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(57) ABSTRACT

Methods of increasing the amount of polyunsaturated fatty
acids (PUFAs) in the total lipid fraction and in the oil fraction
of PUFA-producing, oleaginous eukaryotes, accomplished
by modifying the activity of peroxisome biogenesis factor
(Pex) proteins. Disruptions of a chromosomal Pex3 gene,
Pex10p gene or Pex16p gene in a PUFA-producing, oleagi-
nous eukaryotic strain resulted in an increased amount of
PUFAs, as a percent of total fatty acids and as a percent of dry
cell weight, in the total lipid fraction and in the oil fraction of
the strain, as compared to the parental strain whose native Pex
protein was not disrupted.
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PEROXISOME BIOGENESIS FACTOR
PROTEIN (PEX) DISRUPTIONS FOR
ALTERING POLYUNSATURATED FATTY
ACIDS AND TOTAL LIPID CONTENT IN
OLEAGINOUS EUKARYOTIC ORGANISMS

[0001] This application claims the benefit of U.S. Provi-
sional Applications No. 60/977,174 and No. 60/977,177, both
filed Oct. 3, 2007 and both hereby incorporated herein by
reference in their entirety.

FIELD OF THE INVENTION

[0002] This invention is in the field of biotechnology. More
specifically, this invention pertains to methods useful for
manipulating the polyunsaturated fatty acid (PUFA) compo-
sition and lipid content of eukaryotic organisms, based on
disruption of peroxisome biogenesis factor (Pex) proteins.

BACKGROUND OF THE INVENTION

[0003] The health benefits associated with polyunsaturated
fatty acids [“PUFAs”], especially w-3 and m-6 PUFAs, have
been well documented. In order to find ways to produce
large-scale quantities of w-3 and w-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] One effort to produce these PUFAs has introduced
w-3/w-6 PUFA biosynthetic pathways into organisms that do
not natively produce w-3/m-6 PUFAs. One such organism
that has been extensively manipulated is the non-oleaginous
yeast, Saccharomyces cerevisiae. However, none of the pre-
liminary results demonstrating limited production of linoleic
acid [“LA”], y-linolenic acid [“GLA™], a-linolenic acid
[“ALA”], stearidonic acid [“STA”] and/or eicosapentaenoic
acid [“EPA”] are suitable for commercial exploitation.
[0005] Other efforts to produce large-scale quantities of
w-3/w-6 PUFAs have cultivated microbial organisms that
natively produce the fatty acid of choice, e.g., heterotrophic
diatoms Cyclotella sp. and Nitzschia sp., Pseudomonas,
Alteromonas or Shewanella species, filamentous fungi of the
genus Pythium, or Mortierella elongata, M. exigua or M.
hygrophila.

[0006] All these efforts suffer from an inability to substan-
tially improve the yield of oil or to control the characteristics
of'the oil composition produced, since the fermentations rely
on the natural abilities of the microbes themselves.

[0007] Commonly owned U.S. Pat. No. 7,238,482
describes the use of the oleaginous yeast Yarrowia lipolytica
as a production host for the production of PUFAs. Oleaginous
yeast are defined as those yeast that are naturally capable of
oil synthesis and accumulation, where greater than 25% of the
cellular dry weight is typical. Optimization of the production
host has been described in the art (see for example Int’l. App.
Pub. No. WO 2006/033723, U.S. Pat. App. Pub. No. 2006-
0094092, U.S. Pat. App. Pub. No. 2006-0115881, and U.S.
Pat. App. Pub. No. 2006-0110806). The recombinant strains
described therein comprise various chimeric genes express-
ing multiple copies of heterologous desaturases, elongases
and acyltransferases and optionally comprise various native
desaturase and acyltransferase knockouts to enable PUFA
synthesis and accumulation. Further optimization of the host
cell is needed for commercial production of PUFAs.
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[0008] LinY.etal suggestthat peroxisomes are required for
both catabolic and anabolic lipid metabolism (Plant Physiol-
ogy, 135:814-827 (2004)). However, this hypothesis was
based on studies with a homolog of Pex16p in Arabidopsis
mutants that had both abnormal peroxisome biogenesis and
fatty acid synthesis (i.e., a reduction of oil to approximately
10-16% of wild type in ssel seeds was reported). Binns, D. et
al. (J. Cell Biol., 173(5):719-731 (2006)) also document an
intimate collaboration between peroxisomes and lipid bodies
in Saccharomyces cerevisiae. But, previous studies of Pex
knockouts have not been performed in a PUFA-producing
organism.

[0009] Applicants have solved the stated problem of opti-
mizing host cells for commercial production of PUFAs by the
unpredictable mechanism of disruption of peroxisome bio-
genesis factor proteins in a PUFA-producing organism,
which leads to the unpredictable result of an increase in the
amount of PUFAs, as a percent of total fatty acids, in a
recombinant PUFA-producing strain of Y. /ipolytica. Novel
strains containing disruptions in peroxisome biogenesis fac-
tor proteins are described herein.

SUMMARY OF THE INVENTION

[0010] Described herein are methods of increasing the
weight percent of at least one polyunsaturated fatty acid
[“PUFA”] relative to the weight percent of total fatty acids
[“TFAs”] in an oleaginous eukaryotic organism having a total
lipid content, a total lipid fraction and an oil fraction, com-
prising:
a) providing an oleaginous eukaryotic organism comprising:
[0011] 1) genes encoding a functional polyunsaturated
fatty acid biosynthetic pathway; and
[0012] 2) a disruption in a native gene encoding a per-

oxisome biogenesis factor protein, thereby providing a

PEX-disrupted organism, and
b) growing the PEX-disrupted organism under conditions as
to increase the weight percent of at least one polyunsaturated
fatty acid relative to the weight percent of total fatty acids in
the total lipid fraction or in the oil fraction, when compared to
the weight percent of the at least one polyunsaturated fatty
acid relative to the weight percent of total fatty acids in the
total lipid fraction or in the oil fraction in the oleaginous
eukaryotic organism in which no native gene encoding a
peroxisome biogenesis factor protein has been disrupted.
[0013] This method of increasing may also be used to
increase the percent of at least one polyunsaturated fatty acid
[“PUFA”] relative to the dry cell weight [“DCW”] by apply-
ing the same steps (a) and (b).
[0014] In some of the methods described here, the weight
percent of the PUFA relative to the weight percent of the TFAs
is increased at least 1.3 fold.
[0015] In some of the described methods, the total lipid
content in the PEX-disrupted organism may be increased or
decreased compared with that of an oleaginous eukaryote
having no disruption in a native PEX gene.
[0016] Inanyofthese methods, the increased PUFA may be
a single PUFA or a combination of PUFAs. In either case, the
increased PUFA or increased combination of PUFAs can
include linoleic acid, conjugated linoleic acid, y-linolenic
acid, dihomo-y-linolenic acid, arachidonic acid, docosatet-
raenoic acid, m-6 docosapentaenoic acid, a-linolenic acid,
stearidonic acid, eicosatetraenoic acid, eicosapentaenoic
acid, w-3 docosapentaenoic acid, eicosadienoic acid, eicosa-
trienoic acid, docosahexaenoic acid, hydroxylated or epoxy
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fatty acids of these, a C,g polyunsaturated fatty acid or a
combination of these, a C,, polyunsaturated fatty acid or a
combination of these, a combination of C,, ,, polyunsatu-
rated fatty acids and a C,, polyunsaturated fatty acid or a
combination of these.

[0017] In any of these methods, the PEX-disrupted organ-
ism may be a member of the following: Yarrowia, Candida,
Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon,
Lipomyces, Mortierella Thraustochytrium, Schizochytrium,
and Saccharomyces having the property of oleaginy. And, in
any of the described methods, the PUFA biosynthetic path-
way includes genes that encodes any or a combination of the
following enzymes: A9 desaturase, Al2 desaturase, A6
desaturase, AS desaturase, Al17 desaturase, A8 desaturase,
A1S5 desaturase, A4 desaturase, C, ¢ elongase, C 4,5 elon-
gase, C, -, elongase, C,,,, clongase and A9 elongase.

[0018] The disruption may occur in a PEX gene that
encodes a peroxisome biogenesis factor protein that includes
the following: Pex1p, Pex 2p, Pex3p, Pex3Bp, Pexdp, Pex5p,
Pex5Bp, Pex5Cp, Pex5/20p, Pex6p, Pex7p, Pex8p, Pex10p,
Pex12p, Pex13p, Pex14p, Pex15p, Pex16p, Pex17p, Pex14/
17p, Pex18p, Pex19p, Pex20p, Pex21p, Pex21Bp, Pex22p,
Pex22p-like and Pex26p. And in any of these methods, the
disruption may be a gene knockout or a deletion in a portion
of'the gene that encodes the C-terminal portion of the protein.
In some of these methods, the deletion is in the portion of the
gene encoding the C-terminal portion of the C;HC, zinc ring
finger motif of the protein.

[0019] Also described herein is the oil fraction or the total
lipid fraction in a PEX-disrupted organism, which has expe-
rienced an increase in the weight percent of at least one PUFA
accomplished by the method of Claim 1. Described herein is
also a PEX-disrupted Yarrowia lipolytica, having a disruption
in a native gene encoding Pex3p or Pex10p or Pex16p. This Y.
lipolytica may have ATCC designation ATCC PTA-8614
(strain Y4128).

Biological Deposits

[0020] The following biological materials have been
deposited with the American Type Culture Collection
(ATCC), 10801 University Boulevard, Manassas, Va. 20110-
2209, and bear the following designations, accession num-
bers and dates of deposit.

Biological Material Accession No. Date of Deposit

Yarrowia lipolytica Y2047 ATCC PTA-7186 Oct. 26, 2005
Yarrowia lipolytica Y2201 ATCC PTA-7185 Oct. 26, 2005
Yarrowia lipolytica Y2096 ATCC PTA-7184 Oct. 26, 2005
Yarrowia lipolytica Y3000 ATCC PTA-7187 Oct. 26, 2005
Yarrowia lipolytica Y4128 ATCC PTA-8614 Aug. 23, 2007
Yarrowia lipolytica Y4127 ATCC PTA-8802 Nov. 29, 2007

The biological materials listed above were deposited under
the terms of the Budapest Treaty on the International Recog-
nition 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 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
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a license to practice the subject invention in derogation of
patent rights granted by government action.

BRIEF DESCRIPTION OF THE DRAWINGS AND
SEQUENCE LISTINGS

[0021] FIG. 1 consists of FIG. 1A and FIG. 1B, which
together illustrate the w-3/w-6 fatty acid biosynthetic path-
way, and should be viewed together when considering the
description of this pathway below.

[0022] FIG. 2A provides an alignment of the C;HC, zinc
ring finger motifs of the Yarrowia lipolytica Pex10p (i.e.,
amino acids 327-364 of SEQ ID NO:10 [GenBank Accession
No. CAG81606]), the Yarrowia lipolytica Pex2p (i.e., amino
acids 266-323 of SEQ ID NO:2 [GenBank Accession No.
CAG77647]) and the Yarrowia lipolytica Pex12p (i.e., amino
acids 342-391 of SEQ ID NO:11 [GenBank Accession No.
CAG81532]), with cysteine and histidine residues of the con-
served C;HC, zinc ring finger motif indicated by asterisks.
[0023] FIG. 2B schematically illustrates the proposed
interaction between various amino acid residues of the Y.
lipolytica Pex10p C,HC,, finger motifand the two zinc ions to
which they bind.

[0024] FIG. 3A diagrams the development of Yarrowia
lipolytica strain Y4128, producing 37.6% EPA in the total
lipid fraction.

[0025] FIG. 3B provides a plasmid map for pZP3-Pa777U.
[0026] FIG. 4 provides plasmid maps for the following: (A)
pY117; and, (B) pZP2-2988.

[0027] FIG. 5 provides plasmid maps for the following: (A)
pZKUE3S; and, (B) pFBAIN-MOD-1.

[0028] FIG. 6 provides plasmid maps for the following: (A)
pFBAIN-PEX10; and, (B) pEXP-MOD-1.

[0029] FIG. 7A provides a plasmid map for pPEX10-1.
FIG. 7B diagrams the development of Yarrowia lipolytica
strain Y4184U.

[0030] FIG. 8 provides plasmid maps for the following: (A)
pZKL1-2SP98C; and, (B) pZKI1.2-5U89GC.

[0031] FIG. 9 provides plasmid maps for the following: (A)
pYPS161; and, (B) pYRH13.

[0032] FIG. 10 diagrams the development of Yarrowia
lipolytica strain Y4305U3.

[0033] FIG. 11 provides plasmid maps for the following:
(A) pZKUM,; and, (B) pZKD2-5U89A2.

[0034] FIG. 12 provides plasmid maps for the following:
(A) pY87; and, (B) pY157.

[0035] The invention can be more fully understood from
the following detailed description and the accompanying
sequence descriptions, which form a part of this application.
[0036] The following sequences comply with 37 C.F.R.
§1.821-1.825 (“Requirements for Patent Applications Con-
taining 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
EPOand 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.

[0037] SEQ ID NOs:1-86 are primers, ORFs encoding
genes or proteins (or portions thereof, or plasmids, as identi-
fied in Table 1.
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3
TABLE 1 TABLE 1-continued
Summary Of Nucleic Acid And Protein SEQ ID Numbers Summary Of Nucleic Acid And Protein SEQ ID Numbers
Protein Protein
Nucleic acid  SEQID Nucleic acid  SEQID
Description and Abbreviation SEQ ID NO. NO. Description and Abbreviation SEQ ID NO. NO.
Yarrowia lipolytica Pex1p (GenBank — 1 Plasmid pZKUE3S 31 —
Accession No. CAG82178) (1024 AA) (6303 bp)
Yarrowia lipolytica Pex2p — 2 Primer pZP-GW-5-1 32 —
(GenBank Accession No. CAG77647) (381 AA) Primer pZP-GW-5-2 33 —
Yarrowia lipolytica Pex3p (GenBank — 3 Primer pZP-GW-5-3 34 —
Accession No. CAG78565) (431 AA) Primer pZP-GW-5-4 35 —
Yarrowia lipolytica Pex3Bp (GenBank — 4 Primer pZP-GW-3-1 36 —
Accession No. CAG83356) (395 AA) Primer pZP-GW-3-2 37 —
Yarrowia lipolytica Pex4p (GenBank — 5 Primer pZP-GW-3-3 38 —
Accession No. CAG79130) (153 AA) Primer pZP-GW-3-4 39 —
Yarrowia lipolytica Pex5p (GenBank — 6 Genome Walker adaptor [top strand] 40 —
Accession No. CAG78803) (598 AA) Genome Walker adaptor [bottom strand] 41 —
Yarrowia lipolytica Pex6p (GenBank — 7 Nested adaptor primer 42 —
Accession No. CAG82306) (1024 AA) Primer Perl0 F1 43 —
Yarrowia lipolytica Pex7p (GenBank — 8 Primer ZPGW-5-5 44 —
Accession No. CAG78389) (356 AA) Primer PerlO R 45 —
Yarrowia lipolytica Pex8p (GenBank — 9 Plasmid pFBAIN-MOD-1 46 —
Accession No. CAGR0447) (671 AA) (7222 bp)
Yarrowia lipolytica Pex10p (GenBank — 10 Plasmid pFBAIn-PEX10 47 —
Accession No. CAG81606) (377 AA) (8133 bp)
Yarrowia lipolytica Pex12p (GenBank — 11 Primer PEX10-R-BsiWI 48 —
Accession No. CAG81532) (408 AA) Primer PEX10-F1-Sall 49 —
Yarrowia lipolytica Pex13p (GenBank — 12 Primer PEX10-F2-Sall 50 —
Accession No. CAG81789) (412 AA) Plasmid pEXP-MOD1 51 —
Yarrowia lipolytica Pex14p (GenBank — 13 (7277 bp)
Accession No. CAG79323) (380 AA) Plasmid pPEX10-1 52 —
Yarrowia lipolytica Pex16p (GenBank — 14 (7559 bp)
Accession No. CAG79622) (391 AA) Plasmid pPEX10-2 53 —
Yarrowia lipolytica Pex17p (GenBank — 15 (8051 bp)
Accession No. CAGR4025) (225 AA) Plasmid pZKIL1-2SP98C 54 —
Yarrowia lipolytica Pex19p (GenBank — 16 (15,877 bp)
Accession No. AAK84827) (324 AA) Plasmid pZKL2-5U89GC 55 —
Yarrowia lipolytica Pex20p (GenBank — 17 (15,812 bp)
Accession No. CAG79226) (417 AA) Plasmid pYPS161 56 —
Yarrowia lipolytica Pex22p (GenBank — 18 (7966 bp)
Accession No. CAG77876) (195 AA) Primer Pex-10dell 3'.Forward 57 —
Yarrowia lipolytica Pex26p (GenBank — 19 Primer Pex-10del2 5" Reverse 58 —
Accession No. NC_006072, antisense (386 AA) Plasmid pYRH13 59 —
translation of nucleotides 117230-118387) (8673 bp)
Contig comprising Yarrowia lipolytica Pex10 20 — Primer PEX16Fii 60 —
gene encoding peroxisomal biogenesis factor (3387 bp) Primer PEX16Rii 61 —
protein (Pex10p) (GenBank Accession No. Primer 3UTR-URA3 62 —
ABO036770) Primer Pex16-conf 63 —
Yarrowia lipolytica Pex10 (GenBank 21 22 Real time PCR primer ef-324F 64 —
Accession No. AB036770, nucleotides (1134 bp) (377 AA) Real time PCR primer ef-392R 65 —
1038-2171) (the protein sequence is 100% Real time PCR primer Pex16-741F 66 —
identical to SEQ ID NO: 10) Real time PCR primer Pex16-802R 67 —
Yarrowia lipolytica Pex10 (GenBank 23 24 Nucleotide portion of TagMan probe ef-345T 68 —
Accession No. AJ012084, which corresponds (1065 bp) (354 AA) Nucleotide portion of TagMan probe PEX16- 69 —
to nucleotides 1107-2171 of GenBank 760T
Accession No. AB036770) (the first 23 amino Plasmid pZKUM 70 —
acids are truncated with respect to the protein (4313 bp)
sequences of SEQ ID NOs: 10 and 22) Plasmid pZKD2-5U89A2 71 —
Yarrowia lipolytica Pex10p C3HC, zinc ring — 25 (15,966 bp)
finger motif (i.e., amino acids 327-364 of SEQ (38 AA) Yarrowia lipolytica diacylglycerol 72 73
ID NO: 10) acyltransferase (DGAT?2) (U.S. Pat. No. (2119bp) (514 AA)
Yarrowia lipolytica truncated Pex10p — 26 7>267>9?6) )
(GenBank Accession No. CAG81606 [SEQ ID (345 AA) Synthetic A12 desaturase derived from 74 75
NO: 10], with C-terminal 32 amino acid Fusarmlm rrlwmlzformle, clodon—.optlmlzed for (1434bp) (477 AA)
deletion) expression in Yarrowia lipolytica (“FmD128S”)
Yarrowia lipolytica mutant acetohydroxyacid 27 — Synthetic mutant A8 desaturase (“EgDSM™), 76 7
L derived from Euglena gracilis (“EgD8S”; U.S. (1272bp) (422 AA)
synthélise (AHAS) gene comprising a W497L (2987 bp) Pat. No. 7,256,033)
mutatllon Synthetic A9 elongase derived from 78 79
Plasmid pZP3-Pa777U 28 - Eutreptiella sp. CCMP389 codon-optimized for (792 bp) (263 AA)
(13,066 bp) expression in Yarrowia lipolytica
Plasmid pY117 29 — (“E389D9eS™)
(9570 bp) Synthetic A5 desaturase derived from Euglena 80 81
Plasmid pZP2-2988 30 — gracilis, codon-optimized for expression in (1350bp) (449 AA)

(15,743 bp) Yarrowia lipolytica (“EgD58”)
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TABLE 1-continued

Summary Of Nucleic Acid And Protein SEQ ID Numbers

Protein
Nucleic acid  SEQID
Description and Abbreviation SEQ ID NO. NO.
Plasmid pY157 82 —
(6356 bp)
Plasmid pY8&7 83 —
(5910 bp)
Escherichia coli LoxP recombination site, 84 —
recognized by a Cre recombinase enzyme (34 bp)
Primer UP 768 85 —
Primer LP 769 86 —

DETAILED DESCRIPTION OF THE INVENTION

[0038] Described herein are generalized methods to
manipulate the concentration (as a percent of total fatty acids)
and content (as a percent of the dry cell weight) of long-chain
polyunsaturated fatty acids [“L.C-PUFAs”] in PUFA-produc-
ing eukaryotic organisms. These methods rely on disruption
of a native peroxisome biogenesis factor [“Pex”] protein
within the host and will have wide-spread applicability to a
variety of eukaryotic organisms having native or genetically-
engineered ability to produce PUFAs, including algae, fungi,
oomycetes, yeast, euglenoids, stramenopiles, plants and
some mammalian systems.

[0039] 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. For example, PUFAs may be incorpo-
rated 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 veteri-

nary.

DEFINITIONS
[0040] In this disclosure, a number of terms and abbrevia-
tions are used.
[0041] The following definitions are provided.
[0042] “Open reading frame” is abbreviated as “ORF”.
[0043] “Polymerase chain reaction” is abbreviated as
“PCR”.
[0044] “American Type Culture Collection” is abbreviated
as “ATCC”.
[0045] “Polyunsaturated fatty acid(s)” is abbreviated as
“PUFA(s)”.
[0046] “Triacylglycerols” are abbreviated as “TAGs”.
[0047] “Total fatty acids™ are abbreviated as “TFAs”.
[0048] “Fatty acid methyl esters” are abbreviated as
“FAMEs”.
[0049] “Dry cell weight” is abbreviated as “DCW”.
[0050] The term “invention” or “present invention” as used

herein is not meant to be limiting but applies generally to any
of the inventions defined in the claims or described herein.

[0051] The term “peroxisomes” refers to ubiquitous
organelles found in all eukaryotic cells. They have a single
lipid bilayer membrane that separates their contents from the
cytosol and that contains various membrane proteins essential
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to the functions described below. Peroxisomes selectively
import proteins via an “extended shuttle mechanism”. More
specifically, there are at least 32 known peroxisomal proteins,
also known as peroxins, which participate in the process of
importing proteins by means of ATP hydrolysis through the
peroxisomal membrane. Some peroxins comprise a specific
protein signal, i.e., a peroxisomal targeting signal or “PTS”,
at either the N-terminus or C-terminus to signal that impor-
tation through the peroxisomal membrane should occur.
Once cellular proteins are imported into the peroxisome, they
are typically subjected to some means of degradation. For
example, peroxisomes contain oxidative enzymes, such as
catalase, D-amino acid oxidase and uric acid oxidase, that
enable degradation of substances that are toxic to the cell.
Alternatively, peroxisomes breakdown fatty acid molecules
to produce free molecules of acetyl-CoA which are exported
back to the cytosol, in a process called p-oxidation.

[0052] The terms “peroxisome biogenesis factor protein”,
“peroxin” and “Pex protein” are interchangeable and refer to
proteins involved in peroxisome biogenesis and/or that par-
ticipate in the process of importing cellular proteins by means
of ATP hydrolysis through the peroxisomal membrane. The
acronym of a gene that encodes any of these proteins is “Pex
gene”. A system for nomenclature of Pex genes is described
by Distel et al., J. Cell Biol., 135:1-3 (1996). At least 32
different Pex genes have been identified so far in various
eukaryotic organisms. Many Pex genes have been isolated
from the analysis of mutants that demonstrated abnormal
peroxisomal functions or structures. Based on a review by
Kiel, J.A. K. W, et al. (Traffic, 7:1291-1303 (2006)), wherein
in silico analysis of the genomic sequences of 17 different
fungal species was performed, the following Pex proteins
were identified: Pexlp, Pex2p, Pex3p, Pex3Bp, Pexdp,
Pex5p, Pex5Bp, Pex5Cp, Pex5/20p, Pex6p, Pex7p, Pex8p,
Pex10p, Pex12p, Pex13p, Pex14p, Pex15p, Pex16p, Pex17p,
Pex14/17p, Pex18p, Pex19p, Pex20p, Pex21p, Pex21Bp,
Pex22p, Pex22p-like and Pex26p. Thus, each of these pro-
teins is referred to herein as a “Pex protein”, a “peroxin” or a
“peroxisome biogenesis factor protein”, and is encoded by at
least one “Pex gene”.

[0053] The term “conserved domain” or “motif” refers to 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 struc-
ture, 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. Of relevance herein, Pex2p, Pex10p
and Pex12p all share a cysteine-rich motif near their carboxyl
termini, known as a C;HC, zinc ring finger motif. This motif
appears to be required for their activities, involved in protein
docking and translocation into the peroxisome (Kiel, J. A. K.
W., etal., Traffic, 7:1291-1303 (2006)).

[0054] The term “C,HC, zinc ring finger motif” or “C,HC,
motif” generically refers to a conserved cysteine-rich motif
that binds two zinc ions, identified by the presence of a
sequence of amino acids as set forth in Formula I:

CX5CXg 570X JHX,CX,CX, 16CX5C Formula I

The C,HC, zinc ring finger motif within the Yarrowia lipoly-
tica gene encoding the peroxisome biogenesis factor 10 pro-
tein, i.e., YIPex10p, is located between amino acids 327-364
of SEQ ID NO:10 and 1is defined by a
CX,CX, ,CX HX,CX,CX, ,CX,C motif (SEQ ID NO:25).
The C;HC, zinc ring finger motif within the Y. lipolytica gene
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encoding the peroxisome biogenesis factor 2 protein, i.e.,
Y1Pex2p, is located between amino acids 266-323 of SEQ ID
NO:2. The Y. lipolytica peroxisome biogenesis factor 12 pro-
tein, i.e., YIPex12p, contains an imperfect C;HC, ring-finger
motif located between amino acids 342-391 of SEQ ID
NO:11. The protein sequences corresponding to the C;HC,
zine ring finger motif of YIPex10, YIPex2 and YIPex12 are
aligned in FIG. 2A; asterisks denote the conserved cysteine or
histidine residues of the motif.

[0055] YIPex10, YIPex2 and YIPex12 are thought to form
a ring finger complex by protein-protein interaction. The
proposed interaction between the cystine and histidine resi-
dues of the YIPex10p C,HC, finger motif with two zinc
residues is schematically diagrammed in FIG. 2B.

[0056] The term “Pex10” refers to the gene encoding the
peroxisome biogenesis factor 10 protein or peroxisomal
assembly protein Peroxin 10, wherein the peroxin protein is
hereinafter referred to as “Pex10p”. The function of Pex10p
has not been clearly elucidated, although studies in other
organisms have revealed that Pex10 products are localized in
the peroxisomal membrane and are essential to the normal
functioning of the organelle. A C;HC, zinc ring finger motif
appears to be conserved in the C-terminal region of Pex10p
(Kalish, I. E. et al., Mol. Cell. Biol., 15:6406-6419 (1995);
Tan, X. et al., J. Cell Biol., 128:307-319 (1995); Warren, D.
S., et al., Am. J. Hum. Genet., 63:347-359 (1998)) and is
required for enzymatic activity.

[0057] The term “YIPex10” refers to the Yarrowia lipoly-
tica gene encoding the peroxisome biogenesis factor 10 pro-
tein, wherein the protein is hereinafter referred to as
“YIPex10p”. This particular peroxin was recently studied by
Sumita et al. (FEMS Microbiol. Lett., 214:31-38 (2002)). The
nucleotide sequence of YIPex10 was registered in GenBank
under multiple accession numbers, including GenBank
Accession No. CAG81606 (SEQ ID NO:10), No. AB036770
(SEQ ID NOs:20, 21 and 22) and No. AJ012084 (SEQ 1D
NOs:23 and 24). The YIPex10p sequence set forth in SEQ ID
NO:24 is 354 amino acids in length. In contrast, the YIPex10p
sequences set forth in SEQ ID NO:10 and SEQ ID NO:22 are
each 377 amino acids in length, as the 100% identical
sequences possess an additional 23 amino acids at the N-ter-
minus of the protein (corresponding to a different start codon
than that identified in GenBank Accession No. AJ012084
(SEQ ID NO:24)).

[0058] The term “Pex3” refers to the gene encoding the
peroxisome biogenesis factor 3 protein or peroxisomal
assembly protein Peroxin 3, wherein the peroxin protein is
hereinafter referred to as “Pex3p”. Although mechanistic
details concerning the function of Pex3p have not been
clearly resolved, it is clear that Pex3p is a peroxisomal inte-
gral membrane protein required early in peroxisome biogen-
esis for formation of the peroxisomal membrane (see, e.g.,
Baerends, R. J. et al., J. Biol. Chem., 271:8887-8894 (1996);
Bascom, R. A. et al, Mol. Biol. Cell, 14:939-957 (2003)).
[0059] The term “YIPex3” refers to the Yarrowia lipolytica
gene encoding the peroxisome biogenesis factor 3 protein,
wherein the protein is hereinafter referred to as “YIPex3p”.
The nucleotide sequence of YIPex3 was registered in Gen-
Bank as Accession No. CAG78565 (SEQ ID NO:3).

[0060] The term “Pex16” refers to the gene encoding the
peroxisome biogenesis factor 16 protein or peroxisomal
assembly protein Peroxin 16, wherein the peroxin protein is
hereinafter referred to as “Pex16p”. The function of Pex16p
has not been clearly elucidated, although studies in various
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organisms have revealed that Pex16 products play aroleinthe
formation of the peroxisomal membrane and regulation of
peroxisomal proliferation (Platta, H. W. and R. Erdmann,
Trends Cell Biol., 17(10):474-484 (2007)).

[0061] The term “YIPex16” refers to the Yarrowia lipoly-
tica gene encoding the peroxisome biogenesis factor 16 pro-
tein, wherein the protein is hereinafter referred to as
“YIPex16p”. This particular peroxin was described by Elizen
G. A, et al. (J. Cell Biol., 137:1265-1278 (1997)) and
Titorenko, V. 1. et al. (Mol. Cell. Biol., 17:5210-5226 (1997)).
The nucleotide sequence of YIPex16 was registered in Gen-
Bank as Accession No. CAG79622 (SEQ ID NO:14).
[0062] The term “disruption” in or in connection with a
native Pex gene refers to an insertion, deletion, or targeted
mutation within a portion of that gene, that results in either a
complete gene knockout such that the gene is deleted from the
genome and no protein is translated or a translated Pex protein
having an insertion, deletion, amino acid substitution or other
targeted mutation. The location of the disruption in the pro-
tein may be, for example, within the N-terminal portion of the
protein or within the C-terminal portion of the protein. The
disrupted Pex protein will have impaired activity with respect
to the Pex protein that was not disrupted, and can be non-
functional. A disruption in a native gene encoding a Pex
protein also includes alternate means that result in low or lack
of expression of the Pex protein, such as could result via
manipulating the regulatory sequences, transcription and
translation factors and/or signal transduction pathways or by
use of sense, antisense or RNAi technology, etc.

[0063] As used herein, the term “Pex-disrupted organism”
refers to any oleaginous eukaryotic organism comprising
genes that encode a functional polyunsaturated fatty acid
biosynthetic pathway and having a disruption, as defined
above, in a native gene that encodes a peroxisome biogenesis
factor protein,

[0064] The term “lipids” refer to any fat-soluble (i.e., lipo-
philic), naturally-occurring molecule. Lipids are a diverse
group of compounds that have many key biological functions,
such as structural components of cell membranes, energy
storage sources and intermediates in signaling pathways. Lip-
ids may be broadly defined as hydrophobic or amphiphilic
small molecules that originate entirely or in part from either
ketoacyl or isoprene groups. A general overview of lipids,
based on the Lipid Metabolites and Pathways Strategy
(LIPID MAPS) classification system (National Institute of
General Medical Sciences, Bethesda, Md.), is shown below in
Table 2.

Table 2

Overview of Lipid Classes

[0065]
Structural

Building

Block Lipid Category Examples Of Lipid Classes

Derived from  Fatty Acyls Includes fatty acids, eicosanoids, fatty
condensation esters and fatty amides

of ketoacyl Glycerolipids  Includes mainly of mono-, di- and tri-
subunits substituted glycerols, the most well-

known being the fatty acid esters of
glycerol [“triacylglycerols™]
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-continued
Structural
Building
Block Lipid Category Examples Of Lipid Classes
Glycero- Includes phosphatidylcholine,
phospholipids  phosphatidylethanolamine,

or phosphatidylserine,

Phospholipids  phosphatidylinositols and
phosphatidic acids

Includes ceramides, phospho-
sphingolipids (e.g., sphingomyelins),
glycosphingolipids (e.g., gangliosides),
sphingosine, cerebrosides
Saccharolipids  Includes acylaminosugars, acylamino-
sugar glycans, acyltrehaloses,
acyltrehalose glycans

Includes halogenated acetogenins,
polyenes, linear tetracyclines,
polyether antibiotics, flavonoids,
aromatic polyketides

Includes sterols (e.g., cholesterol), C18
steroids (e.g., estrogens), C19 steroids
(e.g., androgens), C21 steroids (e.g.,
progestogens, glucocorticoids and
mineral-ocorticoids), secosteroids, bile
acids

Includes isoprenoids, carotenoids,
quinones, hydroquinones, polyprenols,
hopanoids

Sphingolipids

Polyketides

Derived from
condensation
of isoprene
subunits

Sterol Lipids

Prenol Lipids

[0066] 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 phosphatidylethanolamine fraction, although this is
by no means inclusive of all sub-fractions.

[0067] “Lipid bodies” refer to lipid droplets that are bound
by a monolayer of phospholipid and, usually, by specific
proteins. These organelles are sites where most organisms
transport/store neutral lipids. Lipid bodies are thought to arise
from microdomains of the endoplasmic reticulum that con-
tain TAG biosynthesis enzymes. Their synthesis and size
appear to be controlled by specific protein components.
[0068] “Neutral lipids” refer to those lipids commonly
found in cells in lipid bodies as storage fats and oils 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 triesters of glycerol with fatty acids, also called
monoacylglycerol, diacylglycerol or triacylglycerol, respec-
tively, or collectively, acylglycerols. A hydrolysis reaction
must occur to release free fatty acids from acylglycerols.
[0069] The terms “triacylglycerols” [“TAGs”] and “o0il” 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 frac-
tion”, and “oil biosynthesis” generically refers to the synthe-
sis 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 compo-
sition in the oil [“TAG”] fraction and the fatty acid composi-
tion of the total lipid fraction are generally similar. Thus, an
increase or decrease in the concentration of PUFAs in the total
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lipid fraction will correspond with an increase or decrease in
the concentration of PUFAS in the oil [*“TAG”] fraction, and
vice versa.

