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TITLE
A4 DESATURASE AND ITS USE IN MAKING
POLYUNSATURATED FATTY ACIDS
[0001] This application claims the benefit of priority of U.S. Provisional
Application No. 61/041716, filed April 2, 2008, currently pending, and
hereby incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] This invention is in the field of biotechnology. More specifically, this

invention pertains to the identification of nucleic acid fragments encoding a
A4 fatty acid desaturase enzyme and the use of this desaturase in making
long chain polyunsaturated fatty acids [‘PUFAS”].

BACKGROUND OF THE INVENTION
[0003] The health benefits associated with polyunsaturated fatty acids

["PUFAS], especially ®-3 and w-6 PUFAs, have been well documented.
In order to find ways to produce large-scale quantities of ®-3 and -6
PUFAs, researchers have directed their work toward the discovery of
genes and the understanding of the encoded biosynthetic pathways that
result in lipids and fatty acids.

[0004] A variety of different hosts including plants, algae, fungi,
stramenopiles and yeast are being investigated as means for commercial
PUFA production. Genetic engineering has demonstrated that the natural
abilities of some hosts, even those natively limited to linoleic acid [‘LA”;
18:2 w-6] or a-linolenic acid [“ALA”; 18:3 w-3] fatty acid production, can be
substantially altered to result in high-level production of various long-chain
0-3/w-6 PUFAs. Whether this is the result of natural abilities or
recombinant technology, production of docosahexaenoic acid [‘DHA”; 22:6
-3] from docosapentaenoic acid [‘DPA”; 22:5 »-3] may require
expression of a A4 desaturase. More specifically, most A4 desaturase
enzymes identified so far have the primary ability to convert DPA to DHA,
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with secondary activity in converting docosatetraenoic acid [‘DTA”; 22:4 w-

6] to w-6 docosapentaenoic acid [‘DPAN-6"; 22:5 »-6].

[0005] Based on the role A4 desaturase enzymes play in the synthesis of
DHA, there has been considerable effort to identify and characterize these
enzymes from various sources. Numerous A4 desaturases have been
disclosed in both the open literature and the patent literature. Some
examples include: Euglena gracilis (SEQ ID NO:13; GenBank Accession
No. AY278558; Meyer et al., Biochemistry, 42(32):9779-9788 (2003));
Thalassiosira pseudonana (SEQ ID NO:37; GenBank Accession No.
AAX14506; Tonon et al., FEBS J., 272(13):3401-3412 (2005));
Thraustochytrium aureum (SEQ ID NO:14; GenBank Accession No.
AAN75707); Thraustochytrium sp. (GenBank Accession No. CAD42496;
U.S. Pat. No. 7,087,432); Schizochytrium aggregatum (SEQ ID NO:41,
Int'l. App. Pub. No. WO 2002/090493); Paviova lutheri (SEQ ID NO:42;
GenBank Accession No. AAQ98793); and, Isochrysis galbana (SEQ ID
NO:43; GenBank Accession No. AAV33631; Pereira et al., Biochem. J.,
384(2):357-366 (2004); Int’l. App. Pub. No. WO 2002/090493). There is
need for the identification and isolation of additional genes encoding A4
desaturases that will be suitable for heterologous expression in a variety of

host organisms for use in the production of ©-3/®w-6 fatty acids.

[0006] Applicants have solved the stated problem by isolating genes
encoding A4 fatty acid desaturases from Eutreptiella cf_gymnastica
CCMP1594.

SUMMARY OF THE INVENTION
[0007] Described herein are new genetic constructs encoding polypeptides

having A4 desaturase activity, and their use in algae, bacteria, yeast,
euglenoids, stramenopiles, fungi, plants and animals for the production of
polyunsaturated fatty acids ["PUFAs"].
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[0008] Described herein are isolated nucleic acid molecules selected from
the group consisting of:

(a)an isolated nucleotide sequence encoding a A4 desaturase
enzyme selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:4;

(b) an isolated nucleotide sequence that hybridizes with (a) under
the following hybridization conditions: 0.1X SSC, 0.1% SDS,
65°C and washed with 2X SSC, 0.1% SDS followed by 0.1X
SSC, 0.1% SDS; and,

(c) anisolated nucleotide sequence that is completely
complementary to (a) or (b).

Other isolated nucleic acid molecules described herein comprise a first
nucleotide sequence encoding a A4 desaturase enzyme of at least

514 amino acids that has at least 68% identity based on the Clustal W
method of alignment when compared to a polypeptide having the
sequence as set forth in SEQ ID NO:2; or a second nucleotide sequence
comprising the complement of the first nucleotide sequence.

[0009] Also described herein are genetic chimera of the nucleic acid
molecules described herein and transformed host cells comprising them.
In addition, described herein are methods for the production of
docosahexaenoic acid is provided herein, comprising:

a) providing a host cell comprising:

(i) an isolated nucleotide molecule encoding a A4
desaturase polypeptide having at least 68% identity
when compared to a polypeptide having the amino
acid sequence as set forth in SEQ ID NO:2, based
on the Clustal W method of alignment; and,

(i) a source of all-cis-7,10,13,16,19-docosapentaenoic
acid (22:5, w3);

b) growing the host cell of step (a) under conditions wherein the
nucleic acid fragment encoding the A4 desaturase
polypeptide is expressed and the all-cis-7,10,13,16,19-

3
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docosapentaenoic acid (22:5, w3) is converted to

docosahexaenoic acid; and,

c) optionally recovering the docosahexaenoic acid of step (b).

Similarly, a method for the production of all-cis-4,7,10,13,16-

docosapentaenoic acid (22:5, o—-6) is provided, comprising:

a) providing a host cell comprising:

(1) an isolated nucleotide molecule encoding a A4

desaturase polypeptide having at least 68% identity

when compared to a polypeptide having the amino
acid sequence as set forth in SEQ ID NO:2, based

on the Clustal W method of alignment; and,

(i)  a source of docosatetraenoic acid,;

b) growing the host cell of step (a) under conditions wherein the

nucleic acid fragment encoding the A4 desaturase

polypeptide is expressed and the docosatetraenoic acid is

converted to all-cis-4,7,10,13,16-docosapentaenoic acid

(22:5, ®-6); and,

c) optionally recovering the all-cis-4,7,10,13,16-

docosapentaenoic acid (22:5, »—6) of step (b).

BIOLOGICAL DEPOSITS

[0010] The following biological material was made under the terms of the

Budapest Treaty on the International Recognition of the Deposit of

Microorganisms for the Purposes of Patent Procedure:

Biological Material

Accession Number

Date of Deposit

Yarrowia lipolytica
Y4127

ATCC PTA-8802

November 29,
2007

As used herein, “ATCC” refers to the American Type Culture Collection

International Depository Authority located at ATCC, 10801 University
Blvd., Manassas, VA 20110-2209, U.S.A. The listed deposit will be
maintained in the indicated international depository for at least 30 years

and will be made available to the public upon the grant of a patent

disclosing it. The availability of a deposit does not constitute a license to

4
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practice the subject invention in derogation of patent rights granted by

government action.

BRIEF DESCRIPTION OF THE DRAWINGS AND
SEQUENCE LISTINGS
[0011] The invention can be more fully understood from the following

detailed description and the accompanying sequence descriptions, which
form a part of this application.

FIG. 1 includes FIG. 1A and FIG 1B, which together illustrate the w-
3/w-6 fatty acid biosynthetic pathway, and should be viewed together
when considering the description of this pathway.

FIG. 2 includes FIG. 2A, FIG. 2B and FIG. 2C, which together
show an alignment between and among the Euglena gracilis A4 fatty acid
desaturase (SEQ ID NO:13; GenBank Accession No. AY278558),
Thalassiosira pseudonana A4 fatty acid desaturase (SEQ ID NO:37;
GenBank Accession No. AAX14506), Thraustochytrium sp. FIN-10 A4
fatty acid desaturase (SEQ ID NO:38; GenBank Accession No.
AAZ43257), and Pavlova lutheri A4 fatty acid desaturase (SEQ ID NO:42;
GenBank Accession No. AAQ98793), using a Clustal W analysis

(MegAlign™ program of DNASTAR software). Degenerate primers were
designed to correspond to the boxed regions.

FIG. 3 consists of FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D and FIG. 3E,
which together show a comparison of the DNA sequence of the
Eutreptiella cf_gymnastica CCMP1594 A4 desaturase gene (designated
as E1594D4; SEQ ID NO:1) and the synthetic gene (designated as
E1594D4S; SEQ ID NO:3) codon-optimized for expression in Yarrowia
lipolytica.

FIG. 4 provides plasmid maps for the following: (A) p1594D4S; and,
(B) pZKL4-220ESC4.

FIG. 5 diagrams the development of Yarrowia lipolytica strain
Y4184U, producing about 31% EPA in the total lipid fraction.
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[0012] The following sequences comply with 37 C.F.R. §1.821-1.825
(“Requirements for Patent Applications Containing Nucleotide Sequences
and/or Amino Acid Sequence Disclosures - the Sequence Rules”) and are
consistent with World Intellectual Property Organization (WIPO) Standard
ST.25 (1998) and the sequence listing requirements of the EPO and PCT
(Rules 5.2 and 49.5(a-bis), and Section 208 and Annex C of the
Administrative Instructions). The symbols and format used for nucleotide
and amino acid sequence data comply with the rules set forth in
37 C.F.R. §1.822.

SEQ ID NOs:1-9, 13-14, 37-47 are ORFs encoding genes or
proteins (or portions thereof), or plasmids, as identified in Table 1.

