTTCACCAGAATCGGTGTCAACTTGGGTTTGTTTGTT
TCCTGTGTCCGTGGTAACGGTACCAACTCCCAGTTCTTCTAC
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SEQ
1D
NO:

Description

Sequence

TGGACCATAAATAAGGGTATCGACAAGTTGAGAGGTATCTA
TGGTTGTTTTGGTATGACTGAGTTGGCCCACGGTTCCAACGT
CCAAGGTATTGAAACCACCGCCACTTTTGACGAAGACACTG
ACGAGTTTGTCATCAACACCCCACACATTGGTGCCACCAAG
TGGTGGATCGGTGGTGCTGCGCACTCCGCCACCCACTGCTC
CGTCTACGCCAGATTGAAGGTCAAAGGAAAGGACTACGGT
GTCAAGACCTTTGTTGTCCCATTGAGAGACTCCAACCACGA
CCTCGAGCCAGGTGTGACTGTTGGTGACATTGGTGCCAAGA
TGGGTAGAGACGGTATCGATAACGGTTGGATCCAGTTCTCC
AACGTCAGAATCCCAAGATTCTTTATGTTGCAAAAGTACTG
TAAGGTTTCCCGTCTGGGTGAAGTCACCATGCCACCATCTG
AACAATTGTCTTACTCGGCTTTGATTGGTGGTAGAGTCACC
ATGATGATGGACTCCTACAGAATGACCAGTAGATTCATCAC
CATTGCCTTGAGATACGCCATCCACAGAAGACAATTCAAGA
AGAAGGACACCGATACCATTGAAACCAAGTTGATTGACTAC
CCATTGCATCAAAAGAGATTGTTCCCATTCTTGGCTGCCGCT
TACTTGTTCTCCCAAGGTGCCTTGTACTTAGAACAAACCATG
AACGCAACCAACGACAAGTTGGACGAAGCTGTCAGTGCTG
GTGAAAAGGAAGCCATTGACGCTGCCATTGTCGAATCCAAG
AAATTGTTCGTCGCTTCCGGTTGTTTGAAGTCCACCTGTACC
TGGTTGACTGCTGAAGCCATTGACGAAGCTCGTCAAGCTTG
TGGTGGTCACGGTTACTCGTCTTACAACGGTTTCGGTAAAG
CCTACTCCGACTGGGTTGTCCAATGTACCTGGGAAGGTGAC
AACAACATCTTGGCCATGAACGTTGCCAAGCCAATGGTTAG
AGACTTGTTGAAGGAGCCAGAACAAAAGGGATTGGTTCTCT
CCAGCGTTGCCGACTTGGACGACCCAGCCAAGTTGGTTAAG
GCTTTCGACCACGCCCTTTCCGGCTTGGCCAGAGACATTGG
TGCTGTTGCTGAAGACAAGGGTTTCGACATTACCGGTCCAA
GTTTGGTTTTGGTTTCCAAGTTGAACGCTCACAGATTCTTGA
TTGACGGTTTCTTCAAGCGTATCACCCCAGAATGGTCTGAA
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SEQ | Description Sequence

ID

NO:
GTCTTGAGACCTTTGGGTTTCTTGTATGCCGACTGGATCTTG
ACCAACTTTGGTGCCACCTTCTTGCAGTACGGTATCATTACC
CCAGATGTCAGCAGAAAGATTTCCTCCGAGCACTTCCCAGC
CTTGTGTGCCAAGGTTAGACCAAACGTTGTTGGTTTGACTG
ATGGTTTCAACTTGACTGACATGATGACCAATGCTGCTATT
GGTAGATATGATGGTAACGTCTACGAACACTACTTCGAAAC
TGTCAAGGCTTTGAACCCACCAGAAAACACCAAGGCTCCAT
ACTCCAAGGCTTTGGAAGACATGTTGAACCGTCCAGACCTT
GAAGTCAGAGAAAGAGGTGAAAAGTCCGAAGAAGCTGCTG
AAATCTTGTCCAGTTAA

SEQ | POX5 GTTCACTGCCATATGCCTACCGAACTTCAAAAAGAAAGAGA

ID ACTC

NO:

3724 Candida strain ATCC20336, Fwd. Primer, Ndel

SEQ | POX5 CTTCGAGATGCGGCCGCTTAACTGGACAAGATTTCAGCAGC

ID TTCTTCG

NO:

3725 Candida strain ATCC20336, Rev. Primer, Notl

SEQ | Acol GTTCACTGCCATATGACAACCAACACATTCACCGATCCTC

ID (AJ001299.1)

NO:

3726 Yarrowia lipolytica, Fwd. Primer, Ndel

SEQ | Acol CTTCGAGATCTCGAGTCACTCATCGAGATCGCAAATTTCAT

ID (AJ001299.1) CGTC

NO:

3727 Yarrowia lipolytica, Rev. Primer, Xhol

SEQ | Aco2 GTTCACTGCCATATGAACCCCAACAACACTGGCACC

ID (XM _505264)

NO:

Yarrowia lipolytica, Fwd. Primer, Ndel
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SEQ | Description Sequence

1D

NO:

3728

SEQ | Aco2 CTTCGAGATGCGGCCGCCTATTCCTCATCAAGCTCGCAAAT
1D (XM_505264) GTCATC

NO:

3729 Yarrowia lipolytica, Rev. Primer, Notl

SEQ | Aco3 GTTCACTGCCATATGATCTCCCCCAACCTCACAGCTAAC

1D (XM_503244)

NO:

3730 Yarrowia lipolytica, Fwd. Primer, Ndel

SEQ | Aco3 CTTCGAGATGCGGCCGCCTATTCCTCGTCCAGCTCGCAAAT
1D (XM_503244) G

NO:

3731 Yarrowia lipolytica, Rev. Primer, Notl

SEQ | Aco4 GTTCACTGCCATATGATCACCCCAAACCCCGCTAAC

1D (XM _504475)

NO:

3732 Yarrowia lipolytica, Fwd. Primer, Ndel

SEQ | Acod CTTCGAGATCTCGAGTTACTGAATATCCTCGGGCTCCATGG
1D (XM _504475)

NO:

3733 Yarrowia lipolytica, Rev. Primer, Xhol

SEQ | Aco5 GTTCACTGCCATATGAACAACAACCCCACCAACGTGATC
1D (XM _502199)

NO:

3734 Yarrowia lipolytica, Fwd. Primer, Ndel

SEQ | Aco5 CTTCGAGATGCGGCCGCCTACTCGTCCAGGTCGCAAATCTC
1D (XM _502199)

NO:

Yarrowia lipolytica, Rev. Primer, Notl
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SEQ | Description Sequence

ID

NO:

3735

SEQ | Acob GTTCACTGCCATATGCTCTCTCAACAGTCCCTCAACAC

ID (XM _503632)

NO:

3736 Yarrowia lipolytica, Fwd. Primer, Ndel / Ncol

SEQ | Acob CTTCGAGATCTCGAGCTACTCATCCTCAAGAGAGCAAATTT
ID (XM _503632) | CCTC

NO:

3737 Yarrowia lipolytica, Rev. Primer, Ncol / Xhol

SEQ | Acol GTTCACTGCCATATGGACGCATCGGCGGAGGTGG

ID (NM_00113690

NO: 2)

3738 Zea mays, Fwd. Primer, Ndel / Earl

SEQ | Acol CTTCGAGATCTCGAGCTAGAGCCTGGAGAGCTTGAGCTGC
ID (NM_00113690

NO: 2)

3739 Zea mays, Rev. Primer, Earl / Xhol

SEQ | Acolb GTTCACTGCCATATGGCGGAAGTGGACCACCTCGC

ID (NM 00117516

NO: 7)

3740 Zea mays, Fwd. Primer, Ndel / BstX1

SEQ | Acolb CTTCGAGATCTCGAGCTAGAGCCTGGAGAGCTTGAGCTGC
ID (NM 00117516

NO: 7)

3741 Zea mays, Rev. Primer, BstXI / Xhol

SEQ | Aco2 GTTCACTGCCATATGGACCTCACCTCGCCGTCGCC

ID (NM 00115855
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SEQ | Description Sequence
ID
NO:
NO: 2)
3742 Zea mays, Fwd. Primer,
SEQ | Aco2 CTTGCGGCCGCTCAGTGGCTCCCGGTTGACAGTGCA
ID (NM_00115855
NO: 2)
3743 Zea mays, Rev. Primer,
SEQ | Aco4 GTTCACTGCCATATGATGGCCGGGAAACGAGTTACGGG
ID (NM 00115683
NO: 4)
3744 Zea mays, Fwd. Primer,
SEQ | Aco4 CTTCGAGATCTCGAGTCACAGCCGGGCTTTCGCTGG
ID (NM 00115683
NO: 4)
3745 Zea mays, Rev. Primer,
SEQ | ACOX2 GTTCACTGCCATATGATCCTGTTGCCCAAAGAGCTCC
ID (XM 00138676
NO: 2)
3746 .. .
Scheffersomyces stipitis, Fwd. Primer, Ndel / Sall
SEQ | ACOX2 GTTCACTGCGCGGCCGCCTAGCGGGACAATATCTTGGCAGC
ID (XM 00138676 | TTCG
NO: 2)
3747 .. .
Scheffersomyces stipitis, Rev. Primer, Sall / Notl
SEQ | DEHA2D17248 | GTTCACTGCCATATGGTTAGTGCTACTAATACAGTGAATTC
ID P AGG
NO: (XM _459235)
3748

Debaryomyces hansenii, Fwd. Primer, Ndel
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SEQ | Description Sequence

1D

NO:

SEQ | DEHA2D17248 | CTTCGAGATCTCGAGTTATTTGGATAAGATCTTAGCAGTTTC
1D p AGTAGACTTTTC

NO: (XM _459235)

3749 Debaryomyces hansenii, Rev. Primer, Xhol

SEQ | ACXI GTTCACTGCATTAATATGGAAGGAATTGATCACCTCGCCG
1D (NM_117778)

NO:

3750 Arabidopsis thaliana, Fwd. Primer, Asel

SEQ | ACXI CTTCGAGATGTCGACTCAGAGCCTAGCGGTACGAAGTTGC
1D (NM_117778)

NO:

3751 Arabidopsis thaliana, Rev. Primer, Sall

SEQ | ACX2 GTTCACTGCCATATGGAATCGCGGCGAGAGAAGAATCC

1D (NM_00103706

NO: 8)

3752 Arabidopsis thaliana, Fwd. Primer, Ndel

SEQ | ACX2 CTTCGAGATGTCGACTTATACAAGAAAACAAACCTTAGCTT
1D (NM_00103706 | TGTTAGGCGC

NO: 8)

3753 Arabidopsis thaliana, Rev. Primer, Sall

SEQ | ACX2b GTTCACTGCCATATGGAATCGCGGCGAGAGAAGAATCC

1D (NM_125910)

NO:

3754 Arabidopsis thaliana, Fwd. Primer, Ndel

SEQ | ACX2b CTTCGAGATGTCGACTTAGAATCCAACAACTTGAGTATACT
ID (NM_125910) GGGAATAAG

NO:

3755

Arabidopsis thaliana, Rev. Primer, Ssll
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SEQ | Description Sequence
ID
NO:
SEQ | ACX3 GTTCACTGCATTAATATGTCGGATAATCGTGCACTCCGACG
ID (NM _100511)
NO:
3756 Arabidopsis thaliana, Fwd. Primer, Asel
SEQ | ACX3 CTTCGAGATGTCGACCTAAACTGAAGACCAAGCATTGGCTT
ID (NM _100511) | CG
NO:
3757 Arabidopsis thaliana, Rev. Primer, SALI
SEQ | ACX5 GTTCACTGCCATATGGAGAGAGTTGATCACCTTGCCGATG
ID (NM_129124)
NO:
3758 Arabidopsis thaliana, Fwd. Primer, Ndel / Earl
SEQ | ACX5 GTTCACTGCGCGGCCGCTTAGAGTTTGGCAGAGCGGAAGCG
ID (NM _129124) | TTG
NO:
3759 Arabidopsis thaliana, Rev. Primer, Earl / Notl
SEQ | aco2 GTTCACTGCCATATGCAAACTCCGAACTGTGAAGCA
ID (XM 00352501
NO: 5)
3760 Glycine max, Fwd. Primer, Ndel
SEQ | aco2 CTTGCGGCCGCTCAAAAACCGACGTATTGAGTGTAT
ID (XM 00352501
NO: 5)
3761 )
Glycine max, Rev. Primer, Notl
SEQ | aoxA GTTCACTGCCATATGCCAAATCCACCTCCCGCCTGG
ID (XM _659264)
NO:

3762

Aspergillus nidulans, Fwd. Primer, Ndel
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SEQ | Description Sequence

1D

NO:

SEQ | aoxA CTTCGAGATCTCGAGTCACAGCTTGCTCTTAATCTCCCCCG
1D (XM_659264)

NO:

3763 Aspergillus nidulans, Rev. Primer, Xhol

SEQ | Acol GTTCACTGCCATATGAACCCAGACTTGAGAAAGGAAAGAG
1D (NM_017340) C

NO:

3764 Rattus norvegicus, Fwd. Primer, Ndel

SEQ | Acol CTTCGAGATCTCGAGCTACAACTTGGATTGCAATGGCTTCA
1D (NM_017340) AGTGC

NO:

3765 Rattus norvegicus, Rev. Primer, Xhol

SEQ | Acoll (1IS2_A) | GTTCACTGCCATATGAACCCAGACTTGAGAAAGGAAAGAG
1D C

NO:

3766 Rattus norvegicus, Fwd. Primer, Ndel

SEQ | Acoll (1IS2_A) | CTTCGAGATCTCGAGCTACAACTTGGATTGCAATGGCTTCA
1D AGTGC

NO:

3767 Rattus norvegicus, Rev. Primer, Xhol

SEQ | Aco GTTCACTGCCATATGGCTTCGCCGCGCGAGTC

ID (Cucsa.029560.

NO: 1)

3768 Cucumis sativus, Fwd. Primer, Ndel

SEQ | Aco CTTCGAGATCTCGAGTTAGAAGCCAACATACTGCGTATACT
D (Cucsa.029560. | GCG

NO: 1)

3769

Cucumis sativus, Rev. Primer, Xhol
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SEQ | Description Sequence

ID

NO:

SEQ | Aco GTTCACTGCCATATGACAGAAGTAGTGGACCGCGCATC
ID (BAE47462)

NO:

3770 Arthrobacter urcafaciens, Fwd. Primer, Ndel

SEQ | Aco CTTCGAGATCTCGAGCTAGCGGGACTTGCCGGCC

ID (BAE47462)

NO:

3771 Arthrobacter urcafaciens, Rev. Primer, Xhol

SEQ | Aco GTTCACTGCCATATGCTCGATACCGACTCGCCACG
ID (YP_00357178

NO: 0)

3772 Salinobacter rubber, Fwd. Primer, Ndel

SEQ | Aco CTTCGAGATCTCGAGCTCGAGTCATTTCGGGCCGGG
ID (YP_00357178

NO: 0)

3773 Salinobacter rubber, Rev. Primer, Xhol

SEQ | Aco GTTCACTGCCATATGCCCCAGCACGGCGATACAG
ID (YP_290295.1)

NO:

3774 Thermobifida fusca, Fwd. Primer, Ndel

SEQ | Aco CTTCGAGATCTCGAGCTCGAGTCACGTCTCCGCGC
ID (YP_290295.1)

NO:

3775 Thermobifida fusca, Rev. Primer, Xhol

SEQ | Aco GTTCACTGCCATATGAAACCAGCTAAACTTCAAGCCTTTAC
ID (NC_009441.1) | TCC

NO:

3776

Flavobacterium johnsoniae, Fwd. Primer, Ndel
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SEQ | Description Sequence
ID
NO:
SEQ | Aco CTTCGAGATCTCGAGCTAAACTGCAATTGGCGCTGCTAAAC
ID (NC _009441.1) | AG
NO:
3777 Flavobacterium johnsoniae, Rev. Primer, Xhol
SEQ | POXI1 MAKERGKTQFTVRDVTNFLNGGEEETQIVEKIMSSIERDPVLS
ID >0i|50554589|r | VTADYDCNLQQARKQTMERVAALSPYLVTDTEKLSLWRAQL
NO: ef]lXP_504703.1 | HGMVDMSTRTRLSIHNNLFIGSIRGSGTPEQFKYWVKKGAVA
3778 | | VKQFYGCFAMTELGHGSNLKGLETTATYDQDSDQFIINTPHIG
YALIOE32835p | ATKWWIGGAAHTSTHCVCFAKLIVHGKDYGTRNFVVPLRNV
[Yarrowia HDHSLKVGVSIGDIGKKMGRDGVDNGWIQFTNVRIPRQNML
lipolytica] MRYAKVSDTGVVTKPALDQLTYGALIRGRVSMIADSFHVSKR
FLTIALRYACVRRQFGTSGDTKETKIIDYPYHQRRLLPLLAYCY
AMKMGADEAQKTWIETTDRILALNPNDPAQKNDLEKAVTDT
KELFAASAGMKAFTTWGCAKIIDECRQACGGHGYSGYNGFG
QGYADWVVQCTWEGDNNVLCLSMGRGLVQSALQILAGKHV
GASIQY VGDKSKISQNGQGTPREQLLSPEFLVEAFRTASRNNIL
RTTDKYQELVKTLNPDQAFEELSQQRFQCARIHTRQHLISSFY
ARIATAKDDIKPHLLKLANLFALWSIEEDTGIFLRENILTPGDID
LINSLVDELCVAVRDQVIGLTDAFGLSDFFINAPIGSYDGNVYE
KYFAKVNQQNPATNPRPPYYESTLKPFLFREEEDDEICDLDE
SEQ | POX2 MNPNNTGTIEINGKEYNTFTEPPVAMAQERAKTSFPVREMTYF
ID >0i|50555712|r | LDGGEKNTLKNEQIMEEIERDPLFENNDNYYDLNKEQIRELTME
NO: eflXP_505264.1 | RVAKLSLFVRDQPEDDIKKRFALIGIADMGTYTRLGVHYGLFF
3779 | | GAVRGTGTAEQFGHWISKGAGDLRKFYGCFSMTELGHGSNLA

YALIOF10857p
[Yarrowia

lipolytica]

GLETTAIYDEETDEFIINTPHIAATKWWIGGAAHTATHTVVFAR
LIVKGKDYGVKTFVVQLRNINDHSLKVGISIGDIGKKMGRDGI
DNGWIQFTNVRIPROQNLLMKYTKVDREGNVTQPPLAQLTYGS
LITGRVSMASDSHQVGKRFITIALRY ACIRRQFSTTPGQPETKII
DYPYHQRRLLPLLAYVYALKMTADEVGALFSRTMLKMDDLK
PDDKAGLNEVVSDVKELFSVSAGLKAFSTWACADVIDKTRQA
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SEQ
1D
NO:

Description

Sequence

CGGHGYSGYNGFGQAYADWVVQCTWEGDNNILTLSAGRALI
QSAVALRKGEPVGNAVSYLKRYKDLANAKLNGRSLTDPKVL
VEAWEVAAGNIINRATDQYEKLIGEGLNADQAFEVLSQQRFQ
AAKVHTRRHLIAAFFSRIDTEAGEAIKQPLLNLALLFALWSIEE
DSGLFLREGFLEPKDIDTVTELVNKYCTTVREEVIGYTDAFNLS
DYFINAPIGCYDGDAYRHYFQKVNEQNPARDPRPPYYASTLKP
FLFREEEDDDICELDEE

SEQ
1D
NO:
3780

POX3
>¢1]50551539|r
eflXP_503244.1
|
YALIOD24750
p [Yarrowia

lipolytica]

MISPNLTANVEIDGKQYNTFTEPPKALAGERAKVKFPIKDMTE
FLHGGEENVTMIERLMTELERDPVLNVSGDYDMPKEQLRETA
VARIAALSGHWKKDTEKEALLRSQLHGIVDMGTRIRLGVHTG
LFMGAIRGSGTKEQYDYWVRKGAADVKGFYGCFAMTELGHG
SNVAGLETTATYIQDTDEFIINTPNTGATKWWIGGAAHSATHT
ACFARLLVDGKDYGVKIFVVQLRDVSSHSLMPGIALGDIGKK
MGRDAIDNGWIQFTNVRIPRQNMLMKYAKVSSTGKVSQPPLA
QLTYGALIGGRVTMIADSFFVSQRFITIALRYACVRRQFGTTPG
QPETKIIDYPYHQRRLLPLLAFTYAMKMAADQSQIQYDQTTDL
LQTIDPKDKGALGKAIVDLKELFASSAGLKAFTTWTCANIIDQ
CRQACGGHGYSGYNGFGQAYADWVVQCTWEGDNNVLCLSM
GRGLIQSCLGHRKGKPLGSSVGYLANKGLEQATLSGRDLKDP
KVLIEAWEKVANGAIQRATDKFVELTKGGLSPDQAFEELSQQ
RFQCAKIHTRKHLVTAFYERINASAKADVKPYLINLANLFTLW
SIEEDSGLFLREGFLQPKDIDQVTELVNHYCKEVRDQVAGYTD
AFGLSDWFINAPIGNYDGDVYKHYFAKVNQQNPAQNPRPPYY
ESTLRPFLFREDEDDDICELDEE

SEQ
1D

NO:
3781

POX4
>gi[50554133r

efXP_504475.1
|
YALIOE27654p

[Yarrowia

MITPNPANDIVHDGKLYDTFTEPPKLMAQERAQLDFDPRDITY
FLDGSKEETELLESLMLMYERDPLFNNQNEYDESFETLRERSV
KRIFQLSKSIAMDPEPMSFRKIGFLGILDMGTYARLGVHYALFC
NSIRGQGTPDQLMYWLDQGAMVIKGFYGCFAMTEMGHGSNL
SRLETIATFDKETDEFIINTPHVGATKWWIGGAAHTATHTLAF
ARLQVDGKDYGVKSFVVPLRNLDDHSLRPGIATGDIGKKMGR
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SEQ
1D
NO:

Description

Sequence

lipolytica]

DAVDNGWIQFTNVRVPRNYMLMKHTKVLRDGTVKQPPLAQL
TYGSLITGRVQMTTDSHNVSKKFLTIALRYATIRRQFSSTPGEP
ETRLIDYLYHQRRLLPLMAYSYAMKLAGDHVRELFFASQEKA
ESLKEDDKAGVESYVQDIKELFSVSAGLKAATTWACADIIDKA
RQACGGHGYSAYNGFGQAFQDWVVQCTWEGDNTVLTLSAG
RALIQSALVYRKEGKLGNATKYLSRSKELANAKRNGRSLEDP
KLLVEAWEAVSAGAINAATDAYEELSKQGVSVDECFEQVSQE
RFQAARIHTRRALIEAFYSRIATADEKVKPHLIPLANLFALWSIE
EDSALFLAEGYFEPEDIIEVTSLVNKYCGIVRKNVIGY TDAFNL
SDYFINAAIGRYDGDVYKNYFEKVKQQYPPEGGKPHYYEDV
MKPFLHRERIPDVPMEPEDIQ

SEQ
1D
NO:
3782

POXS5
>01|50549457|r
ef]IXP 502199.1
|
YALIOC23859
p [Yarrowia

lipolytica]

MNNNPTNVILGGKEYDTFTEPPAQMELERAKTQFKVRDVTNF
LTGSEQETLLTERIMREIERDPVLNVAGDYDADLPTKRRQAVE
RIGALARYLPKDSEKEAILRGQLHGIVDMGTRTRIAVHYGLFM
GAIRGSGTKEQYDYWVAKGAATLHKFYGCFAMTELGHGSNV
AGLETTATLDKDTDEFIINTPNSGATKWWIGGAAHSATHTACL
ARLIVDGKDYGVKIFIVQLRDLNSHSLLNGIAIGDIGKKMGRD
AIDNGWIQFTDVRIPRQNMLMRYDRVSRDGEVTTSELAQLTY
GALLSGRVTMIAESHLLSARFLTIALRYACIRRQFGAVPDKPET
KLIDYPYHQRRLLPLLAYTYAMKMGADEAQQQYNSSFGALL
KLNPVKDAEKFAVATADLKALFASSAGMKAFTTWAAAKIIDE
CRQACGGHGYSGYNGFGQAYADWVVQCTWEGDNNVLCLSM
GRSLIQSCIAMRKKKGHVGKSVEYLQRRDELQNARVDNKPLT
DPAVLITAWEKVACEAINRATDSFIKLTQEGLSPDQAFEELSQQ
RFECARIHTRKHLITSFYARISKAKARVKPHLTVLANLFAVWSI
EEDSGLFLREGCFEPAEMDEITALVDELCCEAREQVIGFTDAFN
LSDFFINAPIGRFDGDAYKHYMDEVKAANNPRNTHAPYYETK
LRPFLFRPDEDEEICDLDE

SEQ
D

POX6
>gi[50552444|r

MLSQQSLNTFTEPPVEMARERNQTSFNPRLLTYFLDGGEKNTL
LMDRLMQEYERDPVFRNEGDYDITDVAQSRELAFKRIAKLIEY
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SEQ
1D
NO:

Description

Sequence

NO:
3783

efXP_503632.1

|
YALIOE06567p

[Yarrowia

lipolytica]

VHTDDEETYLYRCMLLGQIDMGAFARYAIHHGVWGGAIRGA
GTPEQYEFWVKKGSLSVKKFYGSFSMTELGHGSNLVGLETTA
TLDKNADEFVINTPNVAATKWWIGGAADTATHTAVFARLIVD
GEDHGVKTFVVQLRDVETHNLMPGIAIGDCGKKMGRQGTDN
GWIQFTHVRIPRQNMLMRYCHVDSDGNVTEPMMAQMAY GA
LLAGRVGMAMDSYFTSRKFLTIALRYATIRRAFAAGGGQETK
LIDYPYHQRRLLPLMA
QTYAIKCTADKVRDQFVKVTDMLLNLDVSDQEAVPKAIAEAK
ELFSVSAGVKATTTWACAHTIDQCRQACGGHGYSAYNGFGR
AYSDWVIQCTWEGDNNILCLSAGRALVQSNRAVRAGKPIGGP
TAYLAAPAGSPKLAGRNLYDPKVMIGAWETVSRALINRTTDE
FEVLAKKGLSTAQAYEELSQQRFLCTRIHTRLYMVKNFYERIA
EEGTEFTKEPLTRLANLYAFWSVEEEAGIFLREGYITPQELKYIS
AEIRKQLLEVRKDVIGYTDAFNVPDFFLNSAIGRADGDVYKNY
FKVVNTQNPPQDPRPPYYESVIRPFLFRKDEDEEICSLEDE

SEQ
1D
NO:
3784

pAA298
(Nucleic Acid

Seq.)

gatctggaatcccteggegteggtettgggggtoogooocattctttettggtcttgggaacgecaac

getttgttgtitggattcttgaacacggactgctcgaaaaagtaccagtatgatgecttacctetgetgg
ctttccacaagtatgggagggcattgacagegactgtcttggctaacagecacgtegtcggcaattaa
atatttggcttccaataactgactaccaaggatggcagcageggctatttctaatcctgacatgtttcte
gtacgtagtagtgaatgaagggaaggtggaataatatcaagggcgaattctgecagatatccatcac

actggcggcecgetcgagceatgeatctagagggceccaattcgecctatagtgagtegtattacaatte
actggccgtcegttttacaacgtcgtgactgggaaaaccctggegttacccaacttaatcgecttgeag
cacatccccctttcgecagetggegtaatagegaagaggeccgeaccgatcgeccttcccaacagt
tgcgcagcectatacgtacggceagtttaaggtttacacctataaaagagagagcecgttatcgtcetgtttg
tggatgtacagagtgatattattgacacgccggggcegacggatggtgatceccectggecagtgeac
gtctgctgtcagataaagtcteccgtgaactttacceggtggtgeatatcggggatgaaagetggeg
catgatgaccaccgatatggccagtgtgccggtctccgttatcggggaagaagtggctgatctcag

ccaccgegaaaatgacatcaaaaacgcecattaacctgatgttictggggaatataaatgtcaggeatg
agattatcaaaaaggatcttcacctagatccttttcacgtagaaagccagtccgecagaaacggtgct

gaccceggatgaatgtcagetactgggetatctggacaagggaaaacgcaagegeaaagagaaa
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SEQ | Description Sequence
1D
NO:

geaggtagcttgcagtgggcttacatggegatagetagactgggeggttttatggacageaagega
accggaattgccagetggggcgecctetggtaaggttgggaagecctgcaaagtaaactggatgg

ctttctecgecgecaaggatctgatggegecaggggatcaagetctgatcaagagacaggatgagga
tcgtttcgcatgattgaacaagatggattgecacgeaggttctceggecgettgggtggagaggctatt
cggctatgactgggcacaacagacaatcggetgctetgatgecgecgtgttceggcetgtcagegea
ggggegecceggttetttttgtcaagaccgacctgteceggtgcecctgaatgaactgcaagacgagge
agcgceggctategtggetggecacgacgggcegticettgegeagetgtgetecgacgttgtcactga
agcgggaagggactggctgctattgggcegaagtgecggggcaggatctectgteatctcaccttg
ctcctgecgagaaagtatccatcatggetgatgecaatgeggeggcetgeatacgettgatcecggetac
ctgeccattcgaccaccaagegaaacatcgeatcgagegageacgtactcggatggaagecggt
cttgtcgatcaggatgatctggacgaagagcatcaggggctcgegecagecgaactgttcgecag
gctcaaggegagcatgeccgacggegaggatctegtegtgacccatggegatgectgettgecga
atatcatggtggaaaatggcecgctttictggattcatcgactgtggecggcetgggtgtggcggaccg
ctatcaggacatagcgttggctacccgtgatattgctgaagagettggeggcgaatgggctgaceg
cttectegtgctttacggtatcgeegetccegattecgecagegceatcgecttetatcgecttettgacga
gttcttctgaattattaacgcettacaatttcctgatgeggtattttctecttacgceatctgtgeggtatttca
caccgcatacaggtggcacttttcggggaaatgtgcgeggaacccctatttgtttatttttctaaataca
ttcaaatatgtatccgcetcatgagacaataaccctgataaatgcttcaataatagcacgtgaggaggg
ccaccatggccaagttgaccagtgeegttccggtgcetcacegegegegacgtegecggageggt
cgagttctggaccgaccggetegggttctceccgggacttecgtggaggacgacttcgeeggtgtggt
ccgggacgacgtgaccctgttcatcagegeggteccaggaccaggtggtgccggacaacaccctg
gectgggtotoootocgeggectggacgagetgtacgecgagtggteggaggtegtgtecacga
acttccgggacgecteccgggecggecatgacegagatcggegageagecgtggogecggoag
ttcgecctgegegacceggecggeaactgegtgcacttcgtggecgaggageaggactgacacg
tgctaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcc
cttaacgtgagttttcgttccactgagegtcagaccecgtagaaaagatcaaaggatcticttgagat
cctttttttctgegegtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggettcagcagagegcagataccaaatac
tgtecttctagtgtagecgtagttaggecaccacttcaagaactctgtagecaccgectacataccteg
ctcetgctaatcctgttaccagtggetgetgecagtggegataagtegtgtettaccgggttggactca
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SEQ
1D
NO:

Description

Sequence

agacgatagttaccggataaggcegceageggtcgggctgaacggggggttegtgcacacagececa
gettggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegecac
gettcccgaagggagaaaggeggacaggtatccggtaageggcagggtecggaacaggagage
gcacgagggagcettccagggggaaacgectggtatctttatagtectgtegggtttcgecacctetg
acttgagcgtcgatttttgtgatgctcgtcagggggecggagectatggaaaaacgecageaacge
ggcctttttacggttectgggcttttgctggcecttttgetcacatgttctttcctgegttatcecetgattet
gtggataaccgtattaccgectttgagtgagetgataccgetegecgeagecgaacgaccgageg
cagcgagtcagtgagcgaggaageggaagagegcccaatacgcaaaccgectctececgegeg
ttggccgattcattaatgcagetggeacgacaggtttcccgactggaaagegggeagtgagegea
acgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgettccggetegtat
gttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgecaag
ctatttaggtgacactatagaatactcaagctatgcatcaagcettggtaccgagetcggatccactagt
aacggccgecagtgtgctggaattcgeccttccgttaaacaaaaatcagtctgtaaaaaaggttcta
aataaatattctgtctagtgtacacattctcccaaaatagtgaaatccagcetctacaatttggetttaccg
gtacaaatcaaagaccaatcgtcttcagtcaactcctggtacttgtcgecattcaaccagtagatcaa
atccttgecgtcttcaccctttggcaacttttggttcttgaattggttcttaggaaccttgtggttgtgcga
agcctcaatggtgecaatcttgatgaacgcaggttgageatacacaggcaaagacttggtcacgtg
agagtgaatcaatttcaagatttcttcatggctcaactcgtecttggetticacagacggcaaaacagg
ctctaccttcgtggtttggcaccttgacaccgacaacgacggactgcttcaaggecttggageccat
caattcgttctcgaccteggtggeggagacgttttcggacttccaacggaaagtgtcacctaatctgt
cgacaaagtacaacaatttgtcctcgtccatcttcaacaagtcaccggatctgtaccacgegtcacct
tttttgaaaacattggtgaggattttgetgttgotggcggacttgttaccataataaccctggaaggattt
ctgcacgtcgttagggttcaagattctcatcaacaactcacctggetegttgtaageggecteggtac
agaacccggtcttggggtecttgtagatttcactctegtettctgggtccatcttggecaatttetgetg
ggtagacaataacaagetgatgagggacccgtacttacgacaggegecgacaccgtactcacegt
actgcaagttggtggtggcgataggegactcggtggeggcegtagaactcaccgataccttcaatgt
ggaatctgegcettgaactcagaccatatatctggacgcaaccegttaccgtaggcaattctgacattg
tgtetgtettggtetggatgaggcttggagttcaacaagtaacgacagacctcaccgacgtattgeac
gtgggtggcaccacataatctggectgggteccagaacgaagtageggagaattictgggacacgg

agacacagccaccgacaatcaaagtaggacacaaccccaacatggecgeggtggagtggtaca
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SEQ | Description Sequence
1D
NO:

agggcatggcggtcaagacgttcgatttcgagtcaatcttcatgatgtggccaaagaaaaccgagg
ccatgaaggcttttctccaggacatgataccggcettttggcaaaccggtggtacccgaggtgtaaat
caatgcacaagcggaggagtcagtatcggttggtettetggtettgtccteggetctgtgtittggagt
cgacttgagtctcaatctgtcaaacaaggcaaactcgtcaatgtagtttatttgcacatgtggceaattc
ctctetgatctgagecteggtatctetgattggggaatcacagtccgggtcaacgaaaacttgegaa
gegttgacaatcttaagacagtggatcaatggcettgtecttggtgttgaagttcaagaacgcaggceaa
ggcaccaatgttccacaatgccaaccacaagacaatgaaaageggcettgttcatacaagaaacacce
gatggtgtegttggcagtgacgecgtactcgttcttcaagatgtatgagtacttcaaaaccatgtegta
caattccttgtaggtgtattcttctaggtcaaactgatcgtcgtagatccactagtaacggecgecagt
gtgctggaattcgeccttgggctaacgaaaaggaaaccgetgacgttaaaggtatctacggttgttte
ggtatgacccccggggatctgacgggtacaacgagaattgtattgaattgatcaagaacatgatett
ggtgttacagaacatcaagttcttggaccagactgagaatgcacagatatacaaggegtcatgtgat
aaaatggatgagatttatccacaattgaagaaagagtttatggaaagtggtcaaccagaagctaaac
aggaagaagcaaacgaagaggtgaaacaagaagaagaaggtaaataagtattttgtattatataac
aaacaaagtaaggaatacagatttatacaataaattgccatactagtcacgtgagatatctcatccatt
ccccaactcccaagaaaaaaaaaaagtgaaaaaaaaaatcaaacccaaagatcaacctceccate
atcatcgtcatcaaacccccagcetcaattcgcaatggttagcacaaaaacatacacagaaagggca
tcagcacacccctcenaggttgeccaacgtttattccgcettaatggagtccaaaaagaccaacctct
gegcectegatcgacgtgaccacaaccgecgagttectttecgetcatcgacaageteggtececaca
tctgtetegtgaagacgceacatcgatntcatctcagacttcagetacgagggceacgattgagecgtt
gettgtgcttgcagagegecacgggticttgatattcgaggacaggaagtttgctgatatcggaaac
accgtgatgttgcagtacacctcgggggtataccggatcgeggegtggagtgacatcacgaacge
geacggagtgactgggaagggegtegttgaagggttgaaacgeggtgcggagggggtagaaaa
ggaaagggeocgtgttgatgtnggcggagttgtcgagtaaaggetegtiggegeatggtgaatatac
ccgtgagacgatcgagattgcgaagagtgatcgggagttcgtgattgggttcatcgegeageggg
acatgggoootagagaagaagggtitgattggatcatcatgacgectggtgtggeottgoatoata
aaggcgatgcgttggoccagcagtataggactgttgatgaggtggttetgactggtaccgatgtgat
tattgtcgggagagggttgtttggaaaaggaagagaccctgaggtggagggaaagagatacagg
gatgctggatggaaggcatacttgaagagaactggtcagttagaataaatattgtaataaataggtct
atatacatacactaagcttctaggacgtcattgtagtcttcgaagttgtctgctagtttagttctcatgatt
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Sequence

tcgaaaaccaataacgcaatggatgtagcagggatggtogttagtgcgttcctgacaaacccagag
tacgccgectcaaaccacgtcacattcgecctttgettcatccgeatcacttgettgaaggtatccacg
tacgagttgtaatacaccttgaagaacggcttcgtctacggtcgacgacgggtacaacgagaattgt
attgaattgatcaagaacatgatcttggtgttacagaacatcaagttcttggaccagactgagaatge
acagatatacaaggcgtcatgtgataaaatggatgagatttatccacaattgaagaaagagtttatgg
aaagtggtcaaccagaagctaaacaggaagaagcaaacgaagaggtgaaacaagaagaagaa
ggtaaataagtattttgtattatataacaaacaaagtaaggaatacagatttatacaataaattgccata
ctagtcacgtgagatatctcatccattccccaactcccaagaaaaaaaaaaagtgaaaaaaaaaate

aaacccaaagatcaacctccccatcatcatcgtcatcaaacccccagcetcaattcgecagageteggt

acccggg

MRGMEKPHSLFRRMSTAPFAIIQPPISILSATLITSEFFFVYSLYN
FFHFIIDLFYYYYTHIYPHRAMIENISGNGNYPQNHEVDLEKEF
GVEKIGINLYRDKSPIPKPDRRSRGAYGGYLAGQALLVAMKST
PPEYRPHSFHSYFIKAVNDKETLEWRVEETSNGRNYANRSLQA
FQAGNLVYTANVSLTKKNSAKKAEEATGVKPFEFQGKPHEWF
EKHKRDDLPLATPSSSLLIYHKFFPEVVSLEASKEEESKPAADR
ELSWYFKWGINNEEGHHQPLVNLNSDYQYVGMAALTDAVYL
NRLLRILRVEDADHTQLVHYFSVSLDHTMYFHDDDFDVTKW
MGFTFKVTRFSHNRALCQGEVYNDKGVHVCTIVQEGLMMLN
GLEEGAKL*