[0070] The term “total fatty acids” [“TFAs”] herein refer to
the sum of all cellular fatty acids that can be derivatized to
fatty acid methyl esters [“FAMEs”] by the base transesterifi-
cation 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 frac-
tion, the phosphatidylethanolamine fraction and the diacylg-
lycerol, monoacylglycerol and triacylglycerol [“TAG or 0il”]
fractions but not free fatty acids.

[0071] Theterm “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., milli-
grams of total fatty acids per 100 milligrams of DCW.
[0072] Generally, the concentration of a fatty acid 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
respectto total lipids is equivalent to concentration of the fatty
acid as % TFAs (e.g., % EPA of total lipids is equivalent to
EPA % TFAs).

[0073] Insome 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, eicosapentaenoic acid %
DCW would be determined according to the following for-
mula: (eicosapentaenoic acid % TFAs)*(TFA % DCW)]/100.
[0074] 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.
[0075] As used herein, the term “fold increase” refers to an
increase obtained by multiplying by a number. For example,
multiplying by 1.3 a quantity, an amount, a concentration, a
weight percent, etc. provides a 1.3 fold increase.

[0076] 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,s 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 “unsat-
urated 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, which is
hereby incorporated herein by reference.

[0077] Nomenclature used to describe PUFAs herein is
given in Table 3. 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
-3 and w-6 fatty acids and their precursors, the abbreviations
that are used throughout the specification and the chemical
name of each compound.
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TABLE 3

Nomenclature of Polyunsaturated Fatty Acids And Precursors

Shorthand

Common Name Abbreviation Chemical Name 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-octadecadiencic  18:2 w-6

y-Linolenic GLA cis-6,9,12- 18:3 w-6
octadecatrienoic

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

Dihomo-y- DGLA cis-8,11,14- 20:3 -6

Linolenic eicosatrienoic

Arachidonic ARA cis-5,8,11,14- 20:4 -6
eicosatetraenoic

a-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- 20:3 -3
eicosatrienoic

Sciadonic SCI cis-5,11,14- 20:3b w-6
eicosatrienoic

Juniperonic JUP cis-5,11,14,17- 20:4b w-3
eicosatetraenoic

Eicosa- ETA cis-8,11,14,17- 20:4 -3

tetraenoic eicosatetraenoic

Eicosa- EPA cis-5,8,11,14,17- 20:5 -3

pentaenoic eicosapentaenoic

Docosatrienoic DRA cis-10,13,16- 22:3 -3
docosatrienoic

Docosa- DTA ¢is-7,10,13,16- 22:4 o-3

tetraenoic docosatetraenoic

Docosa- DPAn-6 cis-4,7,10,13,16- 22:5 -6

pentaenoic docosapentaenoic

Docosa- DPA ¢is-7,10,13,16,19- 22:5 -3

pentaenoic docosapentaenoic

Docosa- DHA cis-4,7,10,13,16,19- 22:6 -3

hexaenoic docosahexaenoic

Although the w-3/w-6 PUFAs listed in Table 3 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.

[0078] As used herein, the terms “a combination of poly-
unsaturated fatty acids” or “any combination of polyunsatu-
rated fatty acids” refers to a mixture of any two or more of the
polyunsaturated fatty acids listed above in Table 3. Such
combination has the attributes of a concentration and of a
weight percent that can be measured relative to a variety of
concentrations or weight percents in the cell, including rela-
tive to the weight percent of the total fatty acids in the cell.

[0079] A metabolic pathway, or biosynthetic pathway, in a
biochemical sense, can be regarded as a series of chemical
reactions occurring in order within a cell, catalyzed by
enzymes, to achieve either the formation of a metabolic prod-
uct 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.

[0080] 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
DPAn-6 and w-3 fatty acids such as ALA, STA, ETrA, ETA,
EPA, DPA and DHA. This process is well described in the
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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 spe-
cifically, “PUFA biosynthetic pathway enzymes” refer to any
of the following enzymes (and genes which encode them)
associated with the biosynthesis of a PUFA, including: a A4
desaturase, a A5 desaturase, a A6 desaturase, a A12 desatu-
rase, a Al5 desaturase, a A17 desaturase, a A9 desaturase, a A8
desaturase, a A9 elongase, a C,,,,; elongase, a C,,,, elon-
gase, a C, /. elongase and/or a C,,,,, elongase.

[0081] Theterm “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 w-3 and w-6 fatty acids. Typically
the genes involved in the w-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 w-6 fatty
acids may be produced from a common source. The pathway
is naturally divided into two portions, such that one portion
generates only w-3 fatty acids and the other portion, only w-6
fatty acids. That portion that generates only w-3 fatty acids is
referred to herein as the m-3 fatty acid biosynthetic pathway,
whereas that portion that generates only w-6 fatty acids is
referred to herein as the w-6 fatty acid biosynthetic pathway.
[0082] The term “functional” as used herein relating to the
w-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
beunderstood that “m-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.

[0083] The term “A6 desaturase/A6 elongase pathway”
refers to a PUFA biosynthetic pathway that minimally
includes at least one A6 desaturase and at least one C,4/q
elongase, 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 desatu-
rases and elongases, ARA, EPA, DPA and DHA may also be
synthesized.

[0084] 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 desatu-
rase, 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 elongases, ARA, EPA, DPA and DHA may also be syn-
thesized.

[0085] 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 pro-
duces 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
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herein are: 1) AS desaturases that catalyze the conversion of
the substrate fatty acid, DGLA, to ARA and/or of the sub-
strate fatty acid, ETA, to EPA; 2) A17 desaturases that desatu-
rate a fatty acid between the 177 and 18" carbon atom num-
bered 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; 3) 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; 4) A12
desaturases that catalyze the conversion of the substrate fatty
acid, oleic acid, to LA; 5) 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; 6) A4
desaturases that catalyze the conversion of the substrate fatty
acid, DPA, to DHA and/or the conversion of the substrate
fatty acid, DTA, to DPAn-6; 7) 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, 8) 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. A15 and A17 desaturases are also occasionally
referred to as “omega-3 desaturases”, “w-3 desaturases”, and/
or “m-3 desaturases”, based on their ability to convert w-6
fatty acids into their m-3 counterparts (e.g., conversion of LA
into ALLA and ARA into EPA, respectively). It may be desir-
able 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.

[0086] Theterm “elongase” refers to a polypeptide that can
elongate a fatty acid carbon chain to produce an acid 2 car-
bons 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 U.S. Pat. App. Pub. No. 2005/0132442 and Int’1
App. Pub. No. WO 2005/047480. Examples of reactions cata-
lyzed by elongase systems are the conversion of GLA to
DGLA, STA to ETA and EPA to DPA. In general, the sub-
strate selectivity of elongases is somewhat broad but segre-
gated by both chain length and the degree and type of unsat-
uration. For example, a C,,,s elongase utilizes a C,,
substrate e.g., myristic acid, a C 4,5 elongase utilizes a C, 4
substrate e.g., palmitate, a C, 4,5, elongase [also known as a
A6 elongase as the terms can be used interchangeably] utilizes
a C,4 substrate e.g., GLA or STA, and a C,,,,, elongase
utilizes a C,,, substrate e.g., EPA. In like manner, a A9 elon-
gaseis able to catalyze the conversion of LA and AL A 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 C 4, 5 elon-
gase and a C,,,, elongase.

[0087] The terms “conversion efficiency” and “percent
substrate conversion” refer to the efficiency by which a par-
ticular 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 prod-
ucts in the pathway derived from it.

[0088] The term “oleaginous” refers to those organisms

that tend to store their energy source in the form of oil (Weete,
In: Fungal Lipid Biochemistry, 2”¢ Ed., Plenum, 1980).
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[0089] The term “oleaginous yeast” refers to those micro-
organisms 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 con-
centration 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)). Oleaginous microorganisms as referred
to herein typically accumulate in excess of about 25% of their
dry cell weight as oil or TAGs. Examples of oleaginous yeast
include, but are not limited to, the following genera: Yar-
rowia, Candida, Rhodotorula, Rhodosporidium, Cryptococ-
cus, Trichosporon and Lipomyces.

[0090] 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.

[0091] 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, 2"
ed., Cold Spring Harbor Laboratory: Cold Spring Harbor,
N.Y. (1989), which is hereby incorporated herein by refer-
ence, particularly Chapter 11 and Table 11.1.

[0092] A “substantial portion” of an amino acid or nucle-
otide 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 com-
parison and identification using algorithms such as BLAST
(Basic Local Alignment Search Tool; Altschul, S. F., etal., J.
Mol. Biol., 215:403-410(1993)). In general, a sequence of ten
or more contiguous amino acids or of thirty or more contigu-
ous 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-de-
pendent methods of gene identification (e.g., Southern
hybridization) and isolation, such as in situ hybridization of
microbial colonies or bacteriophage plaques. In addition,
short oligonucleotides of 12-15 bases may be used as ampli-
fication primers in PCR in order to obtain a particular nucleic
acid fragment comprising the primers. Accordingly, a “sub-
stantial portion” of a nucleotide sequence comprises enough
of the sequence to specifically identify and/or isolate a
nucleic acid fragment comprising the sequence.

[0093] The term “complementary” is used to describe the
relationship between nucleotide bases that are capable of
hybridizing to one another. For example, with respect to
DNA, adenosine is complementary to thymine and cytosine is
complementary to guanine.

[0094] The terms “homology” and “homologous” are used
interchangeably herein. They refer to nucleic acid fragments
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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 Pex nucleic acid fragments
described herein, such as deletion or insertion of one or more
nucleotides that do not substantially alter the functional prop-
erties of the resulting nucleic acid fragment relative to the
initial, unmodified fragment.

[0095] Moreover, the skilled artisan recognizes that
homologous nucleic acid sequences are also defined by their
ability to hybridize, under moderately stringent conditions,
such as 0.5xSSC, 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.

[0096] “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. 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 syn-
thesizing 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.

[0097] “Synthetic genes” can be assembled from oligo-
nucleotide 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.

[0098] “Gene” refers to a nucleic acid fragment that
expresses a specific protein, and which may refer to the cod-
ing region alone or may include regulatory sequences preced-
ing (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.

[0099] “Coding sequence” refers to a DNA sequence that
codes for a specific amino acid sequence. “Suitable regula-
tory sequences” refer to nucleotide sequences located
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upstream (5' non-coding sequences), within, or downstream
(3' non-coding sequences) of a coding sequence, 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, poly-
adenylation recognition sequences, RNA processing sites,
effector binding sites and stem-loop structures.

[0100] “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 recog-
nized that since in most cases the exact boundaries of regu-
latory sequences have not been completely defined, DNA
fragments of different lengths may have identical promoter
activity.

[0101] The terms “3' non-coding sequences” and “tran-
scription terminator” refer to DNA sequences located down-
stream of a coding sequence. This includes polyadenylation
recognition sequences and other sequences encoding regula-
tory signals capable of affecting mRNA processing or gene
expression. The polyadenylation signal is usually character-
ized 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.

[0102] “RNA transcript” refers to the product resulting
from RNA polymerase-catalyzed transcription of a DNA
sequence. When the RNA transcript is a perfect complemen-
tary 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
mRNA 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.

[0103] 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,
apromoter is operably linked with a coding sequence when it
is capable of affecting the expression of that coding sequence.
That is, the coding sequence is under the transcriptional con-
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trol of the promoter. Coding sequences can be operably linked
to regulatory sequences in sense or antisense orientation.
[0104] The term “expression”, as used herein, refers to the
transcription and stable accumulation of sense (mRNA) or
antisense RNA derived from nucleic acid fragments. Expres-
sion may also refer to translation of mRNA into a polypep-
tide.

[0105] “Mature” protein refers to a post-translationally
processed polypeptide, i.e., one from which any pre- or pro-
peptides present in the primary translation product have been
removed. “Precursor” protein refers to the primary product of
translation of mRNA, i.e., with pre- and pro-peptides still
present. Pre- and pro-peptides may be, but are not limited to,
intracellular localization signals.

[0106] “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 plas-
mid that replicates autonomously, for example, or, it may
integrate into the genome of the host organism. Host organ-
isms containing the transformed nucleic acid fragments are
referred to as “transgenic” or “recombinant” or “trans-
formed” organisms.

[0107] “Stable transformation” refers to the transfer of a
nucleic acid fragment into a genome of a host organism,
including both nuclear and organellar genomes, resulting in
genetically stable inheritance. In contrast, “transient transfor-
mation” refers to the transfer of a nucleic acid fragment into
the nucleus, or DNA-containing organelle, of a host organism
resulting in gene expression without integration or stable
inheritance. Host organisms containing the transformed
nucleic acid fragments are referred to as “transgenic” organ-
isms.

[0108] 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 inte-
grating 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 that is capable of introducing an expression cas-
sette(s) into a cell.

[0109] 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 cod-
ing sequence that are required for expression of the selected
gene product. Thus, an expression cassette is typically com-
posed 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 poly-
adenylation site. The expression cassette(s) is usually
included within a vector, to facilitate cloning and transforma-
tion. 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.

[0110] 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. “Identity” also means the degree of sequence
relatedness between polypeptide or polynucleotide
sequences, as the case may be, as determined by the percent-
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age of match between compared sequences. “Percent iden-
tity” 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: Informat-
ics and Genome Projects (Smith, D. W., Ed.) Academic: NY
(1993); 3) Computer Analysis of Sequence Data, Part I (Grif-
fin, 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).

[0111] 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 LASER-
GENE bioinformatics computing suite (DNASTAR Inc.,
Madison, Wis.). Multiple alignment of the sequences is per-
formed 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. Bio-
sci., 8:189-191 (1992)) and found in the MegAlign™ v6.1
program of the LASERGENE bioinformatics computing
suite (DNASTAR Inc.). After alignment of the sequences
using either Clustal program, it is possible to obtain a “per-
cent identity” by viewing the “sequence distances™ table in
the program.

[0112] 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.
Useful examples of percent identities include, but are not
limited to, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95%, or any integer percentage from 50% to 100%.
Indeed, any integer amino acid identity from 50% to 100%
may be useful in describing suitable nucleic acid fragments
(isolated polynucleotides) encoding polypeptides in methods
and host cells described herein, such as 51%, 52%, 53%,
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 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%. In some cases, suitable
nucleic acid fragments (isolated polynucleotides) 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.

[0113] 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 prefer-
ably at least 200 amino acids, and most preferably at least 250
amino acids.
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[0114] 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 inde-
pendently 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
(GCQG), Madison, Wis.); 2) BLASTP, BLASTN, BLASTX
(Altschuletal., J. Mol. Biol., 215:403-410 (1990)); 3) DNAS-
TAR (DNASTAR, Inc. Madison, Wis.); 4) Sequencher (Gene
Codes Corporation, Ann Arbor, Mich.); 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, N.Y.). 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” means any set of values or parameters that
originally load with the software when first initialized.
[0115] Standard recombinant DNA and molecular cloning
techniques used herein are well known in the art and are
described by Sambrook, I., Fritsch, E. F. and Maniatis, T.,
Molecular Cloning: A Laboratory Manual, 2" ed., Cold
Spring Harbor Laboratory: Cold Spring Harbor, N.Y. (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, N.Y. (1984); and by
Ausubel, F. M. et al., Current Protocols in Molecular Biol-
ogy, published by Greene Publishing Assoc. and Wiley-Inter-
science, Hoboken, N.J. (1987).

An Overview Biosynthesis of Fatty Acids and Triacylglycer-
ols

[0116] In general, lipid accumulation in oleaginous micro-
organisms 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 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).

[0117] 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) esterifi-
cation of a second molecule of acyl-CoA via an acyltrans-
ferasetoyield 1,2-diacylglycerol phosphate, commonly iden-
tified 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 the TAG.

[0118] 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. Some non-limit-
ing examples of fatty acids that can be incorporated into TAGs
by acyltransterases include: capric (10:0), lauric (12:0),
myristic (14:0), palmitic (16:0), palmitoleic (16:1), stearic
(18:0), oleic (18:1), vaccenic (18:1), LA (18:2), eleostearic
(18:3), GLA (18:3), ALA (18:3), STA (18:4), arachidic (20:
0), EDA (20:2), DGLA (20:3), ETrA (20:3), ARA (20:4),
ETA (20:4), EPA (20:5), behenic (22:0), DPA (22:5), DHA
(22:6), lignoceric (24:0), nervonic (24:1), cerotic (26:0) and
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montanic (28:0) fatty acids. In the methods and host cells
described herein, incorporation of “long-chain” PUFAs into
TAGs may be most desirable, wherein long-chain PUFAs
include any fatty acid derived from an 18:1 substrate having at
least 18 carbons in length, ie., C,; or greater. This also
includes hydroxylated fatty acids, epoxy fatty acids and con-
jugated linoleic acid.

[0119] Although most PUFAs are incorporated into TAGs
as neutral lipids and are stored in lipid bodies, it is important
to note that a measurement of the total PUFAs within an
oleaginous organism should include those PUFAs that are
located in the phosphatidylcholine fraction, phosphatidyl-
ethanolamine fraction, and triacylglycerol, also known as the
TAG or oil, fraction.

Biosynthesis of Omega Fatty Acids

[0120] The metabolic process wherein oleic acid is con-
verted to w-3/w6 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.

[0121] Specifically, FIG. 1 depicts the pathways described
below. All pathways require the initial conversion of oleic
acid to linoleic acid [“L.A”], the first of the w-6 fatty acids, by
aAl2 desaturase. Then, using the “A6 desaturase/A6 elongase
pathway” and LA as substrate, long-chain w-6 fatty acids are
formed as follows: 1) LA is converted to y-linolenic acid
[“GLA”] by a A6 desaturase; 2) GLA is converted to dihomo-
y-linolenic acid [“DGLA”] by a C, /5, elongase; 3) DGLA is
converted to arachidonic acid [“ARA”] by a AS desaturase; 4)
ARA is converted to docosatetraenoic acid [“DTA”] by a
C,o2, elongase; and, 5) DTA is converted to docosapen-
taenoic acid [“DPAn-6"] by a A4 desaturase.

[0122] Alternatively, the “A6 desaturase/A6 elongase path-
way” can use o.-linolenic acid [“ALLA”] as substrate to pro-
duce long-chain w-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 stearidonic acid [“STA”] by a A6
desaturase; 3) STA is converted to eicosatetraenoic acid
[“ETA”] by a C, 55, elongase; 4) ETA is converted to eicosa-
pentaenoic acid [“EPA”] by a AS desaturase; 5) EPA is con-
verted to docosapentaenoic acid [“DPA”] by a C,,,, elon-
gase; and, 6) DPA is converted to docosahexaenoic acid
[“DHA”] by a A4 desaturase. Optionally, -6 fatty acids may
be converted to w-3 fatty acids. For example, ETA and EPA
are produced from DGLA and ARA, respectively, by Al7
desaturase activity.

[0123] Alternate pathways for the biosynthesis of m-3/w-6
fatty acids utilize A9 elongase and A8 desaturase, that is, the
“A9 elongase/A8 desaturase pathway”. More specifically, LA
and ALA may be converted to EDA and ETrA, respectively,
by a A9 elongase. A A8 desaturase then converts EDA to
DGLA and/or ETrA to ETA. Downstream PUFAs are subse-
quently formed as described above.

[0124] Thehost organism herein must possess the ability to
produce PUFAs, either naturally or via techniques of genetic
engineering. Although many microorganisms can synthesize
PUFAs (including w-3/w-6 fatty acids) in the ordinary course
of cellular metabolism, some of whom could be commer-
cially cultured, few to none of these organisms produce oils
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having a desired oil content and composition for use in phar-
maceuticals, dietary substitutes, medical foods, nutritional
supplements, other food products, industrial oleochemicals
or other end-use applications. Thus, there is increasing
emphasis on the ability to engineer microorganisms for pro-
duction of “designer” lipids and oils, wherein the fatty acid
content and composition are carefully specified by genetic
engineering. On this basis, it is expected that the host likely
comprises heterologous genes encoding a functional PUFA
biosynthetic pathway but not necessarily.

[0125] If the host organism does not natively produce the
desired PUFAs or possess the desired lipid profile, one skilled
in the art is familiar with the considerations and techniques
necessary to introduce one or more expression cassettes
encoding appropriate enzymes for PUFA biosynthesis into
the host organism of choice. Numerous teachings are pro-
vided in the literature to one of skill for so introducing such
expression cassettes into various host organisms. Some ref-
erences using the host organism Yarrowia lipolytica are pro-
vided as follows: U.S. Pat. No. 7,238,482; Int’1. App. Pub. No.
WO 2006/033723, Pat. Appl. Pub. No. US-2006-0094092,
Pat. Appl. Pub. No. US-2006-0115881-A1 and Pat. Appl.
Pub. No. US-2006-0110806-A1. This list is not exhaustive
and should not be construed as limiting.

[0126] Briefly, a variety of w-3/w-6 PUFA products can be
produced prior to their transfer to TAGs, depending on the
fatty acid substrate and the particular genes of the w-3/w-6
fatty acid biosynthetic pathway that are present in or trans-
formed into the host cell. As such, production of the desired
fatty acid product can occur directly or indirectly. Direct
production occurs when the fatty acid substrate is converted
directly into the desired fatty acid product without any inter-
mediate steps or pathway intermediates. Indirect production
occurs when multiple genes encoding the PUFA biosynthetic
pathway may be used in combination such that a series of
reactions occur to produce a desired PUFA. Specifically, it
may be desirable to transform an oleaginous yeast with an
expression cassette comprising a A12 desaturase, A6 desatu-
rase, a C, 4, elongase, a AS desaturase and a A17 desaturase
for the overproduction of EPA. See U.S. Pat. No. 7,238,482
and Int’l. App. Pub. No. WO 2006/052870. As is well known
to one skilled in the art, various other combinations of genes
encoding enzymes of the PUFA biosynthetic pathway may be
useful to express in an oleaginous organism (see FIG. 1). The
particular genes included within a particular expression cas-
sette depend on the host organism, its PUFA profile and/or
desaturase/elongase profile, the availability of substrate and
the desired end product(s).

[0127] A number of candidate genes having the desired
desaturase and/or elongase activities can be identified accord-
ing to publicly available literature, such as GenBank, the
patent literature, and experimental analysis of organisms hav-
ing the ability to produce PUFAs. 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, plants, animals, etc., produced via a
semi-synthetic route or synthesized de novo. Following the
identification of these candidate genes, considerations for
choosing a specific polypeptide having desaturase or elon-
gase activity include: 1) the substrate specificity of the
polypeptide; 2) whether the polypeptide or a component
thereof’is arate-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
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polypeptide is modified after its production, such as by a
kinase or a prenyltransferases.

[0128] The expressed polypeptide preferably has param-
eters compatible with the biochemical environment of its
location in the host cell. See U.S. Pat. No. 7,238,482. 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.

Peroxisome Biogenesis and Pex Genes

[0129] As previously described, peroxisomes are ubiqui-
tous organelles found in all eukaryotic cells. Their primary
role is the degradation of various substances within a local-
ized organelle of the cell, such as toxic compounds, fatty
acids, etc. For example, the process of §-oxidation, wherein
fatty acid molecules are broken down to ultimately produce
free molecules of acetyl-CoA (which are exported back to the
cytosol), can occur in peroxisomes. Although the process of
[-oxidation in mitochondria results in ATP synthesis, [3-oxi-
dation in peroxisomes causes the transfer of high-potential
electrons to O, and results in the formation of H,O,, which is
subsequently converted to water and O, by peroxisome cata-
lases. Very long chain, such as C | 4 to C,,, fatty acids undergo
initial f-oxidation in peroxisomes, followed by mitochon-
drial p-oxidation.

[0130] The proteins responsible for importing proteins by
means of ATP hydrolysis through the peroxisomal membrane
are known as peroxisome biogenesis factor proteins, or “per-
oxins”. These peroxisome biogenesis factor proteins also
include those proteins involved in peroxisome biogenesis/
assembly. The gene acronym for peroxisome biogenesis fac-
tor proteins is Pex; and, a system for nomenclature is
described by Distel et al., J. Cell Biol., 135:1-3 (1996). At
least 32 different Pex genes have been identified so far in
various eukaryotic organisms. In fungi, however, the recent
review of Kiel et al. (Traffic, 7:1291-1303 (2006)) suggests
that the minimal requirement for peroxisome biogenesis/ma-
trix protein import is numbered as 17, thereby requiring only
Pex1p, Pex2p, Pex3p, Pex4p, Pex5p, Pex6p, Pex7p, Pex8p,
Pex10p, Pex12p, Pex13p, Pex14p, Pex17p, Pex19p, Pex20p,
Pex22p and Pe26p. These proteins act in a coordinated fash-
ion to proliferate (duplicate) peroxisomes and import proteins
via translocation into peroxisomes (reviewed in Waterham,
H.R.and J. M. Cregg. BioEssays. 19(1):57-66 (1996)).
[0131] Many Pex genes were initially isolated from the
analysis of mutants that demonstrated abnormal peroxisomal
functions or structures. With the availability of complete
genome sequences, however, it is becoming increasingly easy
to identify Pex genes via computer sequence searches based
on homology. Kiel et al. (Traffic, 7:1291-1303 (2006)) cite
strong conservation of the peroxisome biogenesis machinery,
despite occasional low sequence similarity. More specifi-
cally, within the yeast and filamentous fungi, their data indi-
cate that almost all Pex proteins identified thus far are con-
served. Table 4, below, shows peroxisome biogenesis factor
proteins identified by Kiel et al. (supra) in Saccharomyces
cerevisiae, Candida glabrata, Ashbya gossypii, Kluyveromy-
ces lactis, Candida albicans, Debaryomyces hansenii, Pichia
pastoris, Hansenula polymorpha, Yarrowia lipolytica,
Aspergillus fumigatus, Aspergillus nidulans, Penicillium
chrysogenum, Magnaporthe grisea, Neurospora crassa, Gib-
berella zeae, Ustilago maydis, Cryptococcus neoformans var.
neoformans and Schizosaccharomyces pombe.
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TABLE 4
GenBank Accession Numbers Of Fungal Peroxisome Biogenesis Factor Proteins
[Recreated From Table 2 of Kiel et al., (Traffic, 7: 1291-1303 (2006))]
Saccharo-
myces Candida Ashbya Kluyveromyces Candida Debaryomyces  Pichia Hansenula Yarrowia
cerevisiae glabrata gossypii lactis albicans hansenii pastoris polymorpha  lipolytica
Pexlp CAAB2041 CAG60131 AAS53742 CAHO02218 EAL02496 CAGB89689 CAAB5450 AADS52811 CAGR2178
Pex2p CAAB9508 CAG60461  AAS50677 CAHO00186 EAK95929 CAG85956 CAAG65646  AAT97412  CAGT7647
Pex3p AAB64764 CAG62379  AAS52217 CAG9H9801 EAK94771 CAG89890 CAA96530 AAC49471 CAGT78565
Pex3Bp — — — — — — na — CAGR83356
Pexdp CAA97146 CAG60639  AAS53685 CAG99212 EAL03336 CAG87262 AAA53634 AAC16238 CAG79130
Pex5p CAAB9730 CAG61665 AAS53824 CAHO1742 EAK94251 CAG89098 AAB40613  AAC49040 CAG78803
Pex5Bp — CAG61076 — — — — na — —
Pex5Cp CAAB9120 — — — — — na — —
(Ymr018wp)
Pex520p — — — — — — na — —
Pex5Rp — — — — — — na — —
Pex6p AAAL16574 CAG58438  AAS54884  CAGH9125 EAK95956 CAG87108 CAAB0278 AADS52812 CAGR2306
Pex7p CAAS57183 CAG57936  AAS54301  CAG99215 EAK95226 CAG87150 AAC08303 ABAG64462 CAG78389
Pex8p CAA97079 CAG61238 AAS52889 CAHO1253 EAK91777, CAG89446 AAC41653  CAAR2928  CAGB0447
EAK91778*
Pex9p ORF — — — — — — — —
wrongly
identified
Pex10p AAB64453 CAG62699  AAS53069 CAG99788 Translation of CAG89101 AAB09086 CAAR6101 CAG81606
AACQ-
01000128,
nucleotides
37281-36306
(contains
intron)
Pex12p CAAB9129 CAG62649  AAS50837 CAG99378 EAL00707 CAG84342 AAC49402  AAMG66157 CAG81532
Pex13p AAB46885 CAG57840 AAS51456 CAG99931 EAK97421 CAG86337 AAB09087 DQ345349  CAG81789
Pex14p AAS56829  CAG58828  AAS54871  CAG99440 EAK90926 CAG91028 AAG28574 AAB40596 CAG79323
Pex15p CAA99046 CAG58938 AAS51506 CAG98135 — — na — —
Pex16p — — — — — — na — CAG79622
Pex17p CAA96116 CAG61398  AAS50595 CAHO01010 EAK95385 CAG86168 AAF19606  DQ345350  CAGB84025
Pex14/17p — — — — — — na — —
Pex18p AAB68992  — — — — — na — —
Pex19p CAA98630 CAG58359 AAS52741  CAG99258 EAK97275 CAG84799 AADA43507 AAKS84070 AAKS84827
Pex20p — — — — EAK91603, CAG87898 AAX11696 AAX14715 CAG79226
EAK94766*
Pex21p CAA97267 CAG59241 AAS51769  CAG99735 — — na — —
Pex21Bp — CAG60281 — — — — na — —
Pex22p AAC04978  CAG60970  AAS52329  CAG9H7800 EAK91040 CAG88727 AADA45664 DQ384616  CAGT77876
Pex22p- — — — — — na — — EAL90994
like
Pex26p — — — — EAK91093 CAG88929 na DQ645588  Antisense
translation of
NC_006072,
nucleotides
117230-118387
Cryptococcus
neoformans Schizo-
Aspergillus  Aspergillus Penicillium  Magnaporthe — Neurospora  Gibberella Ustilago var. saccharomyces
Sfumigatus nidulans chrysogenum grisea crassa zeae maydis neoformans pombe
Pexlp EAL93310 EAAS57740 AAG09748  XP__364454 EAA34641 EAA76787 EAKR5195 AAW43248 CAA19256
Pex2p EALRB068  EAAS58944 DQ793192  XP__368589 EAA35361 EAA70670 EAKR1310 AAW40683 CAA16981
Pex3p EAL91965 EAA64392 DQ793193  XP__369909 EAA33751 EAAT76989 EAKR7104 AAWA42444 CAB10141
Pex3Bp — — — — — — — — —
Pexdp EALR7211  Translation of DQ793194  XP__369064 EAA34737 EAA76379  Translation — CAB91184
AACDO- of AACPO-
1000130, 1000006,
nucleotides nucleotides
150195-150738 97041-96550
(contains (contains
intron) intron)
Pex5p EALRS5289  EAA63772 AARI12222 XP_360528 EAA36111 EAA68640 EAKR3659 AAW46349 CAA22179
Pex5Bp — — — — — — — — —
Pex5Cp — — — — — — — — —
Pex5/20p — — — — — — EAK82973  AAW41849 —
Pex5Rp — — — — — — — — —
Pex6p EAL92776  EAA63496 AAG09749  XP__368715 EAA36040 EAA73732 EAKR3459 AAW45333 CABI11501
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TABLE 4-continued
GenBank Accession Numbers Of Fungal Peroxisome Biogenesis Factor Proteins
[Recreated From Table 2 of Kiel et al., (Traffic, 7: 1291-1303 (2006))]
Pex7p EAL90870  EAA65909 DQ793195  XP__363555 AAN39560 EAA74171 EAK84499 AAW41119 P78798
Pex8p EAL93137 EAAS57947 DQ793196  XP__359449 EAA27783 EAAT77627 [EAKR3936 AAWA43468 CAB53406
Pex9p — — — — — — — — —
Pex10p EALR7045 EAA62774 DQ793197  XP__369099 EAA34967 EAA76761 EAKR3811 AAW45079 CAB51769
Pex12p EAL93972 EAA61357 DQ793198  XP_ 363845 EAA32773 EAA76413 EAKR1282 AAW46724 CAD27496
Pex13p EALRS5282 EAA63824 DQ793199  XP__369087 EAA35785 EAA68396 EAKR4395 AAW42381 CAB16740
Pex14p EAL92562 EAA61046 DQ793200 XP_368216 EAA28304 EAA76904 EAKR83123 AAW46857 CAAI18656
Pex15p — — — — — — — — —
Pex16p EALRB469 EAA62294 DQ793201  XP__364166 EAA34648 EAA71849 EAKR82801 AAW43797 CAA22819
Pex17p See — — — — — — — —
Pex14/17p

Pex14/17p EAL93590 EAA58642 DQ793202  XP_368163 EAA27748 EAA73655 EAK81127 — —
Pex18p — — — — — — — — —
Pex19p EAL92487  EAA60977 DQ793203  XP_368273 EAA31855 EAA70162 EAKR6072 AAWA42876 CAA97344
Pex20p EAL90176  EAA60479 DQ793204  XP__368606 AAN39561 EAA76911 — — —
Pex21p — — — — — — — — —
Pex21Bp — — — — — — — — —
Pex22p — — — — — — — — —
Pex22p-  EAL90994  EAA66006 DQ793205  XP__365689 EAA26537  Translation — — —
like of AACMO-

1000080,

nucleotides

4362-3039

(contains

intron)
Pex26p EAL93994 EAA61336 DQ793206  XP__359606 EAA28582 EAA76391 — — —

*Partial ORFs encoded on non-overlapping contigs.

[0132] Mutations of Pex genes leading to impaired peroxi-
some biogenesis result in severe metabolic and developmen-
tal disturbances in yeasts, humans and plants (Eckert, J. H.
and R. Erdmann, Rev. Physiol. Biochem Pharmacol., 147:75-
121 (2003); Weller, S. et al., Annual Review of Genomics and
Human Genetics, 4:165-211 (2003); Wanders, R. J., Am. J.
Med. Genet., 126A:355-375 (2004); Mano, S. and M. Nish-
imura, Vitam Horm., 72:111-154 (2005); Wanders, J. A., and
H. R. Waterham, Annu. Rev. Biochem., 75:295-332 (2006);
Fujiki, Yukio. Peroxisome Biogenesis Disorders. In, Encyclo-
pedia of Life Sciences. John Wiley & Sons, 2006). For
example, X-linked adrenoleukodystrophy [“X-ALD”] and
Zellweger syndrome, as well as several less severe forms of
the disease, can result from single enzyme deficiencies and/or
peroxisomal biogenesis disorders.