Table 1

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description and Abbreviation Nucleic acid Protein
SEQ ID NO. | SEQ ID NO.

Eutreptiella cf_gymnastica CCMP1594 A4 1 2

desaturase (‘E1594D4") (1545 bp) (514 AA)

Synthetic A4 desaturase derived from 3 4

Eutreptiella cf_gymnastica CCMP 1594, codon- (1548 bp) (515 AA)

optimized for expression in Yarrowia lipolytica

(“E1594D4S")

Eutreptiella cf_gymnastica CCMP1594 A4 5 -

desaturase partial fragment (847 bp)

Eutreptiella cf_gymnastica CCMP1594 A4 6 -

desaturase E1594D4-5'-A fragment (359 bp)

Eutreptiella cf_gymnastica CCMP1594 A4 7 -

desaturase E1594D4-5'-B fragment (395 bp)

Eutreptiella cf_gymnastica CCMP1594 A4 8 -

desaturase E1594D4-3’ fragment (873 bp)

Eutreptiella cf_gymnastica CCMP1594 A4 9 -

desaturase E1594D4-cDNA fragment (2070 bp)

Euglena gracilis A4 fatty acid desaturase - 13

(GenBank Accession No. AY278558) (541 AA)

Thraustochytrium aureum A4 desaturase -- 14

(GenBank Accession No. AAN75707) (515 AA)

Thalassiosira pseuduonana A4 fatty acid -- 37

desaturase (GenBank Accession No. (550 AA)

AAX14506)

Thraustochytrium sp. FJN-10 A4 fatty acid -- 38

desaturase (GenBank Accession No. (519 AA)

AAZ43257)

Plasmid p1594D4S 39 -
(4275 bp)

Plasmid pZKL4-220ESC4 40 --
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(13175 bp)
Schizochytrium aggregatum A4 desaturase -- 41
(Int'l. App. Pub. No. WO 2002/090493) (509 AA)
Pavlova lutheri A4 desaturase (GenBank - 42
Accession No. AAQ98793) (445 AA)
Isochrysis galbana A4 desaturase (GenBank - 43
Accession No. AAV33631) (433 AA)
Synthetic C20 elongase derived from Euglena 44 45
gracilis, codon-optimized for expression in (912 bp) (303 AA)
Yarrowia lipolytica (U.S. Pat. Appl. Pub. No.
2008-0254191) (‘EgC20ES”)
Synthetic C20 elongase derived from Euglena 46 47
anabaena, codon-optimized for expression in (900 bp) (299 AA)
Yarrowia lipolytica (U.S. Pat. Appl. Pub. No.
2008-0254191) (“EaC20ES”")

SEQ ID NOs:10-12 correspond to SMART™ IV oligonucleotide
primer, CDSII/3" PCR primer and 5" CDSIII PCR primer, respectively,
used for Eutreptiella cf_gymnastica CCMP1594 cDNA synthesis.

SEQ ID NOs:15-17 correspond to degenerate oligonucleotide
primers D4-F1, D4-F2 and D4-F3, respectively, all of which encode the
peptide set forth in SEQ ID NO:18.

SEQ ID NO:19 corresponds to degenerate oligonucleotide primer
D4-F4, which encodes the peptide set forth in SEQ ID NO:20.

SEQ ID NO:21 corresponds to degenerate oligonucleotide primer
D4-F5, which encodes the peptide set forth in SEQ ID NO:22.

SEQ ID NOs:23-25 correspond to degenerate oligonucleotide
primers D4-F6, D4-F7 and D4-F8, respectively, all of which encode the
peptide set forth in SEQ ID NO:26.

SEQ ID NOs:27 and 28 correspond to degenerate oligonucleotide
primers D4-R1 and D4-R2, both of which encode the peptide set forth in
SEQ ID NO:29.

SEQ ID NOs:30-34 correspond to primers 1594D4-5-1, 1594D4-5-
2, DNR CDS 5-2, 1594D4-5-4 and 1594D4-5-5, respectively, used to
amplify the 5’ coding region of the Eutreptiella cf_gymnastica CCMP1594

A4 desaturase gene.
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SEQ ID NOs:35 and 36 correspond to primers 1594D4-3-1 and
1594D4-3-2, respectively, used to amplify the 3’ coding region of the
Eutreptiella cf_gymnastica CCMP1594 A4 desaturase gene.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Applicants have identified a novel Eutreptiella cf_gymnastica

CCMP1594 A4 desaturase enzyme and gene encoding the same that may
be used for the manipulation of biochemical pathways for the production of
healthful PUFAs. Thus, the subject invention finds many applications.

[0014] PUFAs, or derivatives thereof, are used as dietary substitutes, or
supplements, particularly infant formulas, for patients undergoing
intravenous feeding or for preventing or treating malnutrition.

Alternatively, the purified PUFAs and derivatives thereof may be
incorporated into cooking oils, fats or margarines and ingested as part of a
consumer's typical diet, thereby giving the consumer desired dietary
supplementation. Further, PUFAs may also be incorporated into infant
formulas, nutritional supplements or other food products and may find use
as anti-inflammatory or cholesterol lowering agents. Optionally, the
compositions may be used for pharmaceutical use, either human or

veterinary.

Definitions
[0015] In this disclosure, a number of terms and abbreviations are used.
The following definitions are provided.
“Open reading frame” is abbreviated as “ORF”.
“Polymerase chain reaction” is abbreviated as “PCR”.
“American Type Culture Collection” is abbreviated as “ATCC".
“Polyunsaturated fatty acid(s)” is abbreviated as “PUFA(s)”.
“Triacylglycerols” are abbreviated as “TAGs”.
“Total fatty acids” are abbreviated as "TFAs".

“Dry cell weight” is abbreviated as “DCW".
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The term “invention” or “present invention” as used herein is not
meant to be limiting but applies generally to any of the inventions in the
claims or described herein.

The term “fatty acids” refers to long chain aliphatic acids (alkanoic
acids) of varying chain lengths, from about C  to C_, although both longer

and shorter chain-length acids are known. The predominant chain lengths

are between C_and C_,. The structure of a fatty acid is represented by a

simple notation system of “X:Y”, where X is the total number of carbon
["C"] atoms in the particular fatty acid and Y is the number of double
bonds. Additional details concerning the differentiation between
“saturated fatty acids” versus “unsaturated fatty acids”, “monounsaturated
fatty acids” versus “polyunsaturated fatty acids” [‘PUFAS”], and “omega-6
fatty acids” [‘w-6" or “n-6"] versus “omega-3 fatty acids” [‘w-3” or “n-3"] are
provided in U.S. Pat. No. 7,238,482.

Nomenclature used to describe PUFAs herein is given in Table 2.
In the column titled “Shorthand Notation”, the omega-reference system is
used to indicate the number of carbons, the number of double bonds and
the position of the double bond closest to the omega carbon, counting
from the omega carbon, which is numbered 1 for this purpose. The
remainder of the Table summarizes the common names of w-3 and w-6
fatty acids and their precursors, the abbreviations that are used throughout

the specification and the chemical name of each compound.

Table 2
Nomenclature of Polyunsaturated Fatty Acids And Precursors

Common Name | Abbreviation Chemical Name Shorthand
Notation

Myristic -- tetradecanoic 14.0

Palmitic Palmitate hexadecanoic 16:0

Palmitoleic -- 9-hexadecenoic 16:1

Stearic -- octadecanoic 18:0

Oleic -- cis-9-octadecenoic 18:1
Linoleic LA cis-9, 12-octadecadienoic 18:2 w -6
Linolenic GLA cis-6, 9, 12- 18:3 w -6

octadecatrienoic

Eicosadienoic EDA cis-11, 14-eicosadienoic 20:2 w -6

9
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Dihomo- - DGLA cis-8, 11, 14- 20:3 w -6
Linolenic eicosatrienoic
Arachidonic ARA cis-5, 8, 11, 14- 20:4 w -6
eicosatetraenoic
Linolenic ALA cis-9, 12, 15- 18:3 w -3
octadecatrienoic
Stearidonic STA cis-6,9, 12, 15- 18:4 w -3
octadecatetraenoic
Eicosatrienoic ETrA cis-11, 14, 17- 203 w -3
eicosatrienoic
Sciadonic SCI cis-5,11,14-eicosatrienoic | 20:3b w -6
. . cis-5,11,14, 17- _
Juniperonic JUP cicosatetraenoic 20:4b w -3
Eicosa- ETA cis-8,11, 14, 17- 204 w -3
tetraenoic eicosatetraenoic
Eicosa- EPA cis-5, 8, 11,14, 17- 205w -3
pentaenoic eicosapentaenoic
. . cis-10, 13, 16- )
Docosatrienoic DRA docosatrienoic 22:3 w -6
Docosa- DTA cis-7,10, 13, 16- 22:4 W -6
tetraenoic docosatetraenoic
Docosa- DPA cis-4,7,10, 13, 16- 22:5w -6
. n-6 )
pentaenoic docosapentaenoic
Docosa- DPA cis-7,10, 13, 16, 19- 225w -3
pentaenoic docosapentaenoic
Docosa- DHA cis-4,7,10, 13, 16, 19- 226 w-3
hexaenoic docosahexaenoic

Although the w -3/ w-6 PUFAs listed in Table 2 are the most likely
to be accumulated in the oil fractions of oleaginous yeast using the

methods described herein, this list should not be construed as limiting or

as complete.

The term “total lipid fraction” of cells herein refers to all esterified

fatty acids of the cell. Various subfractions within the total lipid fraction

can be isolated, including the triacylglycerol ["oil"] fraction,
phosphatidylcholine fraction and the phosphatidyletanolamine fraction,
although this is by no means inclusive of all sub-fractions.