WO 2014/100504
SEQ | Description
ID
NO:

SEQ | Candida strain
ID ATCC20336
NO: Thioesterase
3785 | PTE1

SEQ | Candida strain
ID ATCC20336
NO: Thioesterase
3786 | PTE2

MICVFFPTSTFTTAHKFVSNLQSFFLSQQPHTTSYTMPTFNYKD
GETIDVQKEFGVVETAPNKYVGVKPLVKPMPHVKGVFGGNL
AGQALLVAMKSVGPDFSPHSLHSYFIRAGSDQTPVEWTVQAIS
DGNSFCNRFIKGVQNGQVIYIANVSLTKRNSAADAMKKYEEY
HAQIRQKGKDGDADEEDEDDDDEDDNAPAKPFGFQTPSHKWI
KDRDLDKLPVSDMESNLLLY YKLPPEFVSLKSSTEEESLPVSER
RMGALAKWGIENEQGFNQPLTNLDKSFQYVGLANITDGLYLG
TLNRILRIDDLTLDERATNYFSVSLDHVIYFHDDDFDVTKWMG
FTFRCSRYSHNRVIFEGEIYSDKGVQVASIIQEGLVRFKDGYLK
NAKL




WO 2014/100504

PCT/US2013/076739
292

Example 54: Additional Nucleotide and Amino Acid Sequences

SEQ
1D
NO:
3787

Peroxisomal
2,4-dienoyl-

CoA reductase

>gi|110279051|
sp|P32573.4|

SPS19 YEAS
T

MNTANTLDGKFVTEGSWRPDLFKGKVAFVTGGAGTICRVQT
EALVLLGCKAAIVGRDQERTEQAAKGISQLAKDKDAVLAIAN
VDVRNFEQVENAVKKTVEKFGKIDFVIAGAAGNFVCDFANLS
PNAFKSVVDIDLLGSFNTAKACLKELKKSKGSILFVSATFHYY
GVPFQGHVGAAKAGIDALAKNLAVELGPLGIRSNCIAPGAIDN
TEGLKRLAGKKYKEKALAKIPLQRLGSTRDIAESTVYIFSPAA
SYVITGTVLVVDGGMWHLGTYFGHELYPEALIKSMTSKL

SEQ
1D
NO:
3788

CvDCR1 NO
DE5705

atgccaaacactttagatcacaactaccttaagaaaagcgtctggaagtcagatatctttgecggea
aagtcatcttcatcactggtggtgccggtaccatctgtcgtgtgcaagecgaagcecatggtcttgttg
ggtgctaatgetgecatcattggtagaaacgtcgaaaagactgaagaagecgcetaaggagattge
ttecttgagaccaggagcecaaggtcattggtattggtgccgttgacgtgegtaagatccaaactate
aaggatgccgttgacagaactgttgccgagttgggcagaatcgactatgtcattgetggtgccgee
ggtaacttcctttgtgacttcaaccacttgtctgecaacgecttcaagtcegtgattgacattgatttgtt
gggttctttcaacaccgtcaaggttacctttgaccagttgagaaagaacaaaggtgecegtgttgttg
tcagtgccactttgcactacaccggtgttcctatgcaatcgecacgttggtgctgeccaagtctggtgtt
gatgccttgagcaacgeccttgetgttgaattgggtccattgggtatcagattcaactgtattgecec
aggtgccattgetggtactgaaggtatgctgagattggecccacctaccgacacgecattggaga
cgaagattccattgcagagacaaggtactactgaggacattgetgatgecactgtgtttttgttcteg
ccagcttcctectacattactggtgatgttttggttottgatggtoctatgtggcaaactggeggaggt

attcttaacgacttctacccagacatcattattcaccagaacgccgacccagaaggtaagttgtaa

SEQ
1D
NO:
3789

CvDCR1 NO
DE5705

MPNTLDHNYLKKSVWKSDIFAGKVIFITGGAGTICRVQAEAM

VLLGANAAIIGRNVEKTEEAAKEIASLRPGAKVIGIGAVDVRK
IQTIKDAVDRTVAELGRIDYVIAGAAGNFLCDFNHLSANAFKS
VIDIDLLGSFNTVKVTFDQLRKNKGAVLFVSATLHYTGVPMQ

SHVGAAKSGVDALSNALAVELGPLGIRFNCIAPGAIAGTEGMS
RLAPPTDTPLETKIPLQRQGTTEDIADATVFLFSPASSYITGDVL
VVDGAMWQTGGGILNDFYPDIHIHQNADPEGKL

SEQ
D

CvDCR2 NO
DE6821

atgccaaacactttaactgaagcatacaaacaagaaagttcttggaagcecagatttgttcaagggea

aagtcgtcttcatcaccggtggtgcaggttcgatctgecgtgtccaggecgaagecatggtettgtt
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gggoteccaacgetgecatcattggtagaaacgtcgaaaagaccgaatccgecgecaaagaaate
gececagcettgagatcaggagecaaggttettggtattggtoocattgatgtgegtaaagttgacaget
tgaagagecgecgtcgataagaccgttgecgaattgggcagaatcgactttgtcattgctggtecceg
ccggtaacttcetttgtgacttcaaccacttgtcttccaacgecttcaaatccatcattgacattgactt

gttgggttctttcaacaccgtcaaggtcacttttgaccaattgagaaagaacaagggtgccatcttgt
ttgtcagtgccaccttgecactactacggtgttectttccaaattggtgttggtectgccaaggetggtg
tcgacgcecttgagcaatgeccttgecgttgagttgggtecattgggcatcagatccaactgtattge

cccaggtccaatcgacggtaccgaaggtgttgaaagattggtcagagcttccaaggecgaagee

gccaagaaggttccattgcaaagattgggtactacacaagacattgetgacggtaccgtctacttgt
tcteccccagecgectectttgtcactggtgacgttttggttgttgatgotgctagetggeagatctect

ctggtgttggtgccaccaactacccagtctccatcctcaatgegatcgacgeaccgaagggtggta
agttgtaa

MPNTLTEAYKQESSWKPDLFKGKVVFITGGAGSICRVQAEAM
VLLGANAAIIGRNVEKTESAAKEIASLRSGAKVLGIGGIDVRK

VDSLKSAVDKTVAELGRIDFVIAGAAGNFLCDFNHLSSNAFKS
[IDIDLLGSFNTVKVTFDQLRKNKGAILFVSATLHYYGVPFQIG
VGAAKAGVDALSNALAVELGPLGIRSNCIAPGPIDGTEGVERL
VRASKAEAAKKVPLQRLGTTQDIADGTVYLFSPAASFVTGDV
LVVDGASWQISSGVGATNYPVSILNAIDAPKGGKL

MPNTLDQSYVKRSVWKSDIYAGKVVFITGGAGSICRVQAEA
MVLLGANAAIIGRNVEKTESAAEEIASLRPGAKVIGIGGVDVR
KIQTIKEAVDRTVAELGRIDYVVAGAAGNFLCDFNHLSSNAF
KSVIDIDLLGSFNTVKVTFDELRKNKGSVIFVSATLHYTGVPM
QAHVGAAKAGVDALSNALAVELGPLGIRFNCIAPGAISGTEG
MSRLAPPSDTPLEKKIPLQRQGTTEDIADATVFLFSPAASYVTG
DVLVVDGAMWQTGGGIINDFYPDIIVHQNSDPDGKL

WO 2014/100504
NO:
3790
SEQ CvDCR2 NO
D DE6821
NO:
3791
SEQ | DCR;
D Candida_tropic
NO: 1 alis XP 00254
3792 | 55g3
SEQ | DCR;
D Candida_tropic
NO: 1 alis XP 00255
3793 1 0344

MPNTLTQSY VQESSWKPDLFKGKVVFITGGAGSICRVQAEAM
VLLGANAAIIGRNVEKTESAAKEIASLRSGAKVLGVGGIDVRK
IDSLKSAVDKTVAELGRIDY VIAGAAGNFLCDFNHLSSNAFKS
IVDIDLLGSFNTVKATFDQLRKNKGAILFVSATLHYYGVPYQI
GVGAAKAGVDALSNAFAVELGPLGIRSNCIAPGPIDGTEGLSR
LSRASKDQTSKKVPLQRLGTTQDIADGTVYLFSPAASFVTGD
VLVVDGASWQISSGVGATDYPVSITKANSDPVGKL
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SEQ | DCR; MPNTLSPDWLKKSVFKPDIFKGKVVFVTGGAGTICRVQTEAM

ID Yarrowia_lipol ILLGADAAIIGRRPEVTQKAADEMAQLRPGAKVIGVGNTDVR

NO: ytica XP 5013 EVKSLVAAAERTVKELGRIDFVICGAAGNFLSDFNHLSSNAFK

3794 ) SVISIDLLGSYNTVKACFPELRKNKGSILFVSATLHYYGIPFQT
HVSAAKAGIDALSNALAVELGPLGIRSNCIAPGAIAGTEGIDRL
LPADMREKALSLIPAQRWGQTEDIANGTVYVFSEAASYVSGT
TIVVDGAGWHTSNGAANNAVYPQMLIAQGNDTPKL

SEQ DCR; MPNTLTPEWLKTCVYNPGLFDGKVVFVTGGAGTICRVQTEAL

p | Yarrowia lipol | 77 5 ANAAVIGRRPEVTQKAAEEMQQLRPGAKVIGIGNCDVR

NO: | Ytica XP_5039 | pyiear vA AAEKAVQELGRIDYVIAGAAGNFLADFNHLSANAF

3795 37 KSVISIDLLGSYNTVKACFPELRKNKGKVLFVSATLHYRGVSL
QSHVSAAKAGIDALSQALAVELGPLGIAVNCLAPGPIDGTEGL
GRLLPSDARKRSLQLVPVQRFGTTEDIANGTVFLFSDAASYIS
GTTLVIDGAAWHTSARTTYPETVIVQGNKPPKL

SEQ | DCR; MLPADFIESSPYKSNIFVGKVVFVTGGAGTICKDQTEALVRLG

ID Yarrowia_lipol ANGAIVGRKKEVTEKAAKELEALRPGARVLGLGEIDVRDIQS

NO: ytica XP 5022 LKRAVDTTISELGRIDYVIAGAAGNFVTDINHMSANAFKTVID

3796 96 IDLLGSFNTAKATFEALRASAGSLVFISATAHYHGSPFTAHVG
AAKAGIDALMQALAVELGPLGIRVNCIAPGFIAATEGMDRLLP
PDMQKTYTRLTPLQRFGTTLDIANATVWLFSEAASYVSGTVI
VVDGAGWHSAQQTSTLHYYPDMLKHMGEDKSKI

SEQ | ScECI1 atgtcgcaagaaattaggcaaaatgagaaaatcagttatcgtattgaaggaccattcttcattattcac

ID ttaatgaaccctgacaatttgaatgcactagaaggtgaagactatatttatttaggagagttactagaa

NO: ctagcggacagaaatcgtgatgtatattttacaattatacaaagcagtggtagatttttttccagtggtg

3797 ctgatttcaagggtattgcaaaagcccaaggggatgataccaataaatatccttcggaaacaagea

agtgggtgtcaaattttgtcgctagaaatgtttatgtcactgatgecttcatcaagceattccaaagtttta
atttgctgtttgaatggaccagcaatagggttgagegeggeactggtagegttatgtgacattgtgta
cagtataaatgacaaggtttatttgctatacccctttgctaacttaggactaattaccgaaggtggtac

aacggtctctttgccattgaagtttggcacaaatacgacgtatgaatgectcatgttcaacaaaccatt
caagtacgatataatgtgcgagaacggatttataagcaagaattttaacatgccatcttcaaacgctg
aagcgttcaatgcaaaggtcttagaagaattgagggagaaagtgaaagggctatacctgeccagt
tgcttagggatgaaaaaattgctgaaatcgaaccacatcgatgceattcaataaggctaactcagtgg
aagtaaatgaatctctcaagtattgggtagatggagagceccttaaaaagatttaggcagetgggcte
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gaaacaaaggaagcatcgtttatga

SEQ | ScEcilp MSQEIRQNEKISYRIEGPFFIITHLMNPDNLNALEGEDYIYLGEL
ID LELADRNRDVYFTIIQSSGRFFSSGADFKGIAKAQGDDTNKYP
NO: SETSKWVSNFVARNVY VTDAFIKHSKVLICCLNGPAIGLSAAL
3798 VALCDIVYSINDKVYLLYPFANLGLITEGGTTVSLPLKFGTNTT
YECLMFNKPFKYDIMCENGFISKNFNMPSSNAEAFNAKVLEE
LREKVKGLYLPSCLGMKKLLKSNHIDAFNKANSVEVNESLKY
WVDGEPLKRFRQLGSKQRKHRL
SEQ | CvECH atgtccgacgaggaatcagatatcttatacgaagtcagagacagaaccgcecatcatcaccttgaac
D atccccaagagattgaacgceattgaacggegctcaatacttgaagttgggcaagttcttggagaga
NO: gccaacaacgaagaggacaccgtettgaccttgatccaggecctgggeagattcttctcegeegg
3799 tgccaatttcgecgacaacgacatggecaaggtcgaaatgtccaagttgttcagtcacgagtactg
gttggatagattcgtcgecagaaacatctggttgaccaacttgttcaatgaccacaagaagatcttg
geegetgetgtcaacggtecagttatcggtttgagtactggtttgttgttgttggtcgacttggtctacg
tccacgacttgaacaagttctatctcttggecccatttgecaacttgggtttggttgccgaaggtgett
cctecggecactttgttcaacagattgggctggtcaaaggettctgaagetttgttgttggccaageca
atcagcggcecaggactgttacaacgctggtttcatcaacaagcactacgacggtaagttttcctcca
ctgaggagttcaacgaacacgtctacaaggagttgaccgatgcctttgaaaacttgcacgaagatt
ccatcttgcagaacaagcaattgttgaagttgtcgagagaccaggctatcaatgttgccaactcgea
agaggtcatgagaggtttgggcaagtggttogaaggtottccacaaaccagatttgetcaattgge
ccagaaggaggtcaagcacaaactttag
SEQ | CvEcilp MSDEESDILYEVRDRTAIITLNIPKRLNALNGAQYLKLGKFLE
D RANNEEDTVLTLIQASGRFFSAGANFADNDMAKVEMSKLFSH
NO: EYWLDRFVARNIWLTNLFNDHKKILAAAVNGPVIGLSTGLLL
3800 LVDLVYVHDLNKFYLLAPFANLGLVAEGASSATLFNRLGWS
KASEALLLAKPISGQDCYNAGFINKHYDGKFSSTEEFNEHVYK
ELTDAFENLHEDSILQONKQLLKLSRDQAINVANSQEVMRGLG
KWLEGVPQTRFAQLAQKEVKHKL
SEQ | CvECI2 atgtccgacgaccttatcacctacgaagtcaaagaccgagctgecgtgatcaccttgaacaaccee
ID aagaagctcaacgccttatcgatccecgeagtacgacaccatctgcaagetcttagaacgagecaa
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NO: cgccgaagaagacaccgteatcaccttgetccagtccacgggecgggtgttetetgeeggggec
3801 aacgccgactccatcgtggggcaggatgccgagetcgagacctggttgaacatgtcggtegeca
agcagacgttcttggtgcagacgttcctcgecacacaagaagatccttgeegtegecttgaacggec
ccgtgattggcettatcggeggegttegtggegetetgegacttggtctacgtgecacaacgecgeaa
agacgttcttcttgaccccgttcgecaacatcgggatecttgecgagggcggceacctcagecacgt
tgcccatgegegtggggtegteccagggecgeggaagegtigttgttgtcaaagaggatttcggea
gatgacttgcagagagceggggttcttcaataaggactacaaggggcagttcaagtccgeggagg
agtttaacgaggtcgtcttgaaggagttocttgacgccacggaaaacttgcatgaggactcgatcat
ccagaacaaggagttgttgaaggctattttcaagccaaagatcagtgaggtcaactcgecaggagg
tgtcaagaggtgtgtacaagtggacctetggggtoccaatggatagatttaaaaaattgettaatggt
gagttgaaacataaattatag
SEQ | CvEci2p MSDDLITYEVKDRAAVITLNNPKKLNALSIPQYDTICKLLERA
ID NAEEDTVITLLQSTGRVFSAGANADSIVGQDAELETWLNMSV
NO: AKQTFLVQTFLAHKKILAVALNGPVIGLSAAFVALCDLVYVH
3802 NAAKTFFLTPFANIGILAEGGTSATLPMRVGWSRAAEALLLSK
RISGDDLQRAGFFNKDYKGQFKSAEEFNEVVLKELLDATENL
HEDSIIQNKELLKAIFKPKISEVNSQEVSRGVYKWTSGVPMDR
FKKLLNGELKHKL
SEQ | CvEcilp; MSEEETDILYEVKDRTAIITLNIPDKLNALNGAQYLKLGKFLE
ID Candida_tropic RANNEEDTVLTLIQASGRFFSAGANFADNDMTKVEVEKLFSH
NO: alis. XP_00254 EYWLERFVARNVWLTNLFNDHKKILAAAVNGPVIGLSTGLL
3803 748 MLVDLIYVHDLNKFYLLAPFANLGLVAEGASSATLFARLGWS
KASEALLLAKPISGADCYNAGLINKHYDGKFSSTEQFNDQVY
KELNDAFENLHEDSILQNKQLLKLSRDQFINHANSQEVMRGL
GKWLEGVPQTRFVQLAQKEVKHKL
SEQ | CvEcilp; MRSLYINVPGLFPSTSLARETVHHRTEMLRTIRSSSRLGVRAM
ID Yarrowia_lipol | STAATRRAAQIGFHTRVPTVVTKAPTLRMQTTPFSSSAPAQTF
NO: | ytica XP 5007 | GDKKYEHILTSTPVPKVALVTLNRPKALNALCTPLIKELNEAL
3804 | 19.1 QAADADPTIGAIVLTGSEKSFAAGADIKEMKDKTVTSVLNEN