[0133] Within the yeast, Yarrowia lipolytica, a variety of
different Pex genes have been isolated and characterized, as
identified in Table 4 above. More specifically, Bascom, R. A.
etal. (Mol. Biol. Cell, 14:939-957 (2003)) describe YIPex3p;
Szilard, R. K. et al. (J. Cell Biol., 131:1453-1469 (1995))
describe YIPex5p; Nuttley, W. M. et al. (J. Biol. Chem., 269:
556-566 (1994)) describe YIPex6p; Elizen G. A., et al. (J.
Biol. Chem., 270:1429-1436 (1995)) describe YIPex9p; Eli-
zen G. A, et al. (J. Cell Biol., 137:1265-1278 (1997)) and
Titorenko, V. L. et al. (Mol. Cell. Biol., 17:5210-5226 (1997))
describe YIPex16p; Lambkin, G. R. and R. A. Rachubinski
(Mol. Biol. Cell., 12(11):3353-3364 (2001)) describe
Y1Pex19; and Titorenko V. 1, etal. (J. Cell Biol., 142:403-420
(1998)) and Smith J. J. and R. A. Rachubinski (/. Cell Biol.,
276:1618-1625 (2001)) describe YIPex20p.

[0134] Of initial interest herein was YIPex10p (GenBank
Accession No. CAG81606, No. AB036770 and No.
AJ012084). It was demonstrated in Sumita et al. (FEMS
Microbiol. Lett., 214:31-38 (2002) that: 1) YIPex10p func-
tions as a component of the peroxisome; and, 2) the C;HC,

zine ring finger motif of YIPex10p was essential for the pro-
tein’s function as determined via creation of C3418S, C346S
and H343W point mutations, followed by analysis of growth.

[0135] Studies ofthe C;HC, zinc ring finger motif of Pex10
have been done in other organisms with similar results. For
example, point mutations that alter conserved residues in the
Pex10p C,HC, motif of Pichia pastoris were found to abolish
function of the protein (Kalish, J. E. et al., Mol. Cell. Biol.,
15:6406-6419 (1995)). Similarly, after functional comple-
mentation assays in fibroblast cell lines, Warren D. S., et al.
(Hum. Mutat., 15(6):509-521 (2000)) concluded that the
C,HC, motifwas critical for Pex10p function. Several studies
show that loss of function of Pex10p in Arabidopsis causes
embryo lethality at the heart stage (Hu, J., et al., Science,
297:405-409 (2002); Schmumann, U. et al., Proc. Natl. Acad.
Sci. U.S.A., 100:9626-9631 (2003); Sparkes, I. A., etal., Plant
Physiol., 133:1809-1819 (2003); Fan, J. et al., Plant Physiol.,
139:231-239 (2005)). In follow-up research, Schemann, U. et
al. (Proc. Natl. Acad. Sci. U.S.A., 104:1069-1074 (2007))
investigated the function of Pex10p in nonlethal partial loss-
of-function Arabidopsis mutants. Specifically, four T-DNA
insertion lines expressing Pex10p with a dysfunctional
C,HC, motif were created in an Arabidopsis wildtype back-
ground. Mutant plants demonstrated impaired leaf peroxi-
somes and the authors suggest that inactivation of the ring
finger motifin Pex10p eliminated protein interaction required
for attachment of peroxisomes to chloroplasts and movement
of metabolites between peroxisomes and chloroplasts.

[0136] Although studies have not identified essential
domains in other Pex proteins, research has looked at the
effect of various Pex mutants to learn the strategies and the
molecular mechanisms evolutionarily diverse organisms use
for assembling, maintaining, propagating and inheriting the
peroxisome, an organelle known for its role in lipid metabo-
lism. For example, Bascom, R. A. et al. has performed knock-
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out and overexpression of the Yarrowia lipolytica Pex3p
(Mol. Biol. Cell, 14:939-957 (2003)). The knockout cells did
not contain wildtype perixosomes but instead had numerous
small vesicles; overexpression resulted in cells with fewer,
larger and clustered peroxisomes. They hypothesized that
Pex3p is involved in the initiation of peroxisome assembly by
sequestering components of peroxisome biogenesis, i.e., per-
oxisome targeting signal (PTS) 1 and 2 import machineries.
Similarly, for Guo, T. et al., knockout of the Y lipolytica
Pex16p resulted in excessive proliferation of immature per-
oxisomal vesicles and significantly decreased the rate and
efficiency of their conversion to mature peroxisomes (J. Cell
Biol., 162:1255-1266 (2003)), while overexpression resulted
in few but enlarged peroxisomes (Eitzen et al., J. Cell/ Biol.,
137:1265-1278 (1997)). Guo et al. concluded Pex16p nega-
tively regulated the membrane scission event required for
division of early peroxisomal precursors.

[0137] Despite the advances summarized above, many
details concerning the roles of various Pex proteins, their
interaction with one another and the biogenesis/assembly
mechanism in peroxisomes remains to be elucidated. As such,
the data described in the Application, wherein mutation
within the C;HC, motif of YIPex10p or knockout of YIPex3p,
YIPex10p or YIPex16p results in creation of a Yarrowia
lipolytica mutant that has an increased capacity to incorporate
PUFAs, especially long-chain PUFAs such as C,, to C,,
molecules, into the total lipid fraction and in the oil fraction in
the cell, is a novel observation that does not yet find validation
in studies with other plants or animals.

[0138] It has been suggested that peroxisomes are required
for both catabolic and anabolic lipid metabolism (Lin, Y. et
al., Plant Physiology, 135:814-827 (2004)); however, this
hypothesis was based on studies with a homolog of Pex16p.
More specifically, Lin, Y. et al. (supra) reported that Arabi-
dopsis Shrunken Seed 1 (ssel) mutants had both abnormal
peroxisome biogenesis and fatty acid synthesis, based on a
reduction of oil to approximately 10-16% of wild type in ssel
seeds. Binns, D. et al. (J. Cell Biol., 173(5):719-731 (2006))
examined the peroxisome-lipid body interactions in Saccha-
romyces cerevisiae and determined that extensive physical
contact between the two organelles promotes coupling of
lipolysis within lipid bodies with peroxisomal fatty acid oxi-
dation. More specifically, ratios of free fatty acids to TAGs
were examined in various Pex knockouts and found to be
increased relative to the wildtype. Clearly, further investiga-
tion will be necessary to understand the metabolic roles of
peroxisomes and in particular of Pex3p, Pex10p and Pex16p
proteins.

[0139] Without wishing to be held to any particular expla-
nation or theory, it is hypothesized that disruption or knock-
out of'a Pex gene within an oleaginous yeast cell affects both
the catabolic and anabolic lipid metabolism that naturally
occurs in peroxisomes or is affected by peroxisomes. Disrup-
tion or knockout results in an increase in the amount of
PUFAs in the total lipid fraction and in the oil fraction, as a
percent of total fatty acids, as compared with an oleaginous
yeast whose native peroxisome biogenesis factor protein has
not been disrupted. In some cases, an increase in the amount
of PUFAs in the total lipid fraction and in the oil fraction as a
percent of dry cell weight, and/or an increase in the total lipid
content as a percent of dry cell weight, is also observed. It is
hypothesized that this generalized mechanism is applicable
within all eukaryotic organisms, such as algae, fungi,
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oomycetes, yeast, euglenoids, stramenopiles, plants and
some mammalian systems, since all comprise peroxisomes.
[0140] Identification and Isolation of Pex Homologs
[0141] When the sequence of a particular Pex gene or pro-
tein within a preferred host organism is not known, one
skilled in the art recognizes that it will be most desirable to
identify and isolate these genes, or portions of them, prior to
regulating the activity of the encoded proteins, which regula-
tion in turn facilitates altering the amount, as a percent of total
fatty acids, of PUFAs incorporated into the total lipid fraction
and in the oil fraction of the eukaryote. Sequence knowledge
of'the preferred host’s Pex genes also facilitates disruption of
the homologous chromosomal genes by targeted disruption.
[0142] The Pex sequences in Table 4, or portions of them,
may be used to search for Pex homologs in the same or other
algal, fungal, oomycete, euglenoid, stramenopiles, yeast or
plant species using sequence analysis software. In general,
such computer software matches similar sequences by
assigning degrees of homology to various substitutions, dele-
tions, and other modifications. Use of software algorithms,
such as the BLASTP method of alignment with a low com-
plexity filter and the following parameters: Expect value=10,
matrix=Blosum 62 (Altschul, et al., Nucleic Acids Res.
25:3389-3402 (1997)), is well-known for comparing any Pex
protein in Table 4 against a database of nucleic or protein
sequences and thereby identifying similar known sequences
within a preferred host organism.

[0143] Use of a software algorithm to comb through data-
bases of known sequences is particularly suitable for the
isolation of homologs having a relatively low percent identity
to publicly available Pex sequences, such as those described
in Table 4. It is predictable that isolation would be relatively
easier for Pex homologs of at least about 70%-85% identity to
publicly available Pex sequences. Further, those sequences
that are at least about 85%-90% identical would be particu-
larly suitable forisolation and those sequences that are at least
about 90%-95% identical would be the most facilely isolated.
[0144] Some Pex homologs have also been isolated by the
use of motifs unique to the Pex enzymes. For example, it is
well known that Pex2p, Pex10p and Pex12p all share a cys-
teine-rich motif near their carboxyl termini, known as a
C,HC, zinc ring finger motif (FIG. 2A). This region of “con-
served domain” corresponds to a set of amino acids that are
highly conserved at specific positions and likely represents a
region of the Pex protein that is essential to the structure,
stability or activity of the protein. Motifs are identified by
their high degree of conservation in aligned sequences of a
family of protein homologues. As unique “signatures”, they
can determine if a protein with a newly determined sequence
belongs to a previously identified protein family. These
motifs are useful as diagnostic tools for the rapid identifica-
tion of novel Pex2, Pex10 and/or Pex12 genes, respectively.
[0145] Alternatively, the publicly available Pex sequences
or their motifs may be hybridization reagents for the identi-
fication of 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 spe-
cific hybridization method. Probes are typically single-
stranded nucleic acid sequences that are complementary to
the nucleic acid sequences to be detected. Probes are hybrid-
izable to the nucleic acid sequence to be detected. Although
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
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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.
[0146] Hybridization methods are well known. Typically
the probe and the sample must be mixed under conditions that
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 the sample nucleic acid occurs. The
concentration of probe or target in the mixture determine the
time necessary for hybridization to occur. The higher the
concentration of the probe or target, the shorter the hybrid-
ization incubation time needed. Optionally, a chaotropic
agent may be added, such as guanidinium chloride, guani-
dinium thiocyanate, sodium thiocyanate, lithium tetrachloro-
acetate, sodium perchlorate, rubidium tetrachloroacetate,
potassium iodide or cesium trifluoroacetate. If desired, one
can add formamide to the hybridization mixture, typically
30-50% (v/v) [“by volume™].

[0147] 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 forma-
mide, 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 are unlabeled carrier
nucleic acids from about 0.1 to 5 mg/mL., fragmented nucleic
DNA such as calf thymus or salmon sperm DNA or yeast
RNA, and optionally from about 0.5 to 2% wt/vol [“weight by
volume”] glycine. Other additives may be included, such as
volume exclusion agents that include polar water-soluble or
swellable agents (e.g., polyethylene glycol), anionic poly-
mers (e.g., polyacrylate or polymethylacrylate) and anionic
saccharinic polymers, such as dextran sulfate.

[0148] 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 or covalently coupled to it immo-
bilized nucleic acid probe that is unlabeled and complemen-
tary to one portion of the sequence.

[0149] Any of the Pex nucleic acid fragments or any iden-
tified homologs may be used to isolate genes encoding
homologous proteins from the same or other algal, fungal,
oomycete, euglenoid, stramenopiles, yeast or plant 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) meth-
ods 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 amplifica-
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tion [“SDA”| (Walker, et al., Proc. Natl. Acad. Sci. U.S.A.,
89:392 (1992)); and, 3) methods of library construction and
screening by complementation.

[0150] For example, genes encoding proteins or polypep-
tides similar to publicly available Pex genes or their motifs
could be isolated directly by using all or a portion of those
publicly available nucleic acid fragments as DNA hybridiza-
tion probes to screen libraries from any desired organism
using well known methods. Specific oligonucleotide probes
based upon the publicly available 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 or the full
length of the publicly available sequences or their motifs. The
resulting amplification products can be labeled directly dur-
ing amplification reactions or labeled after amplification
reactions, and used as probes to isolate full-length DNA frag-
ments under conditions of appropriate stringency.

[0151] Typically, in PCR-type amplification techniques,
the primers have different sequences and are not complemen-
tary 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 (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.; 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, N.JI.).

[0152] Generally two short segments of available Pex
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 available nucleic acid fragments or
their motifs. The sequence of the other primer takes advan-
tage of the presence of the polyadenylic acid tracts to the 3'
end of the mRNA precursor encoding genes.

[0153] 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 available sequences. Using commercially
available 3' RACE or 5' RACE systems (e.g., BRL, Gaithers-
burg, 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)).

[0154] Based on any of these well-known methods just
discussed, it would be possible to identify and/or isolate Pex
gene homologs in any preferred eukaryotic organism of
choice. The activity of any putative Pex gene can readily be
confirmed by targeted disruption of the endogenous gene
within the PUFA-producing host organism, since the lipid
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profiles of the total lipid fraction and of the oil fraction are
modified relative to those within an organism lacking the
targeted Pex gene disruption.

Increasing the Amount of PUFAs in the Total Lipid Fraction
and in the Oil Fraction Via Disruption of a Native Peroxisome
Biogenesis Factor Protein

[0155] As noted above, the present disclosure relates to the
following described methods for increasing the weight per-
cent of one PUFA or a combination of PUFAs in an oleagi-
nous eukaryotic organism, comprising:

[0156] a) providing an oleaginous eukaryotic organism
comprising a disruption in a native gene encoding a
peroxisome biogenesis factor protein, which creates a
PEX-disruption organism; and genes encoding a func-
tional PUFA biosynthetic pathway; and,

[0157] b) growing the eukaryotic organism of (a) under
conditions wherein the weight percent of one PUFA or a
combination of PUFAs is increased in the total lipid
fraction and in the oil fraction relative to the weight
percent of the total fatty acids, when compared with
those weight percents in an oleaginous eukaryotic
organism whose native peroxisome biogenesis factor
protein has not been disrupted.

The amount of PUFAs that increases as a percent of total fatty
acids can be: 1) the PUFA that is the desired end product of a
functional PUFA biosynthetic pathway, as opposed to PUFA
intermediates or by-products; 2) C,, to C,, PUFAs; and/or, 3)
total PUFAs.

[0158] In addition to the increase in the weight percent of
one or a combination of PUFAs relative to the weight percent
of the total fatty acids, in some cases, the total lipid content
(TFA % DCW) of the cell may be increased or decreased.
What this means is that regardless of whether the disruption in
the PEX gene causes the amount of total lipids in the PEX-
disrupted cell to increase or decrease, the disruption always
causes the weight percent of a PUFA or of a combination of
PUFAs to increase.

[0159] Another method provided herein relates to a disrup-
tion in a native gene encoding a peroxisome biogenesis factor
protein, wherein said disruption can result in an increase in
the percent of one PUFA or a combination of PUFAs relative
to the dry cell weight when compared to that percent in a
parental strain whose native Pex protein had not been dis-
rupted or that was expressing a “replacement” copy of the
disrupted native Pex protein.

[0160] In preferred aspects of the method above, the dis-
ruption in a native gene encoding a peroxisome biogenesis
factor protein results in an increase in the amount of the PUFA
that is the desired end product of a functional PUFA biosyn-
thetic pathway, as opposed to PUFA intermediates or by-
products, as a percent of dry cell weight relative to the paren-
tal strain whose native Pex protein had not been disrupted or
the parental strain that was expressing a “replacement” copy
of the disrupted native Pex protein. In some cases, the
increase in the percent of a combination of PUFAs relative to
the dry cell weight is a combination of C,, to C,, PUFAs or
the total PUFAs.

[0161] Also described herein are organisms produced by
these methods, comprising a disruption of at least one per-
oxisome biogenesis factor protein. Lipids and oils obtained
from these organisms, products obtained from the processing
of'the lipids and oil, use of these lipids and oil in foods, animal
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feeds or industrial applications and/or use of the by-products
in foods or animal feeds are also described.

[0162] Preferred eukaryotic organisms in the methods
described above include algae, fungi, oomycetes, yeast,
euglenoids, stramenopiles, plants and some mammalian sys-
tems.

[0163] The peroxisome biogenesis factor protein for any of
these methods may be selected from the group consisting of:
Pexlp, Pex2p, Pex3p, Pex3Bp Pexdp, PexSp, Pex5Bp,
Pex5Cp, Pex5/20p, Pex6p, Pex7p, Pex8p, Pex10p, Pex12p,
Pex13p, Pex14p, Pex15p, Pexl6p, Pex17p, Pex14/17p,
Pex18p, Pex19p, Pex20p, Pex21p, Pex21B, Pex22p, Pex22p-
like and Pex26p (and protein homologs thereof). In some
preferred methods described herein, the disrupted peroxi-
some biogenesis factor protein is selected from the group
consisting of: Pex2p, Pex3p, Pex10p, Pex12p and/or Pex16p.
In some more preferred methods, however, the disrupted per-
oxisome biogenesis factor protein is selected from the group
consisting of: Pex3p, Pex10p and/or Pex16p.

[0164] The disruption in the native gene encoding a peroxi-
some biogenesis factor protein can be an insertion, deletion,
or targeted mutation within a portion of the gene, such as
within the N-terminal portion of the protein or within the
C-terminal portion of the protein. Alternatively, the disrup-
tion can result in a complete gene knockout such that the gene
is eliminated from the host cell genome. Or, the disruption
could be a targeted mutation that results in a non-functional
protein.

Disruption Methodologies

[0165] The invention includes disruption in a native gene
encoding a peroxisome biogenesis factor protein within a
preferred host cell. Although numerous techniques are avail-
able to one of skill in the art to achieve disruption, generally
the endogenous activity of a particular gene can be reduced or
eliminated by the following techniques, for example: 1) dis-
rupting the gene through insertion, substitution and/or dele-
tion of all or part of the target gene; or 2) manipulating the
regulatory sequences controlling the expression of the pro-
tein. Both of these techniques are discussed below. However,
one skilled in the art appreciates that these are well described
in the existing literature and are not limiting to the methods,
host cells, and products described herein. One skilled in the
art also appreciates the most appropriate technique for use
with any particular oleaginous yeast.

[0166] Disruption Via Insertion, Substitution And/Or Dele-
tion: For gene disruption, a foreign DNA fragment, typically
a selectable marker gene, is inserted into the structural gene.
This interrupts the coding sequence of the structural gene and
causes inactivation of that gene. Transformation of the dis-
ruption cassette into the host cell results in replacement of the
functional native gene by homologous recombination with
the non-functional disrupted gene. See, for example: Hamil-
ton et al., J. Bacteriol., 171:4617-4622 (1989); Balbas et al.,
Gene, 136:211-213 (1993); Gueldener et al., Nucleic Acids
Res., 24:2519-2524 (1996); and Smith et al., Methods Mol.
Cell. Biol., 5:270-277 (1996). One skilled in the art appreci-
ates the many variations of the general method of gene tar-
geting, which admits of positive or negative selection, cre-
ation of gene knockouts, and insertion of exogenous DNA
sequences into specific genome sites in mammalian systems,
plant cells, filamentous fungi, algae, oomycetes, euglenoids,
stramenopiles, yeast and/or microbial systems.
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[0167] In contrast, a non-specific method of gene disrup-
tionis the use of transposable elements or transposons. Trans-
posons are genetic elements that insert randomly into DNA
but can be later retrieved on the basis of sequence to deter-
mine the locus of insertion. Both in vivo and in vitro trans-
position techniques are known and involve the use of a trans-
posable element in combination with a transposase enzyme.
When the transposable element or transposon is contacted
with a nucleic acid fragment in the presence of the trans-
posase, the transposable element randomly inserts into the
nucleic acid fragment. The technique is useful for random
mutagenesis and for gene isolation, since the disrupted gene
may be identified on the basis of the sequence of the trans-
posable element. Kits for in vitro transposition are commer-
cially available and include: the Primer Island Transposition
Kit, available from Perkin Elmer Applied Biosystems,
Branchburg, N.J., based upon the yeast Tyl element; the
Genome Priming System, available from New England
Biolabs, Beverly, Mass., based upon the bacterial transposon
Tn7; and EZ::'TN Transposon Insertion Systems, available
from Epicentre Technologies, Madison, Wis., based upon the
TnS5 bacterial transposable element.

[0168] Manipulation Of Pex Regulatory Sequences: As is
well known in the art, the regulatory sequences associated
with a coding sequence include transcriptional and transla-
tional “control” nucleotide sequences located upstream (5'
non-coding sequences), within, or downstream (3' non-cod-
ing sequences) of the coding sequence, and which influence
the transcription, RNA processing or stability, or translation
of the associated coding sequence. Thus, manipulation of a
Pex gene’s regulatory sequences may refer to manipulation of
the promoters, silencers, 5' untranslated leader sequences
(between the transcription start site and the translation initia-
tion codon), introns, enhancers, initiation control regions,
polyadenylation recognition sequences, RNA processing
sites, effector binding sites and stem-loop structures of the
particular Pex gene. In all cases, however, the result of the
manipulation is down-regulation of the Pex gene’s expres-
sion, which promotes increased amount of PUFAs in the total
lipid fraction and in the oil fraction, as a percent of total fatty
acids, as compared with an oleaginous yeast whose native
peroxisome biogenesis factor protein has not been disrupted.
[0169] Forexample, the promoter of a Pex10 gene could be
deleted or disrupted. Alternatively, the native promoter driv-
ing expression of a Pex10 gene may be substituted with a
heterologous promoter having diminished promoter activity
with respect to that of the native promoter. Methods useful for
manipulating regulatory sequences are well known.

[0170] The skilled person is able to use these and other well
known techniques to disrupt a native peroxisome biogenesis
factor protein within the preferred host cells described herein,
such as mammalian systems, plant cells, filamentous fungi,
algae, oomycetes, euglenoids, stramenopiles and yeast.
[0171] One skilled in the art is able to discern the optimum
means to disrupt the native Pex gene to achieve an increased
amount of PUFAs that accumulate in the total lipid fraction
and in the oil fraction, as a percent of total fatty acids, as
compared with a eukaryotic organisms whose native peroxi-
some biogenesis factor protein has not been disrupted.
Metabolic Engineering of w-3 and/or w-6 Fatty Acid Biosyn-
thesis

[0172] In addition to the methods described herein for dis-
ruption of a native peroxisome biogenesis factor protein, it
may also be useful to manipulate m-3 and/or w-6 fatty acid
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biosynthesis. This may require metabolic engineering
directly within the PUFA biosynthetic pathway or additional
manipulation of pathways that contribute carbon to the PUFA
biosynthetic pathway.

[0173] Techniques useful for up-regulating desirable bio-
chemical pathways and down-regulating undesirable bio-
chemical pathways are well known in the art. For example,
biochemical pathways competing with the w/-3 and/or w-6
fatty acid biosynthetic pathways for energy or carbon, or
native PUFA biosynthetic pathway enzymes that interfere
with production of a particular PUFA end-product, may be
eliminated by gene disruption or down-regulated by other
means, such as antisense mRNA and zinc-finger targeting
technologies.

[0174] The following discuss altering the PUFA biosyn-
thetic pathway as a means to increase GLA, ARA, EPA or
DHA, respectively, and desirable manipulations in the TAG
biosynthetic pathway and in the TAG degradation pathway:
Int’l. App. Pub. No. WO 2006/033723, Int’l. App. Pub. No.
WO 2006/055322 [U.S. Pat. Appl. Pub. No. 2006-0094092-
Al], Int’l. App. Pub. No. WO 2006/052870 [U.S. Pat. Appl.
Pub. No. 2006-0115881-A1] and Int’l. App. Pub. No. WO
2006/052871 [U.S. Pat. Appl. Pub. No. 2006-0110806-A1],
respectively.

Expression Systems, Cassettes, Vectors and Transformation
of Host Cells

[0175] Itmay be necessary to create and introduce a recom-
binant construct into the preferred eukaryotic host, such as
e.g., mammalian systems, plant cells, filamentous fungi,
algae, oomycetes, euglenoids, stramenopiles and yeast, to
result in disruption of a native peroxisome biogenesis factor
protein and/or introduction of genes encoding a PUFA bio-
synthetic pathway. One of skill in the art appreciates standard
resource materials that describe: 1) specific conditions and
procedures for construction, manipulation and isolation of
macromolecules, such as DNA molecules, plasmids, etc.; 2)
generation of recombinant DNA fragments and recombinant
expression constructs; and 3) screening and isolating of
clones. See Sambrook et al., Molecular Cloning: A Labora-
tory Manual, 2" ed., Cold Spring Harbor Laboratory: Cold
Spring Harbor, N.Y. (1989); Maliga et al., Methods in Plant
Molecular Biology, Cold Spring Harbor, N.Y. (1995); Birren
et al., Genome Analysis: Detecting Genes, v. 1, Cold Spring
Harbor, N.Y. (1998); Birren et al., Genome Analysis Analyz-
ing DNA, v. 2, Cold Spring Harbor: NY (1998); Plant
Molecular Biology: A Laboratory Manual, Clark, ed.
Springer: NY (1997).

[0176] In general, the choice of sequences included in the
construct depends on the desired expression products, the
nature of the host cell and the proposed means of separating
transformed cells versus non-transformed cells. The skilled
artisan is well aware of the genetic elements that must be
present on the plasmid vector to successfully transform,
select and propagate host cells containing the chimeric gene.
Typically, however, the vector or cassette contains sequences
directing transcription and translation of the relevant gene(s),
a selectable marker and sequences allowing autonomous rep-
lication or chromosomal integration. Suitable vectors com-
prise a region 5' of the gene that controls transcriptional
initiation, i.e., a promoter, and a region 3' of the DNA frag-
ment that controls transcriptional termination, i.e., a termina-
tor. It is most preferred when both control regions are derived
from genes from the transformed host cell.
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[0177] Initiation control regions or promoters useful for
driving expression of heterologous genes or portions of them
in the desired host cell are numerous and well known. These
control regions may comprise a promoter, 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. Expression
in a host cell can occur in an induced or constitutive fashion.
Induced expression occurs by inducing the activity of a regu-
latable promoter operably linked to the Pex gene of interest.
Constitutive expression occurs by the use of a constitutive
promoter operably linked to the gene of interest.

[0178] When the host cell is, for example, yeast, transcrip-
tional 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 ini-
tiation regulatory regions for use in Yarrowia lipolytica. Any
of'a number of regulatory sequences may be used, depending
on whether constitutive or induced transcription is desired,
the efficiency of the promoter in expressing the ORF of inter-
est, the ease of construction, etc.

[0179] 3'non-coding sequences encoding transcription ter-
mination signals, i.e., a “termination region”, must be pro-
vided in a recombinant construct and may be from the 3'
region of the gene from which the initiation region was
obtained or from a different gene. A large number of termi-
nation regions are known and function satisfactorily in a
variety of hosts when utilized in both the same and different
genera and species from which they were derived. The termi-
nation region is selected more for convenience rather than for
any particular property. Termination regions may also be
derived from various genes native to the preferred hosts.
[0180] Particularly useful termination regions for use in
yeast are those derived from a yeast gene, particularly Sac-
charomyces, Schizosaccharomyces, Candida, Yarrowia or
Kluyveromyces. The 3'-regions of mammalian genes encod-
ing y-interferon and -2 interferon are also known to function
in yeast. The 3'-region can also be synthetic, as one of skill in
the art can utilize available information to design and synthe-
size a 3'-region sequence that functions as a transcription
terminator. A termination region may be unnecessary, but is
highly preferred.

[0181] The vector may comprise a selectable and/or scor-
able marker, in addition to the regulatory elements described
above. Preferably, the marker gene is an antibiotic resistance
gene such that treating cells with the antibiotic causes inhi-
bition of growth, or death, of untransformed cells and unin-
hibited growth of transformed cells. For selection of yeast
transformants, any marker that functions in yeast is useful
with resistance to kanamycin, hygromycin and the amino
glycoside G418 and the ability to grow on media lacking
uracil, lysine, histine or leucine being particularly useful.
[0182] Merely inserting a gene into a cloning vector does
not ensure its expression at the desired rate, concentration,
amount, etc. Inresponse to the need for a high expression rate,
many specialized expression vectors have been created by
manipulating a number of different genetic elements that
control transcription, RNA stability, translation, protein sta-
bility and location, oxygen limitation, and secretion from the
host cell. Some of the manipulated features include: the
nature of the relevant transcriptional promoter and terminator
sequences, the number of copies of the cloned gene and
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whether the gene is plasmid-borne or integrated into the
genome of the host cell, the final cellular location of the
synthesized foreign protein, the efficiency of translation and
correct folding of the protein in the host organism, the intrin-
sic stability of the mRNA and protein of the cloned gene
within the host cell and the codon usage within the cloned
gene, such that its frequency approaches the frequency of
preferred codon usage of the host cell. Each of these may be
used in the methods and host cells described herein to further
optimize expression of PUFA biosynthetic pathway genes
and to diminish expression of a native Pex gene.

[0183] After a recombinant construct is created, e.g., com-
prising a chimeric gene comprising a promoter, ORF and
terminator, suitable for disruption or knock out of a native
peroxisome biogenesis factor protein and/or expression of
genes encoding a PUFA biosynthetic pathway activity, it is
placed in a plasmid vector capable of autonomous replication
in the host cell or is directly integrated into the genome of the
host cell. Integration of expression cassettes can occur ran-
domly within the host genome or can be targeted through the
use of constructs containing regions of homology with the
host genome sufficient to target recombination with the host
locus. Where constructs are targeted to an endogenous locus,
all or some of the transcriptional and translational regulatory
regions can be provided by the endogenous locus.

[0184] When two or more genes are expressed from sepa-
rate replicating vectors, each vector may have a different
means of selection and should lack homology to the other
construct(s) to maintain stable expression and prevent reas-
sortment of elements among constructs. Judicious choice of
regulatory regions, selection means and method of propaga-
tion of the introduced construct(s) can be experimentally
determined so that all introduced genes are expressed at the
necessary levels to provide for synthesis of the desired prod-
ucts.

[0185] Constructs comprising the gene of interest may be
introduced into a host cell by any standard technique. These
techniques include transformation, e.g., lithium acetate trans-
formation (Methods in Enzymology, 194:186-187 (1991)),
protoplast fusion, biolistic impact, electroporation, microin-
jection, vacuum filtration or any other method that introduces
the gene of interest into the host cell.

[0186] For convenience, a host cell that has been manipu-
lated by any method to take up a DNA sequence, for example,
in an expression cassette, is referred to herein as “trans-
formed” or “recombinant”. The transformed host will have at
least one copy of the expression construct and may have two
or more, depending upon whether the gene is integrated into
the genome, amplified, or is present on an extrachromosomal
element having multiple copy numbers.

[0187] The transformed host cell can be identified by selec-
tion for a marker contained on the introduced construct. Alter-
natively, a separate marker construct may be co-transformed
with the desired construct, as many transformation tech-
niques introduce many DNA molecules into host cells. Typi-
cally, transformed hosts are selected for their ability to grow
on selective media. Selective media may incorporate an anti-
biotic or lack a factor necessary for growth of the untrans-
formed host, such as a nutrient or growth factor. An intro-
duced marker gene may confer antibiotic resistance, or
encode an essential growth factor or enzyme, thereby permit-
ting growth on selective media when expressed in the trans-
formed host. Selection of a transformed host can also occur
when the expressed marker protein can be detected, either
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directly or indirectly. The marker protein may be expressed
alone or as a fusion to another protein. The marker protein can
be detected by its enzymatic activity (e.g., f-galactosidase
can convert the substrate X-gal [“5-bromo-4-chloro-3-in-
dolyl-p-D-galactopyranoside”] to a colored product;
luciferase can convert luciferin to a light-emitting product) or
its light-producing or modifying characteristics (e.g., the
green fluorescent protein of Aequorea Victoria fluoresces
when illuminated with blue light). Alternatively, antibodies
can be used to detect the marker protein or a molecular tag on,
for example, a protein of interest. Cells expressing the marker
protein or tag can be selected, for example, visually, or by
techniques such as fluorescence-activated cell sorting or pan-
ning using antibodies.

[0188] Regardless of the selected host or expression con-
struct, multiple transformants must be screened to obtain a
strain or plant line displaying the desired expression level,
regulation and pattern, as different independent transforma-
tion events result in different levels and patterns of expression
(Jones et al., EMBO J., 4:2411-2418 (1985); De Almeida et
al., Mol. Gen. Genetics, 218:78-86 (1989)). Such screening
may be accomplished by Southern analysis of DNA blots
(Southern, J. Mol. Biol., 98:503 (1975)), Northern analysis of
mRNA expression (Kroczek, J. Chromatogr. Biomed. Appl.,
618(1-2):133-145 (1993)), Western and/or Elisa analyses of
protein expression, phenotypic analysis or GC analysis of the
PUFA products.

Preferred Eukaryotic Host Organisms

[0189] A variety of eukaryotic organisms are suitable as
host herein, to thereby yield a transformant host organism
comprising a disruption in a native peroxisome biogenesis
factor protein and genes encoding a PUFA biosynthetic path-
way, wherein the transformed eukaryotic host organism has
an increased amount of PUFAs incorporated into the total
lipid fraction and in the oil fraction, as a percent of total fatty
acids, as compared to a eukaryotic organism whose native
peroxisome biogenesis factor protein has not been disrupted.
Various mammalian systems, plant cells, fungi, algae,
oomycetes, yeasts, stramenopiles and/or euglenoids may be
useful hosts. Although oleaginous organisms are preferred,
non-oleaginous organisms also have utility herein such that,
when one of their native PEX genes is disrupted, an increase
in the weight percent of at least one polyunsaturated fatty acid
relative to the weight percent of total fatty acids in the total
lipid fraction or in the oil fraction will be experienced and
may lead to a 1.3 fold increase in the PUFA. Additionally, the
percent of the PUFA may be increased relative to the dry cell
weight in the non-oleaginous organism. In alternate embodi-
ments, a non-oleaginous organism can be genetically modi-
fied to become oleaginous, e.g., yeast such as Saccharomyces
cerevisiae.