The terms “triacylglycerols” [“TAGs”] and “oil” are interchangeable
and refer to neutral lipids composed of three fatty acyl residues esterified
to a glycerol molecule. TAGs can contain long chain PUFAs, as well as
shorter saturated and unsaturated fatty acids and longer chain saturated

fatty acids. The TAG fraction of cells is also referred to as the “oil
10
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fraction”, and “oil biosynthesis” generically refers to the synthesis of TAGs
in the cell. The oil or TAG fraction is a sub-fraction of the total lipid
fraction, although also it constitutes a major part of the total lipid content,
measured as the weight of total fatty acids in the cell as a percent of the
dry cell weight [see below], in oleaginous organisms. The fatty acid
composition in the oil ["TAG"] fraction and the fatty acid composition of the
total lipid fraction are generally similar. Thus, an increase or decrease in
the concentration of PUFAs in the total lipid fraction will correspond with
an increase or decrease in the concentration of PUFAs in the oil ["TAG"]
fraction, and vice versa.

The term “total fatty acids” ["TFAs"] herein refer to the sum of all
cellular fatty acids that can be derivitized to fatty acid methyl esters
[“FAMESs"] by the base transesterification method (as known in the art) in a
given sample, which may be the total lipid fraction or the oil fraction, for
example. Thus, total fatty acids include fatty acids from neutral and polar
lipid fractions, including the phosphatidylcholine fraction, the
phosphatidyletanolamine fraction and the diacylglycerol, monoacylglycerol
and triacylglycerol ["TAG or oil"] fractions but not free fatty acids.

The term “total lipid content” of cells is a measure of TFAs as a
percent of the dry cell weight [‘DCW?”]. Thus, total lipid content [“TFAs %
DCW?”] is equivalent to, e.g., milligrams of total fatty acids per 100
milligrams of DCW.

Generally, the concentration of a fatty acid is expressed herein as a
weight percent of TFAs [“% TFASs”)], e.g., milligrams of the given fatty acid
per 100 milligrams of TFAs. Unless otherwise specifically stated in the
disclosure herein, reference to the percent of a given fatty acid with
respect to total lipids is equivalent to concentration of the fatty acid as %
TFAs, e.g., % DHA of total lipids is equivalent to DHA % TFAs.

In some cases, it is useful to express the content of a given fatty
acid(s) in a cell as its percent of the dry cell weight [*% DCW”]. Thus, for
example, docosahexaenoic acid % DCW would be determined according
to the following formula: (docosahexaenoic acid % TFAs) * (TFA %
DCW)]/100.

11
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The terms “lipid profile” and “lipid composition” are interchangeable
and refer to the amount of an individual fatty acid contained in a particular
lipid fraction, such as in the total lipid fraction or the oil ["TAG"] fraction,
wherein the amount is expressed as a percent of TFAs. The sum of each
individual fatty acid present in the mixture should be 100.

A metabolic pathway, or biosynthetic pathway, in a biochemical
sense, can be regarded as a series of chemical reactions occurring within
a cell, catalyzed by enzymes, to achieve either the formation of a
metabolic product to be used or stored by the cell, or the initiation of
another metabolic pathway, which is termed "flux generating step". Many
of these pathways are elaborate, and involve a step by step modification
of the initial substance to shape it into a product having the exact chemical
structure desired.

The term “PUFA biosynthetic pathway” refers to a metabolic
process that converts oleic acid to w-6 fatty acids such as LA, EDA, GLA,
DGLA, ARA, DRA, DTA and DPANn-6 and w-3 fatty acids such as ALA,
STA, ETrA, ETA, EPA, DPA and DHA. This process is well described in
the literature. See e.g., Int'. App. Pub. No. WO 2006/052870. Briefly, this
process involves elongation of the carbon chain through the addition of
carbon atoms and desaturation of the elongated molecule through the
addition of double bonds, via a series of special elongation and
desaturation enzymes termed “PUFA biosynthetic pathway enzymes” that
are present in the endoplasmic reticulum membrane. More specifically,
“‘PUFA biosynthetic pathway enzymes” refer to any of the following
enzymes (and genes which encode said enzymes) associated with the
biosynthesis of a PUFA, including: a A9 elongase, a C14/16 €longase, a
Cie18 €longase, a Cqgo €longase, a Cyo2 €longase. a A4 desaturase, a
A5 desaturase, a A6 desaturase, a A8 desaturase, A9 desaturase, a A12

desaturase, a A 5 desaturase and/or a A17 desaturase.

The term “w-3/ w -6 fatty acid biosynthetic pathway” refers to a set of
genes which, when expressed under the appropriate conditions encode
enzymes that catalyze the production of either or both -3 and ®-6 fatty
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acids. Typically the genes involved in the »-3/w-6 fatty acid biosynthetic
pathway encode PUFA biosynthetic pathway enzymes. A representative
pathway is illustrated in FIG. 1, providing for the conversion of myristic
acid through various intermediates to DHA, which demonstrates how both
-3 and -6 fatty acids may be produced from a common source. The
pathway is naturally divided into two portions, such that one portion
generates only -3 fatty acids and the other portion, only -6 fatty acids.
That portion that only generates only o-3 fatty acids is referred to herein
as the -3 fatty acid biosynthetic pathway, whereas that portion that
generates only w-6 fatty acids is referred to herein as the -6 fatty acid
biosynthetic pathway.

The term “functional” as used herein relating to the »-3/w-6 fatty
acid biosynthetic pathway, means that some (or all) of the genes in the
pathway express active enzymes, resulting in in vivo catalysis or substrate
conversion. It should be understood that “w-3/w-6 fatty acid biosynthetic
pathway” or “functional w-3/w-6 fatty acid biosynthetic pathway” does not
imply that all of the genes listed in the above paragraph are required, as a
number of fatty acid products require only the expression of a subset of
the genes of this pathway.

The term “w6 desaturase/w6 elongase pathway” refers to a PUFA
biosynthetic pathway that minimally includes at least one w6 desaturase
and at least one C1g/o0 €longase, thereby enabling biosynthesis of DGLA
and/or ETA from LA and ALA, respectively, with GLA and/or STA as
intermediate fatty acids. With expression of other desaturases and
elongases, ARA, DTA, DPANn-6, EPA, DPA and DHA may also be
synthesized.

The term “A9 elongase/A8 desaturase pathway” refers to a PUFA
biosynthetic pathway that minimally includes at least one A9 elongase and
at least one A8 desaturase, thereby enabling biosynthesis of DGLA and/or
ETA from LA and ALA, respectively, with EDA and/or ETrA as
intermediate fatty acids. With expression of other desaturases and
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elongases, ARA, DTA, DPANn-6, EPA, DPA and DHA may also be
synthesized.

The term “intermediate fatty acid” refers to any fatty acid produced
in a fatty acid metabolic pathway that can be further converted to an
intended product fatty acid in this pathway by the action of other metabolic
pathway enzymes. For instance, when EPA is produced using the A9
elongase/A8 desaturase pathway, EDA, ETrA, DGLA, ETA and ARA can
be produced and are considered “intermediate fatty acids” since these
fatty acids can be further converted to EPA via action of other metabolic
pathway enzymes.

The term “desaturase” refers to a polypeptide that can desaturate
adjoining carbons in a fatty acid by removing a hydrogen from one of the
adjoining carbons and thereby introducing a double bond between them.
Desaturation produces a fatty acid or precursor of interest. Despite use of
the omega-reference system throughout the specification to refer to
specific fatty acids, it is more convenient to indicate the activity of a
desaturase by counting from the carboxyl end of the substrate using the
delta-system. Of particular interest herein are A4 desaturases that
catalyze the conversion of the substrate fatty acid, DPA, to DHA and/or or
the conversion of the substrate fatty acid, DTA, to DPAn-6. Other
desaturases include: 1) A17 desaturases that desaturate a fatty acid
between the 17th and 18th carbon atom numbered from the carboxyl-
terminal end of the molecule and which, for example, catalyze the
conversion of the substrate fatty acid, ARA, to EPA and/or the conversion
of the substrate fatty acid, DGLA, to ETA; 2) A6 desaturases that catalyze
the conversion of the substrate fatty acid, LA, to GLA and/or the
conversion of the substrate fatty acid, ALA, to STA; 3) A12 desaturases
that catalyze the conversion of the substrate fatty acid, oleic acid, to LA; 4)
A15 desaturases that catalyze the conversion of the substrate fatty acid,
LA, to ALA and/or the conversion of the substrate fatty acid, GLA, to STA,;
5) A5 desaturases that catalyze the conversion of the substrate fatty acid,
DGLA, to ARA and/or the conversion of the substrate fatty acid, ETA, to
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EPA; 6) A8 desaturases that catalyze the conversion of the substrate fatty
acid, EDA, to DGLA and/or the conversion of the substrate fatty acid,
ETrA, to ETA, and, 7) A9 desaturases that catalyze the conversion of the
substrate fatty acid, palmitate, to palmitoleic acid (16:1) and/or the
conversion of the substrate fatty acid, stearic acid, to oleic acid. In the art,
A15 and A17 desaturases are also occasionally referred to as “omega-3
desaturases”, “w-3 desaturases”, and/or “w-3 desaturases”, based on their
ability to convert »-6 fatty acids into their -3 counterparts (e.g.,
conversion of LA into ALA and ARA into EPA, respectively). It may be
desirable to empirically determine the specificity of a particular fatty acid
desaturase by transforming a suitable host with the gene for the fatty acid
desaturase and determining its effect on the fatty acid profile of the host.