FIEEWGNMANIKKPIIAAVNGFALGGGCELAMMADITY AGAK
AKFGQPEIKLGVIPGAGGTQRLTRAIGLYRANHYILTGEMFTA
QQAADWGLAAKVYEPAQLVDESVKAAAQIASYGQLAVQAA
KASVHQSAEVGLRAGLEFERVRFHGLFGTHDQKEGMAAFAE
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KREPNFKNE

SEQ
1D
NO:
3805

CvEci2p;
Candida_tropic
alis XP_00254
8746

MSDELITYEVKDRAVLITLNNPKKLNSLTIHQYDTICKYLERA
NNEEDTITLIQSTGRVFSAGANADSIVGQDAELETWMNLSIA
KQTFLVQTFLAHKKILAVALNGPVIGLSASFVTLCDLIYVNDL
SKTFLLTPFANIGILAEGGTSATLPMRLGWSKASEALLLSKRIS
GDDLQNAGLINKHYNGKFKTAEEFNVTVLNELLDATETLHQ

DSILONKQLLQAMFKPRISEVNSQEVSRGVYKWTSGEPMSRF
KKLLTGELKHKL

SEQ
1D
NO:
3806

CvEci2p;
Yarrowia lipol
ytica XP_5007
19.1

MRSLYINVPGLFPSTSLARETVHHRTEMLRTIRSSSRLGVRAM
STAATRRAAQIGFHTRVPTVVTKAPTLRMQTTPFSSSAPAQTF
GDKKYEHILTSTPVPKVALVTLNRPKALNALCTPLIKELNEAL
QAADADPTIGAIVLTGSEKSFAAGADIKEMKDKTVTSVLNEN
FIEEWGNMANIKKPIIAAVNGFALGGGCELAMMADITY AGAK
AKFGQPEIKLGVIPGAGGTQRLTRAIGLYRANHYILTGEMFTA
QQAADWGLAAKVYEPAQLVDESVKAAAQIASYGQLAVQAA
KASVHQSAEVGLRAGLEFERVRFHGLFGTHDQKEGMAAFAE
KREPNFKNE

SEQ
1D
NO:
3807

PAA335

ggtttgattggatcatcatgacgectggtgtgggettggatgataaaggcgatgegtigggccage
agtataggactgttgatgaggtggttctgactggtaccgatgtgattattgtcgggagaggottottt
ggaaaaggaagagaccctgaggtggagggaaagagatacagggatgetggatggaaggcata
cttgaagagaactggtcagttagaataaatattgtaataaataggtctatatacatacactaagcttct
aggacgtcattgtagtcttcgaagttgtctgcetagtttagttctcatgatttcgaaaaccaataacgea
atggatgtagcagggatggtggttagtgcgttcctgacaaacccagagtacgecgectcaaacca
cgtcacattcgecctttgcttcatccgeatcacttgettgaaggtatccacgtacgagttgtaatacac
cttgaagaacggcttcgtctacgegegagacgaaagggectegtgatacgectatttttataggtta
atgtcatgataataatggtttcttagacgtcaggtggceacttttcggggaaatgtgcgeggaaccect
atttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaa
taatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattcecttttttgeggeatt
ttgccttectgtttttgetcacccagaaacgetggtgaaagtaaaagatgetgaagatcagtigggtg
cacgagtgggottacatcgaactggatctcaacageggtaagatccttgagagttttcgecccgaag
aacgttttccaatgatgagcacttttaaagttctgctatgtggegeggtattatccegtattgacgeeg
ggcaagagcaactcggtcgecgceatacactattctcagaatgacttggttgagtactcaccagtca




WO 2014/100504

PCT/US2013/076739
298

cagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgecataaccatgagtg
ataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagcetaaccgcettttttge
acaacatgggggatcatgtaactcgecttgatcgttgggaaccggagcetgaatgaagecatacca
aacgacgagcegtgacaccacgatgectgtagecaatggcaacaacgttgcgceaaactattaactgg
cgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcagg
accacttctgegeteggeccttceggetggetggtttattgetgataaatctggagecggtgagegt
gggotctcgeggtatcattgcageactggggccagatggtaagecctececgtategtagttatctaca
cgacggggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggtgccteact
gattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattttta
atttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcg
ttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatectttttttctgegegta
atctgetgcettgcaaacaaaaaaaccaccgcetaccageggtggtttgtitgccggatcaagagceta
ccaactctttttccgaaggtaactggettcagcagagegeagataccaaatactgttcttctagtgta
geegtagttaggecaccacttcaagaactctgtagecaccgectacatacctcgetctgetaatectg
ttaccagtggctgetgecagtggegataagtegtgtcttaccgggttggactcaagacgatagttac
cggataaggcgeageggteggectgaacgggggaticgtgcacacageccagettggagega
acgacctacaccgaactgagatacctacagegtgagctatgagaaagegecacgettccegaag
ggagaaaggceggacaggtatccggtaageggeagggteggaacaggagagegeacgaggga
gettccagggggaaacgectggtatctttatagtectgtegggtttcgecacctetgacttgagegte
gatttttgtgatgctcgtcagggggecggagectatggaaaaacgecageaacgeggcectttttac
ggttcctggecttttgetggecttttgetcacatgttetttcctgegttatceectgattetgtggataace
gtattaccgcctttgagtgagetgataccgetegecgeagecgaacgaccgagegeagegagtc
agtgagcgaggaagcegagttcggcatggeagatcatcatgectgcaggaagatgaagegtatga
gtattatgagtactgtcggacgttggaaggtoocagagttaagcccgagaaagecaaggaaggag
tgggagatgatgagtgatgcggccaaagaggatgtgaaggctgegtatctgtttttgatagetggt
ggtagccgaatagaggaaggcaagcttgttcatattggatgatgatggtagatggtggctgecaaa
gtggttgtaaatagaaaaaagtgggtttggotctgttgatagttagtggtoocggctgtetgtgatta

cgtcagcaagtagcacctcggcagttaaaacagcagcaacagaaaaaaaatgtgtgaaagtttga
ttcccccacagtctaccacacccagagttccatttatccataatatcacaagcaatagaaaaataaaa
aattatcaacaaatcacaacgaaaagattctgcaaaattattttcacttcttcttttgacttcctcttettet
tgttaggttctttccatattttccccttaaacccatacacaacgcagecagaagageccgggtctaga
tgtgtgctettccgetccaggcttgttatgactctagagagaagtgtgtgtotgtototgcgtitgtttta
ctatacattcaacatgttctttttcttttttgatatttattccaactataattatacacagattcgtatatacttt

actttaccctctttcgtagttttttaatttgatgatttttgagtttcatatccaaggtcaaaacccgaccga
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attcatatgcgacgggtacaacgagaattgtattgaattgatcaagaacatgatcttggtgttacaga
acatcaagttcttggaccagactgagaatgcacagatatacaaggcegtcatgtgataaaatggatg
agatttatccacaattgaagaaagagtttatggaaagtggtcaaccagaagctaaacaggaagaa

gcaaacgaagaggtgaaacaagaagaagaaggtaaataagtattttgtattatataacaaacaaag
taaggaatacagatttatacaataaattgccatactagtcacgtgagatatctcatccattccccaact
cccaagaaaaaaaaaaagtgaaaaaaaaaatcaaacccaaagatcaacctccccatcatcategt
catcaaacccccagctcaattcgcaatggttagcacaaaaacatacacagaaagggcatcageac
acccctccaaggttgcccaacgtttattccgcettaatggagtccaaaaagaccaacctetgegecte
gatcgacgtgaccacaaccgecgagttectttecgetcatcgacaageteggtecccacatetgtete
gtgaagacgcacatcgatatcatctcagacttcagetacgagggcacgattgagecgttgcettgtg

cttgcagagegcecacgggttcttgatattcgaggacaggaagtttgetgatatcggaaacaccgtg

atgttgcagtacacctcgggggtataccggatcgeggegtggagtgacatcacgaacgegeacg
gagtgactgggaagggocgtegttgaagggttgaaacgeggtgcggaggggotagaaaaggaa
aggggcgtgttgatgttgocggagttgtcgagtaaaggcetegttggecgeatggtgaatataccegt
gagacgatcgagattgcgaagagtgatcgggagttcgtgattggottcatcgegecagegggacat

ggggggtagagaagaag
SEQ | pAA91S ggecgegageactaggttttgataatttggttettacagtttatgtattttgattettcettttttagatactt
ID sequence ttttttatattttattattccttattgatgtaacgacagtcccactataattaacttaaactttgetgtaaatca
NO: gatgacaagtgtttccctgtttgcaggggagctctactagtttecttaattcatcttggttatgttgttctt
3808 geaccgcaaggataagetgggeccgaatccaggecacgeataccaactatcgetgeccggaaa

aaatacaaactagtaaactgcaaaaaaccatatataaacaataagaattttctctgtatcattcttcga
aaaacctcaccttctctctetetctetetctcaccecttectttccectatcacatcttcatcttcacatcac
caactcaaaacccctaagcagccaaagtaaagaacagagaatgattccacaacatcacactatgtt
cttcgecgttaattaagaattcactggecgtegttttacaacgtcgtgactgggaaaaccctggegtt
acccaacttaatcgccttgcagcacatceccctttcgecagetggegtaatagegaagaggeceg
caccgatcgeccttcccaacagttgegeagectgaatggegaatggegectgatgeggtattttet
ccttacgeatctgtgeggtatttcacaccgcatatggtgcactctcagtacaatctgetctgatgeeg
catagttaagccagecccgacaccegecaacaccegetgacgegeccetgacgggcttgtetget
cccggceatcegcttacagacaagcetgtgaccgtetcegggagcetgeatgtgtcagaggttttcacc
gtcatcaccgaaacgegegagacgaaagggcectegtgatacgectatttttataggttaatgtcatg
ataataatggtttcttagacgtcaggtggceacttttcggggaaatgtgegeggaaccectatttgttta
tttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattcccttttttgeggcattttgectte
ctgtttttgctcacccagaaacgetggtgaaagtaaaagatgctgaagatcagtigggtgcacgagt
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gggttacatcgaactggatctcaacageggtaagatccttgagagttttcgecccgaagaacgtttt
ccaatgatgagcacttttaaagttctgctatgtggcgeggtattatccegtattgacgecgggcaag
agcaactcggtcgecgceatacactattctcagaatgacttggttgagtactcaccagtcacagaaaa
geatcttacggatggcatgacagtaagagaattatgcagtgctgecataaccatgagtgataacact
geggcecaacttacttctgacaacgatcggaggaccgaaggagcetaaccgettttttgcacaacatg
ggggatcatgtaactcgecttgategttgggaaccggagetgaatgaagecataccaaacgacga
gegtgacaccacgatgectgtagecaatggcaacaacgttgegceaaactattaactggegaactact
tactctagcttcccggceaacaattaatagactggatggaggcggataaagttgcaggaccacttct
gegeteggecctteeggcetggetggtttattgctgataaatctggagecggtgagegtgggteteg
cggtatcattgcagcactggggccagatggtaageccteccegtatcgtagttatctacacgacggg
gagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgectcactgattaage
attggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaag
gatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactga
gegtcagaccecgtagaaaagatcaaaggatcttcttgagatectttttttctgegegtaatetgetge
ttgcaaacaaaaaaaccaccgcetaccageggtggtttgttitgeccggatcaagagcetaccaactcttt
ttccgaaggtaactggcttcagcagagegeagataccaaatactgtecttctagtgtagecgtagtt
aggccaccacttcaagaactctgtagcaccgcectacatacctecgetctgetaatcctgttaccagtg
getgetgecagtggegataagtegtgtcttaccgggttggactcaagacgatagttaccggataag
gegeageggtegggctgaacgggggottcgtgcacacageccagettggagegaacgacctac
accgaactgagatacctacagcgtgagctatgagaaagegecacgettcccgaagggagaaag
geggacaggtatccggtaageggeagggteggaacaggagagegeacgagggagettccag
ggggaaacgectggtatctttatagtectgtegggtttcgecacctetgacttgagegtegatttttgt
gatgctegtcaggggoocggagectatggaaaaacgecagcaacgeggcctttttacggttectg
gecettttgetggecttttgetcacatgttctttectgegttatcecectgattetgtggataaccgtattace
gectttgagtgagetgataccgetegecgeagecgaacgaccgagegeagegagteagtgage
gaggaageggaagagegeccaatacgecaaaccgectctcccecgegegttggecgattcattaat
gecagctggceacgacaggtttccecgactggaaagegggcagtgagegeaacgcaattaatgtgag
ttagctcactcattaggcaccccaggctttacactttatgcttccggetegtatgttgtgtggaattgtg
agcggataacaatttcacacaggaaacagctatgaccatgattacgccaagcttttaattaaagata
atcacaggggtagagaccttggttatggectgattggaggaagaaatggggtoatttggcacttga
cagcgegagagtggttaacacctggtttccctcatttgggttctgacatttgataagttgaaagaaca
atgcagaattcacatggctaatttggcctcggttccacaacgcactcagcattaaaaaaaaaatacg
caatggcagcetcggtcgacgecagcagaagegecgacgtacegtegegttgececgeccatgect
cgecgacccctccaccgecategtttgeccattgtttgtggtagtgcgecgtgacacaaaaacttgt
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cctgtcacatgetgaagttacaccaacataactactatgggattacgtaatcaaaaatttcacagtttt
aacaaaaaaaaaatcatacaatcaacattgggacatcttgccctcccccacaaaacttgettctgea
tcaatcatatataaacatcatgaaataagcctaaactcacttctttttttttcatccttcctacttcttcttte
atagtaactactttttttttattaccacacttattcattcataccacgctatcggecggecgeatgeggat
ccgagcetcgeggecgecagtgtgatggatatctgcageggecgctaaatattgtaataaataggte
tatatacatacactaagcttctaggacgtcattgtagtcttcgaagttgtctgctagtttagttctcatga
tttcgaaaaccaataacgcaatggatgtagcagggatggtggttagtgcgttcctgacaaacccag
agtacgccgectcaaaccacgtcacattcgecctttgettcatccgeatcacttgettgaaggtatce
acgtacgagttgtaatacaccttgaagaacggcettcgtctcgacgggtacaacgagaattgtattga
attgatcaagaacatgatcttggtgttacagaacatcaagttcttggaccagactgagaatgcacag
atatacaaggcgtcatgtgataaaatggatgagatttatccacaattgaagaaagagtttatggaaa
gtggtcaaccagaagctaaacaggaagaagcaaacgaagaggtgaaacaagaagaagaaggt
aaataagtattttgtattatataacaaacaaagtaaggaatacagatttatacaataaattgccatacaa
gtcacgtgagatatctcatccattccccaactcccaagaaaaaaaaaaagtgaaaaaaaaaatcaa
acccaaagatcaacctccccatcatcatcgtcatcaaacccccagcetcaattcgcaatggttageac
aaaaacatacacagaaagggcatcagcacacccctccaaggttgecccaacgtttattccgcettaat
ggagtccaaaaagaccaacctctgegectcgatcgacgtgaccacaaccgecgagttectttege
tcatcgacaagctcggtccccacatcetgtctcgtgaagacgeacatcgatatcatctcagacttcag
ctacgagggcacgattgagccgttgcttgtgcttgcagagegecacgggttettgatattcgagga
caggaagtttgctgatatcggaaacaccgtgatgttgcagtacacctcgggggtataccggatege
ggegtggagtgacatcacgaacgegeacggagtgactgggaagggcegtegttgaagggottgaa
acgeggtgeggagggggtagaaaaggaaagggecgtgtigatgttggeggagttgtcgagtaa
aggctcgttggegeatggtgaatataccegtgagacgatcgagattgegaagagtgatcgggagt
tegtgattgggttcatcgegeagegggacatggggootagagaagaagggtttgattggatcate
atgacgcctggtgtggeettggatgataaaggcgatgcgttgggccageagtataggactgttgat
gaggtgottctgactggtaccgatgtgattattgtcgggagagggttgtitggaaaaggaagagac
cctgaggtggagggaaagagatacagggatgctggatggaaggcatacttgaagagaactggte
agttagaataaatattgtaataaataggtctatatacatacactaagcttctaggacgtcattgtagtctt
cgaagttgtctgctagtttagttctcatgatttcgaaaaccaataacgcaatggatgtagcagggatg
gtggttagtgcgttcctgacaaacccagagtacgecgectcaaaccacgtcacattcgecctttget
tcatccgcatcacttgettgaaggtatccacgtacgagttgtaatacaccttgaagaacggcettegte
tgc