[0190] Oleaginous organisms are naturally capable of oil
synthesis and accumulation, wherein the total oil content
typically comprises greater than about 25% of the cellular dry
weight. Various algae, moss, fungi, yeast, stramenopiles and
plants are naturally classified as oleaginous.

[0191] Preferred oleaginous microbes include those algal,
stramenopile and fungal organisms that naturally produce
w-3/w-6 PUFAs. For example, ARA, EPA and/or DHA is
produced via Cyclotella sp., Nitzschia sp., Pythium, Thraus-
tochytrium sp., Schizochytrium sp. and Mortierella. The
method of transformation of M. alpina is described by Mack-
enzie et al. (Appl. Environ. Microbiol., 66:4655 (2000)).
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Similarly, methods for transformation of Thraustochytriales
microorganisms (e.g., Thraustochytrium, Schizochytrium)
are disclosed in U.S. Pat. No. 7,001,772.

[0192] More preferred are oleaginous yeast, including
those that naturally produce and those genetically engineered
to produce w-3/m-6 PUFAs. Genera typically identified as
oleaginous yeast include, but are not limited to: Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Tri-
chosporon and Lipomyces. More specifically, illustrative oil-
synthesizing yeasts include: Rhodosporidium toruloides,
Lipomyces starkeyii, L. lipoferus, Candida revkaufi, C. pul-
cherrima, C. tropicalis, C. utilis, Trichosporon pullans, T.
cutaneum, Rhodotorula glutinus, R. graminis and Yarrowia
lipolytica (formerly classified as Candida lipolytica).

[0193] Most preferred is the oleaginous yeast Yarrowia
lipolytica; and, in a further embodiment, most preferred are
the Y. lipolytica strains designated as ATCC #76982, ATCC
#20362, ATCC #8862, ATCC #18944 and/or LGAM S(7)1
(Papanikolaou S., and Aggelis G., Bioresour. Technol., 82(1):
43-9 (2002)).

[0194] Specific teachings relating to transformation of Yar-
rowia lipolytica include U.S. Pat. No. 4,880,741 and U.S. Pat.
No. 5,071,764 and Chen, D. C. et al. (4Appl. Microbiol. Bio-
technol., 48(2):232-235 (1997)), while suitable selection
techniques are described in U.S. Pat. No. 7,238,482 and Int’l.
App. Pub. Nos. WO 2005/003310 and WO 2006/052870.
[0195] The preferred method of expressing genes in Yar-
rowia lipolytica is by integration of linear DNA into the
genome of the host. Integration into multiple locations within
the genome can be particularly useful when high level expres-
sion of genes are desired, such as in the Ura3 locus (GenBank
Accession No. AJ306421), the Leu2 gene locus (GenBank
Accession No. AF260230), the Lys5 gene locus (GenBank
Accession No. M34929), the Aco2 gene locus (GenBank
Accession No. AJ001300), the Pox3 gene locus (Pox3: Gen-
Bank Accession No. XP 503244 or Aco3: GenBank Acces-
sion No. AJ001301), the A12 desaturase gene locus (U.S. Pat.
No.7,214,491), the Lip1 gene locus (GenBank Accession No.
750020), the Lip2 gene locus (GenBank Accession No.
AJ012632), the SCP2 gene locus (GenBank Accession No.
AJ431362), the Pex3 gene locus (GenBank Accession No.
CAG78565), the Pex16 gene locus (GenBank Accession No.
CAG79622) and/or the Pex10 gene locus (GenBank Acces-
sion No. CAG81606).

[0196] Preferred selection methods for use in Yarrowia
lipolytica are resistance to kanamycin, hygromycin and the
amino glycoside G418, as well as ability to grow on media
lacking uracil, leucine, lysine, tryptophan or histidine. 5-fluo-
roorotic acid [S-fluorouracil-6-carboxylic acid monohydrate
or “5-FOA”] may also be used for selection of yeast Ura™
mutants. This compound is toxic to yeast cells that possess a
functioning URA3 gene encoding orotidine 5'-monophos-
phate decarboxylase [OMP decarboxylase]; thus, based on
this toxicity, 5-FOA is especially useful for the selection and
identification of Ura™ mutant yeast strains (Bartel, P. L. and
Fields, S., Yeast 2-Hybrid System, Oxford University: New
York, v.7,pp 109-147, 1997, see also Int’l. App. Pub. No. WO
2006/052870 for 5-FOA use in Yarrowia).

[0197] An alternate preferred selection method for use in
Yarrowia relies on a dominant, non-antibiotic marker for
Yarrowia lipolytica based on sulfonylurea (chlorimuron
ethyl; E. I. duPont de Nemours & Co., Inc., Wilmington, Del.)
resistance. More specifically, the marker gene is a native
acetohydroxyacid synthase (“AHAS” or acetolactate syn-
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thase; E.C. 4.1.3.18) that has a single amino acid change, i.e.,
W4971, that confers sulfonyl urea herbicide resistance (Int’l.
App. Pub. No. WO 2006/052870). AHAS is the first common
enzyme in the pathway for the biosynthesis of branched-
chain amino acids, i.e., valine, leucine, isoleucine, and it is the
target of the sulfonylurea and imidazolinone herbicides.

Fermentation Processes for Polyunsaturated Fatty Acid Pro-
duction

[0198] The transformed host cell is grown under conditions
that optimize expression of PUFA biosynthetic genes and
produce the greatest and most economical yield of desired
PUFAs. In general, media conditions may be optimized by
modifying the type and amount of carbon source, the type and
amount of nitrogen source, the carbon-to-nitrogen ratio, the
amount of different mineral ions, the oxygen level, growth
temperature, pH, length of the biomass production phase,
length of the oil accumulation phase and the time and method
of cell harvest. Oleaginous yeast of interest, such as Yarrowia
lipolytica, are generally grown in a complex medium such as
yeast extract-peptone-dextrose broth (YPD) or a defined
minimal media that lacks a component necessary for growth
and forces selection of the desired expression cassettes (e.g.,
Yeast Nitrogen Base (DIFCO Laboratories, Detroit, Mich.)).

[0199] Fermentation media for the methods and host cells
described herein must contain a suitable carbon source such
as are taught in U.S. Pat. No. 7,238,482. Suitable sources of
carbon encompass a wide variety of sources, with sugars,
glycerol and/or fatty acids being preferred. Most preferred is
glucose and/or fatty acids containing between 10-22 carbons.

[0200] Nitrogen may be supplied from an inorganic (e.g.,
(NH,),S0O,) or organic (e.g., urea or glutamate) source. In
addition to appropriate carbon and nitrogen sources, the fer-
mentation media must also contain suitable minerals, salts,
cofactors, buffers, vitamins and other components known to
those skilled in the art suitable for the growth of the oleagi-
nous yeast and the promotion of the enzymatic pathways of
PUFA production. Particular attention is given to several
metal ions, such as Fe*?, Cu*?, Mn*?, Co*, Zn*? and Mg*?,
that promote synthesis of lipids and PUFAs (Nakahara, T. et
al., Ind. Appl. Single Cell Oils,D. ]. Kyleand R. Colin, eds. pp
61-97 (1992)).

[0201] Preferred growth media for the methods and host
cells described herein are common commercially prepared
media, such as Yeast Nitrogen Base (DIFCO Laboratories,
Detroit, Mich.). Other defined or synthetic growth media may
also be used and the appropriate medium for growth of the
transformant host cells is well known in microbiology or
fermentation science. A suitable pH range for the fermenta-
tion is typically between about pH 4.0 to pH 8.0, wherein pH
5.5 to pH 7.5 is preferred as the range for the initial growth
conditions. The fermentation may be conducted under aero-
bic or anaerobic conditions, wherein microaerobic conditions
are preferred.

[0202] Typically, accumulation of increased amounts of
PUFAs and TAGs in oleaginous yeast cells requires a two-
stage process, since the metabolic state must be “balanced”
between growth and synthesis/storage of fats. Thus, most
preferably, a two-stage fermentation process is necessary for
the production of oils in oleaginous yeast. This approach is
described in U.S. Pat. No. 7,238,482, as are various suitable
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fermentation process designs (i.e., batch, fed-batch and con-
tinuous) and considerations during growth.

Purification and Processing of PUFA Oils

[0203] Fatty acids, including PUFAs, may be found in the
host organisms as free fatty acids or in esterified forms such as
acylglycerols, phospholipids, sulfolipids or glycolipids.
These fatty acids may be extracted from the host cells through
a variety of means well-known in the art. One review of
extraction techniques, quality analysis and acceptability stan-
dards for yeast lipids is that of Z. Jacobs (Critical Reviews in
Biotechnology, 12(5/6):463-491 (1992)). A brief review of
downstream processing is also available by A. Singh and O.
Ward (ddv. Appl. Microbiol., 45:271-312 (1997)).

[0204] In general, means for the purification of fatty acids
(including PUFAs) may include extraction (e.g., U.S. Pat. No.
6,797,303 and U.S. Pat. No. 5,648,564) with organic sol-
vents, sonication, supercritical fluid extraction (e.g., using
carbon dioxide), saponification and physical means such as
presses, or combinations thereof. See U.S. Pat. No. 7,238,
482.

Oils for Use in Foodstuffs, Health Food Products, Pharma-
ceuticals and Animal Feeds

[0205] Themarket place contains many food and feed prod-
ucts, incorporating m-3 and/or w-6 fatty acids, particularly
ALA, GLA, ARA, EPA, DPA and DHA. It is contemplated
that the microbial biomass comprising long-chain PUFAs,
partially purified microbial biomass comprising PUFAs,
purified microbial oil comprising PUFAs, and/or purified
PUFAs made by the methods and host cells described herein
impart health benefits, upon ingestion of foods or feed
improved by their addition. These oils can be added to food
analogs, drinks, meat products, cereal products, baked foods,
snack foods and dairy products, to name a few. See U.S. Pat.
App. Pub. No. 2006/0094092, hereby incorporated herein by
reference.

[0206] These compositions may impart health benefits by
being added to medical foods including medical nutritionals,
dietary supplements, infant formula and pharmaceuticals.
The skilled artisan will appreciate the amount of the oils to be
added to food, feed, dietary supplements, nutriceuticals,
pharmaceuticals, and other ingestible products as to impart
health benefits. Health benefits from ingestion of these oils
are described in the art, known to the skilled artisan and
continuously investigated. Such an amount is referred to
herein as an “effective” amount and depends on, among other
things, the nature of the ingested products containing these
oils and the physical conditions they are intended to address.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0207] As demonstrated in the Examples and summarized
in Table 5, infra, disruptions in the C-terminal portion of the
C,HC, zinc ring finger motif of YIPex10p, deletion of the
entire chromosomal YIPex10 gene or of the entire chromo-
somal YIPex16 gene, deletion of both the entire chromosomal
Y1Pex10 and the YIPex16 gene, and deletion of the entire
chromosomal YIPex3 gene all resulted in an engineered
PUFA-producing strain of Yarrowia lipolytica that had an
increased weight percent of PUFAs as a percent of total fatty
acids, relative to the parental strain whose native Pex protein
had no disruption. Expression of an extrachromosomal
YIPex10p in an engineered EPA-producing strain of Yar-
rowia lipolytica that possessed a disruption in the genomic
Pex10p and an increased amount of PUFAs in the total lipid
fraction and in the oil fraction reversed the effect.
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[0208] Table 5 compiles data from Examples3,4,5,7,9,11
and 12, such that trends concerning total lipid content [“TFAs
% DCW?”], concentration of a given fatty acid(s) expressed as
a weight percent of total fatty acids [“% TFAs”], and content
of'a given fatty acid(s) as its percent of the dry cell weight [“%
DCW?”] can be deduced, based on the presence/absence of a
Pex disruption or knockout. “Desired PUFA % TFAs” and
“Desired PUFA % DCW?” quantify the particular concentra-
tion or content, respectively, of the desired PUFA product
(i.e., DGLA or EPA) that the engineered PUFA biosynthetic
pathway was designed to produce. “All PUFAs” includes LA,
ALA, EDA, DGLA, ETrA, ETA and EPA, while “C20
PUFAs” is limited to EDA, DGLA, ETrA, ETA and EPA.

TABLE §
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to the parental strain whose native Pex protein had not been
disrupted or the parental strain that was expressing a “replace-
ment” copy of the disrupted native Pex protein):

[0210] 1) Pex disruption in a PUFA-producing Yarrowia
results in an increase in the weight percent of a single
PUFA, for example EPA or DLGA, relative to the weight
percent of total fatty acids (% TFAs) in the total lipid
fraction and in the oil fraction;

[0211] 2) Pex disruption in a PUFA-producing Yarrowia
results inan increase in the weight percent of C,, PUFAs
relative to the weight percent of total fatty acids in the
total lipid fraction and in the oil fraction;

PUFA % TF As and % DCW In Yarrowia lipolytica Strains With Mutant Pex Genes

% TF As % DCW
TFA %  Desired All C20 Desired All C20
Example Strain Genomic Pex Gene DCW PUFA PUFAs PUFAs PUFA PUFAs PUFAs
3,4 Y4086 Wildtype Pex10 28.6 9.8 60.1 25.2 2.8 17.2 7.2
[EPA] [EPA]
Y4128 Mutant* Pex10 11.2 42.8 79.3 57.9 4.8 8.9 6.4
[EPA] [EPA]
5 Y4128U1 + Mutant® Pex10 + Plasmid 29.2 10.8 60 27.3 3.1 17.5 8.0
pFBAIn- Wildtype Pex10 [EPA] [EPA]
PEX10 within chimeric
FBAINm::Pex10::Pex20 gene
Y4128U1 + Mutant® Pex10 + Plasmid 27.1 10.7 60.1 26.7 2.9 16.2 7.2
pPEX10-1 Wildtype Pex10 within Pex10-5' [EPA] [EPA]
(500 bp)::Pex10::Pex10-3’
gene
Y4128U1 + Mutant® Pex10 + Plasmid 28.5 10.8 59 26.9 3.1 16.8 7.7
pPEX10-2  Wildtype Pex10 within Pex10-5' [EPA] [EPA]
(991 bp)::Pex10::Pex10-3’
gene
Y4128U1 + Mutant* Pex10 22.8 27.7 62.6 42.3 6.3 14.2 9.6
control [EPA] [EPA]
7 Y4184U Wildtype Pex10 11.8 20.6 nq* nq* 24 nq* nq*
[EPA] [EPA]
8.8 23.2 nq* ng* 2.0 nq* ng*
[EPA] [EPA]
Y4184U Mutant Pex10 17.6 43.2 nq* nq* 7.6 nq* nq*
APex10 [EPA] [EPA]
13.2 46.1 nq* nq* 6.1 nq* nq*
[EPA] [EPA]
9 Y4036 Wildtype Pex16 Nqg* 23.4 61.5 33.7 nq* nq* nq*
(avg) [DGLA]
Y4036 Mutant Pex16 Nqg* 43.4 69.1 49.1 nq* nq* nq*
(APex16) [DGLA]
(avg)
11 Y4305U Mutant Pex10 and Wildtype 30 44.7 76.6 55.4 13.4 23.0 16.6
(Apex10) Pex16 [EPA] [EPA]
(avg)
Y4305 Mutant Pex10, Mutant Pex16 30 48.3 79.0 57.7 14.5 23.7 173
(APex10, [EPA] [EPA]
APex16)
(avg)
12 Y4036 Wildtype Pex3 4.7 19 57 27 0.9 2.7 1.3
[DGLA] [DGLA]
Y4036 Mutant Pex3 6.1 46 68 56 2.8 4.4 34
(APex3) [DGLA] [DGLA]
5.9 46 68 56 2.7 4.0 33
[DGLA] [DGLA]

*Pex10 disruption in Y4128 results in a truncated protein, wherein the last 32 amino acids of the C-terminus (corresponding to the C-ter-
minal portion of the C3HC, zinc ring finger motif) are not present.

*nq = not quantified

[0209]

Although data cannot be directly compared between

Examples, as a result of different Yarrowia strains and growth
conditions, the following conclusions can be drawn (relative

[0212] 3) By the extension of point 1), Pex disruption in
a PUFA-producing Yarrowia results in an increase in the
amount of any and all combinations of PUFAs relative to
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the weight percent of total fatty acids in the total lipid
fraction and in the oil fraction; and
[0213] 4) Pex disruption in a PUFA-producing Yarrowia

results in an increase in the percent of a single PUFA, for

example EPA or DLGA, relative to the dry cell weight.
[0214] Variable results are observed when comparing the
effects of Pex disruptions in “All PUFAs % DCW”, “C20
PUFAs % DCW” and TFA % DCW. Specifically, in some
cases, the Pex disruption in the PUFA-producing Yarrowia
results in an increased amount of C,, PUFAs or All PUFAs, as
a percent of dry cell weight, in the total lipid fraction and in
the oil fraction (relative to the parental strain whose native
Pex protein had not been disrupted). In other cases, there is a
diminished amount of C,, PUFAs or All PUFAs, as a percent
of dry cell weight, in the total lipid fraction and in the oil
fraction (relative to the parental strain whose native Pex pro-
teinhad not been disrupted). Similar results are observed with
respect to the total lipid content (TFA % DCW), in that the
effect of the Pex disruption can either result in an increase in
total lipid content or a decrease.
[0215] Although each of the above generalizations are of
interest, it is particularly useful to examine the effect of the
Pex disruptions on the ratio of the desired PUFA which the
organism was engineered to produce relative to the amount of
total PUFAs.
[0216] Forexample, 54% ofthe PUFAs (as a % TFAs) were
EPA in strain Y4128 containing the Pex10 disruption that
resulted in truncation of the last 32 amino acids of the C-ter-
minus, while only 16.3% of the PUFAs (as a % TFAs) were
EPA in the parent strain, Y4086. Thus, the disruption was
responsible for a 3.3-fold increase in the amount of the
desired PUFA (as % TFAs) (Examples 3, 4). In a similar
manner, 62.8% of the PUFAs (as a % TFAs) were DGLA in
strain Y4036 (APex16), while only 38.1% the PUFAs (as a %
TFAs)were DGLA inY4036—a 1.65 fold increase (Example
9). And, 67.7% of the PUFAs (as a % TFAs) were DGLA in
strain Y4036 (APex3), while only 33.3% the PUFAs (as a %
TFAs) were DGLA in Y4036—a 2.0 fold increase (Example
12). These results support the hypothesis that the Pex disrup-
tion results in a selective increase in the amount, as a % TFAs,
of the desired PUFA which the organism was engineered to
produce in the total lipid and oil fractions.
[0217] Less significant selectivity is observed when exam-
ining the effect of Pex disruptions on the ratio of C20 PUFAs
relative to the amount of total PUFAs. For example, 73% of
the PUFAs (as a % TFAs) were C20 PUFAs in strain Y4128
containing the Pex10 disruption, while only 42% of the
PUFAs (as a % TFAs) were C20 PUFAs in strain Y4086.
Thus, the disruption was responsible for a 1.7-fold increase in
the amount of C20 PUFAs that accumulated in the total lipid
and oil fractions, relative to the total PUFAs (Examples 3, 4).
In a similar manner, 71% of the PUFAs (as a % TFAs) were
C20 PUFAs in strain Y4036 (APex16), while only 54.8% the
PUFAs (as a % TFAs) were C20 PUFAs inY4036—a 1.3 fold
increase (Example 9). And, 82.4% of the PUFAs (as a %
TFAS) were C20 PUFAs in strain Y4036 (APex3), while only
47.4% the PUFAs (as a % TFAs) were C20 PUFAs in
Y4036—a 1.7 fold increase (Example 12).
[0218] On the basis of the teachings and results described
herein, it is expected that the feasibility and commercial util-
ity of utilizing various disruptions in native genes encoding
peroxisome biogenesis factor proteins as a means to increase
the amount of PUFAs produced in a PUFA-producing eukary-
otic organism will be appreciated. The PUFA-producing
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eukaryotic organism can synthesize a variety of w-3 and/or
-6 PUFAs, using either the A9 elongase/A8 desaturase path-
way or the A6 desaturase/A6 elongase pathway.

EXAMPLES

[0219] The present invention is further described in the
following Examples, which illustrate reductions to practice of
the invention but do not completely define all of its possible
variations.

General Methods

[0220] Standard recombinant DNA and molecular cloning
techniques used in the Examples are well known in the art and
are described by: 1) Sambrook, J., Fritsch, E. F. and Maniatis,
T., Molecular Cloning: A Laboratory Manual; Cold Spring
Harbor Laboratory: Cold Spring Harbor, N.Y. (1989) (Mania-
tis); 2) T. J. Silhavy, M. L. Bennan, and L. W. Enquist, Experi-
ments with Gene Fusions; Cold Spring Harbor Laboratory:
Cold Spring Harbor, N.Y. (1984); and, 3) Ausubel, F. M. etal.,
Current Protocols in Molecular Biology, published by Greene
Publishing Assoc. and Wiley-Interscience, Hoboken, N.J.
(1987).

[0221] Materials and methods suitable for the maintenance
and growth of microbial cultures are well known in the art.
Techniques suitable for use in the following examples may be
found as set out in Manual of Methods for General Bacteri-
ology (Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow,
Eugene W. Nester, Willis A. Wood, Noel R. Krieg and G.
Briggs Phillips, Eds), American Society for Microbiology:
Washington, D.C. (1994)); or by Thomas D. Brock in Bio-
technology: A Textbook of Industrial Microbiology, 27 ed.,
Sinauer Associates Sunderland, Mass. (1989). All reagents,
restriction enzymes and materials used for the growth and
maintenance of microbial cells were obtained from Aldrich
Chemicals (Milwaukee, Wis.), DIFCO Laboratories (Detroit,
Mich.), New England Biolabs, Inc. (Beverly, Mass.), GIBCO/
BRL (Gaithersburg, Md.), or Sigma Chemical Company (St.
Louis, Mo.), unless otherwise specified. . coli strains were
typically grown at 37° C. on Luria Bertani (LB) plates.
[0222] General molecular cloning was performed accord-
ing to standard methods (Sambrook et al., supra). DNA
sequence was generated on an ABI Automatic sequencer
using dye terminator technology (U.S. Pat. No. 5,366,860; EP
272,007) using a combination of vector and insert-specific
primers. Sequence editing was performed in Sequencher
(Gene Codes Corporation, Ann Arbor, Mich.). All sequences
represent coverage at least two times in both directions.
Unless otherwise indicated herein comparisons of genetic
sequences were accomplished using DNASTAR software
(DNASTAR Inc., Madison, Wis.).

[0223] The meaning of abbreviations is as follows: “sec”
means second(s), “min” means minute(s), “h” means hour(s),
“d” means day(s), “uL.” means microliter(s), “mL” means
milliliter(s), “L” means liter(s), “uM” means micromolar,
“mM” means millimolar, “M” means molar, “mmol” means
millimole(s), “pmole” mean micromole(s), “g” means gram
(s), “pg” means microgram(s), “ng” means nanogram(s), “U”
means unit(s), “bp” means base pair(s) and “kB” means kilo-
base(s).

Nomenclature for Expression Cassettes:

[0224] The structure of an expression cassette is repre-
sented by a simple notation system of “X::Y::Z”, wherein X



US 2009/0117253 Al

describes the promoter fragment, Y describes the gene frag-

ment, and Z describes the terminator fragment, which are all

operably linked to one another.

Transformation and Cultivation of Yarrowia lipolytica

[0225] Yarrowia lipolytica strain ATCC #20362 was pur-

chased from the American Type Culture Collection (Rock-

ville, Md.). Yarrowia lipolytica strains were routinely grown
at 28-30° C. in several media, according to the recipes shown
below. Agar plates were prepared as required by addition of

20 g/L. agar to each liquid media, according to standard meth-

odology.

[0226] YPD agar medium (per liter): 10 g of yeast extract
[Difco], 20 g of Bacto peptone [Difco], and 20 g of glucose.

[0227] Basic Minimal Media (MM) (per liter): 20 g glu-
cose, 1.7 g yeast nitrogen base without amino acids, 1.0 g
proline, and pH 6.1 (not adjusted).

[0228] Minimal Media+Uracil (MM-+uracil or MMU) (per
liter): Prepare MM media as above and add 0.1 g uracil and
0.1 g uridine.

[0229] Minimal Media+Uracil+Sulfonylurea (MMU+SU)
(per liter): Prepare MMU media as above and add 280 mg
sulfonylurea.

[0230] Minimal Media+Leucine+Lysine (MMLeuLys)
(per liter): Prepare MM media as above and add 0.1 g
leucine and 0.1 g lysine.

[0231] Minimal Media+5-Fluoroorotic Acid (MM+5-
FOA) (per liter): 20 g glucose, 6.7 g Yeast Nitrogen base, 75
mg uracil, 75 mg uridine and appropriate amount of FOA
(Zymo Research Corp., Orange, Calif.), based on FOA
activity testing against a range of concentrations from 100
mg/L. to 1000 mg/L. (since variation occurs within each
batch received from the supplier).

[0232] High Glucose Media (HGM) (per liter): 80 glucose,
2.58 g KH,PO, and 5.36 g K,HPO,, pH 7.5 (do not need to
adjust).

[0233] Fermentation medium without Yeast Extract (FM
without YE) (per liter): 6.70 g Yeast Nitrogen base, 6.00 g
KH,PO,, 2.00 g K,HPO,, 1.50 g MgSO,*7H,O and 20 g
Glucose.

[0234] Fermentation medium (FM) (per liter): Prepare FM
without YE media as above and add 5.00 g Yeast extract
(BBL).

[0235] Synthetic Dextrose Media (SD) (per liter): 6.7 g
Yeast Nitrogen base with ammonium sulfate and without
amino acids; and 20 g glucose.

[0236] Complete Minimal Glucose Broth Minus Uracil
(CSM-Ura): Catalog No. C8140, Teknova, Hollister, Calif.
(0.13% amino acid dropout powder minus uracil. 0.17%
yeast nitrogen base, 0.5% (NH,),SO,, 2.0% glucose).

[0237] Transformation of Y [lipolytica was performed
according to the method of Chen, D. C. et al. (4ppl. Micro-
biol. Biotechnol., 48(2):232-235 (1997)), unless otherwise
noted. Briefly, Yarrowia was streaked onto a YPD plate and
grown at 30° C. for approximately 18 hr. Several large loop-
fuls of cells were scraped from the plate and resuspended in 1
ml of transformation buffer containing: 2.25 mL of 50%
PEG, average MW 3350; 0.125 mlL. of 2 M Li acetate, pH 6.0;
and 0.125 mL of 2 M DTT. Then, approximately 500 ng of
linearized plasmid DNA was incubated in 100 pl of resus-
pended cells, and maintained at 39° C. for 1 hr with vortex
mixing at 15 min intervals. The cells were plated onto selec-
tion media plates and maintained at 30° C. for 2 to 3 days.
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Fatty Acid Analysis Of Yarrowia lipolytica

[0238] For fatty acid analysis, cells were collected by cen-
trifugation and lipids were extracted as described in Bligh, E.
G. & Dyer, W. 1. (Can. J. Biochem. Physiol., 37:911-917
(1959)). Fatty acid methyl esters [“FAMEs”] were prepared
by transesterification of the lipid extract with sodium meth-
oxide (Roughan, G., and Nishida 1., Arch Biochem Biophys.,
276(1):3846 (1990)) and subsequently analyzed with a
Hewlett-Packard 6890 GC fitted with a 30-mx0.25 mm (i.d.)
HP-INNOWAX (Hewlett-Packard) column. The oven tem-
perature was from 170° C. (25 min hold) to 185° C. at 3.5°
C./min.

[0239] For direct base transesterification, Yarrowia culture
(3 mL) was harvested, washed once in distilled water, and
dried under vacuum in a Speed-Vac for 5-10 min. Sodium
methoxide (100 pl of 1%) was added to the sample, and then
the sample was vortexed and rocked for 20 min. After adding
3 drops of 1 M NaCl and 400 pl hexane, the sample was
vortexed and spun. The upper layer was removed and ana-
lyzed by GC as described above.

Example 1

Generation of Yarrowia lipolytica Strain Y4086 to
Produce about 14% EPA of Total Lipids Via the A9
Elongase/A8 Desaturase Pathway

[0240] The present Example describes the construction of
strain Y4086, derived from Yarrowia lipolytica ATCC
#20362, capable of producing about 14% EPA relative to the
total lipids via expression of a A9 elongase/A8 desaturase
pathway (FIG. 3A).

[0241] The development of strain Y4086 required the con-
struction of strain Y2224 (a FOA resistant mutant from an
autonomous mutation of the Ura3 gene of wildtype Yarrowia
strain ATCC #20362), strain Y4001 (producing 17% EDA
with a Leu- phenotype), strain Y4001U (Leu- and Ura-
phenotype), strain Y4036 (producing 18% DGLA with a
Leu- phenotype), strain Y4036U (Leu- and Ura- phenotype)
and strain Y4070 (producing 12% ARA with a Ura- pheno-
type). Further details regarding the construction of strains
Y2224, Y4001, Y4001U, Y4036, Y4036U and Y4070 are
described in Example 7 of Int’l. App. Pub. No. WO 2008/
073367, hereby incorporated herein by reference.

[0242] The final genotype of strain Y4070 with respect to
wildtype Yarrowia lipolytica ATCC #20362 was Ura3-,
unknown 1-, unknown 3-, Leu+, Lys+, GPD::FmD12::Pex20,
YAT1:FmD12::0CT, YAT1::ME3S::Pex16, GPAT::EgD9%%::
Lip2, EXPI::EgD9%S:Lipl, FBAINm:EgD9eS::Lip2,
FBAINm::EgD8M::Pex20, EXP1::EgD8M::Pex16,
FBAIN::EgD5::Aco, EXP1::EgD5S::Pex20, YAT1::RD5S::
OCT (wherein FmDI12 is a Fusarium moniliforme Al12
desaturase gene [Int’l. App. Pub. No. WO 2005/047485];
ME3S is a codon-optimized C,,,, elongase gene, derived
from Mortierella alpina [Int’l. App. Pub. No. WO 2007/
046817]; EgD9%e is a Euglena gracilis A9 elongase gene
[Int’]l. App. Pub. No. WO 2007/061742]; EgD9eS is a codon-
optimized A9 elongase gene, derived from Euglena gracilis
[Int’l. App. Pub. No. WO 2007/061742]; EgD8M is a syn-
thetic mutant A8 desaturase [Int’l. App. Pub. No. WO 2008/
073271], derived from Euglena gracilis [U.S. Pat. No. 7,256,
033]; EgDS is a Euglena gracilis A5 desaturase [U.S. Pat.
App. Pub. US 2007-0292924-A1]; EgDS5S is a codon-opti-
mized AS desaturase gene, derived from FEuglena gracilis
[U.S. Pat. App. Pub. No. 2007-0292924]; and RD3S is a
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codon-optimized AS desaturase, derived from Peridinium sp.
CCMP626 [U.S. Pat. App. Pub. No. 2007-0271632]).
Generation of Y4086 Strain to Produce about 14% EPA of
Total Lipids

[0243] Construct pZP3-Pa777U (FIG. 3B; SEQ ID
NO:28), described in Table 19 of Int’l. App. Pub. No. WO
2008/073367, hereby incorporated herein by reference, was
generated to integrate three A17 desaturase genes into the
Pox3 loci (GenBank Accession No. AJ001301) of strain
Y4070, to thereby enable production of EPA. The A17 desatu-
rase genes were PaD17, a Pythium aphanidermatum Al7
desaturase (Int’l. App. Pub. No. WO 2008/054565), and
PaD178S, a codon-optimized Al7 desaturase derived from
Pythium aphanidermatum (Int’l. App. Pub. No. WO 2008/
054565).

[0244] The pZP3-Pa777U plasmid was digested with Ascl/
Sphl, and then used for transformation of strain Y4070
according to the General Methods. The transformant cells
were plated onto MM plates and maintained at 30° C. for 2 to
3 days. Single colonies were re-streaked onto MM plates, and
then inoculated into liquid MMLeuLys at 30° C. and shaken
at 250 rpm/min for 2 days. The cells were collected by cen-
trifugation, lipids were extracted, and FAMEs were prepared
by trans-esterification, and subsequently analyzed with a
Hewlett-Packard 6890 GC.

[0245] GC analyses showed the presence of EPA in the
transformants containing the 3 chimeric genes of pZP3-
Pa777U, but not in the parent Y4070 strain. Most of the
selected 96 strains produced 10-13% EPA of total lipids.
There were 2 strains (i.e., #58 and #79) that produced about
14.2% and 13.8% EPA of'total lipids. These two strains were
designated as Y4085 and Y4086, respectively.

[0246] The final genotype of strain Y4086 with respect to
wildtype Yarrowia lipolytica ATCC #20362 was Ura3+,
Leu+, Lys+, unknown 1-, unknown 2-, YALIOF24167g-,
GPD::FmD12::Pex20, YAT1::FmD12::0CT, YAT1::ME3S::
Pex16, GPAT::EgD9e::Lip2, EXP1::EgD9eS::Lipl,
FBAINm::EgD9eS::Lip2, FBAINm::EgD8M::Pex20,
EXP1::EgD8M::Pex16, FBAIN::EgD5::Aco, EXP1::
EgD5S::Pex20, YAT1:RD5S::OCT, YAT1::PaD17S::Lipl,
EXP1::PaD17::Pex16, FBAINm::PaD17::Aco.

Example 2

Generation of Yarrowia Lipolytica Strain Y4128 to
Produce about 37% EPA of Total Lipids Via the A9
Elongase/A8 Desaturase Pathway

[0247] The present Example describes the construction of
strain Y4128, derived from Yarrowia lipolytica ATCC
#20362, capable of producing about 37.6% EPA relative to
the total lipids (i.e., greater than a 2-fold increase in EPA
concentration as percent of total fatty acids with respect to
Y4086; FIG. 3A).

