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TITLE
MUTANT HPGG MOTIF AND HDASH MOTIF DELTA-5 DESATURASES
AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS

This application claims the benefit of U.S. Provisional Application
No. 61/377248, filed August 20, 2010, and U.S. Provisional Application No.
01/428277, filed December 30, 2010, the disclosures of which are hereby
Incorporated by reference in their entireties.

FIELD OF THE INVENTION

This invention is In the field of biotechnology. More specifically, this
Invention pertains to making nucleic acid fragments encoding mutant
delta—5 fatty acid desaturases (wherein at least one mutation occurs within
the HPGG [SEQ ID NO:7] motif of the cytochrome bs-like domain and at
least one mutation occurs within the HDASH [SEQ ID NO:8] motif).

BACKGROUND OF THE INVENTION

A variety of different hosts including plants, algae, fungi,
stramenopiles and yeast are being investigated as means for commercial
polyunsaturated fatty acid ['PUFA"] production. Genetic engineering has
demonstrated that the natural abilities of some hosts (even those natively
limited to linoleic acid [LA; 18:2 omega-6] and a-linolenic acid [ALA; 18:3
omega-3] fatty acid production) can be substantially altered to result in
high-level production of various long-chain omega-3/ omega-6 PUFAs.
Whether this is the result of natural abilities or recombinant technology,
production of arachidonic acid [ARA; 20:4 omega-6], eicosapentaenoic
acid [EPA; 20:5 omega-3] and docosahexaenoic acid [DHA; 22:6 omega-
3] may all require expression of a delta—5 desaturase gene.

Thus, the instant invention concerns new delta—5 desaturases
having high activity that are well suited for integration into PUFA
biosynthetic pathways in commercially useful host cells.

SUMMARY OF THE INVENTION

In a first embodiment, the invention concerns a mutant polypeptide

having delta—5 desaturase activity comprising:
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(a) an amino acid motif as set forth in SEQ ID NO:34 [HxGx],
wherein SEQ ID NO:34 [HxGx] is not identical to SEQ ID
NO:7 [HPGG]; and,

(b) an amino acid motif as set forth in SEQ ID NO:1 [HxxxH],
wherein SEQ ID NO:1 [HxxxH] is not identical to SEQ ID
NO:8 [HDASH].

In a second embodiment, the amino acid motif of (a) is selected
from the group consisting of: SEQ ID NO:9 [HgGG], SEQ ID NO:10
[HhGG], SEQ ID NO:11 [HPGs], SEQ ID NO:12 [HcGG], SEQ ID NO:13
[HWGG] and SEQ ID NO:14 [HaGG]; and, the amino acid motif of (b) is
selected from the group consisting of: SEQ ID NO:15 [HDgSH], SEQ ID
NO:16 [HDsSH], SEQ ID NO:17 [HDAaH], SEQ ID NO:18 [HDAgH] and
SEQ ID NO:19 [HeASH].

In a third embodiment, the mutant polypeptide has at least 90%
sequence identity based on a BLASTP method of alignment when
compared to a polypeptide having a sequence selected from the group
consisting of: SEQ ID NO:21, SEQ ID NO:25 and SEQ ID NO:29.

In a fourth embodiment, the amino acid sequence of the mutant
polypeptide Is selected from the group consisting of: SEQ ID NO:139
[EgD5R*-34g157¢g], SEQ ID NO:141 [EgD5R*-34g158a], SEQ ID NO:143
[EgD5R*-34g158g], SEQ ID NO:145 [EgD5R*-34h158a], SEQ ID NO:147
[EgD5R*-34n158g], SEQ ID NO:149 [EgD5R*-36s158a], SEQ ID NO:151
[EgD5R*-36s158g], SEQ ID NO:153 [EgD5M, codon-optimized EgD5R*-
349158¢g], SEQ ID NO:157 [EgD5M1, codon-optimized EgQD5R*-
34g158g347s], SEQ ID NO:181 [EgD5S-36s156€], SEQ ID NO:183
[EgD5S-36s157¢g], SEQ ID NO:185 [EgD5S-36s158a], SEQ ID NO:187
[EgD5S-36s158¢], SEQ ID NO:213 [EaD5S-35a158g], SEQ ID NO:215
[EaD5S-35a158s], SEQ ID NO:217 [EaD5S-35a159g], SEQ ID NO:255
[EgD5R-349158¢], SEQ ID NO:260 [EgD5R-34g158a], SEQ ID NO:271
[EaD5-35g159q], and SEQ ID NO:276 [EaD5-359159a].