The term “E1594D4” refers to a A4 desaturase enzyme (SEQ ID
NO:2) isolated from Eutreptiella cf_gymnastica CCMP1594, encoded by
SEQ ID NO:1 herein. Similarly, the term “E1594D4S” refers to a synthetic
A4 desaturase derived from Eutreptiella cf_gymnastica CCMP1594 that is
codon-optimized for expression in Yarrowia lipolytica (i.e., SEQ ID NOs:3
and 4).

The terms “conversion efficiency” and “percent substrate
conversion” refer to the efficiency by which a particular enzyme, such as a
desaturase, can convert substrate to product. The conversion efficiency is
measured according to the following formula: ([product]/[substrate +
product])*100, where ‘product’ includes the immediate product and all
products in the pathway derived from it.

The term “elongase” refers to a polypeptide that can elongate a
fatty acid carbon chain to produce an acid that is 2 carbons longer than
the fatty acid substrate that the elongase acts upon. This process of
elongation occurs in a multi-step mechanism in association with fatty acid
synthase, as described in Int'l App. Pub. No. WO 2005/047480. Examples
of reactions catalyzed by elongase systems are the conversion of GLA to
DGLA, ARA to DTA, STA to ETA and EPA to DPA. In general, the
substrate selectivity of elongases is somewhat broad but segregated by

both chain length and the degree and type of unsaturation. For example,
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a C,415 €longase utilizes a C,, substrate e.g., myristic acid; a Cyg4
elongase utilizes a C,4 substrate e.g., palmitate; a C,5,,o €longase [also

known as a A6 elongase as the terms can be used interchangeably]
utilizes a C,4 substrate e.g., GLA, STA; and, a C,,,, elongase [also known

as a C20 elongase as the terms can be used interchangeably] utilizes a

C,, substrate e.g., ARA, EPA. In like manner, a A9 elongase is able to

catalyze the conversion of LA and ALA to EDA and ETrA, respectively.

It is important to note that some elongases have broad specificity
and thus a single enzyme may be capable of catalyzing several elongase
reactions. For example, a single enzyme may thus act as both a C45
elongase and a C,g,, €longase. It may be desirable to empirically

determine the specificity of a fatty acid elongase by transforming a suitable
host with the gene for the fatty acid elongase and determining its effect on
the fatty acid profile of the host.

The term “oleaginous” refers to those organisms that tend to store
their energy source in the form of lipid (Weete, In: Fungal Lipid
Biochemistry, 2nd Ed., Plenum, 1980). The term “oleaginous yeast” refers
to those microorganisms classified as yeasts that can make oil, that is,
TAGs. Generally, the cellular oil or TAG content of oleaginous
microorganisms follows a sigmoid curve, wherein the concentration of lipid
increases until it reaches a maximum at the late logarithmic or early
stationary growth phase and then gradually decreases during the late
stationary and death phases (Yongmanitchai and Ward, Appl. Environ.
Microbiol., 57:419-25 (1991)). Itis not uncommon for oleaginous
microorganisms to accumulate in excess of about 25% of their dry cell
weight as oil. Examples of oleaginous yeast include, but are no means
limited to, the following genera: Yarrowia, Candida, Rhodotorula,
Rhodosporidium, Cryptococcus, Trichosporon and Lipomyces.

The term “Euglenophyceae” refers to a group of unicellular
colorless or photosynthetic flagellates [“‘euglenoids”] found living in

freshwater, marine, soil and parasitic environments. The class is
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characterized by solitary unicells, wherein most are free-swimming and
have two flagella, one of which may be nonemergent, arising from an
anterior invagination known as a reservoir. Photosynthetic euglenoids
contain one to many chloroplasts, which vary from minute disks to
expanded plates or ribbons. Colorless euglenoids depend on osmotrophy
or phagotrophy for nutrient assimilation. About 1000 species have been
described and classified into about 40 genera and 6 orders. Examples of
Euglenophyceae include, but are no means limited to, the following
genera: Euglena, Eutreptiella and Tetruetreptia.

As used herein the term “biomass” refers specifically to spent or
used yeast cellular material from the fermentation of a recombinant
production host producing PUFAs in commercially significant amounts,
wherein the preferred production host is a recombinant strain of the
oleaginous yeast, Yarrowia lipolytica. The biomass may be in the form of
whole cells, whole cell lysates, homogenized cells, partially hydrolyzed
cellular material, and/or partially purified cellular material e.g., microbially
produced oil.

As used herein, the terms “isolated nucleic acid fragment” and
“isolated nucleic acid molecule” are used interchangeably and refer to a
polymer of RNA or DNA that is single- or double-stranded, optionally
containing synthetic, non-natural or altered nucleotide bases. An isolated
nucleic acid fragment in the form of a polymer of DNA may be comprised
of one or more segments of cDNA, genomic DNA or synthetic DNA.

A nucleic acid fragment is “hybridizable” to another nucleic acid
fragment, such as a cDNA, genomic DNA, or RNA molecule, when a
single-stranded form of the nucleic acid fragment can anneal to the other
nucleic acid fragment under the appropriate conditions of temperature and
solution ionic strength. Hybridization and washing conditions are well
known and exemplified in Sambrook, J., Fritsch, E. F. and Maniatis, T.
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory: Cold Spring Harbor, NY (1989).

The conditions of temperature and ionic strength determine the

“stringency” of the hybridization. Stringency conditions can be adjusted to
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screen for moderately similar fragments (such as homologous sequences
from distantly related organisms), to highly similar fragments (such as
genes that duplicate functional enzymes from closely related organisms).
Post-hybridization washes determine stringency conditions. One set of
preferred conditions uses a series of washes starting with 6X SSC, 0.5%
SDS at room temperature for 15 min, then repeated with 2X SSC, 0.5%
SDS at 45 °C for 30 min, and then repeated twice with 0.2X SSC, 0.5%
SDS at 50 °C for 30 min. A more preferred set of stringent conditions
uses higher temperatures in which the washes are identical to those
above except for the temperature of the final two 30 min washes in 0.2X
SSC, 0.5% SDS was increased to 60 °C. Another preferred set of highly
stringent conditions uses two final washes in 0.1X SSC, 0.1% SDS at 65
°C. An additional set of stringent conditions include hybridization at 0.1X
SSC, 0.1% SDS, 65 °C and washes with 2X SSC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS, for example.

Hybridization requires that the two nucleic acids contain
complementary sequences, although depending on the stringency of the
hybridization, mismatches between bases are possible. The appropriate
stringency for hybridizing nucleic acids depends on the length of the
nucleic acids and the degree of complementation, variables well known in
the art. The greater the degree of similarity or homology between
two nucleotide sequences, the greater the value of Tm for hybrids of
nucleic acids having those sequences. The relative stability,
corresponding to higher Tm, of nucleic acid hybridizations decreases in
the following order: RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of
greater than 100 nucleotides in length, equations for calculating Tm have
been derived (see Sambrook et al., supra, 9.50-9.51). For hybridizations
with shorter nucleic acids, i.e., oligonucleotides, the position of
mismatches becomes more important, and the length of the
oligonucleotide determines its specificity (see Sambrook et al., supra,
11.7-11.8). In one embodiment the length for a hybridizable nucleic acid
is at least about 10 nucleotides. Preferably a minimum length for a
hybridizable nucleic acid is at least about 15 nucleotides; more preferably
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at least about 20 nucleotides; and most preferably the length is at least
about 30 nucleotides. Furthermore, the skilled artisan will recognize that
the temperature and wash solution salt concentration may be adjusted as
necessary according to factors such as length of the probe.

A “substantial portion” of an amino acid or nucleotide sequence is
that portion comprising enough of the amino acid sequence of a
polypeptide or the nucleotide sequence of a gene to putatively identify that
polypeptide or gene, either by manual evaluation of the sequence by one
skilled in the art, or by computer-automated sequence comparison and
identification using algorithms such as BLAST (Basic Local Alignment
Search Tool; Altschul, S. F., et al., J. Mol. Biol., 215:403-410 (1993)). In
general, a sequence of ten or more contiguous amino acids or thirty or
more nucleotides is necessary in order to putatively identify a polypeptide
or nucleic acid sequence as homologous to a known protein or gene.
Moreover, with respect to nucleotide sequences, gene specific
oligonucleotide probes comprising 20-30 contiguous nucleotides may be
used in sequence-dependent methods of gene identification (e.g.,
Southern hybridization) and isolation (e.g., in situ hybridization of bacterial
colonies or bacteriophage plaques). In addition, short oligonucleotides of
12-15 bases may be used as amplification primers in PCR in order to
obtain a particular nucleic acid fragment comprising the primers.
Accordingly, a “substantial portion” of a nucleotide sequence comprises
enough of the sequence to specifically identify and/or isolate a nucleic
acid fragment comprising the sequence. The disclosure herein teaches
the complete amino acid and nucleotide sequence encoding particular
euglenoid proteins. The skilled artisan, having the benefit of the
sequences as reported herein, may now use all or a substantial portion of
the disclosed sequences for purposes known to those skilled in this art.
Accordingly, the complete sequences as reported in the accompanying
Sequence Listing, as well as substantial portions of those sequences as
defined above, are encompassed in the present disclosure.

The term “complementary” is used to describe the relationship
between nucleotide bases that are capable of hybridizing to one another.
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For example, with respect to DNA, adenosine is complementary to
thymine and cytosine is complementary to guanine. Accordingly, isolated
nucleic acid fragments that are complementary to the complete sequences
as reported in the accompanying Sequence Listing, as well as those
substantially similar nucleic acid sequences, are encompassed in the
present disclosure.