[0248] The development of strain Y4128 required the con-
struction of strains Y2224,Y4001,Y4001U,Y4036,Y4036U,
Y4070 and Y4086 (described in Example 1), as well as con-
struction of strain Y4086U1 (Ura-).

Generation Of Strain Y4086U1 (Ura-)

[0249] Strain Y4086U1 was created via temporary expres-
sion of the Cre recombinase enzyme in construct pY117
(FIG. 4A; SEQ ID NO:29; described in Table 20 of Int’1. App.
Pub. No. WO 2008/073367, hereby incorporated herein by
reference) within strain Y4086 to produce a Ura- phenotype.
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This released the LoxP sandwiched Ura3 gene from the
genome. The mutated Yarrowia acetohydroxyacid synthase
[“AHAS”; E.C. 4.1.3.18] enzyme (i.e., GenBank Accession
No. XP_ 501277, comprising a W4971, mutation as set forth
in SEQID NO:27; see Int’l. App. Pub. No. WO 2006/052870)
in plasmid pY117 conferred sulfonyl urea herbicide resis-
tance (SU%), which was used as a positive screening marker.

[0250] Plasmid pY117 was used to transform strain Y4086
according to the General Methods. Following transformation,
the cells were plated onto MMU+SU (280 pg/mL sulfony-
lurea; also known as chlorimuron ethyl, E. I. duPont de Nem-
ours & Co., Inc., Wilmington, Del.) plates and maintained at
30° C. for 2 to 3 days. The individual SU® colonies grown on
MMU+SU plates were picked, and streaked into YPD liquid
media at 30° C. and shaken at 250 rpm/min for 1 day to cure
the pY 117 plasmid. The grown cultures were streaked onto
MMU plates. After two days at 30° C., the individual colonies
were re-streaked onto MM and MMU plates. Those colonies
that could grow on MMU, but not on MM plates were
selected. Two of these strains with Ura-phenotypes were des-
ignated as Y4086U1 and Y4086U2.

Generation of Y4128 Strain to Produce about 37% EPA of
Total Lipids

[0251] Construct pZP2-2988 (FIG. 4B; SEQ ID NO:30;
described in Table 21 of Int’l. App. Pub. No. WO 2008/
073367, hereby incorporated herein by reference) was gen-
erated to integrate one A12 desaturase gene (i.e., FmD12S, a
codon-optimized Al2 desaturase gene derived from
Fusarium moniliforme [Int’l. App. Pub. No. WO 2005/
047485]), two A8 desaturase genes (i.e., EgD8M) and one A9
elongase gene (i.e., EgD%S) into the Pox2 loci (GenBank
Accession No. AJ001300) of strain Y4086U1, to thereby
enable higher level production of EPA. The pZP2-2988 plas-
mid was digested with Ascl/Sphl, and then used for transfor-
mation of strain Y4086U1 according to the General Methods.
The transformant cells were plated onto MM plates and main-
tained at 30° C. for 2 to 3 days. Single colonies were re-
streaked onto MM plates, and then inoculated into liquid
MMLeuLys at 30° C. and shaken at 250 rpm/min for 2 days.
The cells were collected by centrifugation, resuspended in
HGM and then shaken at 250 rpm/min for 5 days. The cells
were collected by centrifugation, lipids were extracted, and
FAMEs were prepared by trans-esterification, and subse-
quently analyzed with a Hewlett-Packard 6890 GC.

[0252] GC analyses showed that most of the selected 96
strains produced 12-15.6% EPA of total lipids. There were 2
strains (i.e., #37 within Group I and #33 within Group II) that
produced about 37.6% and 16.3% EPA of total lipids. These
two strains were designated as Y4128 and Y4129, respec-
tively.

[0253] The final genotype of strain Y4128 with respect to
wildtype Yarrowia lipolytica ATCC #20362 was:
YALIOF24167g-, Pex10-, unknown 1-, unknown 2-, GPD::
FmD12::Pex20, YAT1::FmDI12::0CT, GPM/FBAIN::
FmD12S::0CT, YAT1::ME3S::Pex16, GPAT::EgD9e::Lip2,
EXP1::EgD9%eS::Lipl, FBAINm:EgD9%S::Lip2, FBA::
EgD9%S::Pex20, FBAINm::EgD8M::Pex20, EXP1::
EgD8M::Pex16, GPDIN::EgD8M::Lipl, YAT1::EgD8M::
Aco, FBAIN::EgD5::Aco, EXP1::EgD58S::Pex20, YATI::
RDS5S::OCT, YAT1::PaD17S::Lipl, EXP1.::PaD17::Pex16,
FBAINm::PaD17::Aco.
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[0254] Yarrowialipolytica strainY 4128 was deposited with
the American Type Culture Collection on Aug. 23, 2007 and
bears the designation ATCC PTA-8614.

Generation of Y4128U Strains With A Ura- Phenotype

[0255] In order to disrupt the Ura3 gene in strain Y4128,
construct pZKUE3S (FIG. 5A; SEQ ID NO:31; described in
Table 22 of Int’l. App. Pub. No. WO 2008/073367, hereby
incorporated herein by reference) was created to integrate a
EXP1::ME3S::Pex20 chimeric gene into the Ura3 gene of
strain Y4128. Plasmid pZKUE3S was digested with Sphl/
Pacl, and then used to transform strain Y4128 according to the
General Methods. Following transformation, cells were
plated onto MM+5-FOA selection plates and maintained at
30° C. for 2 to 3 days.

[0256] A total of 24 transformants grown on MM+5-FOA
selection plates were picked and re-streaked onto fresh
MM+5-FOA plates. The cells were stripped from the plates,
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[0260] Dry cell weight was determined by collecting cells
from 10 mL of culture via centrifugation, washing the cells
with water once to remove residual medium, drying the cells
in a vacuum oven at 80° C. overnight, and weighing the dried
cells. The total amount of FAMEs in a sample was determined
by comparing the areas of all peaks in the GC profile with the
peak area of an added known amount of internal standard
C15:0 fatty acid.

[0261] Based on the above analyses, lipid content as a per-
centage of dry cell weight (DCW) and lipid composition was
determined for strains Y4086 and Y4128. Strain Y4128 had
decreased lipid content with respect to strain Y4086 (11.2
TFAs % DCW versus 28.6 TFAs % DCW). In contrast, strain
Y4128 had elevated EPA concentrations among lipids with
respectto strain Y4086, as shown below in Table 6. Fatty acids
are identified as 18:0 (stearic acid), 18:1 (oleic acid), LA,
ALA, EDA, DGLA, ETrA, ETA and EPA; fatty acid compo-
sitions were expressed as the weight percent (wt. %) of total
fatty acids (TFAs).

TABLE 6

Lipid Composition in Yarrowia lipolytica Strains Y4086 And Y4128

18:3 20:3 20:3 20:4 20:5
18:2  (n-3) 20:2 (n-6) (n-3) (n-3) (n-3)

Sample 18:0 18:1 [LA] [ALA] [EDA] [DGLA] [ET:A] [ETA] [EPA]
Y4086 4.6 268 280 6.9 7.6 0.9 4.9 2.0 9.8
Y4128 18 67 196 1.8 42 3.4 15 6.0 42.8

EPA content in the cell, expressed as mg EPA/g dry cell and calculated according to the fol-
lowing formula: (% of EPA/Lipid) * (% of Lipid/dry cell weight) * 0.1, increased from 28 mg

EPA/g DCW in strain Y4086 to 47.9 mg EPA/g DCW in strain Y4128.

lipids were extracted, and FAMEs were prepared by trans-
esterification, and subsequently analyzed with a Hewlett-
Packard 6890 GC.

[0257] GC analyses showed the presence of between
10-15% EPA in all of the transformants with pZKUE3S from
plates. The strains identified as #3, #4, #10, #12, #19 and #21
that produced 12.9%, 14.4%, 15.2%, 15.4%, 14% and 10.9%
EPA of total lipids were designated as Y4128U1, Y4128U2,
Y4128U3,Y4128U4, Y4128U5 and Y4128U6, respectively
(collectively, Y4128U).

[0258] The discrepancy in the % EPA quantified in Y4128
(37.6%) versus Y4128U (average 13.8%) is based on differ-
ing growth conditions. Specifically, the former culture was
analyzed following two days of growth in liquid culture,
while the latter culture was analyzed after growth on an agar
plate. The Applicants have observed a 2-3 fold increase in %
EPA, when comparing results from agar plates to those in
liquid culture. Thus, although results are not directly compa-
rable, both Y4128 and Y4128U strains demonstrate produc-
tion of EPA.

Example 3

Determination of Total Lipid Content of Yarrowia
lipolytica Strain Y4128

[0259] The total amount of lipid produced by strain Y4128
and the percentage of each fatty acid species in the lipid were
measured by GC analysis. Specifically, total lipids were
extracted, and FAMEs were prepared by trans-esterification,
and subsequently analyzed with a Hewlett-Packard 6890 GC,
as described in the General Methods.

[0262] Thus, the results in Table 6 showed that compared to
the parent strain Y4086, strain Y4128 had a lower total lipid
content (TFAs % DCW) (11.2% versus 28.6%), higher EPA
% TFAs (42.8% versus 9.8%), and higher EPA % DCW
(4.8% versus 2.8%). Additionally, strain Y4128 had a 3.3-fold
increase in the amount of EPA relative to the total PUFAs
(54% ofthe PUFAs [as a% TFAs] versus 16.3% ofthe PUFAs
[as a % TFAs]) and a 1.7-fold increase in the amount of C20
PUFAs relative to the total PUFAs (73% of the PUFAs [as a %
TFAs] versus 42% of the PUFAs [as a % TFAs]).

Example 4

Determination of the Integration Site of pZP2-2988
in Yarrowia lipolytica Strain Y4128 as a
Pex10Integration

[0263] The genomic integration site of pZP2-2988 in strain
Y4128 was determined by genome walking using the Univer-
sal GenomeWalker™ Kit from Clontech (Palo Alto, Calif.),
following the manufacturer’s recommended protocol. Based
on the sequence of the plasmid, the following primers were
designed for genome walking: pZP-GW-5-1 (SEQ ID
NO:32), pZP-GW-5-2 (SEQ ID NO:33), pZP-GW-5-3 (SEQ
ID NO:34), pZP-GW-54 (SEQ ID NO:35), pZP-GW-3-1
(SEQ ID NO:36), pZP-GW-3-2 (SEQ ID NO:37), pZP-GW-
3-3 (SEQ ID NO:38) and pZP-GW-34 (SEQ ID NO:39).

[0264] Genomic DNA was prepared from strain Y4128
using the Qiagen Miniprep kit with a modified protocol. Cells
were scraped off a YPD medium plate into a 1.5 mL
microfuge tube. Cell pellet (100 pl) was resuspended with
250 ul of buffer P1 containing 0.125 M p-mercaptoethanol
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and 1 mg/ml zymolyase 20 T (MP Biomedicals, Inc., Solon,
Ohio). The cell suspension was incubated at 37° C. for 30
min. Buffer P2 (250 pl) was then added to the tube. After
mixing by inverting the tube for several times, 350 pl of buffer
N3 was added. The mixture was then centrifuged at 14,000
rpm for 5 min in a microfuge. Supernatant was poured into a
Qiagen miniprep spin column, and centrifuged for 1 min. The
column was washed once by adding 0.75 mL of buffer PE,
followed by centrifugation at 14,000 rpm for 1 min. The
column was dried by further centrifugation at 14,000 rpm for
1 min. Genomic DNA was eluted by adding 50 pl of bufter EB
to the column, allowed to sit for 1 min and centrifuged at
14,000 rpm for 1 min.

[0265] Purified genomic DNA was used for genome walk-
ing. The DNA was digested with restriction enzymes Dral,
EcoRV, Pvull and Stul separately, according to the protocol
of the GenomeWalker kit. For each digestion, the reaction
mixture contained 10 ul of 10x restriction buffer, 10 ul of the
appropriate restriction enzyme and 8 pg of genomic DNA in
a total volume of 100 pl. The reaction mixtures were incu-
bated at 37° C. for 4 hrs. The digested DNA samples were
then purified using Qiagen PCR purification kit following the
manufacturer’s protocol exactly. DNA samples were eluted in
16 pl water. Purified, digested genomic DNA samples were
then ligated to the genome walker adaptor (infra). Each liga-
tion mixture contained 1.9 ul of the genome walker adaptor,
1.6 ul of 10x ligation bufter, 0.5 pl T4 DNA ligase and 4 pl of
the digested DNA. The reaction mixtures were incubated at
16° C. overnight. Then, 72 pl of 50 mM Tris HCL, 1 mM
EDTA, pH 7.5 were added to each ligation mixture.

[0266] For 5'-end genome walking, four PCR reactions
were carried out using 1 pl of each ligation mixture individu-
ally as template. In addition, each reaction mixture contained
1 pl of 10 uM primer pZP-GW-5-1 (SEQ ID NO:32), 1 ul of
10 uM kit-supplied Genome Walker adaptor, 41 ul water, 5 ul
10x cDNA PCR reaction buffer and 1 ul Advantage cDNA
polymerase mix from Clontech. The sequence of the Genome
Walker adaptor (SEQ ID NOs:40 [top strand] and 41 [bottom
strand]), is shown below:

5'-GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGG
T-3"'

3'-H2N-CCCGACCA-5'

The PCR conditions were as follows: 95° C. for 1 min, fol-
lowed by 30 cycles at 95° C. for 20 sec and 68° C. for 3 min,
followed by a final extension at 68° C. for 7 min. The PCR
products were each diluted 1:100 and 1 pl of the diluted PCR
product used as template for a second round of PCR. The
conditions were exactly the same except that pZP-GW-5-2
(SEQ ID NO:33) replaced pZP-GW-5-1 (SEQ ID NO:32).

[0267] For 3'-end genome walking, four PCR reactions
were carried out as above, except primer pZP-GW-3-1 (SEQ
1D NO:36) and nested adaptor primer (SEQ ID NO:42) were
used. The PCR products were similarly diluted and used as
template for a second round of PCR, using pZP-GW-3-2
(SEQ ID NO:37) to replace pZP-GW-3-1 (SEQ ID NO:36).
[0268] PCR products were analyzed by gel electrophoresis.
One reaction product, using EcoRV digested genomic DNA
as template and the primers pZP-GW-3-2 and nested adaptor
primer, generated a ~1.6 kB fragment. This fragment was
isolated, purified with a Qiagen gel purification kit and cloned
into pCR2.1—TOPO. Sequence analysis showed that the
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fragment included both part of plasmid pZP2-2988 and the
Yarrowia genomic DNA from chromosome C. The junction
between them was at nucleotide position 139826 of chromo-
some C. This was inside the coding region of the Pex10 gene
(GenBank Accession No. CAG81606; SEQ 1D NO:10).
[0269] To determine the 5' end of the junction, PCR ampli-
fication was performed using genomic DNA from strain
Y4128 as thetemplate and primers Per10F1 (SEQID NO:43)
and ZPGW-5-5 (SEQ ID NO:44). The reaction mixture
included 1 pl each of 20 uM primer, 1 pl genomic DNA, 22 ul
water and 25 pl TaKaRa ExTaq 2x premix (TaKaRa Bio Inc.,
Otsu Shiga, Japan). The thermocycler conditions were: 94° C.
for 1 min, followed by 30 cycles of 94° C. for 20 sec, 55° C.
for 20 sec and 72° C. for 2 min, followed by a final extension
at 72° C. for 7 min. A 1.6 kB DNA fragment was amplified
and cloned into pCR2.1—TOPO. Sequence analysis showed
that it was a chimeric fragment between Yarrowia genomic
DNA from chromosome C and pZP2-2988. The junction was
at nucleotide position 139817 of chromosome C. Thus, a 10
nucleotide segment of chromosome C was replaced by the
Ascl/Sphl fragment from pZP2-2988 (FIG. 4B) in strain
Y4128. As aresult, Pex10 in strain Y4128 was lacking the last
32 amino acids of the encoded protein.

[0270] Based on the above conclusions, theY4128U strains
isolated in Example 2 (supra) are referred to subsequently as
Apex10 strains. For clarity, strain Y4128U1 is equivalent to
strain Y4128U1 (Apex10).

Example 5

Plasmid Expression of Pex10In Yarrowia lipolytica
Strain Y4128U1 (Apex10)

[0271] Three plasmids that carried the Y. /ipolytica Pex10
gene were constructed: 1) pFBAIn-PEX10 allowed the
expression of the Pex 100RF under the control of the FBAINm
promoter; and, 2) pPEX10-1 and pPEX10-2 allowed the
expression of Pex10 under control of the native Pex10 pro-
moter, although pPEX10-1 used a shorter version (~500 bp)
while pPEX10-2 used a longer version (~900 bp) of the
promoter. Following construction of these expression plas-
mids and transformation, the effect of Pex10 plasmid expres-
sion on total oil and on EPA level in the Y. /ipolytica strain
Y4128U1 (Apex10) was determined. Deletion of Pex10
resulted in an increased amount of EPA as a percent of TFAs,
but a reduced amount of total lipid, as a percent of DCW, in
the cell.

Construction of pFBAIn-PEX10, pPEX10-1 and pPEX10-2
[0272] To construct pFBAIn-PEX10, the primers Per10 F1
(SEQ ID NO:43) and Pel0 R (SEQ ID NO:45) were used to
amplify the coding region of the Pex10 gene using Y. /ipoly-
tica genomic DNA as template. The PCR reaction mixture
contained 1 ul each of 20 uM primers, 1 pl of ¥. lipolytica
genomic DNA (~100 ng), 25 pl ExTaq 2x premix and 22 pl
water. The reaction was carried out as follows: 94° C. for 1
min, followed by 30 cycles of 94° C. for 20 sec, 55° C. for 20
sec and 72° C. for 90 sec, followed by a final extension of 72°
C. for 7min. The PCR product, a 1168 bp DNA fragment, was
purified with a Qiagen PCR purification kit, digested with
Ncol and Notl, and cloned into pFBAIn-MOD-1 (SEQ ID
NO:46; FIG. 5B) digested with the same two restriction
enzymes.

[0273] Of the 8 individual clones subjected to sequence
analysis, 2 had the correct sequence of Pex10 with no errors.
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The components of pFBAIn-PEX10 (SEQ ID NO:47; FIG.
6A) are listed below in Table 7.

TABLE 7

Components Of Plasmid pFBAIn-PEX10 (SEQ ID NO: 47)

RE Sites And

Nucleotides

Within SEQ ID Description Of Fragment And
NO: 47 Chimeric Gene Components

BglII-BsiW1
(6040-318)

FBAINm::Pex10::Pex20, comprising:

FBAINm: Yarrowia lipolytica FBAINm promoter
(U.S. Pat. No. 7,202,356);

Pex10: Y. lipolytica Pex10 ORF (GenBank Accession
No. AB036770, nucleotides 1038-2171; SEQ ID
NO: 21); Pex20: Pex20 terminator sequence from
Yarrowia Pex20 gene (GenBank Accession

No. AF054613)

Pacl-BglII Yarrowia URA3 (GenBank Accession No. AJ306421)
(4530-6040)
(3123-4487) Yarrowia autonomous replicating sequence 18
(ARS18; GenBank Accession No. A17608)

E. coli f1 origin of replication
Ampicillin-resistance gene (Amp”) for selection
in E. coli

ColE1 plasmid origin of replication

(2464-2864)
(1424-2284)

(474-1354)

[0274] To construct pPEX10-1 and pPEX10-2, primers
PEX10-R-BsiWI (SEQ IDNO:48), PEX10-F1-Sall (SEQID
NO:49) and PEX10-F2-Sall (SEQ ID NO:50) were designed
and synthesized. PCR amplification using genomic Yarrowia
lipolytica DNA and primers PEX10-R-BsiWI and PEX10-
F1-Sall generated a 1873 bp fragment containing the
Pex100RF, 500 bp of the 5' upstream region and 215 bp of the
3' downstream region of the Pex10 gene, flanked by Sall and
Bs/W1 restriction sites at either end. This fragment was puri-
fied with the Qiagen PCR purification kit, digested with Sall
and BsiWI, and cloned into pEXP-MOD-1 (SEQ ID NO:51;
FIG. 6B) digested with the same two enzymes to generate
pPEX10-1 (SEQIDNO:52; FIG. 7A). Plasmid pEXP-MOD1
is similar to pFBAIn-MOD-1 (SEQ ID NO:46; FIG. 5B)
except that the FBAINm promoter in the latter was replaced
with the EXP1 promoter. Table 8 lists the components of
pPEX10-1.

TABLE 8

Components Of Plasmid pPEX10-1 (SEQ ID NO: 52)

RE Sites And
Nucleotides
Within SEQ ID Description Of Fragment And

NO: 52 Chimeric Gene Components
Sall-BsiWI Pex10-5"::Pex10::Pex10-3', comprising:
(5705-1) Pex10-5": 500 bp of the 5' promoter region of Yarrowia

lipolytica Pex10 gene;
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TABLE 8-continued
Components Of Plasmid pPEX10-1 (SEQ ID NO: 52)
RE Sites And
Nucleotides

Within SEQ ID Description Of Fragment And
NO: 52 Chimeric Gene Components

Pex10: Yarrowia lipolytica Pex10 ORF (GenBank
Accession No. AB036770, nucleotides 1038-2171; SEQ
ID NO: 21);

Pex10-3": 215 bp of Pex10 terminator sequence

from Yarrowia Pex10 gene (GenBank Accession No.
AB036770)

[Note the entire Pex10-5"::Pex10::Pex10-3' expression
cassette is labeled collectively as “PEX10” in the Figure]
Yarrowia URA3 gene (GenBank Accession No.
AJ306421)

Yarrowia autonomous replicating sequence 18 (ARSI1S;
GenBank Accession No. A17608)

E. coli f1 origin of replication

Ampicillin-resistance gene (Amp®) for selection in

E. coli

ColEl plasmid origin of replication

Pacl-Sall
(4216-5703)
(2806-4170)

(2147-2547)
(1107-1967)

(157-1037)

[0275] PCR amplification of Yarrowia lipolytica genomic
DNA using PEX10-R-BsiWI (SEQ ID NO:48) and PEX10-
F2-Sall (SEQ ID NO:50) generated a 2365 bp fragment con-
taining the PEX10 ORF, 991 bp of the 5'upstream region and
215 bp of'the 3' downstream region of the Pex10 gene, flanked
by Sall and BsiWI restriction sites at either end. This frag-
ment was purified with a Qiagen PCR purification kit,
digested with Sall and BsiWI, and cloned into similarly
digested pEXP-MOD-1. This resulted in synthesis of
pPEX10-2 (SEQ ID NO:53), whose construction is analo-
gous to that of plasmid pPEX10-1 (Table 8, supra), with the
exception of the longer Pex10-5' promoter in the chimeric
Pex10-5":Pex10::Pex10-3'gene.

Expression of Pex10 in Strain Y4128U1 (Apex10)

[0276] Plasmids pFBAIN-MOD-1 (control; SEQ ID
NO:46), pFBAIn-PEX10 (SEQ ID NO:47), pPEX10-1 (SEQ
ID NO:52) and pPEX10-2 (SEQ ID NO:53) were trans-
formed into Y4128U1 (Apex10) according to the protocol in
the General Methods. Transformants were plated on MM
plates. The total lipid content and fatty acid composition of
transformants carrying the above plasmids were analyzed as
described in Example 3.

[0277] Lipid content as a percentage of dry cell weight
(DCW) and lipid composition are shown below in Table 9.
Specifically, fatty acids are identified as 18:0 (stearic acid),
18:1 (oleic acid), LA, ALA, EDA, DGLA, ETrA, ETA and
EPA; fatty acid compositions were expressed as the weight
percent (wt. %) of total fatty acids.

TABLE 9

Lipid Composition in Yarrowia lipolytica Strain Y4128U1 (Apex10)
Transformed With Various Pex10 Plasmids

18:3 20:3 203 204 2055

TFA 182 (@3) 202 (06) ®3)  (@3)  (@3)
Plasmid %DCW 18:0 18:1 [LA] [ALA] [EDA] [DGLA] [ETrA] [ETA] [EPA]
pFBAIN-MOD-1 22.8 1.9 96 183 20 43 23 2.1 59 27.7
pFBAIN-PEX10 29.2 40 249 251 76 6.6 1.0 53 3.6 10.8
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TABLE 9-continued
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Lipid Composition in Yarrowia lipolytica Strain Y4128U1 (Apex10)
Transformed With Various Pex10 Plasmids

18:3 20:3 203 204 2055

TFA 182 (03) 202 (06) (©3) (@3  (@3)

Plasmid %DCW 180 18:1 [LA] [ALA] [EDA] [DGLA] [ETrA] [ETA] [EPA]

pPEX10-1 27.1 39 250 252 82 6.4 0.9 5.2 3.5 10.7

pPEX10-2 28.5 43 254 245 76 6.4 1.0 53 34 10.8
[0278] The results in Table 9 showed that expression of Y4158U1, is shown in FIG. 8B (SEQ ID NO:55; described in

Pex10inY4128U1 (Apex10), either from the native Y. lipoly-
tica Pex10 promoter or from the Y. lipolytica FBAINm pro-
moter, reduced the percent of EPA back to the level of Y4086
while increasing the total lipid content (TFA % DCW) up to
the level of Y4086 (see data of Table 6 for comparison). EPA
content per gram of dry cell changed from 63.2 mg in the case
of'the control sample (i.e., cells carrying pFBAIn-MOD-1) to
31.5 mg in cells carrying pFBAIn-PEX10, 29 mg in cells
carrying pPEX10-1 and 30.8 mg in cells carrying pPEX10-2.
These results demonstrated that disruption of the ring-finger
domain of Pex10 increased the amount of EPA but reduced
the total lipid content in the cell.

[0279] Thus, the results in Table 9 showed that compared to
Y4128U1 (Apex10) transformant with control plasmid, all
transformants with Pex10 expressing plasmids showed
higher lipid content (TFAs % DCW) (>27% versus 22.8%),
lower EPA % TFAs (ca. 10.8% versus 27.7%), and lower EPA
% DCW (<3.1% versus 6.3%). Additionally, strain Y4128U1
(Apex10) transformant with control plasmid, as compared to
those transformants with Pex10 expressing plasmids, had a
2.5-fold increase in the amount of EPA relative to the total
PUFAs (44% ofthe PUFAs [as a % TFAs] versus 17.5% (avg)
of the PUFAs [as a % TFAs]) and a 1.5-fold increase in the
amount of C20 PUFAs relative to the total PUFAs (67% of the
PUFAs [as a % TFAs] versus 44% (avg) of the PUFAs [as a %
TFAs]).

Example 6
Generation of Y4184U Strain to Produce EPA

[0280] Y lipolytica strain Y4184U was used as the host in
Example 7, infra. Strain Y4184 U was derived from Y. lipoly-
tica ATCC #20362, and is capable of producing EPA via
expression of a A9 elongase/A8 desaturase pathway. The
strain has a Ura- phenotype and its construction is described
in Example 7 of Int’l. App. Pub. No. WO 2008/073367,
hereby incorporated herein by reference.

[0281] In summary, however, the development of strain
Y4184U required the construction of strain Y2224, strain
Y4001, strain Y4001U, strain Y4036, strain Y4036U and
strain Y4069 (supra, Example 1). Further development of
strain Y4184U (diagrammed in FIG. 7B) required generation
of strain Y4084, strain Y4084U1, strain Y4127 (deposited
with the American Type Culture Collection on Nov. 29, 2007,
under accession number ATCC PTA-8802), strain Y4127U2,
strain Y4158, strain Y4158U1 and strain Y4184. The plasmid
construct pZKIL.1-2SP98C, used for transformation of strain
Y412702, is diagrammed in FIG. 8A (SEQ ID NO:54;
described in Table 23 of Int’l. App. Pub. No. WO 2008/
073367, hereby incorporated herein by reference). Plasmid
pZKL2-5U89GC, used for transformation of strain

Table 24 of Int’l. App. Pub. No. WO 2008/073367, hereby
incorporated herein by reference).

[0282] The final genotype of strain Y4184 (producing 31%
EPA oftotal lipids) with respect to wildtype Yarrowia lipoly-
tica ATCC #20362 was unknown 1-, unknown 2-, unknown
4-, unknown 5-, unknown 6-, unknown 7-, YAT1::ME3S::
Pex16, EXP1::ME3S::Pex20 (2 copies), GPAT::EgD9e::
Lip2, FBAINm:EgD9%eS::Lip2, EXPI1::EgD9eS::Lipl,
FBA::EgD9eS::Pex20,  YAT1::EgD9%eS::Lip2, GPD::
EgD9eS::Lip2, GPDIN::EgD8M::Lipl, YAT1:EgD8M::
Aco, EXPIl::EgD8M::Pex16, FBAINm::EgD8M::Pex20,
FBAIN::EgD8M::Lip1 (2 copies), GPM/FBAIN::FmD12S::
Oct, EXP1::FmDI12S::Aco, YAT1::FmD12::Oct, GPD::
FmD12::Pex20, EXP1::EgD5S::Pex20, YAT1::EgD5S::Aco,
YAT1::Rd5S::Oct, FBAIN::EgD5::Aco, FBAINm::PaD17::
Aco, EXP1::PaD17::Pex16, YAT1::PaD17S::Lipl, YAT1::
YICPT1::Aco, GPD::YICPT1::Aco (wherein FmD12 is a
Fusarium moniliforme A12 desaturase gene [Int’l. App. Pub.
No. WO 2005/047485]; FmD12S is a codon-optimized A12
desaturase gene, derived from Fusarium moniliforme [Int’l.
App. Pub. No. WO 2005/047485]; ME3S is a codon-opti-
mized C, ,  elongase gene, derived from Mortierella alpina
[Int’l. App. Pub. No. WO 2007/046817]; EgDOe is a Euglena
gracilis A9 elongase gene [Int’l. App. Pub. No. WO 2007/
061742]; EgD9eS is a codon-optimized A9 elongase gene,
derived from Euglena gracilis [Int’l. App. Pub. No. WO 2007/
061742]; EgD8M is a synthetic mutant A8 desaturase [Int’l.
App. Pub. No. WO 2008/073271], derived from Fuglena
gracilis [U.S. Pat.No.7,256,033]; EgDS5 is a Euglena gracilis
A5 desaturase [U.S. Pat. App. Pub. US 2007-0292924-A1];
EgDS5S is a codon-optimized A5 desaturase gene, derived
from FEuglena gracilis [U.S. Pat. App. Pub. No. 2007-
0292924]; RDS5S is a codon-optimized AS desaturase, derived
from Peridinium sp. CCMP626 [U.S. Pat. App. Pub. No.
2007-0271632]; PaD17 is a Pythium aphanidermatum A17
desaturase [Int’l. App. Pub. No. WO 2008/054565]; PaD17S
is a codon-optimized A17 desaturase, derived from Pythium
aphanidermatum [Int’l. App. Pub. No. WO 2008/054565];
and, YICPT1 is a Yarrowia lipolytica diacylglycerol choline-
phosphotransferase gene [Int’l. App. Pub. No. WO 2006/
052870]).

[0283] In order to disrupt the Ura3 gene in strain Y4184,
construct pZKUE3S (FIG. 5A; SEQ ID NO:31; described in
Table 22 of Int’l. App. Pub. No. WO 2008/073367, hereby
incorporated herein by reference) was used to integrate a
EXP1::ME3S::Pex20 chimeric gene into the Ura3 gene of
strain Y4184 to result in strains Y4184 U1 (11.2% EPA of total
lipids), Y4184U2 (10.6% EPA of total lipids) and Y4184U4
(15.5% EPA of total lipids), respectively (collectively,
Y4184U).
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Example 7

Chromosomal Deletion of Pex10 in Yarrowia lipoly-
tica Strain Y4184U4 Increases Accumulation of EPA
and Total Lipid Content

[0284] Construct pYPS161 (FIG. 9A, SEQ ID NO:56) was
used to knock out the chromosomal Pex10 gene from the
EPA-producing Yarrowia strain Y4184U4 (Example 6).
Transformation of Y. lipolytica strain Y4184U4 with the
Pex10 knock out construct resulted in creation of strain
Y4184 (CIpex10). The effect of the Pex10 knockout on total
oil and on EPA level was determined and compared. Specifi-
cally, knockout of Pex10 resulted in an increased percentage
of EPA (as % TFAs and % DCW) and an increased total lipid
content in the cell.

Construct PYSP161

[0285] The construct pYPS161 contained the following
components:

TABLE 10

Description of Plasmid pYPS161 (SEQ ID NO: 56)

RE Sites And
Nucleotides
Within SEQ ID Description Of Fragment And Chimeric Gene

NO: 56 Components

Ascl/BsiWI 1364 bp Pex10 knockout fragment #1 of Yarrowia Pex10
(1521-157) gene (GenBank Accession No. AB036770)

Pacl/Sphl 1290 bp Pex10 knockout fragment #2 of Yarrowia Pex10
(5519-4229) gene (GenBank Accession No. AB036770)

Sall/EcoRI Yarrowia URA3 gene (GenBank Accession No.
(7170-5551) AJ306421)

2451-1571 ColE1 plasmid origin of replication

3369-2509 ampicillin-resistance gene (Amp®) for selection in E. coli
3977-3577 E. coli f1 origin of replication

Generation of Yarrowia lipolytica Knockout Strain Y4184
(APex10)

[0286] Standard protocols were used to transform Yarrowia
lipolytica strain Y4184U4 (Example 6) with the purified 5.3
kB Ascl/Sphl fragment of Pex10 knockout construct
pYPS161 (supra), and a cells alone control was also prepared.
There were about 200 to 250 colonies present for each of the
experimental transformations, while there were no colonies
present on the cells alone plates (per expectations).