In a fifth embodiment, the mutant polypeptide has a dihomo-y-

linolenic acid to arachidonic acid conversion efficiency that is at least 64%

of the dihomo-y-linolenic acid to arachidonic acid conversion efficiency of

2
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the parent polypeptide, said parent polypeptide comprising an amino acid
motif identical to SEQ ID NO:7 [HPGG] and an amino acid motif identical
to SEQ ID NO:8 [HDASH].

In a sixth embodiment, the invention concerns an isolated nucleic
acid molecule encoding any of the the mutant polypeptides described
above. Preferably, the isolated nucleic acid molecule has a nucleotide
sequence selected from the group consisting of: SEQ ID NO:138
[EgD5R*-34g157g], SEQ ID NO:140 [EgD5R*-34g158a], SEQ ID NO:142
[EgD5R*-34g158¢g], SEQ ID NO:144 [EgD5R*-34h158a], SEQ ID NO:146
[EgD5R*-34h158g], SEQ ID NO:148 [EgD5R*-36s158a], SEQ ID NO:150
[EgD5R*-36s158g], SEQ ID NO:152 [EgD5M, codon-optimized EgD5R*-
349158¢g], SEQ ID NO:156 [EgD5M1, codon-optimized EgQDSR*-
3491589g347s], SEQ ID NO:180 [EgD5S-36s156¢€], SEQ ID NO:182
[EgD5S-36s157¢g], SEQ ID NO:184 [EgD5S-36s158a], SEQ ID NO:186
[EgD5S-36s158g], SEQ ID NO:212 [EaD5S-35a158¢g], SEQ ID NO:214
[EaD5S-35a158s], SEQ ID NO:216 [EaD5S-35a159q], SEQ ID NO:254
[EgD5R-349158¢g], SEQ ID NO:259 [EgD5R-34g158a], SEQ ID NO:270
[EaD5-35g159q], and SEQ ID NO:275 [EaD5-359g159a].

In a seventh embodiment, the invention concerns a transformed
host cell expressing any of the the mutant polypeptides. Preferably, the
transformed host cell is selected from the group consisting of; microbes,
most preferably oleaginous yeast; and plants, most preferably, oilseed
plants.

In an eighth embodiment, the transformed host cell produces a
polyunsaturated fatty acid selected from the group consisting of omega-6
fatty acids and omega-3 fatty acids.

BIOLOGICAL DEPOSITS

The following biological material has been deposited with the
American Type Culture Collection (ATCC), 10801 University Boulevard,
Manassas, VA 20110-2209, and bears the following designation,

accession number and date of deposit.

Biological Material Accession No. Date of Deposit

Yarrowia lipolytica Y3412 ATCC PTA-10026 May 14, 2009
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The biological material listed above was deposited under the terms
of the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure. The listed deposit
will be maintained in the indicated international depository for at least 30
yvears and will be made available to the public upon the grant of a patent
disclosing it. The availablility of a deposit does not constitute a license to
practice the subject invention in derogation of patent rights granted by
government action.

Yarrowia lipolytica Y9502 was derived from Yarrowia lipolytica
Y8412, according to the methodology described in U.S. Pat. Appl. Pub. No.
2010-0317072-A1.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTINGS

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

FIG. 2 is a predicted topological model of the Euglena gracilis
delta—5 desaturase enzyme.

FIG. 3A, 3B, 3C and 3D show an alignment of the DNA sequences

of the wildtype delta—5 desaturase gene from Euglena gracilis (i.e., EgD3

[SEQ ID NO:20]) with a variant wildtype E. gracilis delta—5 desaturase
gene that contains a S347R mutation (i.e., EQDSR [SEQ ID NO:24]).

FIG. 4A, 4B and 4C Illustrate the construction of plasmid
pDMW367-M4.

FIG. 5 shows a sequence alignment of the 5’ portion of the variant
wildtype delta—5 desaturase gene from E. gracilis (i.e., EQDSR [SEQ ID
NO:24]) with the first 204 bp of the synthetic mutant delta-5 desaturase,
derived from E. gracilis and codon-optimized for expression in Yarrowia
lipolytica, and comprising HgGG [SEQ ID NO:9] and HDAgH [SEQ ID
NO:18] motifs (i.e., EGQD5M [SEQ ID NO:152]).