The terms “homology” and “homologous” are used interchangeably
herein. They refer to nucleic acid fragments wherein changes in one or
more nucleotide bases do not affect the ability of the nucleic acid fragment
to mediate gene expression or produce a certain phenotype. These terms
also refer to modifications of the nucleic acid fragments described herein,
such as deletion or insertion of one or more nucleotides that do not
substantially alter the functional properties of the resulting nucleic acid
fragment relative to the initial, unmodified fragment. It is therefore
understood, as those skilled in the art will appreciate, that the invention
encompasses more than the specific exemplary sequences.

Moreover, the skilled artisan recognizes that homologous nucleic
acid sequences encompassed by this invention are also defined by their
ability to hybridize, under moderately stringent conditions, such as 0.5 X
SSC, 0.1% SDS, 60 °C, with the sequences exemplified herein, or to any
portion of the nucleotide sequences disclosed herein and which are
functionally equivalent thereto.

“Codon degeneracy” refers to the nature in the genetic code
permitting variation of the nucleotide sequence without effecting the amino
acid sequence of an encoded polypeptide. Accordingly, described herein
is any nucleic acid fragment that encodes all or a substantial portion of the
amino acid sequence encoding the euglenoid polypeptide as set forth in
SEQ ID NO:2 and/or SEQ ID NO:4. The skilled artisan is well aware of
the “codon-bias” exhibited by a specific host cell in usage of nucleotide
codons to specify a given amino acid. Therefore, when synthesizing a
gene for improved expression in a host cell, it is desirable to design the
gene such that its frequency of codon usage approaches the frequency of
preferred codon usage of the host cell.
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“Synthetic genes” can be assembled from oligonucleotide building
blocks that are chemically synthesized using procedures known to those
skilled in the art. These oligonucleotide building blocks are annealed and
then ligated to form gene segments that are then enzymatically assembled
to construct the entire gene. Accordingly, the genes can be tailored for
optimal gene expression based on optimization of nucleotide sequence to
reflect the codon bias of the host cell. The skilled artisan appreciates the
likelihood of successful gene expression if codon usage is biased towards
those codons favored by the host. Determination of preferred codons can
be based on a survey of genes derived from the host cell, where sequence
information is available. For example, the codon usage profile for
Yarrowia lipolytica is provided in U.S. Pat. No. 7,125,672.

“Gene” refers to a nucleic acid fragment that expresses a specific
protein, and which may refer to the coding region alone or may include
regulatory sequences preceding (5' non-coding sequences) and following
(3' non-coding sequences) the coding sequence. “Native gene” refers to a
gene as found in nature with its own regulatory sequences. “Chimeric
gene” refers to any gene that is not a native gene, comprising regulatory
and coding sequences that are not found together in nature. Accordingly,
a chimeric gene may comprise regulatory sequences and coding
sequences that are derived from different sources, or regulatory
sequences and coding sequences derived from the same source, but
arranged in a manner different than that found in nature. “Endogenous
gene” refers to a native gene in its natural location in the genome of an
organism. A “foreign” gene refers to a gene that is introduced into the host
organism by gene transfer. Foreign genes can comprise native genes
inserted into a non-native organism, native genes introduced into a new
location within the native host, or chimeric genes. A “transgene” is a gene
that has been introduced into the genome by a transformation procedure.
A “codon-optimized gene” is a gene having its frequency of codon usage
designed to mimic the frequency of preferred codon usage of the host cell.

“Coding sequence” refers to a DNA sequence that codes for a
specific amino acid sequence. “Suitable regulatory sequences” refer to
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nucleotide sequences located upstream (&' non-coding sequences), within,
or downstream (3' non-coding sequences) of a coding sequence (or
located within an intron thereof), and which influence the transcription,
RNA processing or stability, or translation of the associated coding
sequence. Regulatory sequences may include promoters, enhancers,
silencers, 5" untranslated leader sequence (e.g., between the transcription
start site and the translation initiation codon), introns, polyadenylation
recognition sequences, RNA processing sites, effector binding sites and
stem-loop structures.

“Promoter” refers to a DNA sequence capable of controlling the
expression of a coding sequence or functional RNA. In general, a coding
sequence is located 3' to a promoter sequence. Promoters may be
derived in their entirety from a native gene, or be composed of different
elements derived from different promoters found in nature, or even
comprise synthetic DNA segments. It is understood by those skilled in the
art that different promoters may direct the expression of a gene in different
tissues or cell types, or at different stages of development, or in response
to different environmental or physiological conditions. Promoters that
cause a gene to be expressed in most cell types at most times are
commonly referred to as “constitutive promoters”. It is further recognized
that since in most cases the exact boundaries of regulatory sequences
have not been completely defined, DNA fragments of different lengths may
have identical promoter activity.

The terms “3' non-coding sequences” and “transcription terminator”
refer to DNA sequences located downstream of a coding sequence. This
includes polyadenylation recognition sequences and other sequences
encoding regulatory signals capable of affecting mRNA processing or
gene expression. The polyadenylation signal is usually characterized by
affecting the addition of polyadenylic acid tracts to the 3' end of the mRNA
precursor. The 3’ region can influence the transcription, RNA processing
or stability, or translation of the associated coding sequence.

“RNA transcript” refers to the product resulting from RNA
polymerase-catalyzed transcription of a DNA sequence. When the RNA
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transcript is a perfect complementary copy of the DNA sequence, it is
referred to as the primary transcript or it may be a RNA sequence derived
from post-transcriptional processing of the primary transcript and is
referred to as the mature RNA. “Messenger RNA” or “mRNA" refers to the
RNA that is without introns and which can be translated into protein by the
cell. “cDNA” refers to a double-stranded DNA that is complementary to,
and derived from, mRNA. “Sense” RNA refers to RNA transcript that
includes the mRNA and so can be translated into protein by the cell.
“‘Antisense RNA” refers to a RNA transcript that is complementary to all or
part of a target primary transcript or mMRNA and that blocks the expression
of a target gene (U.S. Pat. No. 5,107,065; Int'l. App. Pub. No.

WO 99/28508). The complementarity of an antisense RNA may be with
any part of the specific gene transcript, i.e., at the 5' non-coding sequence,
3' non-coding sequence, or the coding sequence. “Functional RNA” refers
to antisense RNA, ribozyme RNA, or other RNA that is not translated and
yet has an effect on cellular processes.

The term “operably linked” refers to the association of nucleic acid
sequences on a single nucleic acid fragment so that the function of one is
affected by the other. For example, a promoter is operably linked with a
coding sequence when it is capable of affecting the expression of that
coding sequence, i.e. the coding sequence is under the transcriptional
control of the promoter. Coding sequences can be operably linked to
regulatory sequences in sense or antisense orientation.

The term “expression”, as used herein, refers to the transcription
and stable accumulation of sense (MRNA) or antisense RNA derived from
nucleic acid fragments. Expression may also refer to translation of mMRNA
into a polypeptide.

“Transformation” refers to the transfer of a nucleic acid molecule
into a host organism, resulting in genetically stable inheritance. The
nucleic acid molecule may be a plasmid that replicates autonomously, for
example, or, it may integrate into the genome of the host organism. Host
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organisms containing the transformed nucleic acid fragments are referred
to as “transgenic” or “recombinant” or “transformed” organisms.

The terms “plasmid” and “vector” refer to an extra chromosomal
element often carrying genes that are not part of the central metabolism of
the cell, and usually in the form of circular double-stranded DNA
fragments. Such elements may be autonomously replicating sequences,
genome integrating sequences, phage or nucleotide sequences, linear or
circular, of a single- or double-stranded DNA or RNA, derived from any
source, in which a number of nucleotide sequences have been joined or
recombined into a unique construction which is capable of introducing an
expression cassette(s) into a cell.

The term “expression cassette” refers to a fragment of DNA
comprising the coding sequence of a selected gene and regulatory
sequences preceding (5' non-coding sequences) and following (3' non-
coding sequences) the coding sequence that are required for expression
of the selected gene product. Thus, an expression cassette is typically
composed of: 1) a promoter sequence; 2) a coding sequence, i.e., open
reading frame ["ORF"]; and, 3) a 3' untranslated region, i.e., a terminator
that in eukaryotes usually contains a polyadenylation site. The expression
cassette(s) is usually included within a vector, to facilitate cloning and
transformation. Different expression cassettes can be transformed into
different organisms including bacteria, yeast, plants and mammalian cells,
as long as the correct regulatory sequences are used for each host.

The term “percent identity” refers to a relationship between two or
more polypeptide sequences or two or more polynucleotide sequences, as
determined by comparing the sequences. “ Percent identity” also means
the degree of sequence relatedness between polypeptide or
polynucleotide sequences, as the case may be, as determined by the
percentage of match between compared sequences. “Percent identity”
and “percent similarity” can be readily calculated by known methods,

including but not limited to those described in: 1) Computational Molecular

Biology (Lesk, A. M., Ed.) Oxford University: NY (1988); 2) Biocomputing:
Informatics and Genome Projects (Smith, D. W., Ed.) Academic: NY
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(1993); 3) Computer Analysis of Sequence Data, Part | (Griffin, A. M., and
Griffin, H. G., Eds.) Humania: NJ (1994); 4) Sequence Analysis in
Molecular Biology (von Heinje, G., Ed.) Academic (1987); and,

5) Sequence Analysis Primer (Gribskov, M. and Devereux, J., Eds.)
Stockton: NY (1991).
Preferred methods to determine percent identity are designed to

give the best match between the sequences tested. Methods to
determine percent identity and percent similarity are codified in publicly

available computer programs. Sequence alignments and percent identity

calculations may be performed using the MegAlign™ program of the
LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison,
WI). Multiple alignment of the sequences is performed using the “Clustal
method of alignment” which encompasses several varieties of the
algorithm including the “Clustal V method of alignment” and the “Clustal W
method of alignment” (described by Higgins and Sharp, CABIOS, 5:151-
153 (1989); Higgins, D.G. et al., Comput. Appl. Biosci., 8:189-191 (1992))

and found in the MegAlign™ program of the LASERGENE bioinformatics
computing suite (DNASTAR Inc.). After alignment of the sequences using
either Clustal program, it is possible to obtain a “percent identity” by
viewing the “sequence distances” table in the program.