[0287] Colony PCR was used to screen for cells having the
Pex10 deletion. Specifically, the PCR reaction was performed
using MasterAmp Taq polymerase (Epicentre Technologies,
Madison, Wis.) following standard protocols, using PCR
primers Pex-10 dell 3'.Forward (SEQ ID NO:57) and Pex-10
del2 5'Reverse (SEQ ID NO:58). The PCR reaction condi-
tions were 94° C. for 5 min, followed by 30 cycles at 94° C. for
30 sec, 60° C. for 30 sec and 72° C. for 2 min, followed by a
final extension at 72° C. for 6 min. The reaction was then held
at4° C. If the Pex10 knockout construct integrated within the
Pex10 region, a single PCR product 2.8 kB in size was
expected to be produced. In contrast, if the strain integrated
the Pex10 knockout construct in a chromosomal region other
than the Pex10 region, then two PCR fragments, i.e., 2.8 kB
and 1.1 kB, would be generated. Of the 288 colonies
screened, the majority had the Pex10 knockout construct
integrated at a random site. Only one of the 288 colonies
contained the Pex10 knockout. This strain was designated
Y4184 (Apex10).
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Evaluation of Yarrowia lipolytica Strains Y4184 And Y4184
(APex10) for Total Oil and EPA Production

[0288] To evaluate the effect of the Pex10 knockout on the
percent of PUFAS in the total lipid fraction and the total lipid
content in the cells, strains Y4184 and Y4184 (Apex10) were
grown under comparable oleaginous conditions. Specifically,
cultures were grown at a starting OD,, of ~0.1 in 25 mL of
either fermentation media (FM) or FM medium without Yeast
Extract (FM without YE) in a 250 mL flask for 48 hrs. The
cells were harvested by centrifugation for 10 min at 8000 rpm
in a 50 mL conical tube. The supernatant was discarded and
the cells were re-suspended in 25 mL. of HGM and transferred
to anew 250 mL flask. The cells were incubated with aeration
for an additional 120 hrs at 30° C.

[0289] To determine the dry cell weight (DCW), the cells
from 5 mL of the FM-grown cultures and 10 mL of the FM
without YE-grown cultures were processed. The cultured
cells were centrifuged for 10 min at 4300 rpm. The pellet was
re-suspended using 10 mL of saline and was centrifuged
under the same conditions for a second time. The pellet was
then re-suspended using 1 mL of'sterile H, O (three times) and
was transferred to a pre-weighed aluminum pan. The cells
were dried overnight in a vacuum oven at 80° C. The weight
of the cells was determined.

[0290] The total lipid content and fatty acid composition of
transformants carrying the above plasmids were analyzed as
described in Example 3. DCW, total lipid content (TFAs %
DCW), total EPA % TFAs, and EPA % DCW are shown
below in Table 11.

TABLE 11

Lipid Composition in ¥, lipolytica Strains Y4184 And Y4184 (APex10)

TFAs EPA EPA
Media Strain DCW %DCW % TFAs % DCW
™M Y4184 11.5 11.8 20.6 24
Y4184 (APex10) 11.5 17.6 43.2 7.6
™M Y4184 4.6 8.8 23.2 2.0
without YE =~ Y4184 (APex10) 4.0 13.2 46.1 6.1

[0291] The results in Table 11 showed that knockout of the
chromosomal Pex10 gene in Y4184 (APex10) increased the
percent of EPA (as % TFAs and as % DCW) and increased the
total oil content, as compared to the percent of EPA and total
oil content in strain Y4184 whose native Pex10p had not been
knocked out. More specifically, in FM media, there was about
109% increase in EPA (% TFAs), about 216% increase in
EPA productivity (% DCW) and about 49% increase in total
oil (TFAs % DCW). In FM without YE media, there was
about 100% increase in EPA (% TFAs), about 205% increase
in EPA productivity (% DCW) and about 50% increase in
total oil (TFAs % DCW).

[0292] Thus, the results in Table 11 showed that in FM
medium, compared to the parent strain Y4184, Y4184
(APex10) strain had higher lipid content (TFAs % DCW)
(17.6% versus 11.8%), higher EPA % TFAs (43.2% versus
20.6%), and higher EPA % DCW (7.6% versus 2.4%). Simi-
larly, in FM medium without YE, compared to the parent
strain Y4184,Y4184 (APex10) strain had higher lipid content
(TFAs % DCW) (13.2% versus 8.8%), higher EPA % TFAs
(46.1% versus 23.2%), and higher EPA % DCW (6.1% versus
2.0%).
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Example 8
Prophetic

Chromosomal Knockout of Alternate Pex Genes in
PUFA-Producing Strains Of Yarrowia lipolytica

[0293] The present Example describes various strains of
Yarrowia lipolytica that have been engineered to produce
w-3/w-6 PUFAs. Itis contemplated that any of these Y. /ipoly-
tica host strains could be engineered to produce an increased
amount of w-3/w-6 PUFAs in the total lipid fraction and in the
oil fraction, if the chromosomal gene encoding Pex1p, Pex2p,
Pex3p, Pex3Bp, Pexdp, Pex5p, Pex6p, Pex7p, Pex8p,
Pex12p, Pex13p, Pex14p, Pex16p, Pex17p, Pex19p, Pex20p,
Pex22p or Pex26p was disrupted using the methodology of
Example 7, supra.

[0294] More specifically, a variety of Yarrowia lipolytica
strains have been engineered by the Applicant’s Assignee to
produce high concentrations of various w-3/m-6 PUFAs via
expression of a heterologous A6 desaturase/A6 elongase
PUFA pathway or a heterologous A9 elongase/A8 desaturase
PUFA pathway.

Summary of Representative Yarrowia lipolytica Strains Pro-
ducing w-3/m-6 PUFAs

[0295] Although some representative strains are summa-
rized in the Table below, the disclosure of Yarrowia lipolytica
strains producing w-3/m-6 PUFAs is not limited in any way to
the strains therein. Instead, all ofthe teachings provided in the
present Application, in addition to the following commonly
owned and co-pending applications, are useful for develop-
ment of a suitable Yarrowia lipolytica strain engineered to
produce w-3/w-6 PUFAs. These specifically include the fol-
lowing Applicants’ Assignee’s co-pending patents and appli-
cations: U.S. Pat. No. 7,125,672, U.S. Pat. No. 7,189,559,
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U.S. Pat. No. 7,192,762, U.S. Pat. No. 7,198,937, U.S. Pat.
No. 7,202,356, U.S. Pat. No. 7,214,491, U.S. Pat. No. 7,238,
482, U.S. Pat. No. 7,256,033, U.S. Pat. No. 7,259,255, U.S.
Pat. No. 7,264,949, U.S. Pat. No. 7,267,976, U.S. Pat. No.
7,273,746, U.S. patent application Ser. No. 10/985,254 and
No. 10/985,691 (filed Nov. 10, 2004), U.S. patent application
Ser. No. 11/183,664 (filed Jul. 18, 2005), U.S. patent appli-
cation Ser. No. 11/185,301 (filed Jul. 20, 2005), U.S. patent
application Ser. No. 11/190,750 (filed Jul. 27, 2005), U.S.
patent application Ser. No. 11/198,975 (filed Aug. 8, 2005),
U.S. patent application Ser. No. 11/253,882 (filed Oct. 19,
2005), U.S. patent application Ser. No. 11/264,784 and No.
11/264,737 (filed Nov. 1, 2005), U.S. patent application Ser.
No. 11/265,761 (filed Nov. 2, 2005), U.S. patent application
Ser. No. 11/601,563 and No. 11/601,564 (filed Nov. 16,
2006), U.S. patent application Ser. No. 11/635,258 (filed Dec.
7, 2006), U.S. patent application Ser. No. 11/613,420 (filed
Dec. 20, 2006), U.S. patent application Ser. No. 11/787,772
(filed Apr. 18,2007), U.S. patent application Ser. No. 11/737,
772 (filed Apr. 20, 2007), U.S. patent application Ser. No.
11/740,298 (filed Apr. 26, 2007), U.S. patent application Ser.
No. 12/111,237 (filed Apr. 29, 2008), U.S. patent application
Ser. No. 11/748,629 and No. 11/748,637 (filed May 15,
2007), U.S. patent application Ser. No. 11/779,915 (filed Jul.
19, 2007), U.S. Pat. App. No. 60/991,266 (filed Nov. 30,
2007), U.S. patent application Ser. No. 11/952,243 (filed Dec.
7,2007), U.S. Pat. App. No. 61/041,716 (filed Apr. 2, 2008),
U.S. patent application Ser. No. 12/061,738 (filed Apr. 3,
2008), U.S. patent application Ser. No. 12/099,811 (filed Apr.
9, 2008), U.S. patent application Ser. No. 12/102,879 (filed
Apr. 15, 2008), U.S. patent application Ser. No. 12/111,237
(filed Apr. 29, 2008), U.S. Pat. App. No. 61/055,511 (filed
May 23, 2008) and U.S. Pat. App. No. 61/093,007 (filed Aug.
29, 2008).

TABLE 12

Lipid Profile Of Representative Yarrowia lipolytica Strains

Engineered To Produce w-3/w-6 PUF As

Fatty Acid Content (As A Percent

ATCC [%] of Total Fatty Acids)
Deposit 18:3
Strain Reference No. 16:0 16:1 180 18:1 18:2 (ALA) GLA
Wildtype US 2006-0035351- #76982 14 11 35 348 31 — 0
pDMW208 Al; WO2006/033723 — 11.9 86 1.5 244 178 — 25.9
pDMW208D62 — 16.2 1.5 01 178 222 — 34
M4 US 2006-0115881- — 15 4 2 5 27 — 35
Al; WO2006/052870
Y2034 US 2006-0094092- — 13.1 81 1.7 74 148 — 25.2
Y2047 Al; WO2006/055322  PTA-718 159 6.6 0.7 89 16.6 — 29.7
Y2214 — 79 153 0 137 375 — 0
EU US 2006-0115881- — 19 103 23 158 12 — 18.7
Y2072 Al; WO2006/052870 — 76 41 22 168 139 — 27.8
Y2102 — 9 3 35 5.6 186 — 29.6
Y2088 — 17 45 3 25 10 — 20
Y2089 — 79 34 25 9.9 143 — 375
Y2095 — 13 0 2.6 51 16 — 29.1
Y2090 — 6 1 6.1 77 126 — 264
Y2096 PTA-7184 8.1 1 6.3 85 11.5 — 25
Y2201 PTA-7185 11 161 07 184 27 — —
Y3000 US 2006-0110806- PTA-7187 5.9 1.2 55 77 117 — 30.1
Al; WO2006/052871

Y4001 WO2008/073367 — 43 44 39 359 23 0 —
Y4036 — 77 36 1.1 142 326 0 —
Y4070 — 8 53 35 146 421 0 —
Y4158 — 3.2 1.2 27 145 304 5.3 —
Y4184 — 3.1 1.5 1.8 87 315 49 —
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Lipid Profile Of Representative Yarrowia lipolytica Strains

Engineered To Produce w-3/w-6 PUF As

Fatty Acid Content (As A Percent

[%] of Total Fatty Acids) Lipid %
Strain 20:2 DGLA ARA ETA EPA DPA DHA  dew
Wildtype — — — — —
pDMW208 — — — — — — —
pDMW208D62  — — — — — — —
M4 — 8 0 0 0 — — —
Y2034 — 8.3 1.2 — — — — —
Y2047 — 0 109 — — — — —
Y2214 — 7.9 14 — — — — —
EU — 5.7 02 3 103 — — 36
Y2072 — 3.7 1.7 22 15 — —
Y2102 — 3.8 28 23 184 — —
Y2088 — 3 2.8 1.7 20 — —
Y2089 — 2.5 1.8 1.6 176 — —
Y2095 — 3.1 19 27 193 — —
Y2090 — 6.7 24 36 266 229
Y2096 — 5.8 2.1 25 281 — — 20.8
Y2201 33 33 1 38 9 —
Y3000 — 2.6 1.2 1.2 47 183 36
Y4001 23.8 0 0 0 — —
Y4036 156 182 0 0 — — —
Y4070 6.7 24 119 — —
Y4158 6.2 3.1 03 34 205 — — 27.3
Y4184 5.6 2.9 0.6 24 289 — — 23.9

Chromosomal Knockout of Pex Genes

[0296] Following selection of a preferred Yarrowia lipoly-
tica strain producing the desired w-3/w-6 PUFA (or combi-
nation of PUFAs thereof), one of skill in the art could readily
engineer a suitable knockout construct, similartopYPS161 in
Example 7, to result in knockout of a chromosomal Pex gene
upon transformation into the parental Y. /ipolytica strain. Pre-
ferred Pex genes would include: YIPex1p (GenBank Acces-
sion No. CAG82178; SEQ ID NO:1), YIPex2p (GenBank
Accession No. CAG77647; SEQ ID NO:2), YIPex3p (Gen-
Bank Accession No. CAG78565; SEQ ID NO:3), YIPex3Bp
(GenBank Accession No. CAG83356; SEQ ID NO:4),
Y1Pexdp (GenBank Accession No. CAG79130; SEQ ID
NO:5), YIPex5p (GenBank Accession No. CAG78803; SEQ
1D NO:6), YIPex6p (GenBank Accession No. CAG82306;
SEQ ID NO:7), YIPex7p (GenBank Accession No.
CAG78389; SEQ ID NO:8), YIPex8p (GenBank Accession
No.CAG80447; SEQID NO:9),YIPex12p (GenBank Acces-
sion No. CAG81532; SEQ ID NO:11), YIPex13p (GenBank
Accession No. CAG81789; SEQ ID NO:12), YIPex14p
(GenBank Accession No. CAG79323; SEQ ID NO:13),
YIPex16p (GenBank Accession No. CAG79622; SEQ ID
NO:14), YIPex17p (GenBank Accession No. CAG84025;
SEQ ID NO:15), YIPex19p (GenBank Accession No.
AAKR4827; SEQ ID NO:16), YIPex20p (GenBank Acces-
sion No. CAG79226; SEQ ID NO:17), YIPex22p (GenBank
Accession No. CAG77876; SEQ ID NO:18) and YIPex26p
(GenBank Accession No. NC__006072, antisense translation
of nucleotides 117230-118387; SEQ ID NO:19).

[0297] It would be expected that the chromosomal disrup-
tion of Pex would result in an increased amount of PUFAs in
the total lipid fraction and in the oil fraction, as a percent of
total fatty acids, as compared with a eukaryotic organism
whose native peroxisome biogenesis factor protein has not
been disrupted, wherein the amount of PUFAs can be: 1) the

PUFA that is the desired end product of a functional PUFA
biosynthetic pathway, as opposed to PUFA intermediates or
by-products, 2) C,, and C,, PUFAs, and/or 3) total PUFAs.
Preferred results not only achieve an increase in the amount of
PUFAs as a percent of total fatty acids but also result in an
increased amount of PUFAs as a percent of dry cell weight, as
compared with a eukaryotic organism whose native peroxi-
some biogenesis factor protein has not been disrupted. Again,
the amount of PUFAs can be: 1) the PUFA that is the desired
end product of a functional PUFA biosynthetic pathway, as
opposed to PUFA intermediates or by-products, 2) the C,,
and C,, PUFAs, and/or 3) the total PUFAs. In some cases, the
total lipid content also increases, relative to that of a eukary-
otic organism whose native peroxisome biogenesis factor
protein has not been disrupted.

Example 9

Chromosomal Deletion of Pex16 In Yarrowia lipoly-
tica Strain Y4036U Increases Percent DGLA Accu-
mulated

[0298] The present Example describes use of construct
pYRHI13 (FIG. 9B; SEQ ID NO:59) to knock out the chro-
mosomal Pex16 gene in the DGLA-producing Yarrowia
strain Y4036U (Example 1). Transformation of ¥. lipolytica
strain Y4036U with the Pex16 knockout construct resulted in
creation of strain Y4036U (Apex16). The effect of the Pex16
knockout on DGLA level was determined and compared.
Specifically, knockout of Pex16 resulted in an increased per-
centage of DGLA as a percent of total fatty acids in the cell.
Construct pYRH13

[0299] Plasmid pYRHI13 was derived from plasmid
pYPS161 (FIG. 9A, SEQ ID NO:56; Example 7). Specifi-
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cally, a 1982 bp 5' promoter region of the Yarrowia lipolytica
Pex16 gene (GenBank Accession No. CAG79622) replaced
the Ascl/BsiW] fragment of pYPS161 and a 448 bp 3' termi-
nator region of the Yarrowia lipolytica Pex16 gene (GenBank
Accession No. CAG79622) replaced the Pacl/Sphl fragment
of pYPS161 to produce pYRH13 (SEQ ID NO:59; FIG. 9B).

Generation of Yarrowia lipotytica Knockout Strain Y4036
(APex16)

[0300] Standard protocols were used to transform Yarrowia
lipolytica strainY4036U (Example 1) with the purified 6.0 kB
Ascl/Sphl fragment of Pex16 knockout construct pYRH13.

[0301] To screen for cells having the Pex16 deletion,
colony PCR was performed using Taq polymerase (Invitro-
gen; Carlsbad, Calif.) and the PCR primers PEX16Fii (SEQ
IDNO:60) and PEX16Rii (SEQ ID NO:61). This set of prim-
ers was designed to amplify a 1.1 kB region of the intact
Pex16 gene, and therefore the Pex16 deleted mutant (i.e.,
Apex16) would not produce the band. A second set of primers
was designed to produce a band only when the Pex16 gene
was deleted. Specifically, one primer (i.e., 3UTR-URA3;
SEQ ID NO:62) binds to a region in the vector sequences of
the introduced 6.0 kB Ascl/Sphl disruption fragment, and the
other primer (i.e., PEX16-conf; SEQ ID NO:63) binds to the
Pex16 terminator sequences of chromosome outside of the
homologous region of the disruption fragment.

[0302] More specifically, the colony PCR was performed
using a reaction mixture that contained: 20 mM Tris-HCl (pH
8.4), 50 mM KCl, 1.5 mM MgCl,, 400 uM each of dGTP,
dCTP, dATP, and dTTP, 2 uM of each primer, 20 pl water and
2 U Taq polymerase. Amplification was carried out as fol-
lows: initial denaturation at 94° C. for 120 sec, followed by 35
cycles of denaturation at 94° C. for 60 sec, annealing at 55° C.
for 60 sec, and elongation at 72° C. for 120 sec. A final
elongation cycle at 72° C. for 5 min was carried out, followed
by reaction termination at 4° C.

[0303] Of205 colonies screened, 195 had the Pex16 knock-
out fragment integrated at a random site in the chromosome
and thus were not Apex16 mutants (however, the cells could
grow on ura- plates, due to the presence of pYRH13). Three
of these random integrants, designated as Y4036U-17,
Y4036U-19 and Y4036U-33, were used as controls in lipid
production experiments (infra).

[0304] Theremaining 10colonies screened (i.e., of the total
205) contained the Pex16 knockout. These ten Apex16
mutants within the Y4036U strain background were desig-
nated RHY25 through RHY34.

Confirmation of Yarrowia lipotytica Knockout Strain
Y4036U (APex16) by Quantitative Real Time PCR

[0305] Further confirmation of the Pex16 knockout in
strains RHY25 through RHY34 was performed by quantita-
tive real time PCR, with the Yarrowia translation elongation
factor (tef-1) gene (GenBank Accession No. AF054510) used
as the control.

[0306] First, real time PCR primers and TagMan probes
targeting the Pex16 gene and the tef-1 gene, respectively,
were designed with Primer Express software v 2.0 (Applied-
Biosystems, Foster City, Calif.). Specifically, real time PCR
primers ef-324F (SEQ ID NO:64), ef-392R (SEQ ID NO:65),
PEX16-741F (SEQ ID NO:66) and PEX16-802R (SEQ ID
NO:67)were designed, as well as the TagMan probes ef-345T
(e, 5 6-FAM™M-TGCTGGTGGTGTTGGTGAGTT-
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TAMRA™, wherein the nucleotide sequence is set forth as
SEQ ID NO:68) and PEX16-760T (i.e., 5'-6FAM™-CT-
GTCCATTCTGCGACCCCTC-TAMRA™,  wherein the
nucleotide sequence is set forth as SEQ ID NO:69). The 5'end
of'the TagMan fluorogenic probes have the 6FAM™ fluores-
cent reporter dye bound, while the 3' end comprises the
TAMRA™ quencher. All primers and probes were obtained
from Sigma-Genosys (Woodlands, Tex.).

[0307] Knockout candidate DNA was prepared by sus-
pending 1 colony in 50 pl of water. Reactions for tef-1 and
PEX16 were run separately, in triplicate for each sample:
Real time PCR reactions included 20 pmoles each of forward
and reverse primers (i.e., ef-324F, ef-392R, PEX16-741F and
PEX16-802R 5', supra), 5 pmoles TagMan probe (i.e.,
ef-345T and PEX16-760T), 10 wl TagMan Universal PCR
Master Mix—No AmpErase® Uracil-N-Glycosylase (UNG)
(Catalog No. PN 4326614, AppliedBiosystems), 1 pl colony
suspension and 8.5 pl RNase/DNase free water for a total
volume of 20 pl per reaction. Reactions were run on the ABI
PRISM® 7900 Sequence Detection System under the follow-
ing conditions: initial denaturation at 95° C. for 10 min,
followed by 40 cycles of denaturation at 95° C. for 15 sec and
annealing at 60° C. for 1 min. Real time data was collected
automatically during each cycle by monitoring 6-FAM™
fluorescence. Data analysis was performed using tef-1 gene
threshold cycle (CT) values for data normalization as per the
ABI PRISM® 7900 Sequence Detection System instruction
manual.

[0308] Based on this analysis, it was concluded that all ten
of the Y4036U (Apex16) colonies (i.e., RHY25 through
RHY?34) were valid Pex16 knockouts, wherein the pYRH13
construct had integrated into the chromosomal YIPex16.

Evaluation of Yarrowia lipotytica Strains Y4036U and
Y4036U (APex16) for DGLA Production

[0309] To evaluate the effect of the Pex16 knockout on the
percent of PUFAS in the total lipid fraction and the total lipid
content in the cells, the Y4036U and Y4036U (Apex16)
strains were grown under comparable oleaginous conditions.
More specifically, strains Y4036U-17, Y4036U-19 and
Y4036U-33 having the Pex16 knockout fragment integrated
atarandom site in the chromosome were considered as Pex16
wild type (i.e., Y4036U) and strains RHY25 through RHY?34
were the Pex16 mutant strains (i.e., Y4036U (Apex16)). Cul-
tures of each strain were grown at a starting OD,, of ~0.1 in
25 mL of MM containing 90 mg/LL L-leucine in a 125 mL
flask for 48 hrs. The cells were harvested by centrifugation for
5 min at 4300 rpm in a 50 mL conical tube. The supernatant
was discarded and the cells were re-suspended in 25 mL of
HGM and transferred to a new 125 mL flask. The cells were
incubated with aeration for an additional 120 hrs at 30° C.
[0310] The fatty acid composition (i.e., LA (18:2), ALA,
EDA and DGLA) for each of the strains is shown below in
Table 13; fatty acid composition is expressed as the weight
percent (wt. %) of total fatty acids. The average fatty acid
composition of strains Y4036U and Y4036U (Apex16) are
highlighted in gray and indicated with “Ave”. None of the
strains tested provided sufficient cell mass in MM+L-leucine
media, and thus total lipid content was not analyzed.
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TABLE 13
Lipid Composition In ¥. lipolytica Strains Y4036U And
Y4036U (Apex16)
Strain Sample 18:2 DGLA
Y4036U Y4036U-17 | 26.1 249

Y4036U-19 | 29.4 18.1

Y4036U (Apex16)

The results in Table 13 showed that knockout of the chromo-
somal Pex16 gene in Y4036U (Apex16) increased the DGLA
% TFAs approximately 85%, as compared to the DGLA %
TFAs in strain Y4036U whose native Pex16p had not been
knocked out. However, Y4036U (Apex16) also had a -40%
decrease in the LA (18:2) accumulation.

[0311] Thus, the results in Table 13 showed that compared
to the parent strain Y4036, Y4036 (APex16) strain had higher
average DGLA % TFAs (43.4% versus 23.4%). Additionally,
strain Y4036U (Apex16) had a 1.65-fold increase in the
amount of DGLA relative to the total PUFAs (62.8% of the
PUFAs [as a % TFAs] versus 38.1% of the PUFAs [as a %
TFAs]) and a 1.3-fold increase in the amount of C20 PUFAs
relative to the total PUFAs (71% of the PUFAs [as a % TFAs]
versus 54.8% of the PUFAs [as a % TFAs]).

Example 10

Generation of Y4305 Strain to Produce about 53.2%
EPA of Total Liquids

[0312] Y lipolytica strain Y4305U, having a Ura— pheno-
type, was used as the host in Example 11, infra. Strain Y4305
(aUra+ strain that was parent to Y4305U) was derived from Y.
lipolytica ATCC #20362, and is capable of producing about
53.2% EPA relative to the total lipids via expression of a A9
elongase/A8 desaturase pathway.

[0313] The development of strain Y4305U required the
construction of strain Y2224, strain Y4001, strain Y4001U,
strain Y4036, strain Y4036U, strain Y4070 and strain Y4086
(supra, Example 1). Further development of strain Y4305U
required construction of strain Y4086U1, strain Y4128 and
strain Y4128U3 (supra, Example 2). Subsequently, develop-
ment of strain Y4305U (diagrammed in FIG. 10) required
construction of strain Y4217 (producing 42% EPA), strain
Y421702 (Ura-), strain Y4259 (producing 46.5% EPA),
strain Y4259U2 (Ura-) and strain Y4305 (producing 53.2%
EPA).

[0314] Although the details concerning transformation and
selection of the EPA-producing strains developed after strain
Y4128U3 are not elaborated herein, the methodology used
for isolation of strain Y4217, strain Y4217U2, strain Y4259,
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strain Y4259U2, strain Y4305 and strain Y4305U was as
described in Examples 1 and 2.

[0315] Briefly, construct pZKI1.2-5U89GC (FIG. 8B; SEQ
ID NO:55; described in Table 24 of Int’l. App. Pub. No. WO
2008/073367, hereby incorporated herein by reference) was
generated to integrate one A9 elongase gene (i.e., EgD%eS),
one A8 desaturase gene (i.e., EgD8M), one A5 desaturase
gene (i.e., EgD5S), and one Yarrowia lipolytica diacylglyc-
erol cholinephosphotransferase (CPT1) gene into the Lip2
loci (GenBank Accession No. AJ012632) of strain Y4128U3
to thereby enable higher level production of EPA. Six strains,
designated as Y4215, Y4216, Y4217, Y4218, Y4219 and
Y4220, produced about 41.1%, 41.8%, 41.7%, 41.1%, 41%
and 41.1% EPA of total lipids, respectively.

[0316] StrainY4217U1 and Y4217U2 were created by dis-
rupting the Ura3 gene in strain Y4217 via construct
pZKUE3S (FIG.5A; SEQID NO:31; described in Table 22 of
Int’l. App. Pub. No. WO 2008/073367, hereby incorporated
herein by reference), comprising a chimeric EXP1::ME3S::
Pex20 gene targeted for the Ura3 gene. Construct pZKL1-
2SP98C (FIG. 8A; SEQ ID NO:54; described in Table 23 of
Int’l. App. Pub. No. WO 2008/073367, hereby incorporated
herein by reference) was utilized to integrate one A9 elongase
gene (i.e., EgD9eS), one A8 desaturase gene (i.e., EgD8M),
one A12 desaturase gene (i.e., FmD12S), and one Yarrowia
lipolytica CPT1 gene into the Lip1 loci (GenBank Accession
No. Z250020) of strain Y4217U2, thereby resulting in isolation
of strains Y4259,Y4260, Y4261,Y4262, Y4263 and Y4264,
producing about 46.5%, 44.5%, 44.5%, 44.8%, 44.5% and
44.3% EPA of total lipids, respectively.

[0317] A Ura- derivative (i.e., strain Y4259U2) was then
created, via transformation with construct pZKUM (FIG.
11A; SEQ ID NO:70; described in Table 33 of Int’1. App. Pub.
No. WO 2008/073367, hereby incorporated herein by refer-
ence), which integrated a Ura3 mutant gene into the Ura3
gene of strain Y4259, thereby resulting in isolation of strains
Y4259U1, Y4259U2 and Y4259U3, respectively (collec-
tively, Y4259U) (producing 31.4%, 31% and 31.3% EPA of
total lipids, respectively).

[0318] Finally, construct pZKD2-5U89A2 (FIG. 11B; SEQ
ID NO:71) was generated to integrate one A9 elongase gene,
one A5 desaturase gene, one A8 desaturase gene, and one A12
desaturase gene into the diacylglycerol acyltransferase
(DGAT?2)loci of strain Y4259U2, to thereby enable increased
production of EPA. The pZKD2-5U89A2 plasmid contained
the following components:

TABLE 14

Description of Plasmid pZKD2-5U89A2 (SEQ ID NO: 71)

RE Sites And

Nucleotides

Within SEQ ID Description Of Fragment And Chimeric Gene

NO: 71 Components

Ascl/BsiWI 728 bp 5' portion of Yarrowia DGAT?2 gene (SEQ ID

(1-736) NO: 72) (labeled as “YLDGATS5" in Figure; U.S. Pat.
No. 7,267,976)

Pacl/Sphl 714 bp 3' portion of Yarrowia DGAT?2 gene (SEQ ID

(4164-3444) NO: 72) (labeled as “YLDGAT3" in Figure; U.S. Pat.
No. 7,267,976)

Swal/BsiWI YAT1::FmD128S::Lip2, comprising:

(13377-1) YAT1: Yarrowia lipolytica YAT1 promoter (labeled

as “YAT” in Figure; Pat. Appl. Pub. No. US
2006/0094102-A1);
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TABLE 14-continued

Description of Plasmid pZKD2-5U89A2 (SEQ ID NO: 71)

RE Sites And

Nucleotides

Within SEQ ID Description Of Fragment And Chimeric Gene

NO: 71 Components
FmD12S: codon-optimized A12 elongase (SEQ ID
NO: 74), derived from Fusarium moniliforme
(labeled as “F.D12S” in Figure; Int’l. App. Pub. No.
WO 2005/047485);
Lip2: Lip2 terminator sequence from Yarrowia Lip2
gene (GenBank Accession No. AJ012632)

Pmel/Swal FBAIN::EgD8&M::Lipl comprising:

(10740-13377) FBAIN: Yarrowia lipolytica FBAIN promoter (U.S.
Pat. No. 7,202,356);

EgD8M: Synthetic mutant A8 desaturase (SEQ ID
NO: 76; Pat. Appl. Pub. No. US 2008-0138868 Al),
derived from Euglena gracilis (“EgD8S”; U.S. Pat.
No. 7,256,033);

Lipl: Lipl terminator sequence from Yarrowia Lipl
gene (GenBank Accession No. Z50020)
YAT1::E389D9%eS::OCT, comprising:

YAT1: Yarrowia lipolytica YAT1 promoter (labeled
as “YAT” in Figure; Pat. Appl. Pub. No. US
2006/0094102-A1);

E389D9%eS: codon-optimized A9 elongase (SEQ ID
NO: 78), derived from Eutreptiella sp. CCMP389
(labeled as “D9ES-389” in Figure; Int’l. App. Pub.
No. WO 2007/061742);

OCT: OCT terminator sequence from Yarrowia
OCT gene (GenBank Accession No. X69988)

Clal/Pmel
(8846-10740)

Clal/EcoRI Yarrowia Ura3 gene (GenBank Accession No.
(8846-6777) AJ306421)
EcoRI/Pacl EXP1::EgD5S::ACO, comprising:

(6777-4164) EXP1: Yarrowia lipolytica export protein (EXP1)
promoter (labeled as “Exp” in Figure; Int’l. App.
Pub. No. WO 2006/052870);

EgD35S: codon-optimized A5 desaturase (SEQ ID
NO: 80), derived from Euglena gracilis (Pat. Appl.
Pub. No. US 2007-0292924-A1);

Aco: Aco terminator sequence from Yarrowia Aco

gene (GenBank Accession No. AJ001300)

[0319] The pZKD2-5U89A2 plasmid was digested with
Ascl/Sphl and then used for transformation of strain
Y4259U2 according to the General Methods. The trans-
formed cells were plated onto MM plates, and plates were
maintained at 30° C. for 3 to 4 days. Single colonies were
re-streaked onto MM plates, and the resulting colonies were
used to inoculate liquid MM. Liquid cultures were shaken at
250 rpm/min for 2 days at 30° C. The cells were collected by
centrifugation, resuspended in HGM, and then shaken at 250
rpm/min for 5 days. The cells were collected by centrifuga-
tion, and lipids were extracted. FAMEs were prepared by
trans-esterification and subsequently analyzed with a
Hewlett-Packard 6890 GC.

[0320] GC analyses showed that most of the selected 96
strains produced 40-46% EPA of total lipids. Four strains,
designated as Y4305, Y4306, Y4307 and Y4308, produced
about 53.2%, 46.4%, 46.8% and 47.8% EPA of total lipids,
respectively. The complete lipid profile of Y4305 is as fol-
lows: 16:0 (2.8%), 16:1 (0.7%), 18:0 (1.3%), 18:1 (4.9%),
18:2 (17.6%), ALA (2.3%), EDA (3.4%), DGLA (2.0%),
ARA (0.6%),ETA (1.7%) and EPA (53.2%). The total lipid %
dry cell weight was 27.5.

[0321] The final genotype of strain Y4305 with respect to
wild type Yarrowia lipolytica ATCC #20362 was SCP2-
(YALIOE01298g), YALIOC18711g-, Pex10-,
YALIOF24167g-, unknown 1-, unknown 3-; unknown 8-,
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GPD::FmD12::Pex20, YAT1::FmD12::OCT, GPM/FBAIN::
FmD12S::OCT, EXP1::FmDI12S::Aco, YAT1::FmDI12S::
Lip2,YAT1::ME3S::Pex16, EXP1::ME3S::Pex20 (3 copies),
GPAT::EgD9e::Lip2, EXP1::EgD9%S::Lipl, FBAINm::
EgD9eS::Lip2, FBA::EgD9eS::Pex20, GPD::EgD9eS::Lip2,
YAT1::EgD9eS::Lip2, YAT1::E389D9eS::OCT, FBAINm::
EgD8M::Pex20, FBAIN::EgD8M::Lip1 (2 copies), EXP1::
EgD8M::Pex16, GPDIN::EgD8M::Lipl, YAT1::EgD8M::
Aco, FBAIN::EgD5::Aco, EXP1::EgD58S::Pex20, YATI::
EgD5S::Aco, EXP1:EgD5S::ACO, YAT1::RD5S::OCT,
YAT1::PaD17S::Lipl, EXP1::PaD17::Pex16, FBAINm::
PaD17::Aco, YAT1::YICPT1::ACO, GPD::YICPT1::ACO.
[0322] In order to disrupt the Ura3 gene in strain Y4305,
construct pZKUM (FIG. 11A; SEQ ID NO:70; described in
Table 33 of Int’l. App. Pub. No. WO 2008/073367, hereby
incorporated herein by reference) was used to integrate a
Ura3 mutant gene into the Ura3 gene of strain Y4305. A total
of' 8 transformants grown on MM+5-FOA plates were picked
and re-streaked onto MM plates and MM+5-FOA plates,
separately. All 8 strains had a Ura-phenotype (i.e., cells could
grow on MM+5-FOA plates, but not on MM plates). The cells
were scraped from the MM+5-FOA plates, and lipids were
extracted. FAMEs were prepared by trans-esterification and
subsequently analyzed with a Hewlett-Packard 6890 GC.
[0323] GC analyses showed the presence of 37.6%, 37.3%
and 36.5% EPA of total lipids in pZKUM transformants #1,
#6 and #7 grown on MM+5-FOA plates. These three strains
were designated as strains Y4305U1, Y4305U2 and
Y4305U3, respectively (collectively, Y4305U). For clarity in
Example 11, strain Y4305U is referred to as strain Y4305U
(Apex10).