FIG. 6 provides plasmid maps for the following: (A) pEgD5M and
(B) pDMW367-5M.

FIG. 7 illustrates development of Yarrowia lipolytica strain Z1978.

4
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FIG. 8 provides a plasmid map of the following: (A) pZKUM and (B)
pZKL3-9DPON.

FIG. 9 illustrates development of Yarrowia lipolytica strains Z8001
through Z8054.

FIG. 10A schematically illustrates a homologous recombination
reaction with pYPS234, while FIG. 10B provides a plasmid map of
PYPS234.

FIG. 11A schematically illustrates a homologous recombination
reaction with pYPS233, while FIG. 11B provides a plasmid map of
PYPS233.

FIG. 12A schematically illustrates a homologous recombination
reaction with pYPS241, while FIG. 12B provides a plasmid map of
pYPS241.

FIG. 13 provides plasmid maps of the following: (A) pZR5AU-555
and (B) pZR5AU-555M.

The invention can be more fully understood from the following
detailed description and the accompanying sequence descriptions, which
form a part of this application.

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 (WIPQO) 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:1-311 are ORFs encoding genes or proteins (or

portions thereof), primers or plasmids, as identified in Table 1.
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Table 1. Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description Nucleic acid Protein
SEQ ID NO. | SEQ ID NO.
His-rich motif: H(X)sH —- 1
His-rich motif: H(X),H —- 2
His-rich motif: H(X),HH -~ 3
His-rich motif: H(X);HH -- 4
His-rich motif: (H/Q)(X),HH -~ 5
His-rich motif: (H/Q)(X)sHH -- 6
HPGG motif -~ /
HDASH motif -~ 3
HgGG motif - 9
HhGG motif -~ 10
HPGs motif -- 11
HcGG motif -~ 12
HwGG motif -~ 13
HaGG motif -~ 14
HDgSH motif - 15
HDsSH motif -~ 16
HDAaH motif -~ 17
HDAgH motif -~ 18
HeASH motif -~ 19
Euglena gracilis delta-5 desaturase ("EgD5") 20 21
(1350 bp) (449 AA)
Synthetic delta-5 desaturase, derived from Euglena 22 23
gracilis, codon-optimized for expression in Yarrowia (1350 bp) (449 AA)
lipolytica ("EgD3S")
Variant Euglena gracilis delta-5 desaturase, 24 25
comprising an arginine residue at amino acid (1350 bp) (449 AA)
position 347 ("EgD5R")
Modified variant Euglena gracilis delta-5 desaturase 26 27
comprising an arginine residue at amino acid (1350 bp) (449 AA)
position 347, with four coding region restriction
enzyme sites removed ("EgDSR™)
Euglena anabaena delta-5 desaturase (‘"EaD5") 28 29
(1362 bp) (454 AA)
Synthetic delta-5 desaturase, derived from Euglena 30 31
anabaena, codon-optimized for expression in (1362 bp) (454 AA)
Yarrowia lipolytica (‘"EaD5S”)
HxGG motif -- 32
HPGx motif -~ 33
HxGx motif -~ 34
HXASH motif -~ 35
HDxSH motif -~ 360
HDAXH motif -~ 37
Plasmid pDMW367 38 --
(8438 bp)
Plasmid pDMW367-M4 39 --
(8438 bp)
Oligonucleotide primer pairs utilized to mutate the 40-43 -

0
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native EcoRI| and Bglll restriction enzyme sites of the

EgDSR coding region to generate pDMW367-M4

Plasmid pDMW367-M2 44 -
(8438 bp)

Oligonucleotide primer pairs utilized to mutate the 45-48 --

native Hindlll and Ncol restriction enzyme sites of

the EgD5R coding region to generate pDMW367-M4

Oligonucleotide primers utilized to individually 49-86 --

mutate the Ala residue of the HDASH [SEQ ID NO:8]}

motif of EgDSR™ by site-directed mutagenesis

sSynthetic mutant delta-5 desaturase, derived from -~ 37 (449 AA)

Euglena gracilis ("EgDSR™-HDgSH")

sSynthetic mutant delta-5 desaturase, derived from -~ 38 (449 AA)

Euglena gracilis ("EgDSR™-HDsSH")