SEQ
D

Rat Dcilp

MATAMTVSSKLLGLLMQQLRGTRQLYFNVSLRSLSSSAQEAS
KRIPEEVSDHNYESIQVTSAQKHVLHVQLNRPEKRNAMNRAF
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NO: >0i[12018256]r WRELVECFQKISKDSDCRAVVVSGAGKMFTSGIDLMDMASDI
3809 ofINP 072116 LQPPGDDVARIAWYLRDLISRYQKTFTVIEKCPKPVITAIHGGC
1| del‘;l(3 5)- IGGGVDLISACDIRYCTQDAFFQVKEVDVGLAADVGTLQRLP
Delta(2,4)- KVIGNRSLVNELTFTARKMMADEALDSGLVSRVFPDKDVML
dienoyl-CoA NAAFALAADISSKSPVAVQGSKINLIYSRDHSVDESLDYMAT
isomerase, WNMSMLQTQDIKSVQAAMEKKDSKSITFSKL
mitochondrial
precursor
[Rattus
norvegicus|]
SEQ | Mouse Dcilp | MATAMTVSSKLRGLLMQQLRGTSQLYFNISLRSLSSSAQEAS
ID >0i[7949037|re KRAPEEVSDHNYESIQVTSAQKHVLHVQLNRPEKRNAMNRA
NO: fINP_058052.1| FWRELVECFQKISKDSDCRAVVVSGAGKMFTSGIDLMDMAS
3810 delta(3,5)- ELMQPSGDDAARIAWYLRDLISKYQKTFTVIEKCPKPVIAAIH
Delta(2,4)- GGCIGGGVDLVSACDIRYCTQDAFFQIKEVDMGLAADVGTLQ
dienoyl-CoA RLPKVIGNQSLVNELTFSARKMMADEALDSGLVSRVFQDKD
{SOMmerase AMLNAAFALAADISSKSPVAVQGSKINLIYSRDHSVDESLDY
mitochondrial MATWNMSMLQTQDIKSVQAAMEKRDTKSITFSKL
precursor [Mus
musculus]
SEQ | CtDcilp MTFNPESYKYEFYTVTQIEDGFAHVQYTNPKTLNAFTEQNWK
ID (putative) DYGEIFRRLDKEEDIQLILFSSGVEKSFSSGLNLKTAANLFKSE
NO: >0i[255732940)| TNSTEEAIKELHEHITGFQYDIGTPARISTPTIGILNGLNLGLAL
3811 ref[XP_ 002551 DIAAAFTIRIAVEGAQFSIAEVNIGITADIGSLQRLPAIINNKSLL
393.1| FQHALMGDKWGTDEAMKLGFVSTVVPTIEEGIEYAKTLGEKI
hypothetical CSVPAWAIKGTKKHIQDIINGTTVEQGLKDVANWNAKNITLS
. RGKL
protein
CTRG 05691
[Candida
tropicalis
MY A-3404]
SEQ | CvDcilp MTFDPSTYKYEFFTVSEIQEGFAHVQYTNPKTLNAFSEQNWK
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ID (putative) DYGSIFARLDAEEDIQVILFSSGVPRSFSSGLNLKTAANLFSSE
NO: QQSTAEAIKDLHVHIRDFQSDIGTPARISTPTIAILNGLNLGLAL
3812 DMAAAYTIRIAVEGAQFSIAEVNIGITADIGSLQRLPALINNKS

LLFQHALLGDKWGPEEAEKLGFVSTVVPSVEAGIEYAKALGA
KICEAPAWAIKGTKKHIQDVINGTSVDQGLADVANWNARNIT
LSKGKL

SEQ | ScDcilp MSSRVCYHINGPFFIIKLIDPKHLNSLTFEDFVYTALLLHKANDI
ID | (YORI80c) DSVLFTVLQSSGKYFSSGGKFSAVNKLNDGDVTSEVEKVSKL
NO: VSAISSPNIFVANAFAIHKKVLVCCLNGPAIGLSASLVALCDIV
3813 YSQNDSVFLLFPFSNLGFVAEVGTSVTLTQKLGINSANEHMIF
STPVLFKELIGTIITKNYQLTNTETFNEKVLQDIKQNLEGLYPK
SVLGMKELLHSEMKQKLIKAQAMETNGTLPFWASGEPFKRF
KQLQEGNRRHKL

>gi|398365593|
refINP_014823
3| Dcilp

[Saccharomyce

S cerevisiae

S288¢]

Example 55: Examples of certain non-limiting embodiments

Listed hereafter are non-limiting examples of certain embodiments of the technology.

Al. A genetically modified yeast, comprising an active, modified endogenous acyl-CoA
oxidase polypeptide or an active, modified endogenous acyl-CoA dehydrogenase polypeptide,
which yeast is capable of producing a diacid from a feedstock comprising one or more

components from a vegetable oil.

A2. The genetically modified yeast of embodiment A1, wherein the yeast is a genetically
modified Candida spp. yeast.

A2.1. The genetically modified yeast of embodiment A2, wherein the Candida spp. yeast is

chosen from C. tropicalis and C. viswanathii.

A2.2. The genetically modified yeast of embodiment A1, wherein the Candida spp. yeast is a
genetically modified ATCC20336 yeast.
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A2.3. The genetically modified yeast of any one of embodiments A2 to A2.2, wherein the
endogenous acyl-CoA oxidase polypeptide is a POX4 polypeptide.

A2.4. The genetically modified yeast of embodiment A2.3, wherein the POX4 polypeptide

comprises a modified amino acid sequence of SEQ ID NO: 30.

A2.5. The genetically modified yeast of embodiment A2.3 or A2.4, wherein the POX4
polypeptide comprises an amino acid modification at one or more amino acid positions chosen
from 88, 90, 96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477, 478, 479, 480,
481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499,
500, 501, 502, 503, 504 and 505.

A2.6. The genetically modified yeast of any one of embodiments A2 to A2.2, wherein the
endogenous acyl-CoA oxidase polypeptide is a POX5 polypeptide.

A2.7. The genetically modified yeast of embodiment A2.6, wherein the POXS polypeptide

comprises a modified amino acid sequence of SEQ ID NO: 32.

A2.8. The genetically modified yeast of embodiment A2.6 or A2.7, wherein the POXS5
polypeptide comprises an amino acid modification at one or more amino acid positions chosen
from 81, 82, 83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290, 291, 292, 294, 295, 428,
429, 436, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462 and 463.

A2.9. The genetically modified yeast of any one of embodiments A2 to A2.2, wherein the acyl-
CoA dehydrogenase polypeptide is chosen from ACAD, VLCAD, LCAD, MCAD and SCAD
polypeptides.

A2.10. The genetically modified yeast of embodiment A2.9, wherein the acyl-CoA
dehydrogenase polypeptide comprises a modified amino acid sequence of SEQ ID NO: 3685.

A2.11. The genetically modified yeast of embodiment A2.9 or A2.10, wherein the the acyl-
CoA dehydrogenase polypeptide comprises an amino acid modification at VLCAD position
461.
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A2.12. The genetically modified yeast of any one of embodiments 2.5, 2.8 and 2.11, wherein at

least one of the amino acid modifications is an amino acid substitution.

A2.13. The genetically modified yeast of embodiment A2.12, wherein at least one of the one or

more amino acid substitutions is conservative.

A2.14. The genetically modified yeast of embodiment A2.12, wherein at least one of the one or

more amino acid substitutions is not conservative.

A3. The genetically modified yeast of embodiment Al, wherein the yeast is a genetically

modified Yarrowia spp. yeast.

A3.1. The genetically modified yeast of embodiment A3.1, wherein the Yarrowia spp. yeast is
Y. lipolytica.

A3.2. The genetically modified yeast of embodiment A3 or A3.1, wherein the endogenous
acyl-CoA oxidase polypeptide is chosen from a POX1 polypeptide, POX2 polypeptide, POX3
polypeptide, POX4 polypeptide, POXS polypeptide or POX6 polypeptide.

A3.3. The genetically modified yeast of embodiment 3.2, wherein the endogenous acyl-CoA
oxidase polypeptide is chosen from SEQ ID NOs: 3778 to 3783.

A4. The genetically modified yeast of embodiment A1, wherein the yeast is a genetically
modified Pichia spp. yeast.

A4.1. The genetically modified yeast of embodiment A4.1, wherein the Pichia spp. yeast is
chosen from P. pastoris, P. membranifaciens, P. kluyveri, P. guilliermondii, P. heedii and P.

subpelliculosa.

A5. The genetically modified yeast of embodiment A1, wherein the yeast is a genetically

modified Saccharomyces spp. yeast.

A5.1. The genetically modified yeast of embodiment A5.1, wherein the Saccharomyces spp.

yeast is chosen from S. cerevisiae, S. bayanus, S. pastorianus and S. carlsbergensis.
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A6. The genetically modified yeast of embodiment A1, wherein the yeast is a genetically
modified Kluyveromyces spp. yeast.

A6.1. The genetically modified yeast of embodiment A6.1, wherein the Kluyveromyces spp.

yeast is chosen from K. lactis and K. marxianus.

A7. The genetically modified yeast of any one of embodiments Al to A6.1, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the N-terminal loop.

AS8. The genetically modified yeast of any one of embodiments A1 to A7, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the D alpha helix.

A9. The genetically modified yeast of any one of embodiments A1 to A8, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop between the D alpha helix and the E' alpha helix.

A10. The genetically modified yeast of any one of embodiments A1 to A9, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to

an amino acid in effective contact with carbons 6 to 9 in a feedstock component.

Al1l. The genetically modified yeast of any one of embodiments Al to A10, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to

an amino acid in effective contact with carbons 10 to 12 in a feedstock component.

A12. The genetically modified yeast of any one of embodiments Al to A11, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the L alpha helix.

A13. The genetically modified yeast of any one of embodiments Al to A12, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop C-terminal to the L alpha helix.
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Al4. The genetically modified yeast of any one of embodiments Al to A13, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop between the L alpha helix and the M alpha helix.

Al15. The genetically modified yeast of any one of embodiments A7 to A14, wherein the amino

acid modification comprises an amino acid substitution.

A16. The genetically modified yeast of embodiment A15, wherein the amino acid substitution

18 conservative.

Al7. The genetically modified yeast of embodiment A15, wherein the amino acid substitution

1S not conservative.

Al7.1. A genetically modified yeast comprising (i) an active, modified endogenous acyl-CoA
oxidase polypeptide or an active, modified endogenous acyl-CoA dehydrogenase polypeptide
and (ii) a genetic modification that alters an enoyl CoA isomerase activity, wherein the yeast is
capable of producing a diacid from a feedstock comprising one or more components from a

vegetable oil.

A18. The genetically modified yeast of any one of embodiments Al to A17.1, which comprises

a genetic modification that reduces an enoyl CoA isomerase activity.

A18.1 The genetically modified yeast of embodiment A18, which comprises a disruption,
deletion or knockout of (i) a polynucleotide that encodes an enoyl CoA isomerase polypeptide
or (i) a promoter operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide, whereby the enoyl CoA isomerase activity is reduced or removed.

A19. The genetically modified yeast of embodiment A18.1, wherein the genetic modification

disrupts a polynucleotide that encodes an enoyl CoA isomerase polypeptide.

A19.1. The genetically modified yeast of any one of embodiments Al to A19, which comprises

a genetic modification that increases an enoyl CoA isomerase activity.



WO 2014/100504 PCT/US2013/076739
308

A19.2. The genetically modified yeast of embodiment A19.1, which comprises (i) an increased
copy number of a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (i) a
promoter inserted and operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide.

A20. The genetically modified yeast of any one of embodiments A18.1, A18.2 and A19.2,

wherein the enoyl CoA isomerase polypeptide is a polypeptide native to the yeast.

A20.1. The genetically modified yeast of any one of embodiments A17.1 to A20, wherein the

activity of one or more or all enoyl CoA isomerase polypeptide types in the yeast is altered.

A20.2. The genetically modified yeast of embodiment A20.1, wherein the yeast comprises two
enoyl CoA isomerase polypeptide types, and one or both of the polypeptide types are altered.
A21. The genetically modified yeast of any one of embodiments A17.1 to A20, wherein the
enoyl CoA isomerase activity is provided by a polypeptide present in aCandida spp. yeast.

A22. The genetically modified yeast of any one of embodiments A17.1 to A21, wherein the
enoyl CoA isomerase activity is provided by a polypeptide comprising the amino acid sequence

of SEQ ID NO: 3675, 3677, 3800, 3802, 3803 or 3805.

A22.1 The genetically modified yeast of any one of embodiments A17.1 to A21, wherein the

yeast is a Yarrowia yeast.

A22.2. The genetically modified yeast of embodiment A22.1, wherein the yeastisaY.
lipolytica yeast.

A22.3. The genetically modified yeast of any one of embodiments A22.2, wherein the enoyl
CoA isomerase activity is provided by a polypeptide present in a Yarrowia yeast ora Y.

lipolytica yeast.

A22.4. The genetically modified yeast of embodiment A22.2, wherein the enoyl CoA
isomerase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3804 or 3806.
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A23. The genetically modified yeast of any one of embodiments Al to A22.4, which comprises
a genetic modification that reduces the cytoplasmic activity of an acyl-CoA synthetase (ACS)
polypeptide.

A24. The genetically modified yeast of any one of embodiments Al to A23, which comprises a
genetic modification that reduces the peroxisomal activity of an acyl-CoA synthetase (ACS)

polypeptide.

A25. The genetically modified yeast of embodiment A23 or A24, wherein the genetic
modification disrupts a polynucleotide that encodes the acyl-CoA synthetase (ACS)
polypeptide.

A26. The genetically modified yeast of embodiment A25, wherein the genetic modification
disrupts an ACS1 polypeptide or ACS2 polypeptide.

A27. The genetically modified yeast of any one of embodiments A23 to A26, wherein the
genetic modification disrupts a polynucleotide that encodes a long-chain acyl-CoA synthetase

polypeptide.

A28. The genetically modified yeast of embodiment A27, wherein the genetic modification
disrupts a FAT1 polypeptide.

A29. The genetically modified yeast of any one of embodiments A23 to A28, wherein the
acyl-CoA synthetase (ACS) polypeptide is a polypeptide native to the yeast.

A30. The genetically modified yeast of embodiment A29, wherein the yeast is a Candida spp.

yeast.

A31. The genetically modified yeast of embodiment A30, wherein the acyl-CoA synthetase
(ACS) polypeptide comprises an amino acid sequence chosen from SEQ ID NOs: 80, 82, 84,
158 and 159.

A32. The genetically modified yeast of embodiment A30, wherein the FAT1 polypeptide
comprises the amino acid sequence of SEQ ID NO: 90.
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A33. The genetically modified yeast of any one of embodiments Al to A32, which comprises a
genetic modification that reduces the activity of a PXA polypeptide.

A34. The genetically modified yeast of embodiment A33, wherein the genetic modification
disrupts a polynucleotide that encodes the PXA polypeptide.

A35. The genetically modified yeast of embodiment A33 or A34, wherein the PXA
polypeptide is a PXAT polypeptide or a PXA2 polypeptide, or a PXA1 polypeptide and a PXA2
polypeptide.

A36. The genetically modified yeast of any one of embodiments A33 to A35, wherein the PXA
polypeptide is native to the yeast.

A37. The genetically modified yeast of embodiment A36, wherein the yeast is a Candida spp.

yeast.

A38. The genetically modified yeast of embodiment A37, wherein the PXAT1 polypeptide
comprises the amino acid sequence of SEQ ID NO: 92.

A39. The genetically modified yeast of embodiment A37, wherein the PXA2 polypeptide
comprises the amino acid sequence of SEQ ID NO: 94.

A40. The genetically modified yeast of any one of embodiments Al to A39, comprising an
active, modified endogenous acyl-CoA oxidase polypeptide and no active, modified

endogenous acyl-CoA dehydrogenase polypeptide.

A41. The genetically modified yeast of any one of embodiments Al to A39, comprising no
active, modified endogenous acyl-CoA oxidase polypeptide and an active, modified

endogenous acyl-CoA dehydrogenase polypeptide.

A42. A method for producing a diacid, comprising:
(1) contacting a genetically modified yeast of any of embodiments Al to A41 with a
feedstock comprising one or more components from a feedstock containing at least one

unsaturated vegetable fatty acid capable of being converted by the yeast to a diacid;
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(2) culturing the yeast under conditions in which the diacid is produced from the
feedstock; and

(3) hydrogenating the diacid to remove any unsaturation in the carbon chain.

A43. The method of A42, wherein the unsaturated vegeteable fatty acid is linoleic acid or

linolenic acid.

A44. The method of A43, wherein the diacid is dodecanedioic acid or sebacic acid.

BI1. A genetically modified yeast, comprising a heterologous acyl-CoA oxidase polypeptide or
a heterologous acyl-CoA dehydrogenase polypeptide, which yeast is capable of producing a

diacid from a feedstock comprising one or more components from a vegetable oil.

B2. The genetically modified yeast of embodiment B1, wherein the heterologous acyl-CoA
oxidase polypeptide is a native polypeptide.

B3. The genetically modified yeast of embodiment B1, wherein the heterologous acyl-CoA
oxidase polypeptide is an active, modified polypeptide.

B4. The genetically modified yeast of embodiment B1, wherein the heterologous acyl-CoA
dehydrogenase polypeptide is a native polypeptide.

B5. The genetically modified yeast of embodiment B1, wherein the heterologous acyl-CoA
dehydrogenase polypeptide is an active, modified polypeptide.

B6. The genetically modified yeast of embodiment B1 or B2, wherein the heterologous acyl-
CoA oxidase polypeptide is chosen from a polypeptide having an amino acid sequence set forth

in SEQ ID NO: 51 to SEQ ID NO: 3673.

B7. The genetically modified yeast of embodiment B1 or B4, wherein the heterologous acyl-
CoA dehydrogenase polypeptide is chosen from SEQ ID NOs: 3679 to 3683, 3686, 3689,
3691, 3693, 3695, 3697, 3699, 3701 and 3703.
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B8. The genetically modified yeast of any one of embodiments B1 to B7, which is chosen from
a Candida spp. yeast, Yarrowia spp. yeast, Pichia spp. yeast, Saccharomyces spp. yeast and

Kluyveromyces spp. yeast.

B9. The genetically modified yeast of embodiment B8, which is chosen from C. tropicalis, C.
viswanathii, Y. lipolytica, P. pastoris, P. membranifaciens, P. kluyveri, P. guilliermondii, P.
heedii, P. subpelliculosa, S. cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis, K. lactis

and K. marxianus.

B10. The genetically modified yeast of any one of embodiments B1 to B9, which comprises a

genetic modification that reduces the activity of an enoyl CoA isomerase polypeptide.

B11. The genetically modified yeast of embodiment B10, wherein the genetic modification

disrupts a polynucleotide that encodes the enoyl CoA isomerase polypeptide.

B12. The genetically modified yeast of embodiment B10 or B11, wherein the enoyl CoA
isomerase polypeptide is a polypeptide native to the yeast.
B13. The genetically modified yeast of embodiment B12, wherein the yeast is a Candida spp.

yeast.

B14. The genetically modified yeast of embodiment B13, wherein the enoyl CoA isomerase

polypeptide comprises the amino acid sequence of SEQ ID NO: 3675 or 3677.

B15. The genetically modified yeast of any one of embodiments B1 to B14, which comprises a
genetic modification that reduces the cytoplasmic activity of an acyl-CoA synthetase (ACS)
polypeptide.

B16. The genetically modified yeast of any one of embodiments B1 to B15, which comprises a
genetic modification that reduces the peroxisomal activity of an acyl-CoA synthetase (ACS)

polypeptide.