For multiple alignments using the Clustal V method of alignment,
the default values correspond to GAP PENALTY=10 and GAP LENGTH
PENALTY=10. Default parameters for pairwise alignments and
calculation of percent identity of protein sequences using the Clustal V
method are KTUPLE=1, GAP PENALTY=3, WINDOW=5 and
DIAGONALS SAVED=5. For nucleic acids these parameters are
KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS SAVED=4.
Default parameters for multiple alignment using the Clustal W method of
alignment correspond to GAP PENALTY=10, GAP LENGTH
PENALTY=0.2, Delay Divergent Seqs(%)=30, DNA Transition
Weight=0.5, Protein Weight Matrix=Gonnet Series, DNA Weight
Matrix=1UB.
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It is well understood by one skilled in the art that various measures
of sequence percent identity are useful in identifying polypeptides, from
other species, wherein such polypeptides have the same or similar
function or activity. Suitable nucleic acid fragments, i.e., isolated
polynucleotides according to the disclosure herein, encode polypeptides
that are at least about 70% identical, preferably at least about 75%
identical, and more preferably at least about 80% identical to the amino
acid sequences reported herein. Preferred nucleic acid fragments encode
amino acid sequences that are at least about 85% identical to the amino
acid sequences reported herein. More preferred nucleic acid fragments
encode amino acid sequences that are at least about 90% identical to the
amino acid sequences reported herein. Most preferred are nucleic acid
fragments that encode amino acid sequences that are at least about 95%
identical to the amino acid sequences reported herein. Although preferred
ranges are described above, any integer amino acid identity from 68% to
100% may be useful in describing the present invention, such as 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99%.

Suitable nucleic acid fragments not only have the above
homologies but typically encode a polypeptide having at least 50 amino
acids, preferably at least 100 amino acids, more preferably at least
150 amino acids, still more preferably at least 200 amino acids, and most
preferably at least 250 amino acids.

The term “motif” means a set of amino acids conserved at
specific positions along an aligned sequence of evolutionarily related
proteins. While amino acids at other positions can vary between
homologous proteins, amino acids that are highly conserved at specific
positions indicate amino acids that are essential in the structure, the
stability, or the activity of a protein. Because they are identified by their
high degree of conservation in aligned sequences of a family of protein
homologues, they can be used as identifiers, or “signatures”, to determine
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if a protein with a newly determined sequence belongs to a previously
identified protein family.

The term “sequence analysis software” refers to any computer
algorithm or software program that is useful for the analysis of nucleotide
or amino acid sequences. “Sequence analysis software” may be
commercially available or independently developed. Typical sequence
analysis software include, but is not limited to: 1) the GCG suite of
programs (Wisconsin Package Version 9.0, Genetics Computer Group
(GCG), Madison, WI); 2) BLASTP, BLASTN, BLASTX (Altschul et al.,

J. Mol. Biol., 215:403-410 (1990)); 3) DNASTAR (DNASTAR, Inc.
Madison, WI); 4) Sequencher (Gene Codes Corporation, Ann Arbor, Ml);
and, 5) the FASTA program incorporating the Smith-Waterman algorithm
(W. R. Pearson, Comput. Methods Genome Res., [Proc. Int. Symp.]
(1994), Meeting Date 1992, 111-20. Editor(s): Suhai, Sandor. Plenum:
New York, NY). Within this description, whenever sequence analysis
software is used for analysis, the analytical results are based on the
“default values” of the program referenced, unless otherwise specified. As
used herein “default values” will mean any set of values or parameters that
originally load with the software when first initialized.

Standard recombinant DNA and molecular cloning techniques used
herein are well known in the art and are described by Sambrook, J.,
Fritsch, E. F. and Maniatis, T., Molecular Cloning: A Laboratory Manual,
2" ed., Cold Spring Harbor Laboratory: Cold Spring Harbor, NY (1989)
(hereinafter “Maniatis”); by Silhavy, T. J., Bennan, M. L. and Enquist, L.

W., Experiments with Gene Fusions, Cold Spring Harbor Laboratory: Cold
Spring Harbor, NY (1984); and by Ausubel, F. M. et al., Current Protocols
in Molecular Biology, published by Greene Publishing Assoc. and
Wiley-Interscience, Hoboken, NJ (1987).

An Overview: Microbial Biosynthesis Of Fatty Acids And Triacylglycerols

[0016] In general, lipid accumulation in oleaginous microorganisms is
triggered in response to the overall carbon to nitrogen ratio present in the
growth medium. This process, leading to the de novo synthesis of free
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palmitate (16:0) in oleaginous microorganisms, is described in detail in
U.S. Pat. No. 7,238,482. Palmitate is the precursor of longer-chain
saturated and unsaturated fatty acid derivates, which are formed through

the action of elongases and desaturases (FIG. 1).

[0017] TAGs, the primary storage unit for fatty acids, are formed by a
series of reactions that involve: 1) esterification of one molecule of acyl-
CoA to glycerol-3-phosphate via an acyltransferase to produce
lysophosphatidic acid; 2) esterification of a second molecule of acyl-CoA
via an acyltransferase to yield 1,2-diacylglycerol phosphate, commonly
identified as phosphatidic acid; 3) removal of a phosphate by phosphatidic
acid phosphatase to yield 1,2-diacylglycerol [“DAG”]; and, 4) addition of a
third fatty acid by the action of an acyltransferase to form TAG. A wide
spectrum of fatty acids can be incorporated into TAGs, including saturated
and unsaturated fatty acids and short-chain and long-chain fatty acids.

Biosynthesis Of Omega Fatty Acids

[0018] The metabolic process wherein oleic acid is converted to w-3/w-6
fatty acids involves elongation of the carbon chain through the addition of
carbon atoms and desaturation of the molecule through the addition of
double bonds. This requires a series of special desaturation and
elongation enzymes present in the endoplasmic reticulum membrane.
However, as seen in FIG. 1 and as described below, there are often

multiple alternate pathways for production of a specific w-3/w-6 fatty acid.

[0019] Specifically, FIG. 1 depicts the pathways described below. All
pathways require the initial conversion of oleic acid to linoleic acid ["LA"],
the first of the w-6 fatty acids, by a A12 desaturase. Then, using the “A9
elongase/ A8 desaturase pathway” and LA as substrate, long-chain -6
and o-3 fatty acids are formed as follows: 1) LA is converted to
eicosadienoic acid [‘EDA”] by a A9 elongase; 2) EDA is converted to
dihomo-y-linolenic acid ["DGLA"] by a A8 desaturase; 3) DGLA is

converted to arachidonic acid ["ARA"] by a A5 desaturase; 4) ARA is
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converted to docosatetraenoic acid ['DTA"] by a Co/22 elongase; and, 5)
DTA is converted to docosapentaenoic acid ['DPAn-6"] by a A4
desaturase. Alternatively, the “A9 elongase/ A8 desaturase pathway” can
use a-linolenic acid ["ALA"] as substrate to produce long-chain -3 fatty
acids as follows: 1) LA is converted to ALA, the first of the ®-3 fatty acids,
by a A15 desaturase; 2) ALA is converted to eicosatrienoic acid [‘ETrA”]
by a A9 elongase; 3) ETrA is converted to eicosatetraenoic acid ["ETA"] by
a A8 desaturase; 4) ETA is converted to eicosapentaenoic acid ["EPA"] by
a A5 desaturase; 5) EPA is converted to docosapentaenoic acid ["DPA"]
by a Cyo/22 €longase; and, 6) DPA is converted to docosahexaenoic acid
["DHA"] by a A4 desaturase. Optionally, »-6 fatty acids may be converted
to -3 fatty acids. For example, ETA and EPA are produced from DGLA
and ARA, respectively, by A17 desaturase activity.

[0020] Alternate pathways for the biosynthesis of »-3/w-6 fatty acids utilize
a A6 desaturase and Cig0 €longase, that is, the “A6 desaturase/ A6
elongase pathway”. More specifically, LA and ALA may be converted to y-
linolenic acid ["GLA"] and stearidonic acid ["'STA"], respectively, by a A6
desaturase; then, a Cyg20 elongase converts GLA to DGLA and/or STA to
ETA. Downstream PUFAs are subsequently formed as described above.

[0021] It is contemplated that the particular functionalities required to be
expressed in a specific host organism for production of o-3/®w-6 fatty acids
will depend on the host cell (and its native PUFA profile and/or
desaturase/elongase profile), the availability of substrate, and the desired
end product(s). One skilled in the art will be able to identify various
candidate genes encoding each of the enzymes desired for w-3/w-6 fatty
acid biosynthesis. Useful desaturase and elongase sequences may be
derived from any source, e.g., isolated from a natural source such as from
bacteria, algae, fungi, oomycete, yeast, stramenopiles, plants, animals,
etc., produced via a semi-synthetic route or synthesized de novo.