Oligonucleotide primers utilized to individually 89-126

mutate the Ser residue of the HDASH [SEQ ID

NO:3] motif of EQDSR™ by site-directed mutagenesis

Synthetic mutant delta-5 desaturase, derived from -- 127

Euglena gracilis ("EgDSR*-HDAaH") (449 AA)

Synthetic mutant delta-5 desaturase, derived from -~ 128

Euglena gracilis ("EgDSR*™-HDAgH") (449 AA)

Plasmid pDMW367M4-157¢ 129 --
(8438 bp)

Plasmid pDMW367M4-158a 130 --
(8438 bp)

Plasmid pDMW367M4-158¢g 131 -
(8438 bp)

Oligonucleotide primers utilized to individually 132-137 --

mutate either the Pro residue or the second Gly

residue of the HPGG [SEQ ID NO:7] motif of mutant

delta-5 desaturase genes in pPDMW367M4-157¢,

pDMW367M4-158a, and pDMW367M4-158¢g by site-

directed mutagenesis

Synthetic mutant delta-5 desaturase, derived from 138 139

Euglena gracilis ("EgD5R*-34g157g”) (i.e., (1350 bp) (449 AA)

comprising HgGG and HDgSH motifs)

Synthetic mutant delta-5 desaturase, derived from 140 141

Euglena gracilis ("EgQD5R*-349g1583a") (i.e., (1350 bp) (449 AA)

comprising HgGG and HDAaH motifs)

Synthetic mutant delta-5 desaturase, derived from 142 143

Euglena gracilis ("EgD5R*-34g1584g”) (i.e., (1350 bp) (449 AA)

comprising HgGG and HDAgH motifs)

Synthetic mutant delta-5 desaturase, derived from 144 145

Euglena gracilis ("EgD5R*-34h158a”) (i.e., (1350 bp) (449 AA)

comprising HhGG and HDAaH motifs)

Synthetic mutant delta-5 desaturase, derived from 146 147

Euglena gracilis ("EgD5R*-34h158g") (i.e., (1350 bp) (449 AA)

comprising HhGG and HDAgH motifs)

Synthetic mutant delta-5 desaturase, derived from 148 149

Euglena gracilis ("EgD5R*-36s158a") (i.e., (1350 bp) (449 AA)

comprising HPGs and HDAaH motifs)

Synthetic mutant delta-5 desaturase, derived from 150 151

Euglena gracilis ('EgD5R"™-36s158g") (i.e., (1350 bp) (449 AA)

[4
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comprising HPGs and HDAgH motifs)

Synthetic mutant delta-5 desaturase, derived from 152 153

Euglena gracilis ("EgD5R*-34g1584g") (i.e., (1350 bp) (449 AA)

comprising HgGG and HDAgH motifs), codon-

optimized for expression in Yarrowia lipolytica

(‘EgD5M)

Plasmid pEgD5M 154 -
(4070 bp)

Plasmid pDMW367-5M, comprising EQD5M 165 =
(8438 bp)

sSynthetic mutant delta-5 desaturase, derived from 156 157

Euglena gracilis ("EgD5R*-3491589347s”) (i.e., (1350 bp) (449 AA)

comprising HgGG and HDAgH motifs, and a Ser

residue at amino acid position 347) (‘EgD5M17)

Plasmid pEgD5M1 158 --
(4070 bp)

Plasmid pDMW367-5M1, comprising EgD5M1 159 --
(8438 bp)

Synthetic mutant delta-5 desaturase, derived from -~ 160

Euglena gracilis and codon optimized for expression (449 AA)

In Yarrowia lipolytica ("EgD5S-36s") (i.e., comprising

a HP(Gs motif)

Plasmid pDMW369S 161 -~
(3438 bp)

Oligonucleotide primers utilized to individually 162-179 --

mutate the Asp, Ala, or Ser residue of the HDASH

[SEQ ID NO:8] motif of EgD5S-HPGs by site-

directed mutagenesis

Synthetic mutant delta-5 desaturase, derived from 180 181

Euglena gracilis and codon optimized for expression (1350 bp) (449 AA)

In Yarrowia lipolytica ("EgD5S-36s156¢€”) (i.e.,

comprising HPGs and HeASH motifs)

Synthetic mutant delta-5 desaturase, derived from 182 183

Euglena gracilis and codon optimized for expression (1350 bp) (449 AA)