Example 11

Chromosomal Deletion of Pex16 in Yarrowia lipoly-
tica Strain Y4305U (Apex10) Further Increased Per-
cent EPA Accumulated

The Double Pex10-Pex16 Knockout

[0324] The present Example describes use of construct
pYRHI13 (FIG. 9B; SEQ ID NO:59) to knock out the chro-
mosomal Pex16 in Yarrowia strain Y4305U (Apex10) (Ex-
ample 10), to thereby result in a Pex10-Pex16 double mutant.
The effect of the Pex10-Pex16 double knockout on total oil
and EPA level was determined and compared. Specifically,
the effect of the Pex10-Pex16 double mutation in strain
Y4305U (Apex10) (Apex16) resulted in an increased amount
of EPA in the cell (EPA % TFAs and EPA % DCW), as
compared to the single mutant (i.e., strain Y4305U (Apex10)).
Generation of Yarrowia lipolytica Knockout Strain Y4305U
(APex10) (Apex16)

[0325] Standard protocols wereused to transform Yarrowia
lipolytica strain Y4305U (Apex10) (Example 10) with the
purified 6.0 kB Ascl/Sphl fragment of Pex16 knockout con-
struct pYRH13 (Example 9; SEQ ID NO:59). Screening and
identification of cells having the Pex16 deletion was con-
ducted by colony PCR, as described in Example 9.

[0326] Of93 colonies screened, 88 had the Pex16 knockout
fragment integrated at a random site in the chromosome and
thus were not Apex 16 mutants (however, the cells could grow
on Ura-plates, due to the presence of pYRH13). Two of these
random integrants, designated as Y4305U-22 and Y4305U-
25, were used as controls in lipid production experiments
(infra).
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[0327] The remaining 5 colonies screened (i.e., of the total
93) contained the Pex16 knockout. These five Apex16
mutants within the Y4305U strain background were desig-
nated RHY?20, RHY21, RHY22, RHY23 and RHY24. Fur-
ther confirmation of the YIPex 16 knockout was performed by
quantitative real time PCR, as described in Example 9.
Evaluation of Yarrowia lipolytica Strains Y4305U (APex10)
and Y4305U (APex10) (Apex16) for EPA Production

[0328] To evaluate the effect of mutation in multiple Pex
genes on the percent of PUFAs in the total lipid fraction and
the total lipid content in the cells, Y4305U (Apex10) and
Y4305U (Apex10) (Apex16) strains were grown under com-
parable oleaginous conditions. More specifically, strains
Y4305U-22 and Y4305U-25 having the Pex16 knockout
fragment integrated at a random site in the chromosome were
considered as Pex16 wild type, Pex10 knockouts (i.e.,
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times) and was transferred to a pre-weighed aluminum pan.
The cell suspension was dried overnight in a vacuum oven at
80° C. The weight of the cells was determined.

[0331] To determine the total lipid content, 1 mL. of HGM
cultured cells were collected by centrifugation for 1 min at
13,000 rpm, total lipids were extracted, and FAMEs were
prepared by trans-esterification, and subsequently analyzed
with a Hewlett-Packard 6890 GC (General Methods).
[0332] The fatty acid composition (i.e., 16:0 (palmitate),
16:1 (palmitoleic acid), 18:0, 18:1 (oleic acid), 18:2 (LA),
18:3 (ALA), EDA, DGLA, ARA, ETrA, ETA and EPA) for
each of the strains is shown below in Table 15 (expressed as
the weight percent (wt. %) of total fatty acids (TFA)), as well
asthe DCW (g/L) and total lipid content (TFAs % DCW). The
average fatty acid composition of strains Y4305U (Apex10)
and Y4305U (Apex10) (Apex16) are highlighted in gray and
indicated with “Ave”.

TABLE 15

Lipid Composition In ¥ lipolytica Strains Y4305U (APex10) And Y4305U (APex10) (APex16)

TFAs
DCW | o
Strain | Sample| (&L) | DCW | 16:0 | 16:1 | 18:0 | 18:1 | 18:2 | 18:3 | EDA| DGLA| ARA | ETrA| ETA | EPA
Y4305U(v43050] 350 [ 29 [ 31] 0721641872642 18 J 05| 1.8 | 20 [454
(Apex10)| -22 #1
Y4305U] 394 [ 290 [ 30 072162 [185[ 2545 1.8 | 05 1.8 | 2.0 [4556
2242
v43050] 414 | 31 [ 36| 1.1 1861 ]188[ 2445 19 [ 06 | 1.6 | 2.0 [43.9
225 #1
v4305U] 412 [ 30 [ 36| 11 18] 61[187] 2446 19 [ 06 [ 1.6 | 20 [440
2542

Y4305

404 | 20 [ 270715 54 185[ 2734 19 [ 05 ] 14 [ 20 [485

(Apex10)

(Apex16) 382 32 [ 27] 06 15551843030 20 | 05| 1.5 [ 20 [488
466 | 30 [ 27] 0715541862735 20 [ 06| 14 [ 20 [482
418 [ 30 | 27 07 15[ 541842635 1.9 | 06 | 14 [ 2.0 |485
434 30 [ 28] 0815551862636 19 [ 06 1420 [479
458 [ 30 [ 27| 07| 15[ 561882636 20 | 0.6 | 14 | 20 [478

Y4305U (Apex10)). Strains RHY22, RHY?23 and RHY24
were the double knockout mutant strains (i.e., Y4305U
(Apex10) (Apex16)). Cultures of each strain were grown in
duplicate under comparable oleaginous conditions.

[0329] Specifically, cultures were grown at a starting
ODy,, of ~0.1 in 25 mL of synthetic dextrose media (SD) in
a 125 mL flask for 48 hrs. The cells were harvested by cen-
trifugation for 5 min at4300 rpm in a 50 mL. conical tube. The
supernatant was discarded and the cells were re-suspended in
25 mL of HGM and transferred to a new 125 mL flask. The
cells were incubated with aeration for an additional 120 hrs at
30°C.

[0330] To determine the dry cell weight (DCW), the cells
from 5 mL of the HGM-grown cultures were processed. The
cultured cells were centrifuged for 5 min at 4300 rpm. The
pellet was re-suspended using 10 mL of sterile water and was
centrifuged under the same conditions for a second time. The
pellet was then re-suspended using 1 mL of sterile H,O (three

[0333] The results in Table 15 showed that knockout of the
chromosomal Pex16 gene in Y4305U (Apex10) (Apex16)
increased the EPA % TFAs approximately 8%, as compared
to the EPA % TFAs in strain Y4305U (Apex1.0) whose native
Pex16p had not been knocked out. Additionally, the EPA %
DCW was also increased in the double mutant as compared to
in the single mutant strain, while the TFAs % DCW remained
the same.

[0334] Thus, the results in Table 15 showed that compared
to the control Y4305 (APex10) strains, Y4305 (APex10,
APex16) strains on average had higher EPA % TFAs (48.3%
versus 44.7%) and higher EPA % DCW (14.57% versus
13.23%). Strain Y4305 (APex10, APex16) had only a 1.05-
fold increase in the amount of EPA relative to the total PUFAs
(61% ofthe PUFAs [as a% TFAs] versus 58.3% ofthe PUFAs
[as a % TFAs]) relative to strain Y4305 (APex10), while the
increase in the amount of C20 PUFAs relative to the total
PUFAs was effectively identical (73% of the PUFAs [as a %
TFAs] versus 72% of the PUFAs [as a % TFAs]).
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Example 12

Chromosomal Deletion of Pex3 in Yarrowia lipoly-
tica Strain Y4036U Increases Percent DGLA Accu-
mulated

[0335] The present Example describes use of construct
pY157 (FIG. 12B; SEQ ID NO:82) to knock out the chromo-
somal Pex3 gene (SEQ ID NO:3) in the Ura-, DGLA-produc-
ing Yarrowia strain Y4036U (Example 1). Transformation of
Y lipolytica strain Y4036U with the Pex3 knockout construct
resulted in creation of strain Y4036 (Apex3). The effect of the
Pex3 knockout on DGLA level was determined and com-
pared to the control strain Y4036 (a Ura* strain that was
parent to strain Y4036U). Specifically, knockout of Pex3
increased DGLA as a percentage of total fatty acids and
improved ca. 3-fold DGLA % DCW, compared to the control.

Construct PY157

[0336] Plasmid pY87 (FIG. 12A) contained a cassette to
knock out the Yarrowia lipolytica diacylglycerol acyltrans-
ferase (DGAT2) gene, as described below in Table 16:

TABLE 16

Description of Plasmid pY87 (SEQ ID NO: 83)

RE Sites And
Nucleotides
Within SEQ ID Description Of Fragment And

NO: 83 Chimeric Gene Components
Sphl/Pacl 5' portion of Yarrowia DGAT?2 gene (bases 1-720 of
(1-721) SEQ ID NO: 72) (U.S. Pat. No. 7,267,976)
Pacl/Bglll LoxP::Ura3::LoxP, comprising:
(721-2459) LoxP sequence (SEQ ID NO: 84);
Yarrowia Ura3 gene (GenBank Accession No.
AJ306421); LoxP sequence (SEQ ID NO: 84)
BglIl/Ascl 3' portion of Yarrowia DGAT?2 gene (bases 2468-3202 of
(2459-3203) SEQ ID NO: 72) (U.S. Pat. No. 7,267,976)
Ascl/Sphl Vector backbone including:

(3203-5910) ColE1 plasmid origin of replication;
ampicillin-resistance gene (Amp®) for selection in E. coli
(4191-5051);

E. coli f1 origin of replication

[0337] Plasmid pY157 was derived from plasmid pY87.
Specifically, a 704 bp 5' promoter region of the Yarrowia
lipolytica Pex3 gene replaced the Sphl/Pacl fragment of
pY87 and a 448 bp 3' terminator region of the Yarrowia
lipolytica Pex3 gene replaced the Bg/Il/IAscl fragment of
pY87 to produce pY 157 (SEQ ID NO:82; FIG. 12B).
Generation of Yarrowia lipolytica Knockout Strain Y4036
(APex3)

[0338] Standard protocols were used to transform Yarrowia
lipolytica strain Y4036U (Example 1) with the purified 3648
bp Ascl/Sphl fragment of Pex3 knockout construct pY157
(supra).

[0339] To screen for cells having the Pex3 deletion, colony
PCR was performed using Taq polymerase (Invitrogen;
Carlsbad, Calif.) and the PCR primers UP 768 (SEQ ID
NO:85)and LP 769 (SEQ ID NO:86). This set of primers was
designed to amplify a 2039 bp wild type band of the intact
Pex3 gene and 3719 bp knockout-specific band when the
Pex3 gene was disrupted by targeted knockout.

[0340] More specifically, the colony PCR was performed
using a MasterAmp Taq kit (Epicentre Technologies, Madi-
son, Wis.; Catalog No. 82250) and the manufacturer’s
instructions in a 25 pl reaction comprising: 2.5 ul of 10x
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MasterAmp Taq buffer, 2.0 ul of 25 mM MgCl,, 7.5 ul of 16x
MasterAmp Enhancer, 2.5 ul of 2.5 mM dNTPs (TaKaRa Bio
Inc., Otsu Shiga, Japan), 1.0 pl of 10 uM Upper primer, 1.0 pl
of 10 uM Lower primer, 0.25 ul of MasterAmp Taq DNA
polymerase and 19.75 ul of water. Amplification was carried
out as follows: initial denaturation at 95° C. for 5 min, fol-
lowed by 40 cycles of denaturation at 95° C. for 30 sec,
annealing at 56° C. for 60 sec, and elongation at 72° C. for 4
min. A final elongation cycle at 72° C. for 10 min was carried
out, followed by reaction termination at 4° C.

[0341] Of 48 colonies screened, 46 had the 2039 bp band
expected from the wild type (i.e., undisrupted) Pex3 gene thus
were not Apex3 mutants. The remaining 2 colonies showed
only a faint band of 2039 bp, suggesting that they were Apex3
mutants with some contaminating untransformed cells
present in the background. This was confirmed by streaking
the 2 putative knockout colonies on selection plates to isolate
single colonies. Then, genomic DNA was isolated from 3
single colonies from each putative knockout strain and
screened by the same primer pair. i.e., UP 768 and LP 769
(SEQ ID NOs:85 and 86). This method was considered more
sensitive than colony PCR. All three single colonies from
both primary transformants lacked the 2039 bp wild type
band and instead possessed the 3719 bp knockout-specific
band. The two Apex3 mutants within the Y4036U strain back-
ground were designated [.134 and [.135.

Evaluation of Yarrowia lipolytica Strains Y4036 And Y4036
(APex3) for DGLA Production

[0342] To evaluate the effect of the Pex3 knockout on the
percent of PUFAS in the total lipid fraction and the total lipid
content in the cells, the Y4036 and Y4036 (Apex3) strains
were grown under comparable oleaginous conditions. Strains
Y4036, 1134 (i.e., Y4036 (Apex3)) and L135 (i.e., Y4036
(Apex3)) were inoculated into 25 mIL of CSM-Ura and grown
at 30° C. overnight in a shaker. The preculture was aliquoted
into fresh 25 ml. CSM-Ura flasks at a final ODg,, of 0.4.
Cultures were grown at 30° C. in shaker. After 48 hrs, the cells
(which barely grew) were spun down and resuspended in
fresh 25 ml. CSM-Ura and continued to grow for 72 hrs. Cells
were spun down, re-suspended in 25 mL. of HGM, and con-
tinued to grow as above for 72 hrs. Cells were harvested by
centrifugation, washed once in distilled water and resus-
pended in 25 mL water to give a final volume of 20.5 mL.. An
aliquot (1.5 mL) was used for lipid content, following extrac-
tion of the total lipids, preparation of FAMEs by base trans-
esterification, and analysis by a Hewlett-Packard 6890 GC
(General Methods). The remaining aliquot was dried down to
measure dry cell weight (DCW), as described in Example 11.
[0343] The fatty acid composition (i.e., 16:0 (palmitate),
16:1 (palmitoleic acid), 18:0, 18:1 (oleic acid), 18:2 (LA),
EDA and DGLA) for each of the strains is shown below in
Table 17 (expressed as the weight percent (wt. %) of total
fatty acids (TFA)), as well as the total lipid content (TFA %
DCW). The conversion efficiency (“CE”) was measured
according to the following formula: ([product]/[substrate+
product])*100, where ‘product’ includes the immediate prod-
uct and all products in the pathway derived from it. Thus, the
A12 desaturase conversion efficiency (A12% CE) was calcu-
lated as: ([LA+EDA+DGLA]/[18:1+4LA+EDA+DGLA])
*100; the A9 elongase conversion efficiency (A9 elo % CE)
was calculated as: ([EDA+DGLAJ/[LA+EDA+DGLA])
*100; and, the A8 desaturase conversion efficiency (A8% CE)
was calculated as: ([DGLA]/[EDA+DGLA])*100. The aver-
age fatty acid composition of strains Y4036, [.134 and [.135
are highlighted in gray and indicated with “Ave”, while
“S.D.” indicates the Standard Deviation. As expected, the
Apex3 strains did not grow on plates with oleate as a sole
source of carbon.
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TABLE 17

Lipid Content And Composition In ¥ lipolytica Strains Y4036 And Y4036 (APex3)

TFA % Al2 [A9elo| A8

Strain | Sample | DCW |16:0 | 16:1|18:0| 18:1|18:2 | EDA [ DGLA| % CE | % CE | % CE

Y4036 | Y4036-1] 61 |10 |7 [1 [14 [29 9 19 80 49 69
Y4036-2] 37 |11 [ 6 [1 |14 [30 8 | 20 81 48 70
Y4036-3] 41 [11 [ 5 [1 [15 [31 3 19 80 47 70

Y4036

(Apex3)| L134-2 7 15 8 |11 10 47 00 83

Y4036

(Apex3)

[0344] The results in Table 17 showed that knockout of the
chromosomal Pex3 gene in Y4036 (Apex3) increased the
DGLA % TFAs approximately 142%, as compared to the
DGLA % TFAs in strain Y4036 whose native Pex3p had not
been knocked out. Specifically, the Pex3 knockout increased
DGLA levels from ca. 19% in Y4036 to 46% in Y4036
(Apex3) strains, [.134 and [.135. Additionally, the A9 elon-
gase percent conversion efficiency increased from ca. 48% in
Y4036 to 83% in' Y4036 (Apex3) strains, [.134 and [.135; and,
TFA % DCW increased from 4.7% to 6% in the strains 134
and L135. The LA % TFAs decreased from 30% to 12%. Pex3
deletion indeed increases the flux of fatty acids and thus the
substrate availability for A9 elongation.

[0345] Thus, the results in Table 17 showed that compared
to the parent strain Y4036, Y4036 (APex3) strain had on

average higher lipid content (TFAs % DCW) (ca. 6.0% versus
4.7%), higher DGLA % TFAs (46% versus 19%), and higher
DGLA % DCW (ca. 2.8% versus 0.9%). Additionally, strain
Y4036 (APex3) had a 2-fold increase in the amount of DGLA
relative to the total PUFAs (67.7% of the PUFAs [as a %
TFAs] versus 33.3% of the PUFAs [as a % TFAs]) and a
1.7-fold increase in the amount of C20 PUFAs relative to the
total PUFAs (82% of the PUFAs [as a % TFAs] versus 47% of
the PUFAs [as a % TFAs]).

[0346] Itis hypothesized that the improved DGLA produc-
tivity would also result in improved EPA productivity in
Yarrowia lipolytica strains engineered for EPA production
(e.g., Y. lipolytica strainY4305U, as described in Example 10,
and derivatives therefrom).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 86
<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 1024

TYPE: PRT

ORGANISM: Yarrowia lipolytica
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (1)..(1024)

OTHER INFORMATION: YlPexlp;
<400> SEQUENCE: 1
Met Thr Ser Lys
1

Ser Ser Ile

5

Asp Tyr Gly Lys

10

Asp Lys

Val Phe Ala

20

Pro Ile Leu Leu Pro Asn Thr

25

Lys Ser Asp

Ile Ile

35

Gln Ile Ala Thr Ile

45

Asp Leu Asn Pro Lys His

40

Val
50

Pro Thr Val Ala Glu Ile Val Glu Leu His

60

Asp Trp

Glu Ile

70

Gln Val Ala

75

Leu Val

65

Ser Arg Met Asn Arg Ser

GenBank Accession No.

CAG82178

Glu Leu

15

Asp

Gln
30

Val Val

His Leu Glu

Ala Ala Tyr

Gln
80

Pro Asn
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-continued

Pro Val Thr Val Tyr Pro Ser Ser Thr Thr Ser Ala Thr Leu Lys Val
85 90 95

Ile Arg Ile Glu Pro Asp Leu Gly Ala Ala Gly Phe Ala Lys Leu Ser
100 105 110

Pro Asp Ser Glu Val Val Val Ala Pro Lys Gln Arg Lys Lys Glu Glu
115 120 125

Lys Gln Val Lys Lys Arg Ser Gly Ser Ala Arg Ser Thr Gly Ser Gln
130 135 140

Lys Arg Lys Gly Gly Arg Gly Pro His Ala Leu Arg Arg Ala Ile Ser
145 150 155 160

Glu Asp Phe Asp Gly His Leu Arg Leu Glu Val Ser Leu Asp Val Ser
165 170 175

Gln Leu Pro Pro Glu Phe His Gln Leu Lys Asn Val Ser Ile Lys Val
180 185 190

Ile Thr Pro Pro Asn Leu Ala Ser Pro Gln Gln Ala Ala Ser Ile Ala
195 200 205

Val Glu Glu Lys Ser Glu Glu Ser Leu Ser Gln Asn Lys Pro Pro Ser
210 215 220

Ser Glu Pro Lys Val Glu Val Pro Pro Asp Ile Ile Asn Pro Ala Ser
225 230 235 240

Glu Ile Val Ala Thr Leu Val Asn Asp Thr Thr Ser Pro Thr Gly His
245 250 255

Ala Lys Leu Ser Tyr Ala Leu Ala Asp Ala Leu Gly Ile Pro Ser Ser
260 265 270

Val Gly His Val Ile Arg Phe Glu Ser Ala Ser Lys Pro Leu Ser Gln
275 280 285

Lys Pro Gly Ala Leu Val Ile His Arg Phe Ile Thr Lys Thr Val Gly
290 295 300

Ala Ala Glu Gln Lys Ser Leu Arg Leu Lys Gly Glu Lys Asn Ala Asp
305 310 315 320

Asp Gly Val Ser Ala Asp Asp Gln Phe Ser Leu Leu Glu Glu Leu Lys
325 330 335

Lys Leu Gln Met Leu Glu Gly Pro Ile Thr Asn Phe Gln Arg Leu Pro
340 345 350

Pro Ile Pro Glu Leu Leu Pro Leu Gly Gly Val Ile Gly Leu Gln Asn
355 360 365

Ser Glu Gly Trp Ile Gln Gly Gly Tyr Leu Gly Glu Glu Pro Ile Pro
370 375 380

Phe Val Ser Gly Ser Glu Ile Leu Arg Ser Glu Ser Ser Leu Ser Pro
385 390 395 400

Ser Asn Ile Glu Ser Glu Asp Lys Arg Val Val Gly Leu Asp Asn Met
405 410 415

Leu Asn Lys Ile Asn Glu Val Leu Ser Arg Asp Ser Ile Gly Cys Leu
420 425 430

Val Tyr Gly Ser Arg Gly Ser Gly Lys Ser Ala Val Leu Asn His Ile
435 440 445

Lys Lys Glu Cys Lys Val Ser His Thr His Thr Val Ser Ile Ala Cys
450 455 460

Gly Leu Ile Ala Gln Asp Arg Val Gln Ala Val Arg Glu Ile Leu Thr
465 470 475 480
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-continued

Lys Ala Phe Leu Glu Ala Ser Trp Phe Ser Pro Ser Val Leu Phe Leu
485 490 495

Asp Asp Ile Asp Ala Leu Met Pro Ala Glu Val Glu His Ala Asp Ser
500 505 510

Ser Arg Thr Arg Gln Leu Thr Gln Leu Phe Leu Glu Leu Ala Leu Pro
515 520 525

Ile Met Lys Ser Arg His Val Ser Val Val Ala Ser Ala Gln Ala Lys
530 535 540

Glu Ser Leu His Met Asn Leu Val Thr Gly His Val Phe Glu Glu Leu
545 550 555 560

Phe His Leu Lys Ser Pro Asp Lys Glu Ala Arg Leu Ala Ile Leu Ser
565 570 575

Glu Ala Val Lys Leu Met Asp Gln Asn Val Ser Phe Ser Gln Asn Asp
580 585 590

Val Leu Glu Ile Ala Ser Gln Val Asp Gly Tyr Leu Pro Gly Asp Leu
595 600 605

Trp Thr Leu Ser Glu Arg Ala Gln His Glu Met Ala Leu Arg Gln Ile
610 615 620

Glu Ile Gly Leu Glu Asn Pro Ser Ile Gln Leu Ala Asp Phe Met Lys
625 630 635 640

Ala Leu Glu Asp Phe Val Pro Ser Ser Leu Arg Gly Val Lys Leu Gln
645 650 655

Lys Ser Asn Val Lys Trp Asn Asp Ile Gly Gly Leu Lys Glu Thr Lys
660 665 670

Ala Val Leu Leu Glu Thr Leu Glu Trp Pro Thr Lys Tyr Ala Pro Ile
675 680 685

Phe Ala Ser Cys Pro Leu Arg Leu Arg Ser Gly Leu Leu Leu Tyr Gly
690 695 700

Tyr Pro Gly Cys Gly Lys Thr Tyr Leu Ala Ser Ala Val Ala Ala Gln
705 710 715 720

Cys Gly Leu Asn Phe Ile Ser Ile Lys Gly Pro Glu Ile Leu Asn Lys
725 730 735

Tyr Ile Gly Ala Ser Glu Gln Ser Val Arg Glu Leu Phe Glu Arg Ala
740 745 750

Gln Ala Ala Lys Pro Cys Ile Leu Phe Phe Asp Glu Phe Asp Ser Ile
755 760 765

Ala Pro Lys Arg Gly His Asp Ser Thr Gly Val Thr Asp Arg Val Val
770 775 780

Asn Gln Met Leu Thr Gln Met Asp Gly Ala Glu Gly Leu Asp Gly Val
785 790 795 800

Tyr Val Leu Ala Ala Thr Ser Arg Pro Asp Leu Ile Asp Pro Ala Leu
805 810 815

Leu Arg Pro Gly Arg Leu Asp Lys Met Leu Ile Cys Asp Leu Pro Ser
820 825 830

Tyr Glu Asp Arg Leu Asp Ile Leu Arg Ala Ile Val Asp Gly Lys Met
835 840 845

His Leu Asp Gly Glu Val Glu Leu Glu Tyr Val Ala Ser Arg Thr Asp
850 855 860

Gly Phe Ser Gly Ala Asp Leu Gln Ala Val Met Phe Asn Ala Tyr Leu
865 870 875 880

Glu Ala Ile His Glu Val Val Asp Val Ala Asp Asp Thr Ala Ala Asp
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-continued

885 890 895

Thr Pro Ala Leu Glu Asp Lys Arg Leu Glu Phe Phe Gln Thr Thr Leu
900 905 910

Gly Asp Ala Lys Lys Asp Pro Ala Ala Val Gln Asn Glu Val Met Asn
915 920 925

Ala Arg Ala Ala Val Ala Glu Lys Ala Arg Val Thr Ala Lys Leu Glu
930 935 940

Ala Leu Phe Lys Gly Met Ser Val Gly Val Asp Asn Asp Asp Asp Lys
945 950 955 960

Pro Arg Lys Lys Ala Val Val Val Ile Lys Pro Gln His Met Asn Lys
965 970 975

Ser Leu Asp Glu Thr Ser Pro Ser Ile Ser Lys Lys Glu Leu Leu Lys
980 985 990

Leu Lys Gly Ile Tyr Ser Gln Phe Val Ser Gly Arg Ser Gly Asp Met
995 1000 1005

Pro Pro Gly Thr Ala Ser Thr Asp Val Gly Gly Arg Ala Thr Leu
1010 1015 1020

Ala

<210> SEQ ID NO 2

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(381)

<223> OTHER INFORMATION: YlPex2p; GenBank Accession No. CAG77647

<400> SEQUENCE: 2

Met Ser Ser Val Leu Arg Leu Phe Lys Ile Gly Ala Pro Val Pro Asn
1 5 10 15

Val Arg Val His Gln Leu Asp Ala Ser Leu Leu Asp Ala Glu Leu Val
20 25 30

Asp Leu Leu Lys Asn Gln Leu Phe Lys Gly Phe Thr Asn Phe His Pro
35 40 45

Glu Phe Arg Asp Lys Tyr Glu Ser Glu Leu Val Leu Ala Leu Lys Leu
50 55 60

Ile Leu Phe Lys Leu Thr Val Trp Asp His Ala Ile Thr Tyr Gly Gly
65 70 75 80

Lys Leu Gln Asn Leu Lys Phe Ile Asp Ser Arg His Ser Ser Lys Leu
85 90 95

Gln Ile Gln Pro Ser Val Ile Gln Lys Leu Gly Tyr Gly Ile Leu Val
100 105 110

Val Gly Gly Gly Tyr Leu Trp Ser Lys Ile Glu Gly Tyr Leu Leu Ala
115 120 125

Arg Ser Glu Asp Asp Val Ala Thr Asp Gly Thr Ser Val Arg Gly Ala
130 135 140

Ser Ala Ala Arg Gly Ala Leu Lys Val Ala Asn Phe Ala Ser Leu Leu
145 150 155 160

Tyr Ser Ala Ala Thr Leu Gly Asn Phe Val Ala Phe Leu Tyr Thr Gly
165 170 175

Arg Tyr Ala Thr Val Ile Met Arg Leu Leu Arg Ile Arg Leu Val Pro
180 185 190
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-continued

Ser Gln Arg Thr Ser Ser Arg Gln Val Ser Tyr Glu Phe Gln Asn Arg
195 200 205

Gln Leu Val Trp Asn Ala Phe Thr Glu Phe Leu Ile Phe Ile Leu Pro
210 215 220

Leu Leu Gln Leu Pro Lys Leu Lys Arg Arg Ile Glu Arg Lys Leu Gln
225 230 235 240

Ser Leu Asn Val Thr Arg Val Gly Asn Val Glu Glu Ala Ser Glu Gly
245 250 255

Glu Leu Ala His Leu Pro Gln Lys Thr Cys Ala Ile Cys Phe Arg Asp
260 265 270

Glu Glu Glu Gln Glu Gly Gly Gly Gly Ala Ser His Tyr Ser Thr Asp
275 280 285

Val Thr Asn Pro Tyr Gln Ala Asp Cys Gly His Val Tyr Cys Tyr Val
290 295 300

Cys Leu Val Thr Lys Leu Ala Gln Gly Asp Gly Asp Gly Trp Asn Cys
305 310 315 320

Tyr Arg Cys Ala Lys Gln Val Gln Lys Met Lys Pro Trp Val Asp Val
325 330 335

Asp Glu Ala Ala Val Val Gly Ala Ala Glu Met His Glu Lys Val Asp
340 345 350

Val Ile Glu His Ala Glu Asp Asn Glu Gln Glu Glu Glu Glu Phe Asp
355 360 365

Asp Asp Asp Glu Asp Ser Asn Phe Gln Leu Met Lys Asp
370 375 380

<210> SEQ ID NO 3

<211> LENGTH: 431

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(431)

<223> OTHER INFORMATION: Y1lPex3p; GenBank Accession No. CAG78565

<400> SEQUENCE: 3

Met Asp Phe Phe Arg Arg His Gln Lys Lys Val Leu Ala Leu Val Gly
1 5 10 15

Val Ala Leu Ser Ser Tyr Leu Phe Ile Asp Tyr Val Lys Lys Lys Phe
20 25 30

Phe Glu Ile Gln Gly Arg Leu Ser Ser Glu Arg Thr Ala Lys Gln Asn
35 40 45

Leu Arg Arg Arg Phe Glu Gln Asn Gln Gln Asp Ala Asp Phe Thr Ile
50 55 60

Met Ala Leu Leu Ser Ser Leu Thr Thr Pro Val Met Glu Arg Tyr Pro
65 70 75 80

Val Asp Gln Ile Lys Ala Glu Leu Gln Ser Lys Arg Arg Pro Thr Asp
85 90 95

Arg Val Leu Ala Leu Glu Ser Ser Thr Ser Ser Ser Ala Thr Ala Gln
100 105 110

Thr Val Pro Thr Met Thr Ser Gly Ala Thr Glu Glu Gly Glu Lys Ser
115 120 125

Lys Thr Gln Leu Trp Gln Asp Leu Lys Arg Thr Thr Ile Ser Arg Ala
130 135 140

Phe Ser Leu Val Tyr Ala Asp Ala Leu Leu Ile Phe Phe Thr Arg Leu



US 2009/0117253 Al May 7, 2009
43

-continued

145 150 155 160

Gln Leu Asn Ile Leu Gly Arg Arg Asn Tyr Val Asn Ser Val Val Ala
165 170 175

Leu Ala Gln Gln Gly Arg Glu Gly Asn Ala Glu Gly Arg Val Ala Pro
180 185 190

Ser Phe Gly Asp Leu Ala Asp Met Gly Tyr Phe Gly Asp Leu Ser Gly
195 200 205

Ser Ser Ser Phe Gly Glu Thr Ile Val Asp Pro Asp Leu Asp Glu Gln
210 215 220

Tyr Leu Thr Phe Ser Trp Trp Leu Leu Asn Glu Gly Trp Val Ser Leu
225 230 235 240

Ser Glu Arg Val Glu Glu Ala Val Arg Arg Val Trp Asp Pro Val Ser
245 250 255

Pro Lys Ala Glu Leu Gly Phe Asp Glu Leu Ser Glu Leu Ile Gly Arg
260 265 270

Thr Gln Met Leu Ile Asp Arg Pro Leu Asn Pro Ser Ser Pro Leu Asn
275 280 285

Phe Leu Ser Gln Leu Leu Pro Pro Arg Glu Gln Glu Glu Tyr Val Leu
290 295 300

Ala Gln Asn Pro Ser Asp Thr Ala Ala Pro Ile Val Gly Pro Thr Leu
305 310 315 320

Arg Arg Leu Leu Asp Glu Thr Ala Asp Phe Ile Glu Ser Pro Asn Ala
325 330 335

Ala Glu Val Ile Glu Arg Leu Val His Ser Gly Leu Ser Val Phe Met
340 345 350

Asp Lys Leu Ala Val Thr Phe Gly Ala Thr Pro Ala Asp Ser Gly Ser
355 360 365

Pro Tyr Pro Val Val Leu Pro Thr Ala Lys Val Lys Leu Pro Ser Ile
370 375 380

Leu Ala Asn Met Ala Arg Gln Ala Gly Gly Met Ala Gln Gly Ser Pro
385 390 395 400

Gly Val Glu Asn Glu Tyr Ile Asp Val Met Asn Gln Val Gln Glu Leu
405 410 415

Thr Ser Phe Ser Ala Val Val Tyr Ser Ser Phe Asp Trp Ala Leu
420 425 430

<210> SEQ ID NO 4

<211> LENGTH: 395

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(395)