Although the particular source of the desaturase and elongase genes
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introduced into the host is not critical, considerations for choosing a
specific polypeptide having desaturase or elongase activity include: 1) the
substrate specificity and activity of the polypeptide; 2) whether the
polypeptide or a component thereof is a rate-limiting enzyme; 3) whether
the desaturase or elongase is essential for synthesis of a desired PUFA,;
4) co-factors required by the polypeptide; and/or, 5) whether the
polypeptide was modified after its production, such as by a kinase or a
prenyltransferase. The expressed polypeptide preferably has parameters
compatible with the biochemical environment of its location in the host cell.
See U.S. Pat. No. 7,238,482.

[0022] It may also be useful to consider the conversion efficiency of each
particular desaturase and/or elongase. More specifically, since each
enzyme rarely functions with 100% efficiency to convert substrate to
product, the final lipid profile of un-purified oils produced in a host cell is
typically a mixture of various PUFAs consisting of the desired w-3/w-6 fatty
acid, as well as various upstream intermediary PUFAs. Thus, the
conversion efficiency of each enzyme is also a variable to consider when

optimizing biosynthesis of a desired fatty acid.

[0023] With each of the considerations above in mind, candidate genes
having the appropriate desaturase and elongase activities (e.g., A6
desaturases, Cig20 €longases, AS desaturases, A17 desaturases, A15
desaturases, A9 desaturases, A12 desaturases, C14/16 €longases, Cis/18
elongases, A9 elongases, A8 desaturases, A4 desaturases and Cao/22
elongases) can be identified according to publicly available literature such
as e.g. GenBank, the patent literature, and experimental analysis of
organisms having the ability to produce PUFAs. These genes will be
suitable for introduction into a specific host organism, to enable or
enhance the organism’s synthesis of PUFAs.
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Sequence Identification Of A Novel Eutreptiella cf gymnastica CCMP1594

A4 Desaturase

[0024] The present disclosure relates to a nucleotide sequence (SEQ ID
NO:1) isolated from Eutreptiella cf_gymnastica CCMP1594, encoding a A4
desaturase (SEQ ID NO:2). This sequence is designated herein as
“E1594D4".

[0025] Comparison of the E1594D4 nucleotide base and deduced amino
acid sequences to public databases reveals that the most similar known
sequences are about 68% identical to the amino acid sequence of
E1594D4 reported herein over a length of 514 amino acids using the
Clustal W method of alignment (described by Higgins and Sharp, CABIOS,
5:151-153 (1989); Higgins, D.G. et al., Comput. Appl. Biosci., 8:189-

191(1992); found in the MegAlign™ v6.1 program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc.)). More preferred amino
acid fragments are at least about 70%-80% identical to the sequences
herein, where those sequences that are at least about 80%-90% identical
are particularly suitable and those sequences that are at least about 90%-
95% identical are most preferred. Similarly, preferred E1594D4 encoding
nucleic acid sequences corresponding to the ORF are those encoding
active proteins and which are at least about 70%-80% identical to the
nucleic acid sequences of E1594D4 reported herein, where those
sequences that are at least about 80%-90% identical are particularly
suitable and those sequences that are at least about 90%-95% identical

are most preferred.

[0026] In alternate embodiments, the E1594D4 desaturase sequence can
be codon-optimized for expression in a particular host organism. As is
well known in the art, this can be a useful means to further optimize the
expression of the enzyme in the alternate host, since use of host-preferred
codons can substantially enhance the expression of the foreign gene
encoding the polypeptide. In general, host-preferred codons can be

determined within a particular host species of interest by examining codon
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usage in proteins, preferably those expressed in the largest amount, and
determining which codons are used with highest frequency. Then, the
coding sequence for a polypeptide of interest having e.g., desaturase
activity can be synthesized in whole or in part using the codons preferred
in the host species.

[0027] Thus, E1594D4 was codon-optimized for expression in Yarrowia
lipolytica. This was possible based on previous determination of the Y.
lipolytica codon usage profile, identification of those codons that were
preferred, and determination of the consensus sequence around the ‘ATG’
initiation codon (see U.S. Pat. No. 7,238,482 and U.S. Pat. No.
7,125,672). The codon-optimized synthetic gene, designated herein as
“E1594D4S”, had one additional alanine amino acid inserted between
amino acid residues 1 and 2 of the wildtype E1594D4; thus, the total
length of E1594D4S is 1548 nucleotides (SEQ ID NO:3), while the
encoded protein set forth as SEQ ID NO:4 is 515 amino acids in length.

[0028] One skilled in the art would be able to use the teachings herein to
create various other codon-optimized A4 desaturase proteins suitable for
optimal expression in alternate hosts (i.e., other than Yarrowia lipolytica),
based on the wildtype E1594D4 sequence. Accordingly, the disclosure
herein relates to any codon-optimized A4 desaturase protein that is
derived from the wildtype E1594D4, that is, encoded by SEQ ID NO:2.
This includes, but is not limited to, the nucleotide sequence set forth in
SEQ ID NO:3, which encodes a synthetic A4 desaturase protein (i.e.,
E1594D4S as set forth in SEQ ID NO:4) that was codon-optimized for
expression in Yarrowia lipolytica.

Identification And Isolation Of Homologs

[0029] Any of the instant desaturase sequences (i.e., E1594D4,
E1594D4S) or portions thereof may be used to search for A4 desaturase
homologs in the same or other bacterial, algal, fungal, oomycete, yeast,

stramenopiles, euglenoid, plant or animal species using sequence
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analysis software. In general, such computer software matches similar
sequences by assigning degrees of homology to various substitutions,

deletions, and other modifications.

[0030] Alternatively, any of the instant desaturase sequences or portions
thereof may also be employed as hybridization reagents for the
identification of A4 homologs. The basic components of a nucleic acid
hybridization test include a probe, a sample suspected of containing the
gene or gene fragment of interest and a specific hybridization method.
Probes of the present invention are typically single-stranded nucleic acid
sequences that are complementary to the nucleic acid sequences to be
detected. Probes are “hybridizable” to the nucleic acid sequence to be
detected. Although the probe length can vary from 5 bases to tens of
thousands of bases, typically a probe length of about 15 bases to about
30 bases is suitable. Only part of the probe molecule need be
complementary to the nucleic acid sequence to be detected. In addition,
the complementarity between the probe and the target sequence need not
be perfect. Hybridization does occur between imperfectly complementary
molecules with the result that a certain fraction of the bases in the

hybridized region are not paired with the proper complementary base.

[0031] Hybridization methods are well defined. Typically the probe and
sample must be mixed under conditions that will permit nucleic acid
hybridization. This involves contacting the probe and sample in the
presence of an inorganic or organic salt under the proper concentration
and temperature conditions. The probe and sample nucleic acids must be
in contact for a long enough time that any possible hybridization between
the probe and sample nucleic acid may occur. The concentration of probe
or target in the mixture will determine the time necessary for hybridization
to occur. The higher the probe or target concentration, the shorter the
hybridization incubation time needed. Optionally, a chaotropic agent may
be added (e.g., guanidinium chloride, guanidinium thiocyanate, sodium
thiocyanate, lithium tetrachloroacetate, sodium perchlorate, rubidium

33



WO 2009/124101 PCT/US2009/039062

tetrachloroacetate, potassium iodide, cesium trifluoroacetate). If desired,
one can add formamide to the hybridization mixture, typically
30-50% (v/v).

[0032] Various hybridization solutions can be employed. Typically, these
comprise from about 20 to 60% volume, preferably 30%, of a polar organic
solvent. A common hybridization solution employs about 30-50% v/v
formamide, about 0.15 to 1 M sodium chloride, about 0.05 to 0.1 M buffers
(e.g., sodium citrate, Tris-HCI, PIPES or HEPES (pH range about 6-9)),
about 0.05 to 0.2% detergent (e.g., sodium dodecylsulfate), or between
0.5-20 mM EDTA, FICOLL (Pharmacia Inc.) (about 300-500 kdal),
polyvinylpyrrolidone (about 250-500 kdal), and serum albumin. Also
included in the typical hybridization solution will be unlabeled carrier
nucleic acids from about 0.1 to 5 mg/mL, fragmented nucleic DNA (e.g.,
calf thymus or salmon sperm DNA, or yeast RNA), and optionally from
about 0.5 to 2% wt/vol glycine. Other additives may also be included,
such as volume exclusion agents that include a variety of polar water-
soluble or swellable agents (e.g., polyethylene glycol), anionic polymers
(e.g., polyacrylate or polymethylacrylate) and anionic saccharidic polymers
(e.g., dextran sulfate).

[0033] Nucleic acid hybridization is adaptable to a variety of assay
formats. One of the most suitable is the sandwich assay format. The
sandwich assay is particularly adaptable to hybridization under non-
denaturing conditions. A primary component of a sandwich-type assay is
a solid support. The solid support has adsorbed to it or covalently coupled
to it immobilized nucleic acid probe that is unlabeled and complementary
to one portion of the sequence.

[0034] In additional embodiments, any of the A4 desaturase nucleic acid
fragments described herein (or any homologs identified thereof) may be
used to isolate genes encoding homologous proteins from the same or

other bacterial, algal, fungal, oomycete, yeast, stramenopiles, euglenoid,
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plant or animal species. Isolation of homologous genes using sequence-
dependent protocols is well known in the art. Examples of sequence-
dependent protocols include, but are not limited to: 1) methods of nucleic
acid hybridization; 2) methods of DNA and RNA amplification, as
exemplified by various uses of nucleic acid amplification technologies
such as polymerase chain reaction ["PCR"] (U.S. Pat. No.4,683,202);
ligase chain reaction ["LCR"] (Tabor, S. et al., Proc. Natl. Acad. Sci.
U.S.A., 82:1074 (1985)); or strand displacement amplification ["SDA"]
(Walker, et al., Proc. Natl. Acad. Sci. U.S.A., 89:392 (1992)); and,

3) methods of library construction and screening by complementation.