In Yarrowia lipolytica ("EgD5S-36s157g") (i.e.,

comprising HPGs and HDgSH motifs)

Synthetic mutant delta-5 desaturase, derived from 184 185

Euglena gracilis and codon optimized for expression (1350 bp) (449 AA)

In Yarrowia lipolytica ("EgD5S-36s158a") (i.e.,

comprising HPGs and HDAaH motifs)

Synthetic mutant delta-5 desaturase, derived from 186 187

Euglena gracilis and codon optimized for expression (1350 bp) (449 AA)

In Yarrowia lipolytica ("EgD5S-36s158g") (i.e.,

comprising HPGs and HDAgH motifs)

sSynthetic mutant delta-5 desaturase, derived from -~ 188

Euglena anabaena and codon optimized for (454 AA)

expression in Yarrowia lipolytica ("EaD5S-35a")

(i.e., comprising a HaGG motif)

Plasmid pZuFmEaD5S-A(S) 189 --
(8357 bp)

Oligonucleotide primers utilized to individually 190-211 --

mutate the Asp, Ala, or Ser residue of the HDASH

[SEQ ID NO:8] motif of EaD5S-35a by site-directed

3
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mutagenesis
Synthetic mutant delta-5 desaturase, derived from 212 213
Euglena anabaena and codon optimized for (1365 bp) (454 AA)
expression in Yarrowia lipolytica ("EaD5S-35a158Q")
_(I.e., comprising HaGG and HDgSH motifs)
Synthetic mutant delta-5 desaturase, derived from 214 215
Euglena anabaena and codon optimized for (1365 bp) (454 AA)
expression in Yarrowia lipolytica ("EaD5S-35a158s”)
_(I.e., comprising HaGG and HDsSH motifs)
Synthetic mutant delta-5 desaturase, derived from 216 217
Euglena anabaena and codon optimized for (1365 bp) (454 AA)
expression in Yarrowia lipolytica ("EaD5S-35a159Q")
_(I.e., comprising HaGG and HDAgH motifs)
Plasmid pZKUM 218 --
(4313 bp)
Plasmid pZKL3-9DPN9N 219 -~
(13565 bp)
Synthetic mutant delta-9 elongase derived from 220 221
Euglena gracilis ('EgD9eS-L35G") (777 bp) (258 AA)
Yarrowia lipolytica delta-9 desaturase ("YID9") 222 223
(1449 bp) (482 AA)
Yarrowia lipolytica choline-phosphate 224 225
cytidylyltransferase ("YIPCT") (1101 bp) (366 AA)
Plasmid pZKSL-5S5A5 226
(13975 bp)
Plasmid pZP2-85m98F 227
(14619 bp)
993 bp stuffer fragment 228 --
(993 bp)
Plasmid pYPS234 229 --
(7338 bp)
1019 bp stuffer fragment 230 --
(1019 bp)
Plasmid pYPS233 231 -
(7364 bp)
Plasmid pYSP241 232 -
(9211 bp)
Plasmid pZR5AU-555 233 --
(13926 bp)
Plasmid pZR5AU-555M 234 -~
(13926 bp)
HDgnH motif - 235
HDAnH motif -~ 236
HefaH motif -- 237
HeftH motif -~ 238
HemgH motif - 239
HeAgH motif -- 240
HDfgH motif -~ 241
HDygH motif -- 242
HDscH motif -~ 243
HDAcH motif -- 244
Primer EgD5-5 245 -
Primer EgDS5 M1-3 246 -
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Primer EgD5 M1-5 247 -
Primer EgD3-3 2438 =
sSynthetic mutant delta-5 desaturase, derived from 249 250
Euglena gracilis ("EgD5R-34q") (i.e., comprising a (1347 bp) (449 AA)
HgGG motif)