B17. The genetically modified yeast of embodiment B15 or B16, wherein the genetic
modification disrupts a polynucleotide that encodes the acyl-CoA synthetase (ACS)
polypeptide.
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B18. The genetically modified yeast of embodiment B17, wherein the genetic modification

disrupts an ACS1 polypeptide or ACS2 polypeptide.

B19. The genetically modified yeast of any one of embodiments B15 to B18, wherein the
genetic modification disrupts a polynucleotide that encodes a long-chain acyl-CoA synthetase

polypeptide.

B20. The genetically modified yeast of embodiment B19, wherein the genetic modification

disrupts a FAT1 polypeptide.

B21. The genetically modified yeast of any one of embodiments B15 to B20, wherein the
acyl-CoA synthetase (ACS) polypeptide is a polypeptide native to the yeast.

B22. The genetically modified yeast of embodiment B21, wherein the yeast is a Candida spp.

yeast.

B23. The genetically modified yeast of embodiment B22, wherein the acyl-CoA synthetase
(ACS) polypeptide comprises an amino acid sequence chosen from SEQ ID NOs: 80, 82, 84,
158 and 159.

B24. The genetically modified yeast of embodiment B21, wherein the FAT1 polypeptide
comprises the amino acid sequence of SEQ ID NO: 90.

B25. The genetically modified yeast of any one of embodiments B1 to B24, which comprises a
genetic modification that reduces the activity of a PXA polypeptide.

B26. The genetically modified yeast of embodiment B25, wherein the genetic modification

disrupts a polynucleotide that encodes the PXA polypeptide.

B27. The genetically modified yeast of embodiment B25 or B26, wherein the PXA
polypeptide is a PXA1 polypeptide or a PXA2 polypeptide, or a PXA1 polypeptide and a PXA2
polypeptide.
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B28. The genetically modified yeast of any one of embodiments B25 to B27, wherein the PXA
polypeptide is native to the yeast.

B29. The genetically modified yeast of embodiment B28, wherein the yeast is a Candida spp.

yeast.

B30. The genetically modified yeast of embodiment B29, wherein the PXA1 polypeptide
comprises the amino acid sequence of SEQ ID NO: 92.

B31. The genetically modified yeast of embodiment B29, wherein the PXA2 polypeptide
comprises the amino acid sequence of SEQ ID NO: 94.

B32. The genetically modified yeast of any one of embodiments B1 to B31, comprising an
active, modified endogenous acyl-CoA oxidase polypeptide and no active, modified

endogenous acyl-CoA dehydrogenase polypeptide.

B33. The genetically modified yeast of any one of embodiments B1 to B31, comprising no
active, modified endogenous acyl-CoA oxidase polypeptide and an active, modified

endogenous acyl-CoA dehydrogenase polypeptide.

CI1. The genetically modified yeast of any one of embodiments Al to A41 and B1 to B33,
comprising one or more genetic modifications that reduce the activity of one or more native

endogenous acyl-CoA oxidase polypeptides.

C2. The genetically modified yeast of embodiment C1, comprising genetic modifications that

reduce the activity of all native endogenous acyl-CoA oxidase polypeptides.

C3. The genetically modified yeast of embodiment C1 or C2, wherein the genetic

modifications partially block beta oxidation activity.

C4. The genetically modified yeast of any one of embodiments Al to A41, B1 to B33, and C1
to C3, wherein the diacid is a C4 to C24 diacid.
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C5. The genetically modified yeast of embodiment C4, wherein the diacid is a C10, C12, C14,
C16, C18 or C20 diacid.

C6. The genetically modified yeast of embodiment C5, wherein the diacid is a C10 diacid.

C7. The genetically modified yeast of embodiment C5, wherein the diacid is a C12 diacid.

C8. The genetically modified yeast of embodiment C5, wherein the diacid is a C18 diacid.

C9. The genetically modified yeast of any one of embodiments C4 to C8, wherein the diacid

contains no unsaturation.

C10. The genetically modified yeast of any one of embodiments C4 to C8, wherein the diacid

contains one or more unsaturations.

C10.1. The genetically modified yeast of any one of embodiments C4 to C10, wherein the

diacid is the predominant diacid in a mixture of diacids.

C11. The genetically modified yeast of any one of embodiments Al to A41, B1 to B33, and C1

to C10.1, wherein the feedstock comprises a substantially pure oil.

C12. The genetically modified yeast of any one of embodiments Al to A41, B1 to B33, and C1
to C10, wherein the feedstock comprises a plurality of fatty acids.

C13. The genetically modified yeast of embodiment C12, wherein the feedstock comprises a

soapstock.

C14. The genetically modified yeast of embodiment C12, wherein the feedstock comprises a

fatty acid distillate.

C15. The genetically modified yeast of any one of embodiments Al to A41, B1 to B33, and C1
to C14, wherein the vegetable oil is from a plant chosen from palm, palm kernel, coconut, soy,

safflower, canola, palm, palm kernel or combination thereof.
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D1. A method for producing a diacid, comprising:

contacting a genetically modified yeast of any one of embodiments 1 to A41, Bl to B33,
and C1 to C15 with a feedstock comprising one or more components from a vegetable oil
capable of being converted by the yeast to a diacid; and

culturing the yeast under conditions in which the diacid is produced from the feedstock.

D2. The method of embodiment D1, wherein the diacid is a C4 to C24 diacid.

D3. The method of embodiment D2, wherein the diacid is a C10, C12, C14, C16, C18 or C20
diacid.

D4. The method of embodiment D3, wherein the diacid is a C10 diacid.

D5. The method of embodiment D3, wherein the diacid is a C12 diacid.

D6. The method of embodiment D3, wherein the diacid is a C18 diacid.

D7. The method of any one of embodiments D1 to D6, wherein the diacid contains no

unsaturation.

D8. The method of any one of embodiments D1 to D6, wherein the diacid contains one or more

unsaturations.

D8.1. The method of any one of embodiments D2 to DS, wherein the diacid is the predominant

diacid in a mixture of diacids.

D9. The method of any one of embodiments D1 to D8.1, wherein the feedstock comprises a

substantially pure oil.

D10. The method of any one of embodiments D1 to D8, wherein the feedstock comprises a

plurality of fatty acids.

D11. The method of embodiment D10, wherein the feedstock comprises a soapstock.
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D12. The method of embodiment D10, wherein the feedstock comprises a fatty acid distillate.

D13. The method of any one of embodiments D1 to D12, wherein the vegetable oil is from a
plant chosen from palm, palm kernel, coconut, soy, safflower, canola, palm, palm kernel or

combination thereof.

El. Anisolated nucleic acid, comprising a polynucleotide that encodes a modified acyl-CoA

oxidase polypeptide from a yeast.

E2. The isolated nucleic acid of embodiment E1, wherein the modified acyl-CoA oxidase

polypeptide comprises an amino acid modification in the N-terminal loop.

E3. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA

oxidase polypeptide comprises an amino acid modification in the D alpha helix.

E4. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification in the loop between the D alpha

helix and the E' alpha helix.

E5. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification to an amino acid in effective contact

with carbons 6 to 9 in a feedstock component.

E6. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification to an amino acid in effective contact

with carbons 10 to 12 in a feedstock component.

E7. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA

oxidase polypeptide comprises an amino acid modification in the L alpha helix.

E8. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification in the loop C-terminal to the L alpha

helix.
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E9. The isolated nucleic acid of embodiment E1, wherein the modified endogenous acyl-CoA

oxidase polypeptide comprises an amino acid modification in the loop between the L alpha

helix and the M alpha helix.

E10. The isolated nucleic acid of any one of embodiments E2 to E9, wherein the amino acid

modification comprises an amino acid substitution.

E11. The isolated nucleic acid of embodiment E10, wherein the amino acid substitution is

conservative.

E12. The isolated nucleic acid of embodiment E10, wherein the amino acid substitution is not

conservative.

E13. The isolated nucleic acid of any one of embodiments E1 to E12, wherein the yeast is
chosen from a Candida spp. yeast, Yarrowia spp. yeast, Pichia spp. yeast, Saccharomyces spp.

yeast and Kluyveromyces spp. yeast.

E14. The isolated nucleic acid of embodiment E13, wherein the yeast is chosen from C.
tropicalis, C. viswanathii, Y. lipolytica, P. pastoris, P. membranifaciens, P. kluyveri, P.
guilliermondii, P. heedii, P. subpelliculosa, S. cerevisiae, S. bayanus, S. pastorianus, S.

carlsbergensis, K. lactis and K. marxianus.

E15. The isolated nucleic acid of embodiment E13, wherein the yeast is a Candida spp. yeast.

E16. The isolated nucleic acid of embodiment E15, wherein the yeast is chosen from C.

tropicalis and C. viswanathii.

E17. The isolated nucleic acid of embodiment E16, wherein the yeast is a genetically modified

ATCC20336 yeast.

E18. The isolated nucleic acid of any one of embodiments E15 to E17, wherein the endogenous

acyl-CoA oxidase polypeptide is a POX4 polypeptide.
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E19. The isolated nucleic acid of embodiment E18, wherein the POX4 polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 30.

E20. The isolated nucleic acid of embodiment E18 or E19, wherein the POX4 polypeptide
comprises amino acid modifications at one or more amino acid positions chosen from 88, 90,
96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483,
484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502,
503, 504 and 505.

E21. The isolated nucleic acid of any one of embodiments E15 to E17, wherein the endogenous

acyl-CoA oxidase polypeptide is a POXS5 polypeptide.

E22. The isolated nucleic acid of embodiment E21, wherein the POXS polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 32.

E23. The isolated nucleic acid of embodiment E21 or E22, wherein the POXS5 polypeptide
comprises amino acid modifications at one or more amino acid positions chosen from 81, 82,
83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290, 291, 292, 294, 295, 436, 453, 454,
455, 456, 457, 458, 459, 460, 461, 462 and 463.

E24. The isolated nucleic acid of embodiment E20 or E23, wherein at least one of the amino

acid modifications is an amino acid substitution.

E25. The isolated nucleic acid of embodiment E24, wherein at least one of the amino acid

substitutions 1s conservative.

E26. The isolated nucleic acid of embodiment E24, wherein at least one of the amino acid

substitutions 18 non-conservative.

F1. The isolated nucleic acid of any one of embodiments E1 to E26, which is an expression

vector.

F2. A cell comprising a nucleic acid of any one of embodiments E1 to F1.

F3. The cell of embodiment F2, which is a bacterium.
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F4. The cell of embodiment F2, which is a yeast.

F5. The cell of embodiment F4, which is a Candida spp. yeast.

F6. The cell of embodiment F5, wherein the Candida spp. yeast is chosen from C. tropicalis

and C. viswanathii.

F7. The cell of embodiment F6, wherein the Candida spp. yeast is a genetically modified
ATCC20336 yeast.

F8. The cell of embodiment F4, which is chosen from a Yarrowia spp. yeast, Pichia spp. yeast,

Saccharomyces spp. yeast and Kluyveromyces spp. yeast.

F9. The cell of embodiment F8, which is chosen from Y. lipolytica, P. pastoris, P.
membranifaciens, P. kluyveri, P. guilliermondii, P. heedii, P. subpelliculosa, S. cerevisiae, S.

bayanus, S. pastorianus, S. carlsbergensis, K. lactis and K. marxianus.

G1. A genetically modified yeast comprising (i) an active, modified endogenous acyl-coA
oxidase polypeptide or an active, modified endogenous acyl-coA dehydrogenase polypeptide;
(i1) a genetic modification that alters an enoyl co-A isomerase activity; and (iii) a genetic
modification that alters a diencoyl CoA reductase (DCR) activity, wherein the yeast is capable
of producing a diacid from a feedstock comprising one or more components from a vegetable

oil.

G2. The genetically modified yeast of embodiment G1, wherein the feedstock comprises at

least one long chain unsaturated fatty acid.

G3. The genetically modified yeast of embodiment G2, wherein the long chain unsaturated

fatty acid is linoleic acid or linolenic acid.

G4. The genetically modified yeast of any one of embodiments G1 to G3, which comprises a

genetic modification that reduces an enoyl CoA isomerase activity.
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G5. The genetically modified yeast of embodiment G4, which comprises a disruption, deletion
or knockout of (i) a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a
promoter operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide, whereby the enoyl CoA isomerase activity is reduced or removed.

G6. The genetically modified yeast of embodiment G5, wherein the genetic modification

disrupts a polynucleotide that encodes an enoyl CoA isomerase polypeptide.

G7. The genetically modified yeast of any one of embodiments G1 to G6, which comprises a

genetic modification that increases an enoyl CoA isomerase activity.

G8. The genetically modified yeast of embodiment G7, which comprises (i) an increased copy
number of a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a promoter
inserted and operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide.

(9. The genetically modified yeast of any one of embodiments G5, G6 and G8, wherein the
enoyl CoA isomerase polypeptide is a polypeptide native to the yeast.

G10. The genetically modified yeast of any one of embodiments G1 to G9, wherein the activity

of one or more or all enoyl CoA isomerase polypeptide types in the yeast is altered.

G11. The genetically modified yeast of embodiment G10, wherein the yeast comprises two

enoyl CoA isomerase polypeptide types, and one or both of the polypeptide types are altered.

G12. The genetically modified yeast of any one of embodiments G1 to G11, wherein the enoyl
CoA isomerase activity is provided by polypeptide present in a Candida spp. yeast.

G13. The genetically modified yeast of any one of embodiments G1 to G12, wherein the enoyl
CoA isomerase activity is provided by a polypeptide comprising the amino acid sequence of

SEQ ID NO: 3675, 3677, 3800, 3802, 3803 or 3805.

G14. The genetically modified yeast of any one of embodiments G1 to G11, wherein the enoyl

CoA isomerase activity is provided by a polypeptide present in a Yarrowia yeast.
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G15. The genetically modified yeast of embodiment G14, wherein the Yarrowia yeast isa Y.
lipolytica yeast.

G16. The genetically modified yeast of any one of embodiments G1 to G15, wherein the enoyl
CoA isomerase activity is provided by a polypeptide comprising the amino acid sequence of

SEQ ID NO: 3804 or 3806.

G17. The genetically modified yeast of any one of embodiments G1 to G16, which comprises a

genetic modification that reduces a diencoyl CoA reductase activity.

G18. The genetically modified yeast of embodiment G17, which comprises a disruption,
deletion or knockout of (i) a polynucleotide that encodes a dienecoyl CoA reductase polypeptide
or (ii) a promoter operably linked to a polynucleotide that encodes a dieneoyl CoA reductase

polypeptide, whereby the diencoyl CoA reductase activity is reduced or removed.

G19. The genetically modified yeast of embodiment G18, wherein the genetic modification

disrupts a polynucleotide that encodes a dieneoyl CoA reductase polypeptide.

G20. The genetically modified yeast of any one of embodiments G1 to G19, which comprises a

genetic modification that increases a diencoyl CoA reductase activity.

G21. The genetically modified yeast of embodiment G20, which comprises (i) an increased
copy number of a polynucleotide that encodes a diencoyl CoA reductase polypeptide or (ii) a
promoter inserted and operably linked to a polynucleotide that encodes a dieneoyl CoA
reductase polypeptide.

G22. The genetically modified yeast of any one of embodiments G18, G19 and G21, wherein
the diencoyl CoA reductase polypeptide is a polypeptide native to the yeast.

(G23. The genetically modified yeast of any one of embodiments G1 to G22, wherein the

activity of one or more or all dieneoyl CoA reductase polypeptide types in the yeast is altered.
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G24. The genetically modified yeast of embodiment G23, wherein the yeast comprises two
diencoyl CoA reductase polypeptide types, and one or both of the polypeptide types are

altered.

(G25. The genetically modified yeast of any one of embodiments G1 to G24, wherein the
dieneoyl CoA reductase activity is provided by a polypeptide present is a Candida spp. yeast.

(G26. The genetically modified yeast of any one of embodiments G1 to G25, wherein the
diencoyl CoA reductase activity is provided by a polypeptide comprising the amino acid

sequence of SEQ ID NO: 3789, 3791, 3792 or 3793.

G27. The genetically modified yeast of any one of embodiments G1 to G26, wherein the

dieneoyl CoA reductase activity is provided by a polypeptide present in a Yarrowia yeast.

(G28. The genetically modified yeast of embodiment G27, wherein the Yarrowia yeast isa'Y.
lipolytica yeast.

(G29. The genetically modified yeast of any one of embodiments G1 to G28, wherein the
diencoyl CoA reductase activity is provided by a polypeptide comprising the amino acid

sequence of SEQ ID NO: 3794 or 3795.

G30. The genetically modified yeast of any one of embodiments G1 to G29, wherein the yeast
is a genetically modified Candida spp. yeast.

G31. The genetically modified yeast of embodiment G30, wherein the Candida spp. yeast is

chosen from C. tropicalis and C. viswanathii.

G32. The genetically modified yeast of embodiment G30, wherein the Candida spp. yeast is a
genetically modified ATCC20336 yeast.

G33. The genetically modified yeast of any one of embodiments G30 to G32, wherein the
endogenous acyl-CoA oxidase polypeptide is a POX4 polypeptide.

G34. The genetically modified yeast of embodiment G33, wherein the POX4 polypeptide

comprises a modified amino acid sequence of SEQ ID NO: 30.
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G35. The genetically modified yeast of embodiment G33 or G34, wherein the POX4
polypeptide comprises an amino acid modification at one or more amino acid positions chosen
from 88, 90, 96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477, 478, 479, 480,
481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499,
500, 501, 502, 503, 504 and 505.

(G36. The genetically modified yeast of any one of embodiments G30 to G35, wherein the
endogenous acyl-CoA oxidase polypeptide is a POX5 polypeptide.

G37. The genetically modified yeast of embodiment G36, wherein the POXS5 polypeptide

comprises a modified amino acid sequence of SEQ ID NO: 32.

G38. The genetically modified yeast of embodiment G36 or G37, wherein the POXS5
polypeptide comprises an amino acid modification at one or more amino acid positions chosen
from 81, 82, 83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290, 291, 292, 294, 295, 428,
429, 436, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462 and 463.

G39. The genetically modified yeast of any one of embodiments G1 to G38, wherein the acyl-
CoA dehydrogenase polypeptide is chosen from ACAD, VLCAD, LCAD, MCAD and SCAD
polypeptides.

G40. The genetically modified yeast of embodiment G39, wherein the acyl-CoA
dehydrogenase polypeptide comprises a modified amino acid sequence of SEQ ID NO: 3685.

G41. The genetically modified yeast of embodiment G39 or G40, wherein the the acyl-CoA

dehydrogenase polypeptide comprises an amino acid modification at VLCAD position 461.

G42. The genetically modified yeast of any one of embodiments G35, G38 and G41, wherein

at least one of the amino acid modifications is an amino acid substitution.

G43. The genetically modified yeast of embodiment G42, wherein at least one of the one or

more amino acid substitutions is conservative.
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G44. The genetically modified yeast of embodiment G42, wherein at least one of the one or

more amino acid substitutions is not conservative.