[0035] For example, genes encoding similar proteins or polypeptides to the
A4 desaturases described herein could be isolated directly by using all or
a portion of the nucleic acid fragments as DNA hybridization probes to
screen libraries from any desired organism using well known methods,
wherein those organisms producing DPAN-6 or DHA would be preferred.
Specific oligonucleotide probes based upon the nucleic acid sequences
can be designed and synthesized by methods known in the art (Maniatis,
supra). Moreover, the entire sequences can be used directly to synthesize
DNA probes by methods known to the skilled artisan, such as random
primers DNA labeling, nick translation or end-labeling techniques, or RNA
probes using available in vitro transcription systems. In addition, specific
primers can be designed and used to amplify a part of or the full length of
the A4 desaturase sequences. The resulting amplification products can be
labeled directly during amplification reactions or labeled after amplification
reactions, and used as probes to isolate full-length DNA fragments under

conditions of appropriate stringency.

[0036] Typically, in PCR-type amplification techniques, the primers have

different sequences and are not complementary to each other. Depending

on the desired test conditions, the sequences of the primers should be

designed to provide for both efficient and faithful replication of the target

nucleic acid. Methods of PCR primer design are common and well known
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(Thein and Wallace, “The use of oligonucleotides as specific hybridization
probes in the Diagnosis of Genetic Disorders”, in Human Genetic
Diseases: A Practical Approach, K. E. Davis Ed., (1986) pp 33-50, IRL:
Herndon, VA; and Rychlik, W., In Methods in Molecular Biology, White,
B. A. Ed., (1993) Vol. 15, pp 31-39, PCR Protocols: Current Methods and
Applications. Humania: Totowa, NJ).

[0037] Generally two short segments of the A4 desaturase sequences may
be used in PCR protocols to amplify longer nucleic acid fragments
encoding homologous genes from DNA or RNA. PCR may also be
performed on a library of cloned nucleic acid fragments wherein the
sequence of one primer is derived from the disclosed nucleic acid
fragments. The sequence of the other primer takes advantage of the
presence of the polyadenylic acid tracts to the 3' end of the mRNA

precursor encoding eukaryotic genes.

[0038] Alternatively, the second primer sequence may be based upon
sequences derived from the cloning vector. For example, the skilled
artisan can follow the RACE protocol (Frohman et al., Proc. Natl Acad.
Sci. U.S.A., 85:8998 (1988)) to generate cDNAs by using PCR to amplify
copies of the region between a single point in the transcript and the 3' or
5'end. Primers oriented in the 3' and 5' directions can be designed from
the disclosed sequences. Using commercially available 3' RACE or

5' RACE systems (e.g., Gibco/BRL, Gaithersburg, MD), specific 3' or

5' cDNA fragments can be isolated (Ohara et al., Proc. Natl Acad. Sci.
U.S.A., 86:5673 (1989); Loh et al., Science, 243:217 (1989)).

[0039] Alternately, any of the A4 desaturase nucleic acid fragments
described herein (or any homologs identified thereof) may be used for
creation of new and improved fatty acid desaturases. As is well known in
the art, in vitro mutagenesis and selection, chemical mutagenesis, “gene
shuffling” methods or other means can be employed to obtain mutations of

naturally occurring desaturase genes. Furthermore, improved fatty acids
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may be synthesized by domain swapping, wherein a functional domain
from any of the A4 desaturase nucleic acid fragments described herein is
exchanged with a functional domain in an alternate desaturase gene to
thereby result in a novel protein.

Methods For Production Of Various ®-3 And/Or w-6 Fatty Acids

[0040] It is expected that introduction of chimeric genes encoding the A4
desaturases described herein (i.e., E1594D4, E1594D4S or other mutant
enzymes, codon-optimized enzymes or homologs thereof), under the
control of the appropriate promoters, will result in increased production of
DPAN-6 and/or DHA in the transformed host organism, respectively. As
such, described herein is a method for the direct production of PUFAs
comprising exposing a fatty acid substrate (i.e., DTA or DPA) to the
desaturase enzymes described herein (e.g., E1594D4, E1594D4S), such
that the substrate is converted to the desired fatty acid product (i.e.,
DPAN-6 or DHA, respectively).

[0041] More specifically, a method for the production of DHA in a host cell
is provided herein, wherein the host cell comprises:

(i) an isolated nucleotide molecule encoding a A4 desaturase
polypeptide having at least 68% identity when compared to a
polypeptide having an amino acid sequence as set forth in
SEQ ID NO:2, based on the Clustal W method of alignment;
and,

(i) a source of DPA,;

wherein the host cell is grown under conditions such that the A4
desaturase is expressed and the DPA is converted to DHA, and wherein

the DHA is optionally recovered.

[0042] The person of skill in the art will recognize that the broad substrate
range of the A4 desaturase may additionally allow for the use of the

enzyme for the conversion DTA to DPAn-6. Accordingly, described herein
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is also a method for the production of DPAN-6, wherein the host cell
comprises:

(i) an isolated nucleotide molecule encoding a A4 desaturase
polypeptide having at least 68% identity when compared to a
polypeptide having an amino acid sequence as set forth in
SEQ ID NO:2, based on the Clustal W method of alignment;
and,

(i) asource of DTA;

wherein the host cell is grown under conditions such that the A4
desaturase is expressed and the DTA is converted to DPAn-6, and

wherein the DPAN-6 is optionally recovered.

[0043] The source of the DTA or DPA used as substrate in either of the
methods above may be produced by the host either naturally or
transgenically, or the substrate may be provided exogenously. In
particular, it is contemplated that the A4 desaturases described herein
(e.g., E1594D4, E1594D4S or other mutant enzymes, codon-optimized
enzymes or homologs thereof) may be expressed in conjunction with
additional genes encoding enzymes of the PUFA biosynthetic pathway,
such as A6 desaturases, C1g20 €longases, A17 desaturases, A15
desaturases, A9 desaturases, A12 desaturases, C14/16 €longases, Cie/1s
elongases, A9 elongases, A8 desaturases, A5 desaturases and/or Czo22
elongases, to result in production of DPAn-6 and/or DHA. The particular
genes included within a particular expression cassette will depend on the
host cell (and its PUFA profile and/or desaturase/elongase profile), the
availability of substrate and the desired end product(s).

[0044] In alternative embodiments, it may be useful to disrupt a host
organism’s native A4 desaturase, based on the complete sequences
described herein, the complement of those complete sequences,
substantial portions of those sequences, codon-optimized desaturases
derived therefrom and those sequences that are substantially homologous

thereto.
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Expression Systems, Cassettes And Vectors

[0045] The genes and gene products described herein may be expressed
in heterologous host cells. Expression in recombinant hosts may be
useful for the production of various PUFA pathway intermediates, or for
the modulation of PUFA pathways already existing in the host for the
synthesis of new products heretofore not possible using the host.

[0046] Expression systems and expression vectors containing regulatory
sequences that direct high level expression of foreign proteins are well
known. Any of these could be used to construct chimeric genes for
production of any of the gene products of the instant sequences. These
chimeric genes could then be introduced into appropriate host cells via
transformation to provide high-level expression of the encoded enzymes.

[0047] Vectors (e.g., constructs, plasmids) and DNA expression cassettes
useful for the transformation of suitable host cells are well known. The
specific choice of sequences present in the construct is dependent upon
the desired expression products (supra), the nature of the host cell, and
the proposed means of separating transformed cells versus non-
transformed cells. Typically, however, the vector contains at least one
expression cassette, a selectable marker and sequences allowing
autonomous replication or chromosomal integration. Suitable expression
cassettes comprise a region §' of the gene that controls transcriptional
initiation, i.e., a promoter, the gene coding sequence, and a region 3' of
the DNA fragment that controls transcriptional termination, i.e., a
terminator. It is most preferred when both control regions are derived from
genes from the transformed host cell, although it is to be understood that
such control regions need not be derived from the genes native to the

specific species chosen as a production host.

[0048] Transcriptional control regions or promoters useful for driving
expression of A4 desaturase ORFs in the desired host cell are numerous

and well known. These control regions may comprise a promoter,
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enhancer, silencer, intron sequences, 3' UTR and/or 5' UTR regions, and
protein and/or RNA stabilizing elements. Such elements may vary in their
strength and specificity. Virtually any promoter (i.e., native, synthetic, or
chimeric) capable of directing expression of these genes in the selected
host cell is suitable, although transcriptional and translational regions from
the host species are particularly useful. Expression in a host cell can
occur in an induced or constitutive fashion. Induced expression occurs by
inducing the activity of a regulatable promoter operably linked to the gene
of interest, while constitutive expression occurs by the use of a constitutive

promoter operably linked to the gene of interest.

[0049] When the host cell is, for example, yeast, transcriptional and
translational regions functional in yeast cells are provided, particularly
from the host species. See Int’l. App. Pub. No. WO 2006/052870 for
preferred transcriptional initiation regulatory regions for use in Yarrowia
lipolytica. Any of a number of regulatory sequences may be used,
depending upon whether constitutive or induced transcription is desired,
the efficiency of the promoter in expressing the ORF of interest, the ease

of construction, etc.

[0050] 3' non-coding sequences encoding transcription termination
signals, i.e., a “termination region”, must be provided in a recombinant
construct and may be derived from the 3' region of the gene from which
the initiation region was obtained or from a different gene. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>