Primer EgD5 M2-3 291 -
Primer EgD5 M2-5 252 -
Plasmid pLF336 253 --
(5050 bp)
Synthetic mutant delta-5 desaturase, derived from 254 255
Euglena gracilis (‘'EgD5R-349158q") (l.e., comprising | (1347 bp) (449 AA)
HgGG and HDAgH motifs)
Primer EgDS M3-3 256 -
Primer EgD5 M3-5 257 —
Primer pLF337 253 --
(5050 bp)
Synthetic mutant delta-5 desaturase, derived from 259 200
Euglena gracilis ("EgD5R-349g158a”) (i.e., comprising | (1347 bp) (449 AA)
HgGG and HDAaH motifs)
Primer EaD5-5 201 -
Primer EaD5 M1-3 262 -
Primer EaD5 M1-5 263 --
Primer EaD5-3 264 --
sSynthetic mutant delta-5 desaturase, derived from 265 200
Euglena anabaena ('EaD5-35¢Q") (i.e., comprising a (1362 bp) (454 AA)
HgGG motif)
Primer EaD5 M2-3 267 -
Primer EaD5 M2-5 268 -~
Plasmid pLF338 269 --
(5007 bp)
Synthetic mutant delta-5 desaturase, derived from 270 271
Euglena anabaena ("EaD5-35g159g") (i.e., (1362 bp) (454 AA)
comprising HgGG and HDAgH motifs)
Primer EaD5 M3-3 272 -
Primer EaD5 M3-5 273 --
Plasmid pLF339 274 -
(5007 bp)
Synthetic mutant delta-5 desaturase, derived from 275 276
Euglena anabaena ("EaD5-35g159a”) (i.e., (1362 bp) (454 AA)
comprising HgGG and HDAaH motifs)
HDcSH motif -~ 277
HDdSH motif -- 278
HDeSH motif -~ 279
HDfSH motif -~ 280
HDhSH motif -~ 281
HDiISH motif -~ 282
HDkSH motif -~ 283
HDISH motif -~ 284
HDmMSH motif -~ 285
HDnSH motif -~ 2380
HDpSH motif -~ 287
HDgSH motif - 238

10
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HDrSH motif -- 289
HDtSH motif -- 290
HDvSH motif -- 291
HDwSH motif -- 292
HDySH motif - 293
HDAcH motif -- 294
HDAdH motif -- 295
HDAeH motif -- 296
HDAfH motif -- 297
HDAhH motif -- 298
HDAIH motif -- 299
HDAKH motif -- 300
HDAIH motif -- 301
HDAmMH motif -- 302
HDANH motif -- 303
HDApH motif -- 304
HDAgH motif -- 305
HDArH motif -- 306
HDAtH motif -- 307
HDAvVH motif -- 308
HDAwWH motif -- 309
HDAyH motif -- 310
HDxxH motif -- 311

CA 02808002 2013-02-08

DETAILED DESCRIPTION OF THE INVENTION
All patent and non-patent literature cited herein is hereby
5 Incorporated by reference In their entirety.
In this disclosure, a number of terms and abbreviations are used.
Standard three-letter codes or single-letter codes are used to refer to
amino acids. The following definitions are provided.
"Open reading frame” Is abbreviated as "ORF".
10 “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 "TAGSs".
“Total fatty acids™ are abbreviated as "TFAS".
15 "Fatty acid methyl esters” are abbreviated as "FAMES".
"Dry cell weight” is abbreviated as "DCW".
The motif having an amino acid sequence as set forth in SEQ ID
NO:7 (i.e., His-Pro-Gly-Gly) is abbreviated as "HPGG”.
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The motif having an amino acid sequence as set forth in SEQ ID
NO:8 (i.e., His-Asp-Ala-Ser-His) is abbreviated as "HDASH".

As used herein the term “invention” or “present invention” is
Intended to refer to all aspects and embodiments of the invention as
described in the claims and specification herein and should not be read so
as to be limited to any particular embodiment or aspect.

The term “fatty acids” refers to long chain aliphatic acids (alkanoic

acids) of varying chain lengths, from about C_, to C,,, although both longer

22’
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. 7,238,482, which Is hereby incorporated herein by reference.

Nomenclature used to describe PUFAs herein is shown below 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 omega-3
and omega-6 fatty acids and their precursors, the abbreviations that will be
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-hexadecenolic 16:1
Stearic -- octadecanoic 18:0
Oleic -- cis-9-octadecenolc 18:1