G45. The genetically modified yeast of any one of embodiments G1 to G29, wherein the yeast

is a genetically modified Yarrowia spp. yeast.

G46. The genetically modified yeast of embodiment G42, wherein the Yarrowia spp. yeast is
Y. lipolytica.

G47. The genetically modified yeast of embodiment G45 or G46, wherein the endogenous
acyl-CoA oxidase polypeptide is chosen from a POX1 polypeptide, POX2 polypeptide, POX3
polypeptide, POX4 polypeptide, POXS polypeptide or POX6 polypeptide.

G48. The genetically modified yeast of embodiment G47, wherein the endogenous acyl-CoA
oxidase polypeptide is chosen from SEQ ID NOs: 3778 to 3783.

G49. The genetically modified yeast of any one of embodiments G1 to G29, wherein the yeast
is a genetically modified Pichia spp. yeast.

G50. The genetically modified yeast of embodiment G49, wherein the Pichia spp. yeast is
chosen from P. pastoris, P. membranifaciens, P. kluyveri, P. guilliermondii, P. heedii and P.

subpelliculosa.

G51. The genetically modified yeast of embodiment G1 to G29, wherein the yeast is a

genetically modified Saccharomyces spp. yeast.

G52. The genetically modified yeast of embodiment G51, wherein the Saccharomyces spp.

yeast is chosen from S. cerevisiae, S. bayanus, S. pastorianus and S. carlsbergensis.

G53. The genetically modified yeast of embodiment G1 to G29, wherein the yeast is a
genetically modified Kluyveromyces spp. yeast.

G54. The genetically modified yeast of embodiment G53, wherein the Kluyveromyces spp.

yeast is chosen from K. lactis and K. marxianus.
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G55. The genetically modified yeast of any one of embodiments G1 to G54, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the N-terminal loop.

G56. The genetically modified yeast of any one of embodiments G1 to G55, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the D alpha helix.

G57. The genetically modified yeast of any one of embodiments G1 to G56, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop between the D alpha helix and the E' alpha helix.

G58. The genetically modified yeast of any one of embodiments G1 to G57, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to

an amino acid in effective contact with carbons 6 to 9 in a feedstock component.

G59. The genetically modified yeast of any one of embodiments G1 to G58, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to

an amino acid in effective contact with carbons 10 to 12 in a feedstock component.

G60. The genetically modified yeast of any one of embodiments G1 to G59, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the L alpha helix.

G61. The genetically modified yeast of any one of embodiments G1 to G60, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop C-terminal to the L alpha helix.

G62. The genetically modified yeast of any one of embodiments G1 to G61, wherein the
modified endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in

the loop between the L alpha helix and the M alpha helix.
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G63. The genetically modified yeast of any one of embodiments G55 to G62, wherein the

amino acid modification comprises an amino acid substitution.

G64. The genetically modified yeast of embodiment G63, wherein the amino acid substitution

18 conservative.

G65. The genetically modified yeast of embodiment G63, wherein the amino acid substitution

18 not conservative.

G66. A method for producing a diacid, comprising:
(a) contacting a genetically modified yeast of any one of embodiments G1 to G65 with a
feedstock comprising a vegetable oil; and

(b) culturing the yeast under conditions in which diacid is produced from the feedstock.

G67. The method of embodiment G66, comprising purifying the diacid from the yeast.

H1. A method for producing a diacid, comprising:

(a) contacting a genetically modified yeast of any of embodiments Al to A44, Bl to
B33, C1 to C15 and G1 to G65 with a feedstock comprising an unsaturated vegetable fatty acid
capable of being converted by the yeast to a diacid;

(b) culturing the yeast under conditions in which diacid containing one or more
unsaturations is produced from the feedstock; and

(¢) hydrogenating and removing one or more of the unsaturations.

H2. The method of embodiment H1, wherein the unsaturated vegeteable fatty acid is linoleic

acid or linolenic acid.

H3. The method of embodiment H2, wherein the diacid is dodecanedioic acid or sebacic acid.

* * *
The entirety of each patent, patent application, publication and document referenced herein

hereby is incorporated by reference. Citation of the above patents, patent applications,

publications and documents is not an admission that any of the foregoing is pertinent prior art,
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nor does it constitute any admission as to the contents or date of these publications or

documents.

Modifications may be made to the foregoing without departing from the basic aspects of the
technology. Although the technology has been described in substantial detail with reference to
one or more specific embodiments, those of ordinary skill in the art will recognize that changes
may be made to the embodiments specifically disclosed in this application, yet these

modifications and improvements are within the scope and spirit of the technology.

The technology illustratively described herein suitably may be practiced in the absence of any
element(s) not specifically disclosed herein. Thus, for example, in each instance herein any of

2% ¢

the terms “comprising,” “consisting essentially of,” and “consisting of”” may be replaced with
either of the other two terms. The terms and expressions which have been employed are used
as terms of description and not of limitation, and use of such terms and expressions do not
exclude any equivalents of the features shown and described or portions thereof, and various
modifications are possible within the scope of the technology claimed. The term “a” or “an”
can refer to one of or a plurality of the elements it modifies (e.g., “a reagent” can mean one or
more reagents) unless it is contextually clear either one of the elements or more than one of the
elements is described. The term “about” as used herein refers to a value within 10% of the
underlying parameter (i.c., plus or minus 10%), and use of the term “about” at the beginning of
a string of values modifies each of the values (i.c., “about 1, 2 and 3” refers to about 1, about 2
and about 3). For example, a weight of “about 100 grams” can include weights between 90
grams and 110 grams. Further, when a listing of values is described herein (e.g., about 50%,
60%, 70%, 80%, 85% or 86%) the listing includes all intermediate and fractional values thereof
(e.g., 54%, 85.4%). Thus, it should be understood that although the present technology has
been specifically disclosed by representative embodiments and optional features, modification

and variation of the concepts herein disclosed may be resorted to by those skilled in the art, and

such modifications and variations are considered within the scope of this technology.

Certain embodiments of the technology are set forth in the claim(s) that follow(s).
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We claim:

1. A genetically modified Yarrowia lipoytica yeast comprising (i) an active, modified
endogenous acyl-coA oxidase polypeptide or an active, modified endogenous acyl-coA
dehydrogenase polypeptide; (ii) a genetic modification that alters a native enoyl co-A
isomerase activity; and (ii1) a genetic modification that alters a native diencoyl CoA reductase
(DCR) activity, wherein the yeast is capable of producing a diacid from a feedstock comprising

one or more components from a vegetable oil.

2. A genetically modified yeast comprising an active, modified endogenous acyl-CoA
oxidase polypeptide or an active, modified endogenous acyl-CoA dehydrogenase polypeptide,
which yeast is capable of producing a diacid from a feedstock comprising one or more

components from a vegetable oil.

3. The genetically modified yeast of claim 2, wherein the yeast is a genetically modified

Candida spp. yeast.

4. The genetically modified yeast of claim 3, wherein the Candida spp. yeast is selected

from the group consisting of: C. tropicalis and C. viswanathii.

5. The genetically modified yeast of claim , wherein the Candida spp. yeast is a genetically

modified ATCC20336 yeast.

6. The genetically modified yeast of any one of claim 2-5, wherein the endogenous acyl-

CoA oxidase polypeptide is a POX4 polypeptide.

7. The genetically modified yeast of claim 6, wherein the POX4 polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 30.

8. The genetically modified yeast of any one of claims 6-7, wherein the POX4 polypeptide
comprises an amino acid modification at one or more amino acid positions selected from the
group consisting of: 88, 90, 96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477,
478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496,
497, 498, 499, 500, 501, 502, 503, 504 and 505.
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9. The genetically modified yeast of any one of claims 3-5, wherein the endogenous acyl-

CoA oxidase polypeptide is a POXS polypeptide.

10.  The genetically modified yeast of claim 9, wherein the POXS5 polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 32.

11.  The genetically modified yeast of any one of claims 9-10, wherein the POX5
polypeptide comprises an amino acid modification at one or more amino acid positions selected
from the group consisting of: 81, 82, 83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290,
291, 292, 294, 295, 428, 429, 436, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462 and 463.

12.  The genetically modified yeast of any one of claims 3-5, wherein the acyl-CoA
dehydrogenase polypeptide is selected from the group consisting of: ACAD, VLCAD, LCAD,
MCAD and SCAD polypeptides.

13.  The genetically modified yeast of claim 12, wherein the acyl-CoA dehydrogenase
polypeptide comprises a modified amino acid sequence of SEQ ID NO: 3685.

14.  The genetically modified yeast of any one of claims 12-13, wherein the acyl-CoA
dehydrogenase polypeptide comprises an amino acid modification at VLCAD position 461.

15. The genetically modified yeast of any one of claims 8, 11 and 14, wherein at least one

of the amino acid modifications is an amino acid substitution.

16.  The genetically modified yeast of claim 15, wherein at least one of the one or more

amino acid substitutions is conservative.

17.  The genetically modified yeast of claim 15, wherein at least one of the one or more

amino acid substitutions 1s not conservative.

18.  The genetically modified yeast of claim 2, wherein the yeast is a genetically modified

Yarrowia spp. yeast.
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19.  The genetically modified yeast of claim 18, wherein the Yarrowia spp. yeastis Y.
lipolytica.

20.  The genetically modified yeast of any one of claims 18-19, wherein the endogenous
acyl-CoA oxidase polypeptide is selected from the group consisting of: a POX1 polypeptide,
POX2 polypeptide, POX3 polypeptide, POX4 polypeptide, POXS5 polypeptide or POX6
polypeptide.

21. The genetically modified yeast of claim 20, wherein the endogenous acyl-CoA oxidase

polypeptide is selected from the group consisting of: SEQ ID NOs: 3778 to 3783.

22.  The genetically modified yeast of claim 2, wherein the yeast is a genetically modified

Pichia spp. yeast.

23.  The genetically modified yeast of claim 22, wherein the Pichia spp. yeast is selected
from the group consisting of: P. pastoris, P. membranifaciens, P. kluyveri, P. guilliermondii, P.

heedii and P. subpelliculosa.

24.  The genetically modified yeast of claim 2, wherein the yeast is a genetically modified

Saccharomyces spp. yeast.

25. The genetically modified yeast of claim 24, wherein the Saccharomyces spp. yeast is
selected from the group consisting of: S. cerevisiae, S. bayanus, S. pastorianus and S.

carlsbergensis.

26.  The genetically modified yeast of claim 2, wherein the yeast is a genetically modified

Kluyveromyces spp. yeast.

27.  The genetically modified yeast of claim 26, wherein the Kluyveromyces spp. yeast is

selected from the group consisting of: K. lactis and K. marxianus.

28. The genetically modified yeast of any one of claims 2-27, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the N-

terminal loop.
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29.  The genetically modified yeast of any one of claims 2-28, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the D

alpha helix.

30. The genetically modified yeast of any one of claims 2-29, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop

between the D alpha helix and the E' alpha helix.

31.  The genetically modified yeast of any one of claims 2-30, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to an amino

acid in effective contact with carbons 6 to 9 in a feedstock component.

32.  The genetically modified yeast of any one of claims 2-31, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to an amino

acid in effective contact with carbons 10 to 12 in a feedstock component.

33. The genetically modified yeast of any one of claims 2-32, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the L alpha

helix.

34, The genetically modified yeast of any one of claims 2-33, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop C-

terminal to the L alpha helix.

35. The genetically modified yeast of any one of claims 2-34, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop

between the L alpha helix and the M alpha helix.

36.  The genetically modified yeast of any one of claims 28-35, wherein the amino acid

modification comprises an amino acid substitution.

37. The genetically modified yeast of claim 36, wherein the amino acid substitution is

conservative.
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38. The genetically modified yeast of claim 36, wherein the amino acid substitution is not
conservative.
39. A genetically modified yeast comprising (i) an active, modified endogenous acyl-CoA

oxidase polypeptide or an active, modified endogenous acyl-CoA dehydrogenase polypeptide
and (ii) a genetic modification that alters an enoyl CoA isomerase activity, wherein the yeast is
capable of producing a diacid from a feedstock comprising one or more components from a

vegetable oil.

40. The genetically modified yeast of any one of claims 2-39, which comprises a genetic

modification that reduces an enoyl CoA isomerase activity.

41.  The genetically modified yeast of claim 40, which comprises a disruption, deletion or
knockout of (i) a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a
promoter operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide, whereby the enoyl CoA isomerase activity is reduced or removed.

42.  The genetically modified yeast of claim 41, wherein the genetic modification disrupts a

polynucleotide that encodes an enoyl CoA isomerase polypeptide.

43.  The genetically modified yeast of any one of claims 2-42, which comprises a genetic

modification that increases an enoyl CoA isomerase activity.

44.  The genetically modified yeast of claim 43, which comprises (i) an increased copy
number of a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a promoter
inserted and operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide.

45. The genetically modified yeast of any one of claims 40-44, wherein the enoyl CoA

isomerase polypeptide is a polypeptide native to the yeast.

46. The genetically modified yeast of any one of claims 39-45, wherein the activity of one

or more or all enoyl CoA isomerase polypeptide types in the yeast is altered.



WO 2014/100504 PCT/US2013/076739
334

47.  The genetically modified yeast of claim 46, wherein the yeast comprises two enoyl CoA

isomerase polypeptide types, and one or both of the polypeptide types are altered.

48. The genetically modified yeast of any one of claims 39-45, wherein the enoyl CoA

isomerase activity is provided by a polypeptide present in a Candida spp. yeast.

49.  The genetically modified yeast of any one of claims 39-48, wherein the enoyl CoA
isomerase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3675, 3677, 3800, 3802, 3803 or 3805.

50.  The genetically modified yeast of any one of claims 39-48, wherein the yeast is a

Yarrowia yeast.

51.  The genetically modified yeast of claim 50, wherein the yeast is a Y. lipolytica yeast.

52. The genetically modified yeast of claim 51, wherein the enoyl CoA isomerase activity is

provided by a polypeptide present in a Yarrowia yeast or a Y. lipolytica yeast.

53. The genetically modified yeast of claim 51, wherein the enoyl CoA isomerase activity is

provided by a polypeptide comprising the amino acid sequence of SEQ ID NO: 3804 or 3806.

54, The genetically modified yeast of any one of claims 2-53, which comprises a genetic
modification that reduces the cytoplasmic activity of an acyl-CoA synthetase (ACS)
polypeptide.

55.  The genetically modified yeast of any one of claims 2-54, which comprises a genetic
modification that reduces the peroxisomal activity of an acyl-CoA synthetase (ACS)
polypeptide.

56.  The genetically modified yeast of claim 54 or 55, wherein the genetic modification

disrupts a polynucleotide that encodes the acyl-CoA synthetase (ACS) polypeptide.
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57.  The genetically modified yeast of claim 56, wherein the genetic modification disrupts an
ACS]1 polypeptide or ACS2 polypeptide.
58.  The genetically modified yeast of any one of claims 54-57, wherein the genetic

modification disrupts a polynucleotide that encodes a long-chain acyl-CoA synthetase

polypeptide.

59.  The genetically modified yeast of claim 58, wherein the genetic modification disrupts a

FAT1 polypeptide.

60. The genetically modified yeast of any one of claims 54-59, wherein the acyl-CoA
synthetase (ACS) polypeptide is a polypeptide native to the yeast.

61.  The genetically modified yeast of claim 60, wherein the yeast is a Candida spp. yeast.
62. The genetically modified yeast of claim 61, wherein the acyl-CoA synthetase (ACS)
polypeptide comprises an amino acid sequence selected from the group consisting of: SEQ ID

NOs: 80, 82, 84, 158 and 159.

63.  The genetically modified yeast of claim 61, wherein the FAT1 polypeptide comprises
the amino acid sequence of SEQ ID NO: 90.

64. The genetically modified yeast of any one of claims 2-63, which comprises a genetic

modification that reduces the activity of a PXA polypeptide.

65. The genetically modified yeast of claim 64, wherein the genetic modification disrupts a

polynucleotide that encodes the PXA polypeptide.

66.  The genetically modified yeast of claim 64 or 65, wherein the PXA polypeptide is a
PXAT1 polypeptide or a PXA2 polypeptide, or a PXAT polypeptide and a PXA2 polypeptide.

67.  The genetically modified yeast of any one of claims 64-66, wherein the PXA
polypeptide is native to the yeast.
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68.  The genetically modified yeast of claim 67, wherein the yeast is a Candida spp. yeast.

69.  The genetically modified yeast of claim 68, wherein the PXAT polypeptide comprises
the amino acid sequence of SEQ ID NO: 92.

70.  The genetically modified yeast of claim 68, wherein the PXA2 polypeptide comprises
the amino acid sequence of SEQ ID NO: 94.

71.  The genetically modified yeast of any one of claims 2-70, comprising an active,
modified endogenous acyl-CoA oxidase polypeptide and no active, modified endogenous acyl-

CoA dehydrogenase polypeptide.

72.  The genetically modified yeast of any one of claims 2-70, comprising no active,
modified endogenous acyl-CoA oxidase polypeptide and an active, modified endogenous acyl-

CoA dehydrogenase polypeptide.

73. A method for producing a diacid, comprising:
(1) contacting a genetically modified yeast of any of claims 1-72 with a feedstock
comprising one or more components from a feedstock containing at least one
unsaturated vegetable fatty acid capable of being converted by the yeast to a diacid;
(2) culturing the yeast under conditions in which the diacid is produced from the
feedstock; and

(3) hydrogenating the diacid to remove any unsaturation in the carbon chain.

74.  The method of claim 73, wherein the unsaturated vegeteable fatty acid is linoleic acid or

linolenic acid.
75. The method of claim 74, wherein the diacid 1s dodecanedioic acid or sebacic acid.
76. A genetically modified yeast, comprising a heterologous acyl-CoA oxidase polypeptide

or a heterologous acyl-CoA dehydrogenase polypeptide, which yeast is capable of producing a

diacid from a feedstock comprising one or more components from a vegetable oil.
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77.  The genetically modified yeast of claim 76, wherein the heterologous acyl-CoA oxidase

polypeptide is a native polypeptide.

78.  The genetically modified yeast of claim 76, wherein the heterologous acyl-CoA oxidase

polypeptide is an active, modified polypeptide.

79.  The genetically modified yeast of claim 76, wherein the heterologous acyl-CoA
dehydrogenase polypeptide is a native polypeptide.

80.  The genetically modified yeast of claim 76, wherein the heterologous acyl-CoA
dehydrogenase polypeptide is an active, modified polypeptide.

81.  The genetically modified yeast of claim 76 or 77, wherein the heterologous acyl-CoA
oxidase polypeptide is selected from the group consisting of: a polypeptide having an amino

acid sequence set forth in SEQ ID NO: 51 to SEQ ID NO: 3673.