12
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Linoleic LA cis-9, 12-octadecadienoic 18:2 -6
v—Linolenic GLA cis-6, 9, 12-octadecatrienoic 18:3 »-6
Eicosadienoic EDA cis-11, 14-eicosadienoic 20:2 -6
Dihomo-y- DGLA cis-3, 11, 14- eicosatrienoic 20:3 0-6
Linolenic
Arachidonic ARA cis-5, 8, 11, 14- 20:4 »-6
elcosatetraenoic
o—Linolenic ALA cis-9, 12, 15- 18:3 -3
octadecatrienoic
Stearidonic STA cis-6, 9, 12, 15- 18:4 »-3
octadecatetraenoic
Eicosatrienoic ETrA cis-11, 14, 17- eicosatrienoic 20:3 ®-3
Eicosa- ETA cis-8, 11, 14, 17- 20:4 »-3
tetraenolic elcosatetraenoic
Eicosa- EPA cis-5, 8, 11, 14, 17- 20:5 -3
pentaenoic elcosapentaenoic
Docosa- cis-7, 10, 13, 16- _
tetraenoic J1A docosatetraenoic 22:4 -6
Docosa- DPAN-6 cis-4, 7, 10, 13, 16- 22:5 o-6
pentaenoic docosapentaenoic
Docosa- DPA cis-7, 10, 13, 16, 19- 225 ©-3
pentaenoic docosapentaenoic
Docosa- DHA cis-4, 7, 10, 13, 16, 19- 226 ®-3
hexaenoic docosahexaenoic

10

15
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Although the omega-3/ omega-6 PUFAs listed in Table 2 are the most

likely to be accumulated in the oll fractions of microbial and plant hosts

using the methods described herein, this list should not be construed as

limiting or as complete.

The term “oll” refers to a lipid substance that is liquid at 25 °C; the
oll iIs hydrophobic but is soluble in organic solvents. In oleaginous
organisms, oil constitutes a major part of the total lipid. "OIl” is composed
primarily of triacylglycerols but may also contain other neutral lipids,
phospholipids and free fatty acids. The fatty acid composition in the ol
and the fatty acid composition of the total lipid are generally similar; thus,
an increase or decrease in the concentration of PUFASs in the total lipid will
correspond with an increase or decrease In the concentration of PUFAS In
the oll, and vice versa.

"Neutral lipids” refer to those lipids commonly found In cells In lipid
bodies as storage fats and are so called because, at cellular pH, the lipids
bear no charged groups. Generally, they are completely non-polar with no

affinity for water. Neutral lipids generally refer to mono-, di-, and/or
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triesters of glycerol with fatty acids, also called monoacylglycerol,
diacylglycerol or triacylglycerol, respectively, or collectively, acylglycerols.
A hydrolysis reaction must occur to release free fatty acids from
acylglycerols.

The term “triacylglycerols” ["TAGs”] refers to neutral lipids
composed of three fatty acyl residues esterified to a glycerol molecule.
TAGs can contain long chain PUFAs and saturated fatty acids, as well as
shorter chain saturated and unsaturated fatty acids.

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
["FAMES”] by the base transesterification method (as known in the art) in a
given sample, which may be the biomass or oll, for example. Thus, total
fatty acids include fatty acids from neutral lipid fractions (including
diacylglycerols, monoacylglycerols and TAGs) and from polar lipid
fractions (including the phosphatidylcholine and phosphatidylethanolamine
fractions) but not free fatty acids.

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

The concentration of a fatty acid in the total lipid Is expressed
herein as a weight percent of TFAs ["% TFAS?], 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 Iis equivalent to concentration of the fatty
acid as % TFAs, e.g., % EPA of total lipids is equivalent to EPA % TFAs.

The terms “lipid profile” and “lipid composition” are interchangeable
and refer to the amount of individual fatty acids contained in a particular
lipid fraction, such as in the total lipid or the olil, wherein the amount is
expressed as a weight percent of TFAs. The sum of each individual fatty

acid present in the mixture should be 100.
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The term "PUFA biosynthetic pathway” refers to a metabolic
process that converts oleic acid to omega-6 fatty acids such as LA, EDA,
GLA, DGLA, ARA, DTA and DPANn-6 and omega-3 fatty acids such as ALA,
STA, ETrA, ETA, EPA, DPA and DHA. This process is well described in
the literature. See e.g., U.S. Pat. 7,932,077. Briefly, this process involves
elongation of the carbon chain through the addition of carbon atoms and
desaturation of the 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
sald enzymes) associated with the biosynthesis of a PUFA, including:
delta-4 desaturase, delta-5 desaturase, delta-6 desaturase, delta-12
desaturase, delta-15 desaturase, delta-17 desaturase, delta-9 desaturase,
delta-8 desaturase, delta-9 elongase, C14/16 €lOngase, C1s/18 €lONgase,
C1s20 €longase and/or Cop22 €lOongase.

The term “desaturase” refers to a polypeptide that can desaturate,
l.e., Infroduce a double bond, in one or more fatty acids to produce 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 delta-5 desaturases that desaturate a fatty acid between the
fitth and sixth carbon atom numbered from the carboxyl-terminal end of
the molecule and that can, for example, catalyze the conversion of DGLA
to ARA and/or ETA to EPA. Other fatty acid desaturases include, for
example: delta-8 desaturases, delta-6 desaturases, delta-4 desaturases,
delta-12 desaturases, delta-15 desaturases, delta-17 desaturases and
delta-9 desaturases. In the art, delta-15 and delta-17 desaturases are

also occasionally referred to as “"omega-3 desaturases”, "w-3 desaturases”
and/or “®-3 desaturases”, based on their ability to convert omega-6 fatty
acids into their omega-3 counterparts (e.g., conversion of LA into ALA and

ARA into EPA, respectively). It may be desirable to empirically determine
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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 "EgD5” refers to a delta—5 desaturase (SEQ ID NO:21)
from Euglena gracilis, encoded by SEQ ID NO:20 herein. Similarly, the
term "EgDS5S" refers to a synthetic delta—5 desaturase derived from E.
gracilis that is codon-optimized for expression in Yarrowia lipolytica (i.e.,
SEQ ID NOs:22 and 23). Further details concerning EgD5 and EgD5S are
described in U.S. Pat. 7,678,560. The term "EgD5R”" (i.e., SEQ ID NOs:24
and 295) refers to a variant wildtype EgD5 wherein the amino acid residue
at position 347 is arginine. The term "EgD3R™ (i.e., SEQ ID NOs:26 and
27) refers to a modified variant of the wildtype EgD5R, wherein four
restriction enzyme sites are removed from the wildtype coding region. The
amino acid sequences of EgDSR and EgDSR™ are identical.

The term "EaD5” refers to a delta-5 desaturase (SEQ ID NO:29)
from Euglena anabaena, encoded by SEQ ID NO:28 herein. Similarly, the
term "EaD5S” refers to a synthetic delta-5 desaturase derived from E.
anabaena that is codon-optimized for expression in Yarrowia lipolytica (i.e.,
SEQ ID NOs:30 and 31). Further details concerning EaD5 and EaD5S are
described in U.S. Pat. 7,943,365.

The term “conserved domain” or “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 that these amino acids may be important 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 If a protein with a newly determined sequence belongs to a
previously identified protein family. Motifs that are universally found In
delta—5 desaturase enzymes of animal, plants and fungi include three
histidine boxes (i.e., H(X)s3-4H [SEQ ID NOs:1 and 2], H(X).-sHH [SEQ ID
NOs:3 and 4] and H/Q(X)2-sHH [SEQ ID NOs:5 and 6]) and a heme-
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binding motif (i.e., His-Pro-Gly-Gly or HPGG [SEQ ID NO:7]) within the
fused cytochrome bs domain at the N-terminus. An additional motif (i.e.,
His-Asp-Ala-Ser-His or HDASH [SEQ ID NO:8]) appears to be conserved
In some delta—5 desaturase genes.

The terms "mutant delta-5 desaturase” and "double mutant” refers
o a delta-5 desaturase as described herein that has at least one mutation
within the HPGG motif (SEQ ID NO:7) of the cytochrome bs domain and at
least one mutation within the HDASH motif (SEQ ID NO:8), wherein said
mutations result in an amino acid substitution, either conservative or non-
conservative. Although the mutations may include any amino acid
substitution, the mutant delta-5 desaturase preferably comprises a mutant
HPGG (SEQ ID NO:7) motif having a sequence of His-Xaa-Gly-Xaa or
"HxGx” (SEQ ID NO:34) (wherein Xaa can be any amino acid) and a
mutant HDASH (SEQ ID NO:8) motif having a sequence of His-Xaa- Xaa-
Xaa-His or “HxxxH” (SEQ ID NO:1). More preferably, the mutant delta-5
desaturase comprises a mutant HPGG motif selected from the group
consisting of HXGG (SEQ ID NO:32) andHPGx (SEQ ID NO:33), and a
mutant HDASH motif selected from the group consisting of HXASH (SEQ
ID NO:35), HDxSH (SEQ ID NO:36), and<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>