82.  The genetically modified yeast of claim 76 or 79, wherein the heterologous acyl-CoA
dehydrogenase polypeptide is selected from the group consisting of: SEQ ID NOs: 3679 to
3683, 3686, 3689, 3691, 3693, 3695, 3697, 3699, 3701 and 3703.

83.  The genetically modified yeast of any one of claims 76-82, which is selected from the
group consisting of: a Candida spp. yeast, Yarrowia spp. yeast, Pichia spp. yeast,

Saccharomyces spp. yeast and Kluyveromyces spp. yeast.

84.  The genetically modified yeast of claim 83, which is selected from the group consisting
of: C. tropicalis, C. viswanathii, Y. lipolytica, P. pastoris, P. membranifaciens, P. kluyveri, P.
guilliermondii, P. heedii, P. subpelliculosa, S. cerevisiae, S. bayanus, S. pastorianus, S.

carlsbergensis, K. lactis and K. marxianus.

85. The genetically modified yeast of any one of claims 76-84, which comprises a genetic

modification that reduces the activity of an enoyl CoA isomerase polypeptide.

86. The genetically modified yeast of claim 85, wherein the genetic modification disrupts a

polynucleotide that encodes the enoyl CoA isomerase polypeptide.
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87.  The genetically modified yeast of claim 85 or 86, wherein the enoyl CoA isomerase

polypeptide is a polypeptide native to the yeast.

88.  The genetically modified yeast of claim 87, wherein the yeast is a Candida spp. yeast.

89.  The genetically modified yeast of claim 88, wherein the enoyl CoA isomerase

polypeptide comprises the amino acid sequence of SEQ ID NO: 3675 or 3677.

90.  The genetically modified yeast of any one of claims 76-89, which comprises a genetic
modification that reduces the cytoplasmic activity of an acyl-CoA synthetase (ACS)
polypeptide.

91.  The genetically modified yeast of any one of claims 76-90, which comprises a genetic
modification that reduces the peroxisomal activity of an acyl-CoA synthetase (ACS)
polypeptide.

92. The genetically modified yeast of claim 90 or 91, wherein the genetic modification

disrupts a polynucleotide that encodes the acyl-CoA synthetase (ACS) polypeptide.

93.  The genetically modified yeast of claim 92, wherein the genetic modification disrupts an

ACS]1 polypeptide or ACS2 polypeptide.
94, The genetically modified yeast of any one of claims 90-93, wherein the genetic
modification disrupts a polynucleotide that encodes a long-chain acyl-CoA synthetase

polypeptide.

95. The genetically modified yeast of claim 94, wherein the genetic modification disrupts a

FAT1 polypeptide.

96. The genetically modified yeast of any one of claims 90-95, wherein the acyl-CoA
synthetase (ACS) polypeptide is a polypeptide native to the yeast.

97.  The genetically modified yeast of claim 96, wherein the yeast is a Candida spp. yeast.
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98.  The genetically modified yeast of claim 97, wherein the acyl-CoA synthetase (ACS)
polypeptide comprises an amino acid sequence selected from the group consisting of: SEQ ID

NOs: 80, 82, 84, 158 and 159.

99.  The genetically modified yeast of claim 96, wherein the FAT1 polypeptide comprises
the amino acid sequence of SEQ ID NO: 90.

100. The genetically modified yeast of any one of claims 76-99, which comprises a genetic

modification that reduces the activity of a PXA polypeptide.

101.  The genetically modified yeast of claim 100, wherein the genetic modification disrupts a

polynucleotide that encodes the PXA polypeptide.

102.  The genetically modified yeast of claim 100 or 101, wherein the PXA polypeptide is a
PXAT1 polypeptide or a PXA2 polypeptide, or a PXAT polypeptide and a PXA2 polypeptide.

103. The genetically modified yeast of any one of claims 100-102, wherein the PXA
polypeptide is native to the yeast.

104. The genetically modified yeast of claim 103, wherein the yeast is a Candida spp. yeast.

105. The genetically modified yeast of claim 104, wherein the PXA1 polypeptide comprises
the amino acid sequence of SEQ ID NO: 92.

106. The genetically modified yeast of claim 104, wherein the PXA2 polypeptide comprises
the amino acid sequence of SEQ ID NO: 94.

107.  The genetically modified yeast of any one of claims 76-106, comprising an active,
modified endogenous acyl-CoA oxidase polypeptide and no active, modified endogenous acyl-

CoA dehydrogenase polypeptide.
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108.  The genetically modified yeast of any one of claims 76-106, comprising no active,
modified endogenous acyl-CoA oxidase polypeptide and an active, modified endogenous acyl-

CoA dehydrogenase polypeptide.
109. The genetically modified yeast of any one of claims 1-108, comprising one or more
genetic modifications that reduce the activity of one or more native endogenous acyl-CoA

oxidase polypeptides.

110.  The genetically modified yeast of claim 109, comprising genetic modifications that

reduce the activity of all native endogenous acyl-CoA oxidase polypeptides.

111.  The genetically modified yeast of claim 109 or 110, wherein the genetic modifications

partially block beta oxidation activity.

112.  The genetically modified yeast of any one of claims 1-111, wherein the diacid is a C4 to
C24 diacid.

113. The genetically modified yeast of claim 112, wherein the diacid is a C10, C12, C14,
C16, C18 or C20 diacid.

114.  The genetically modified yeast of claim 113, wherein the diacid is a C10 diacid.

115.  The genetically modified yeast of claim 113, wherein the diacid is a C12 diacid.

116. The genetically modified yeast of claim 113, wherein the diacid is a C18 diacid.

117. The genetically modified yeast of any one of claims 112-116, wherein the diacid

contains no unsaturation.

118. The genetically modified yeast of any one of claims 112-116, wherein the diacid

contains one or more unsaturations.

119. The genetically modified yeast of any one of claims 112-118, wherein the diacid is the

predominant diacid in a mixture of diacids.
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120.  The genetically modified yeast of any one of claims 1-119, wherein the feedstock

comprises a substantially pure oil.

121.  The genetically modified yeast of any one of claims 1-120, wherein the feedstock

comprises a plurality of fatty acids.

122.  The genetically modified yeast of claim 121, wherein the feedstock comprises a

soapstock.

123.  The genetically modified yeast of claim 121, wherein the feedstock comprises a fatty
acid distillate.

124.  The genetically modified yeast of any one of claims 1-123, wherein the vegetable oil is
from a plant selected from the group consisting of: palm, palm kernel, coconut, soy, safflower,

canola, palm, palm kernel or combination thereof.

125. A method for producing a desired diacid, comprising:

contacting a genetically modified yeast of any one of claims 1-124 with a feedstock
comprising one or more components from a vegetable oil capable of being converted by the
yeast to a diacid; and

culturing the yeast under conditions in which the desired diacid is produced from the

feedstock.

126. The method of claim 125, wherein the desired diacid is a C4 to C24 diacid.

127.  The method of any one of claims 125-126, wherein the desired diacid contains no

unsaturation.

128.  The method of any one of claims 125-126, wherein the desired diacid contains one or

more unsaturations.

129.  The method of any one of claims 125-128, wherein the desired diacid is the

predominant diacid in a mixture of diacids.
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130.  The method of any one of claims 125-129, wherein the feedstock comprises a

substantially pure oil.

131. The method of any one of claims 125-129, wherein the feedstock comprises a plurality

of fatty acids.

132.  The method of claim 131, wherein the feedstock comprises a soapstock.

133.  The method of claim 131, wherein the feedstock comprises a fatty acid distillate.

134.  The method of any one of claims 125-133, wherein the vegetable oil is from a plant
selected from the group consisting of: palm, palm kernel, coconut, soy, safflower, canola, palm,

palm kernel or combination thereof.

135. Anisolated nucleic acid, comprising a polynucleotide that encodes a modified acyl-CoA

oxidase polypeptide from a yeast.

136. The isolated nucleic acid of claim 135, wherein the modified acyl-CoA oxidase

polypeptide comprises an amino acid modification in the N-terminal loop.

137. The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA

oxidase polypeptide comprises an amino acid modification in the D alpha helix.

138.  The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification in the loop between the D alpha

helix and the E' alpha helix.

139. The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification to an amino acid in effective contact

with carbons 6 to 9 in a feedstock component.
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140. The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification to an amino acid in effective contact

with carbons 10 to 12 in a feedstock component.

141.  The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA

oxidase polypeptide comprises an amino acid modification in the L alpha helix.

142.  The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification in the loop C-terminal to the L alpha

helix.

143.  The isolated nucleic acid of claim 135, wherein the modified endogenous acyl-CoA
oxidase polypeptide comprises an amino acid modification in the loop between the L alpha

helix and the M alpha helix.

144.  The isolated nucleic acid of any one of claims 135-143, wherein the yeast is selected
from the group consisting of: a Candida spp. yeast, Yarrowia spp. yeast, Pichia spp. yeast,

Saccharomyces spp. yeast and Kluyveromyces spp. yeast.

145. The isolated nucleic acid of claim 144, wherein the yeast is selected from the group
consisting of: C. tropicalis, C. viswanathii, Y. lipolytica, P. pastoris, P. membranifaciens, P.
kluyveri, P. guilliermondii, P. heedii, P. subpelliculosa, S. cerevisiae, S. bayanus, S.

pastorianus, S. carlsbergensis, K. lactis and K. marxianus.

146. The isolated nucleic acid of claim 144, wherein the yeast is a Candida spp. Yeast

selected from the group consisting of: C. tropicalis and C. viswanathii.

147. The isolated nucleic acid of claim 146, wherein the yeast is a genetically modified

ATCC20336 yeast.

148.  The isolated nucleic acid of any one of claims 144-147, wherein the endogenous acyl-

CoA oxidase polypeptide is a POX4 polypeptide.
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149. The isolated nucleic acid of claim 148, wherein the POX4 polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 30.

150. The isolated nucleic acid of claim 148 or 149, wherein the POX4 polypeptide comprises
amino acid modifications at one or more amino acid positions selected from the group
consisting of: 88, 90, 96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477, 478,
479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497,
498, 499, 500, 501, 502, 503, 504 and 505.

151. The isolated nucleic acid of any one of claims 144-147, wherein the endogenous acyl-

CoA oxidase polypeptide is a POXS polypeptide.

152. The isolated nucleic acid of claim 141, wherein the POXS polypeptide comprises a
modified amino acid sequence of SEQ ID NO: 32.

153. The isolated nucleic acid of claim 151 or 152, wherein the POXS5 polypeptide comprises
amino acid modifications at one or more amino acid positions selected from the group
consisting of: 81, 82, 83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290, 291, 292, 294,
295, 436, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462 and 463.

154.  An expression vector comprising the isolated nucleic acid of any one of claims 135-153.

155. A host cell comprising a nucleic acid of any one of claims 135-153.

156. A host cell of claim 155, which is a Candida spp. yeast cell selected from the group

consisting of: C. tropicalis and C. viswanathii.

157.  The host cell of claim 156, wherein the Candida spp. yeast is a genetically modified
ATCC20336 yeast.

158.  The host cell of claim 155, which is selected from the group consisting of: a Yarrowia

spp. yeast, Pichia spp. yeast, Saccharomyces spp. yeast and Kluyveromyces spp. yeast.
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159.  The host cell of claim 158, which is selected from the group consisting of: Y. lipolytica,
P. pastoris, P. membranifaciens, P. kluyveri, P. guilliermondii, P. heedii, P. subpelliculosa, S.

cerevisiae, S. bayanus, S. pastorianus, S. carlsbergensis, K. lactis and K. marxianus.

160. A genetically modified yeast comprising (i) an active, modified endogenous acyl-coA
oxidase polypeptide or an active, modified endogenous acyl-coA dehydrogenase polypeptide;
(i1) a genetic modification that alters an enoyl co-A isomerase activity; and (iii) a genetic
modification that alters a diencoyl CoA reductase (DCR) activity, wherein the yeast is capable
of producing a diacid from a feedstock comprising one or more components from a vegetable

oil.

161. The genetically modified yeast of claim 160, wherein the feedstock comprises at least

one long chain unsaturated fatty acid.

162. The genetically modified yeast of claim 161, wherein the long chain unsaturated fatty

acid is linoleic acid or linolenic acid.

163. The genetically modified yeast of any one of claims 160-162, which comprises a genetic

modification that reduces an enoyl CoA isomerase activity.

164. The genetically modified yeast of claim 163, which comprises a disruption, deletion or
knockout of (i) a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a
promoter operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide, whereby the enoyl CoA isomerase activity is reduced or removed.

165. The genetically modified yeast of claim 164, wherein the genetic modification disrupts a

polynucleotide that encodes an enoyl CoA isomerase polypeptide.

166. The genetically modified yeast of any one of claims 160-165, which comprises a genetic

modification that increases an enoyl CoA isomerase activity.

167. The genetically modified yeast of claim 166, which comprises (i) an increased copy

number of a polynucleotide that encodes an enoyl CoA isomerase polypeptide or (ii) a promoter
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inserted and operably linked to a polynucleotide that encodes an enoyl CoA isomerase

polypeptide.

168. The genetically modified yeast of any one of claims 160-167, wherein the enoyl CoA
isomerase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3675, 3677, 3800, 3802, 3803 or 3805.

169. The genetically modified yeast of any one of claims 160-167, wherein enoyl CoA

isomerase activity is provided by a polypeptide present in a Yarrowia yeast.

170.  The genetically modified yeast of claim 169, wherein the Yarrowia yeast isaY.

lipolytica yeast.

171.  The genetically modified yeast of any one of claims 160-167, wherein enoyl CoA
isomerase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3804 or 3806.

172.  The genetically modified yeast of any one of claims 160-171, which comprises a genetic

modification that reduces a dieneoyl CoA reductase activity.

173.  The genetically modified yeast of claim 172, which comprises a disruption, deletion or
knockout of (i) a polynucleotide that encodes a diencoyl CoA reductase polypeptide or (ii) a
promoter operably linked to a polynucleotide that encodes a dieneoyl CoA reductase

polypeptide, whereby the diencoyl CoA reductase activity is reduced or removed.

174.  The genetically modified yeast of claim 173, wherein the genetic modification disrupts a

polynucleotide that encodes a diencoyl CoA reductase polypeptide.

175. The genetically modified yeast of any one of claims 160-171, which comprises a genetic

modification that increases a diencoyl CoA reductase activity.

176. The genetically modified yeast of claim 175, which comprises (i) an increased copy

number of a polynucleotide that encodes a dieneoyl CoA reductase polypeptide or (ii) a
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promoter inserted and operably linked to a polynucleotide that encodes a dieneoyl CoA
reductase polypeptide.

177.  The genetically modified yeast of any one of claims 160-176, wherein the diencoyl CoA
reductase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3789, 3791, 3792 or 3793.

178.  The genetically modified yeast of any one of claims 160-177, wherein the diencoyl CoA

reductase activity is provided by a polypeptide present in a Yarrowia yeast.

179.  The genetically modified yeast of claim 178, wherein the Yarrowia yeast isaY.

lipolytica yeast.

180. The genetically modified yeast of any one of claims 160-177, wherein the diencoyl CoA
reductase activity is provided by a polypeptide comprising the amino acid sequence of SEQ ID

NO: 3794 or 3795.

181. The genetically modified yeast of any one of claims 160-180, wherein the endogenous

acyl-CoA oxidase polypeptide is a POX4 polypeptide.

182. The genetically modified yeast of claim 181, wherein the POX4 polypeptide comprises
a modified amino acid sequence of SEQ ID NO: 30.

183.  The genetically modified yeast of claim 181 or 182, wherein the POX4 polypeptide
comprises an amino acid modification at one or more amino acid positions selected from the
group consisting of: 88, 90, 96, 98, 99, 100, 102, 103, 302, 309, 310, 473, 474, 475, 476, 477,
478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496,
497, 498, 499, 500, 501, 502, 503, 504 and 505.

184.  The genetically modified yeast of any one of claims 160-180, wherein the endogenous

acyl-CoA oxidase polypeptide is a POXS5 polypeptide.

185. The genetically modified yeast of claim 184, wherein the POXS polypeptide comprises
a modified amino acid sequence of SEQ ID NO: 32.
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186. The genetically modified yeast of claim 184, wherein the POXS polypeptide comprises
an amino acid modification at one or more amino acid positions selected from the group
consisting of: 81, 82, 83, 84, 85, 86, 88, 93, 94, 95, 96, 98, 102, 284, 287, 290, 291, 292, 294,
295, 428, 429, 436, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462 and 463.

187. The genetically modified yeast of any one of claims 160-186, wherein the acyl-CoA
dehydrogenase polypeptide is selected from the group consisting of: ACAD, VLCAD, LCAD,
MCAD and SCAD polypeptides.

188.  The genetically modified yeast of claim 187, wherein the acyl-CoA dehydrogenase
polypeptide comprises a modified amino acid sequence of SEQ ID NO: 3685.

189. The genetically modified yeast of any one of claims 160-188, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the N-

terminal loop.

190. The genetically modified yeast of any one of claims 160-189, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the D

alpha helix.

191. The genetically modified yeast of any one of claims 160-190, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop

between the D alpha helix and the E' alpha helix.

192. The genetically modified yeast of any one of claims 160-191, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to an amino

acid in effective contact with carbons 6 to 9 in a feedstock component.

193. The genetically modified yeast of any one of claims 160-192, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification to an amino

acid in effective contact with carbons 10 to 12 in a feedstock component.
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194.  The genetically modified yeast of any one of claims 160-193, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the L alpha

helix.

195.  The genetically modified yeast of any one of claims 160-194, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop C-

terminal to the L alpha helix.

196. The genetically modified yeast of any one of claims 160-195, wherein the modified
endogenous acyl-CoA oxidase polypeptide comprises an amino acid modification in the loop

between the L alpha helix and the M alpha helix.

197. A method for producing a diacid, comprising:
(a) contacting a genetically modified yeast of any one of claims 160-196 with a
feedstock comprising a vegetable oil; and

(b) culturing the yeast under conditions in which diacid is produced from the feedstock.

198.  The method of claim 197, comprising purifying the diacid from the yeast.

199. A method for producing a diacid, comprising:

(a) contacting a genetically modified yeast of any of embodiments 1-124 and 160-198
with a feedstock comprising an unsaturated vegetable fatty acid capable of being converted by
the yeast to a diacid;

(b) culturing the yeast under conditions in which diacid containing one or more
unsaturations is produced from the feedstock; and

(¢) hydrogenating and removing one or more of the unsaturations.

200. The method of claim 199, wherein the unsaturated vegeteable fatty acid is linoleic acid

or linolenic acid.

201. A diacid obtained by the method of any one of claims 199-200.

202. The diacid of claim 201, wherein said diacid is is dodecanedioic acid or sebacic acid.