<223> OTHER INFORMATION: Y1Pex3Bp; GenBank Accession No. CAG83356

<400> SEQUENCE: 4

Met Leu Gln Ser Leu Asn Arg Asn Lys Lys Arg Leu Ala Val Ser Thr
1 5 10 15

Gly Leu Ile Ala Val Ala Tyr Val Val Ile Ser Tyr Thr Thr Lys Arg
20 25 30

Leu Ile Glu Lys Gln Glu Gln Lys Leu Glu Glu Glu Arg Ala Lys Glu
35 40 45

Arg Leu Lys Gln Leu Phe Ala Gln Thr Gln Asn Glu Ala Ala Phe His
50 55 60
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Thr Ala Ser Val Leu Pro Gln Leu Cys Glu Gln Ile Met Glu Phe Val
65 70 75 80

Ala Val Glu Lys Ile Ala Glu Gln Leu Gln Asn Met Arg Ala Glu Lys
85 90 95

Arg Lys Lys Gln Asn Met Asp Asp Asp Lys His Ser Val Leu Ser Leu
100 105 110

Gly Thr Glu Thr Thr Ala Ser Met Ala Asp Gly Gln Lys Met Ser Lys
115 120 125

Ile Gln Leu Trp Asp Glu Leu Lys Ile Glu Ser Leu Thr Arg Ile Val
130 135 140

Thr Leu Ile Tyr Cys Val Ser Leu Leu Asn Tyr Leu Ile Arg Leu Gln
145 150 155 160

Thr Asn Ile Val Gly Arg Lys Arg Tyr Gln Asn Glu Ala Gly Pro Ala
165 170 175

Gly Ala Thr Tyr Asp Met Ser Leu Glu Gln Cys Tyr Thr Trp Leu Leu
180 185 190

Thr Arg Gly Trp Lys Ser Val Val Asp Asn Val Arg Arg Ser Val Gln
195 200 205

Gln Val Phe Thr Gly Val Asn Pro Arg Gln Asn Leu Ser Leu Asp Glu
210 215 220

Phe Ala Thr Leu Leu Lys Arg Val Gln Thr Leu Val Asn Ser Pro Pro
225 230 235 240

Tyr Ser Thr Thr Pro Asn Thr Phe Leu Thr Ser Leu Leu Pro Pro Arg
245 250 255

Glu Leu Glu Gln Leu Arg Leu Glu Lys Glu Lys Gln Ser Leu Ser Pro
260 265 270

Asn Tyr Thr Tyr Gly Ser Pro Leu Lys Asp Leu Val Phe Glu Ser Ala
275 280 285

Gln His Ile Gln Ser Pro Gln Gly Met Ser Ser Phe Arg Ala Ile Ile
290 295 300

Asp Gln Ser Phe Lys Val Phe Leu Glu Lys Val Asn Glu Ser Gln Tyr
305 310 315 320

Val Asn Pro Pro Ser Thr Gly Gly Lys Arg Ile Ala Val Gly Ala Leu
325 330 335

Gln Pro Pro Ile Ile Ser Gly Gly Pro Lys Lys Val Lys Leu Ala Ser
340 345 350

Leu Leu Ser Val Ala Thr Arg Gln Ser Ser Val Ile Ser His Ala Gln
355 360 365

Pro Asn Pro Tyr Val Asp Ala Ile Asn Ser Val Ala Glu Tyr Asn Gly
370 375 380

Leu Cys Ala Val Ile Tyr Ser Ser Phe Glu Gln
385 390 395

<210> SEQ ID NO 5

<211> LENGTH: 153

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(153)

<223> OTHER INFORMATION: YlPex4p; GenBank Accession No. CAG79130

<400> SEQUENCE: 5
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Met Ala Ser Gln Lys Arg Leu Ile Lys Glu Leu Ala Ala Tyr Lys Lys
1 5 10 15

Asp Pro Asn Pro Cys Leu Ala Ser Leu Thr Ala Asp Gly Asp Ser Leu
20 25 30

Tyr Lys Trp Thr Ala Val Met Arg Gly Thr Glu Gly Thr Ala Tyr Glu
35 40 45

Asn Gly Leu Trp Gln Val Glu Ile Asn Ile Pro Glu Asn Tyr Pro Leu
50 55 60

Gln Pro Pro Thr Met Phe Phe Arg Thr Lys Ile Cys His Pro Asn Ile
65 70 75 80

His Phe Glu Thr Gly Glu Val Cys Ile Asp Val Leu Lys Thr Gln Trp
85 90 95

Ser Pro Ala Trp Thr Ile Ser Ser Ala Cys Thr Ala Val Ser Ala Met
100 105 110

Leu Ser Leu Pro Glu Pro Asp Ser Pro Leu Asn Ile Asp Ala Ala Asn
115 120 125

Leu Val Arg Cys Gly Asp Glu Ser Ala Met Glu Gly Leu Val Arg Tyr
130 135 140

Tyr Val Asn Lys Tyr Ala Ser Gly Asn
145 150

<210> SEQ ID NO 6

<211> LENGTH: 598

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(598)

<223> OTHER INFORMATION: Y1lPex5p; GenBank Accession No. CAG78803

<400> SEQUENCE: 6

Met Ser Phe Met Arg Gly Gly Ser Glu Cys Ser Thr Gly Arg Asn Pro
1 5 10 15

Leu Ser Gln Phe Thr Lys His Thr Ala Glu Asp Arg Ser Leu Gln His
20 25 30

Asp Arg Val Ala Gly Pro Ser Gly Gly Arg Val Gly Gly Met Arg Ser
Asn Thr Gly Glu Met Ser Gln Gln Asp Arg Glu Met Met Ala Arg Phe
50 55 60

Gly Ala Ala Gly Pro Glu Gln Ser Ser Phe Asn Tyr Glu Gln Met Arg
65 70 75 80

His Glu Leu His Asn Met Gly Ala Gln Gly Gly Gln Ile Pro Gln Val
85 90 95

Pro Ser Gln Gln Gly Ala Ala Asn Gly Gly Gln Trp Ala Arg Asp Phe
100 105 110

Gly Gly Gln Gln Thr Ala Pro Gly Ala Ala Pro Gln Asp Ala Lys Asn
115 120 125

Trp Asn Ala Glu Phe Gln Arg Gly Gly Ser Pro Ala Glu Ala Met Gln
130 135 140

Gln Gln Gly Pro Gly Pro Met Gln Gly Gly Met Gly Met Gly Gly Met
145 150 155 160

Pro Met Tyr Gly Met Ala Arg Pro Met Tyr Ser Gly Met Ser Ala Asn
165 170 175

Met Ala Pro Gln Phe Gln Pro Gln Gln Ala Asn Ala Arg Val Val Glu
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180 185 190

Leu Asp Glu Gln Asn Trp Glu Glu Gln Phe Lys Gln Met Asp Ser Ala
195 200 205

Val Gly Lys Gly Lys Glu Val Glu Glu Gln Thr Ala Glu Thr Ala Thr
210 215 220

Ala Thr Glu Thr Val Thr Glu Thr Glu Thr Thr Thr Glu Asp Lys Pro
225 230 235 240

Met Asp Ile Lys Asn Met Asp Phe Glu Asn Ile Trp Lys Asn Leu Gln
245 250 255

Val Asn Val Leu Asp Asn Met Asp Glu Trp Leu Glu Glu Thr Asn Ser
260 265 270

Pro Ala Trp Glu Arg Asp Phe His Glu Tyr Thr His Asn Arg Pro Glu
275 280 285

Phe Ala Asp Tyr Gln Phe Glu Glu Asn Asn Gln Phe Met Glu His Pro
290 295 300

Asp Pro Phe Lys Ile Gly Val Glu Leu Met Glu Thr Gly Gly Arg Leu
305 310 315 320

Ser Glu Ala Ala Leu Ala Phe Glu Ala Ala Val Gln Lys Asn Thr Glu
325 330 335

His Ala Glu Ala Trp Gly Arg Leu Gly Ala Cys Gln Ala Gln Asn Glu
340 345 350

Lys Glu Asp Pro Ala Ile Arg Ala Leu Glu Arg Cys Ile Lys Leu Glu
355 360 365

Pro Gly Asn Leu Ser Ala Leu Met Asn Leu Ser Val Ser Tyr Thr Asn
370 375 380

Glu Gly Tyr Glu Asn Ala Ala Tyr Ala Thr Leu Glu Arg Trp Leu Ala
385 390 395 400

Thr Lys Tyr Pro Glu Val Val Asp Gln Ala Arg Asn Gln Glu Pro Arg
405 410 415

Leu Gly Asn Glu Asp Lys Phe Gln Leu His Ser Arg Val Thr Glu Leu
420 425 430

Phe Ile Arg Ala Ala Gln Leu Ser Pro Asp Gly Ala Asn Ile Asp Ala
435 440 445

Asp Val Gln Val Gly Leu Gly Val Leu Phe Tyr Gly Asn Glu Glu Tyr
450 455 460

Asp Lys Ala Ile Asp Cys Phe Asn Ala Ala Ile Ala Val Arg Pro Asp
465 470 475 480

Asp Ala Leu Leu Trp Asn Arg Leu Gly Ala Thr Leu Ala Asn Ser His
485 490 495

Arg Ser Glu Glu Ala Ile Asp Ala Tyr Tyr Lys Ala Leu Glu Leu Arg
500 505 510

Pro Ser Phe Val Arg Ala Arg Tyr Asn Leu Gly Val Ser Cys Ile Asn
515 520 525

Ile Gly Cys Tyr Lys Glu Ala Ala Gln Tyr Leu Leu Gly Ala Leu Ser
530 535 540

Met His Lys Val Glu Gly Val Gln Asp Asp Val Leu Ala Asn Gln Ser
545 550 555 560

Thr Asn Leu Tyr Asp Thr Leu Lys Arg Val Phe Leu Gly Met Asp Arg
565 570 575

Arg Asp Leu Val Ala Lys Val Gly Asn Gly Met Asp Val Asn Gln Phe
580 585 590
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May 7, 2009

Arg

Asn Glu Phe Glu Phe
595

<210> SEQ ID NO 7

<211> LENGTH: 1024

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(1024)

<223> OTHER INFORMATION: Y1lPexép; GenBank Accession

<400> SEQUENCE: 7

Met

1

Pro

Phe

Ile

Tyr

65

Phe

Ala

Glu

Val

Cys

145

Thr

Asp

Ala

Ala

Gly

225

Asp

Leu

Val

Thr

Val
305

Pro Ser Ile Ser His Lys Pro Ile Thr Ala Lys Leu
5 10

Asp Ala Thr Lys Leu Glu Leu Ser Ser Tyr Leu Tyr
20 25

Ser Asp Lys Pro Ala Glu Pro Tyr Val Ala Phe Glu
35 40 45

Lys Trp Ala Leu Tyr Pro Ala Ser Glu Asp Arg Ser
50 55 60

Thr Cys Lys Ala Asp Ile Arg His Val Ala Gly Ser
70 75

Met Pro Val Val Leu Lys Arg Val Asn Pro Val Thr
85 90

Ile Val Thr Val Pro Ala Ser Gln Tyr Glu Thr Leu
100 105

Gln Val Leu Lys Ala Leu Glu Pro Gln Leu Asp Lys
115 120 125

Ile Arg Gln Gly Asp Val Leu Leu Asn Gly Cys Arg
130 135 140

Glu Pro Val Asn Gln Gly Lys Val Val Lys Gly Thr
150 155

Val Ala Lys Glu Gln Glu Thr Ile Gln Pro Ala Asp
165 170

Val Ala Phe Asp Ile Ala Glu Phe Leu Asp Phe Asp
180 185

Lys Thr Arg Glu Ser Thr Asn Leu Gln Val Ala Pro
195 200 205

Ile Pro Thr Pro Leu Ser Asp Arg Phe Asp Asp Cys
210 215 220

Phe Val Lys Ser Glu Thr Met Ser Lys Leu Gly Val
230 235

Ile Val Ser Ile Lys Thr Lys Asn Gly Ala Glu Arg
245 250

Phe Ala Tyr Pro Glu Pro Asn Thr Val Lys Tyr Asp
260 265

Ser Pro Ile Leu Tyr His Asn Ile Gly Asp Lys Glu
275 280 285

Pro Asn Gly Glu Thr His Lys Ser Val Gly Glu Ala
290 295 300

Leu Glu Ala Ala Glu Glu Val Lys Leu Ala Arg Val
310 315

No.

Val

Gln

30

Ala

Leu

Leu

Ile

Asn

110

Asp

Val

Thr

Glu

Thr

190

Leu

Glu

Phe

Val

Val

270

Ile

Leu

Leu

CAG82306

Ala

15

Gln

Pro

Pro

Lys

Glu

95

Thr

Arg

Arg

Lys

Ala

175

Ser

Glu

Ser

Ser

Leu

255

Val

Glu

Asp

Gly

Ala

Leu

Gly

Gln

Lys

80

His

Pro

Pro

Leu

Leu

160

Ala

Val

Gly

Arg

Gly

240

Arg

Tyr

Val

Ser

Pro
320
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Thr Thr Thr Asp Arg Thr Phe Gln Thr Ala Tyr His Ala Gly Leu Gln
325 330 335

Ala Tyr Phe Lys Pro Val Lys Arg Ala Val Arg Val Gly Asp Leu Ile
340 345 350

Pro Ile Pro Phe Asp Ser Ile Leu Ala Arg Thr Ile Gly Glu Asp Pro
355 360 365

Glu Met Ser His Ile Pro Leu Glu Ala Leu Ala Val Lys Pro Asp Ser
370 375 380

Val Ala Trp Phe Gln Val Thr Ser Leu Asn Gly Ser Glu Asp Pro Ala
385 390 395 400

Ser Lys Gln Tyr Leu Val Asp Ser Ser Gln Thr Lys Leu Ile Glu Gly
405 410 415

Gly Thr Thr Ser Ser Ala Val Ile Pro Thr Ser Val Pro Trp Arg Glu
420 425 430

Tyr Leu Gly Leu Asp Thr Leu Pro Lys Phe Gly Ser Glu Phe Ala Tyr
435 440 445

Ala Asp Lys Ile Arg Asn Leu Val Gln Ile Ser Thr Ser Ala Leu Ser
450 455 460

His Ala Lys Leu Asn Thr Ser Val Leu Leu His Ser Ala Lys Arg Gly
465 470 475 480

Val Gly Lys Ser Thr Val Leu Arg Ser Val Ala Ala Gln Cys Gly Ile
485 490 495

Ser Val Phe Glu Ile Ser Cys Phe Gly Leu Ile Gly Asp Asn Glu Ala
500 505 510

Gln Thr Leu Gly Thr Leu Arg Ala Lys Leu Asp Arg Ala Tyr Gly Cys
515 520 525

Ser Pro Cys Val Val Val Leu Gln His Leu Glu Ser Ile Ala Lys Lys
530 535 540

Ser Asp Gln Asp Gly Lys Asp Glu Gly Ile Val Ser Lys Leu Val Asp
545 550 555 560

Val Leu Ala Asp Tyr Ser Gly His Gly Val Leu Leu Ala Ala Thr Ser
565 570 575

Asn Asp Pro Asp Lys Ile Ser Glu Ala Ile Arg Ser Arg Phe Gln Phe
580 585 590

Glu Ile Glu Ile Gly Val Pro Ser Glu Pro Gln Arg Arg Gln Ile Phe
595 600 605

Ser His Leu Thr Lys Ser Gly Pro Gly Gly Asp Ser Ile Arg Asn Ala
610 615 620

Pro Ile Ser Leu Arg Ser Asp Val Ser Val Glu Asn Leu Ala Leu Gln
625 630 635 640

Ser Ala Gly Leu Thr Pro Pro Asp Leu Thr Ala Ile Val Gln Thr Thr
645 650 655

Arg Leu Arg Ala Ile Asp Arg Leu Asn Lys Leu Thr Lys Asp Ser Asp
660 665 670

Thr Thr Leu Asp Asp Leu Leu Thr Leu Ser His Gly Thr Leu Gln Leu
675 680 685

Thr Pro Ser Asp Phe Asp Asp Ala Ile Ala Asp Ala Arg Gln Lys Tyr
690 695 700

Ser Asp Ser Ile Gly Ala Pro Arg Ile Pro Asn Val Gly Trp Asp Asp
705 710 715 720

Val Gly Gly Met Glu Gly Val Lys Lys Asp Ile Leu Asp Thr Ile Glu
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725 730 735

Thr Pro Leu Lys Tyr Pro His Trp Phe Ser Asp Gly Val Lys Lys Arg
740 745 750

Ser Gly Ile Leu Phe Tyr Gly Pro Pro Gly Thr Gly Lys Thr Leu Leu
755 760 765

Ala Lys Ala Ile Ala Thr Thr Phe Ser Leu Asn Phe Phe Ser Val Lys
770 775 780

Gly Pro Glu Leu Leu Asn Met Tyr Ile Gly Glu Ser Glu Ala Asn Val
785 790 795 800

Arg Arg Val Phe Gln Lys Ala Arg Asp Ala Lys Pro Cys Val Val Phe
805 810 815

Phe Asp Glu Leu Asp Ser Val Ala Pro Gln Arg Gly Asn Gln Gly Asp
820 825 830

Ser Gly Gly Val Met Asp Arg Ile Val Ser Gln Leu Leu Ala Glu Leu
835 840 845

Asp Gly Met Ser Thr Ala Gly Gly Glu Gly Val Phe Val Val Gly Ala
850 855 860

Thr Asn Arg Pro Asp Leu Leu Asp Glu Ala Leu Leu Arg Pro Gly Arg
865 870 875 880

Phe Asp Lys Met Leu Tyr Leu Gly Ile Ser Asp Thr His Glu Lys Gln
885 890 895

Gln Thr Ile Met Glu Ala Leu Thr Arg Lys Phe Arg Leu Ala Ala Asp
900 905 910

Val Ser Leu Glu Ala Ile Ser Lys Arg Cys Pro Phe Thr Phe Thr Gly
915 920 925

Ala Asp Phe Tyr Ala Leu Cys Ser Asp Ala Met Leu Asn Ala Met Thr
930 935 940

Arg Thr Ala Asn Glu Val Asp Ala Lys Ile Lys Leu Leu Asn Lys Asn
945 950 955 960

Arg Glu Glu Ala Gly Glu Glu Pro Val Ser Ile Arg Trp Trp Phe Asp
965 970 975

His Glu Ala Thr Lys Ser Asp Ile Glu Val Glu Val Ala Gln Gln Asp
980 985 990

Phe Glu Lys Ala Lys Asp Glu Leu Ser Pro Ser Val Ser Ala Glu Glu
995 1000 1005

Leu Gln His Tyr Leu Lys Leu Arg Gln Gln Phe Glu Gly Gly Lys
1010 1015 1020

Lys

<210> SEQ ID NO 8

<211> LENGTH: 356

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(356)

<223> OTHER INFORMATION: YlPex7p; GenBank Accession No. CAG78389

<400> SEQUENCE: 8

Met Leu Gly Phe Lys Thr Gln Gly Phe Asn Gly Tyr Ala Ala Asn Tyr
1 5 10 15

Ser Pro Phe Phe Asn Asp Lys Ile Ala Val Gly Thr Ala Ala Asn Tyr
20 25 30
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Gly Leu Val Gly Asn Gly Lys Leu Phe Ile Leu Gly Ile Ser Pro Glu
35 40 45

Gly Arg Met Val Cys Glu Gly Gln Phe Asp Thr Gln Asp Gly Ile Phe
50 55 60

Asp Val Ala Trp Ser Glu Gln His Glu Asn His Val Ala Thr Ala Cys
65 70 75 80

Gly Asp Gly Ser Val Lys Leu Phe Asp Ile Lys Ala Gly Ala Phe Pro
85 90 95

Leu Val Ser Phe Lys Glu His Thr Arg Glu Val Phe Ser Val Asn Trp
100 105 110

Asn Met Ala Asn Lys Ala Leu Phe Cys Thr Ser Ser Trp Asp Ser Thr
115 120 125

Ile Lys Ile Trp Thr Pro Glu Arg Thr Asn Ser Ile Met Thr Leu Gly
130 135 140

Gln Pro Ala Pro Ala Gln Gly Thr Asn Ala Ser Ala His Ile Gly Arg
145 150 155 160

Gln Thr Ala Pro Asn Gln Ala Ala Ala Gln Glu Cys Ile Tyr Ser Ala
165 170 175

Lys Phe Ser Pro His Thr Asp Ser Ile Ile Ala Ser Ala His Ser Thr
180 185 190

Gly Met Val Lys Val Trp Asp Thr Arg Ala Pro Gln Pro Leu Gln Gln
195 200 205

Gln Phe Ser Thr Gln Gln Thr Glu Ser Gly Gly Pro Pro Glu Val Leu
210 215 220

Ser Leu Asp Trp Asn Lys Tyr Arg Pro Thr Val Ile Ala Thr Gly Gly
225 230 235 240

Val Asp Arg Ser Val Gln Val Tyr Asp Ile Arg Met Thr Gln Pro Ala
245 250 255

Ala Asn Gln Pro Val Gln Pro Leu Ser Leu Ile Leu Gly His Arg Leu
260 265 270

Pro Val Arg Gly Val Ser Trp Ser Pro His His Ala Asp Leu Leu Leu
275 280 285

Ser Cys Ser Tyr Asp Met Thr Ala Arg Val Trp Arg Asp Ala Ser Thr
290 295 300

Gly Gly Asn Tyr Leu Ala Arg Gln Arg Gly Gly Thr Glu Val Lys Cys
305 310 315 320

Met Asp Arg His Thr Glu Phe Val Ile Gly Gly Asp Trp Ser Leu Trp
325 330 335

Gly Asp Pro Gly Trp Ile Thr Thr Val Gly Trp Asp Gln Met Val Tyr
340 345 350

Val Trp His Ala
355

<210> SEQ ID NO 9

<211> LENGTH: 671

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(e71)

<223> OTHER INFORMATION: Y1lPex8p; GenBank Accession No. CAG80447

<400> SEQUENCE: 9

Met Asn Lys Tyr Leu Val Pro Pro Pro Gln Ala Asn Arg Thr Val Thr
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1 5 10 15

Asn Leu Asp Leu Leu Ile Asn Asn Leu Arg Gly Ser Ser Thr Pro Gly
20 25 30

Ala Ala Glu Val Asp Thr Arg Asp Ile Leu Gln Arg Ile Val Phe Ile
35 40 45

Leu Pro Thr Ile Lys Asn Pro Leu Asn Leu Asp Leu Val Ile Lys Glu
50 55 60

Ile Ile Asn Ser Pro Arg Leu Leu Pro Pro Leu Ile Asp Leu His Asp
Tyr Gln Gln Leu Thr Asp Ala Phe Arg Ala Thr Ile Lys Arg Lys Ala
85 90 95

Leu Val Thr Asp Pro Thr Ile Ser Phe Glu Ala Trp Leu Glu Thr Cys
100 105 110

Phe Gln Val Ile Thr Arg Phe Ala Gly Pro Gly Trp Lys Lys Leu Pro
115 120 125

Leu Leu Ala Gly Leu Ile Leu Ala Asp Tyr Asp Ile Ser Ala Asp Gly
130 135 140

Pro Thr Leu Glu Arg Lys Pro Gly Phe Pro Ser Lys Leu Lys His Leu
145 150 155 160

Leu Lys Arg Glu Phe Val Thr Thr Phe Asp Gln Cys Leu Ser Ile Asp
165 170 175

Thr Arg Asn Arg Ser Asp Ala Thr Lys Trp Val Pro Val Leu Ala Cys
180 185 190

Ile Ser Ile Ala Gln Val Tyr Ser Leu Leu Gly Asp Val Ala Ile Asn
195 200 205

Tyr Arg Arg Phe Leu Gln Val Gly Leu Asp Leu Ile Phe Ser Asn Tyr
210 215 220

Gly Leu Glu Met Gly Thr Ala Leu Ala Arg Leu His Ala Glu Ser Gly
225 230 235 240

Gly Asp Ala Thr Thr Ala Gly Gly Leu Ile Gly Lys Lys Leu Lys Glu
245 250 255

Pro Val Val Ala Leu Leu Asn Thr Phe Ala His Ile Ala Ser Ser Cys
260 265 270

Ile Val His Val Asp Ile Asp Tyr Ile Asp Arg Ile Gln Asn Lys Ile
275 280 285

Ile Leu Val Cys Glu Asn Gln Ala Glu Thr Trp Arg Ile Leu Thr Ile
290 295 300

Glu Ser Pro Thr Val Met His His Gln Glu Ser Val Gln Tyr Leu Lys
305 310 315 320

Trp Glu Leu Phe Thr Leu Cys Ile Ile Met Gln Gly Ile Ala Asn Met
325 330 335

Leu Leu Thr Gln Lys Met Asn Gln Phe Met Tyr Leu Gln Leu Ala Tyr
340 345 350

Lys Gln Leu Gln Ala Leu His Ser Ile Tyr Phe Ile Val Asp Gln Met
355 360 365

Gly Ser Gln Phe Ala Ala Tyr Asp Tyr Val Phe Phe Ser Ala Ile Asp
370 375 380

Val Leu Leu Ser Glu Tyr Ala Pro Tyr Ile Lys Asn Arg Gly Thr Ile
385 390 395 400

Pro Pro Asn Lys Glu Phe Val Ala Glu Arg Leu Ala Ala Asn Leu Ala
405 410 415
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Gly Thr Ser Asn Val Gly Ser His Leu Pro Ile Asp Arg Ser Arg Val
420 425 430

Leu Phe Ala Leu Asn Tyr Tyr Glu Gln Leu Val Thr Val Cys His Asp
435 440 445

Ser Cys Val Glu Thr Ile Ile Tyr Pro Met Ala Arg Ser Phe Leu Tyr
450 455 460

Pro Thr Ser Asp Ile Gln Gln Leu Lys Pro Leu Val Glu Ala Ala His
465 470 475 480

Ser Val Ile Leu Ala Gly Leu Ala Val Pro Thr Asn Ala Val Val Asn
485 490 495

Ala Lys Leu Ile Pro Glu Tyr Met Gly Gly Val Leu Pro Leu Phe Pro
500 505 510

Gly Val Phe Ser Trp Asn Gln Phe Val Leu Ala Ile Gln Ser Ile Val
515 520 525

Asn Thr Val Ser Pro Pro Ser Glu Val Phe Lys Thr Asn Gln Lys Leu
530 535 540

Phe Arg Leu Val Leu Asp Ser Leu Met Lys Lys Cys Arg Asp Thr Pro
545 550 555 560

Val Gly Ile Pro Val Pro His Ser Val Thr Val Ser Gln Glu Gln Glu
565 570 575

Asp Ile Pro Pro Thr Gln Arg Ala Val Val Met Leu Ala Leu Ile Asn
580 585 590

Ser Leu Pro Tyr Val Asp Ile Arg Ser Phe Glu Leu Trp Leu Gln Glu
595 600 605

Thr Trp Asn Met Ile Glu Ala Thr Pro Met Leu Ala Glu Asn Ala Pro
610 615 620

Asn Lys Glu Leu Ala His Ala Glu His Glu Phe Leu Val Leu Glu Met
625 630 635 640

Trp Lys Met Ile Ser Gly Asn Ile Asp Gln Arg Leu Asn Asp Val Ala
645 650 655

Ile Arg Trp Trp Tyr Lys Lys Asn Ala Arg Val His Gly Thr Leu
660 665 670

<210> SEQ ID NO 10

<211> LENGTH: 377

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(377)

<223> OTHER INFORMATION: Y1Pex1l0p; GenBank Accession No. CAG81606

<400> SEQUENCE: 10

Met Trp Gly Ser Ser His Ala Phe Ala Gly Glu Ser Asp Leu Thr Leu
1 5 10 15

Gln Leu His Thr Arg Ser Asn Met Ser Asp Asn Thr Thr Ile Lys Lys
20 25 30

Pro Ile Arg Pro Lys Pro Ile Arg Thr Glu Arg Leu Pro Tyr Ala Gly
35 40 45

Ala Ala Glu Ile Ile Arg Ala Asn Gln Lys Asp His Tyr Phe Glu Ser

Val Leu Glu Gln His Leu Val Thr Phe Leu Gln Lys Trp Lys Gly Val
65 70 75 80
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Arg Phe Ile His Gln Tyr Lys Glu Glu Leu Glu Thr Ala Ser Lys Phe
85 90 95

Ala Tyr Leu Gly Leu Cys Thr Leu Val Gly Ser Lys Thr Leu Gly Glu
100 105 110

Glu Tyr Thr Asn Leu Met Tyr Thr Ile Arg Asp Arg Thr Ala Leu Pro
115 120 125

Gly Val Val Arg Arg Phe Gly Tyr Val Leu Ser Asn Thr Leu Phe Pro
130 135 140

Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg
145 150 155 160

Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser
165 170 175

Pro Glu Thr Trp Lys Glu Arg Val Ile Lys Thr Phe Val Asn Lys Phe
180 185 190

Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala Ile His Leu Ala Ile
195 200 205

Phe Tyr Val Tyr Gly Ser Tyr Tyr Gln Leu Ser Lys Arg Ile Trp Gly
210 215 220

Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg Ile
225 230 235 240

Gly Tyr Glu Met Leu Gly Leu Leu Ile Phe Ala Arg Phe Ala Thr Ser
245 250 255

Phe Val Gln Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser
260 265 270

Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val
275 280 285

Pro Lys Lys Lys Ser Ser Ile Pro Phe Ile Glu Asp Thr Glu Gly Glu
290 295 300

Thr Glu Asp Lys Ile Asp Leu Glu Asp Pro Arg Gln Leu Lys Phe Ile
305 310 315 320

Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr Ile Ser Ala
325 330 335

Pro Ala Cys Thr Pro Cys Gly His Phe Phe Cys Trp Asp Cys Ile Ser
340 345 350

Glu Trp Val Arg Glu Lys Pro Glu Cys Pro Leu Cys Arg Gln Gly Val
355 360 365

Arg Glu Gln Asn Leu Leu Pro Ile Arg
370 375

<210> SEQ ID NO 11

<211> LENGTH: 408

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(408)

<223> OTHER INFORMATION: Y1lPexl1l2p; GenBank Accession No. CAG81532

<400> SEQUENCE: 11

Met Asp Tyr Phe Ser Ser Leu Asn Ala Ser Gln Leu Asp Pro Asp Val
1 5 10 15

Pro Thr Leu Phe Glu Leu Leu Ser Ala Lys Gln Leu Glu Gly Leu Ile
20 25 30

Ala Pro Ser Val Arg Tyr Ile Leu Ala Phe Tyr Ala Gln Arg His Pro
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35 40 45

Arg Tyr Leu Leu Arg Ile Val Asn Arg Tyr Asp Glu Leu Tyr Ala Leu
50 55 60

Phe Met Gly Leu Val Glu Tyr Tyr Asn Leu Lys Thr Trp Asn Ala Ser
65 70 75 80

Phe Thr Glu Lys Phe Tyr Gly Leu Lys Arg Thr Gln Ile Leu Thr Asn
85 90 95

Pro Ala Leu Arg Thr Arg Gln Ala Val Pro Asp Leu Val Glu Ala Glu
100 105 110

Lys Arg Leu Ser Lys Lys Lys Ile Trp Gly Ser Leu Phe Phe Leu Ile
115 120 125

Val Val Pro Tyr Val Lys Glu Lys Leu Asp Ala Arg Tyr Glu Arg Leu
130 135 140

Lys Gly Arg Tyr Leu Ala Arg Asp Ile Asn Glu Glu Arg Ile Glu Ile
145 150 155 160

Lys Arg Thr Gly Thr Ala Gln Gln Ile Ala Val Phe Glu Phe Asp Tyr
165 170 175

Trp Leu Leu Lys Leu Tyr Pro Ile Val Thr Met Gly Cys Thr Thr Ala
180 185 190

Thr Leu Ala Phe His Met Leu Phe Leu Phe Ser Val Thr Arg Ala Tyr
195 200 205

Ser Ile Asp Asp Phe Leu Leu Asn Ile Gln Phe Ser Arg Met Thr Arg
210 215 220

Tyr Asp Tyr Gln Met Glu Thr Gln Arg Asp Ser Arg Asn Ala Ala Asn
225 230 235 240

Val Ala His Thr Met Lys Ser Ile Ser Glu Tyr Pro Val Ala Glu Arg
245 250 255

Val Met Leu Leu Leu Thr Thr Lys Ala Gly Ala Asn Ala Met Arg Ser
260 265 270

Ala Ala Leu Ser Gly Leu Ser Tyr Val Leu Pro Thr Ser Ile Phe Ala
275 280 285

Leu Lys Phe Leu Glu Trp Trp Tyr Ala Ser Asp Phe Ala Arg Gln Leu
290 295 300

Asn Gln Lys Arg Arg Gly Asp Leu Glu Asp Asn Leu Pro Val Pro Asp
305 310 315 320

Lys Val Lys Gly Ala Asp Lys Leu Ala Glu Ser Val Ala Lys Trp Lys
325 330 335

Glu Asp Thr Ser Lys Cys Pro Leu Cys Ser Lys Glu Leu Val Asn Pro
340 345 350

Thr Val Ile Glu Ser Gly Tyr Val Phe Cys Tyr Thr Cys Ile Tyr Arg
355 360 365

His Leu Glu Asp Gly Asp Glu Glu Thr Gly Gly Arg Cys Pro Val Thr
370 375 380

Gly Gln Lys Leu Leu Gly Cys Arg Trp Gln Asp Asp Val Trp Gln Val
385 390 395 400

Thr Gly Leu Arg Arg Leu Met Val
405

<210> SEQ ID NO 12

<211> LENGTH: 412

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica
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-continued

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(412)

<223> OTHER INFORMATION: Y1lPex13p; GenBank Accession No. CAG81789

<400> SEQUENCE: 12

Met Ser Val Pro Arg Pro Lys Pro Trp Glu Gly Ala Ser Gly Ser Ser
1 5 10 15

Ala Ala Thr Ala Thr Pro Ala Ala Thr Ala Thr Pro Ala Ser Thr Asp
20 25 30

Ala Val Ser Ser Ser Ala Gly Ser Ala Thr Gly Ala Pro Glu Leu Pro
35 40 45

Ser Arg Pro Ser Ala Met Gly Ser Thr Ser Asn Ala Leu Ser Ser Pro
50 55 60

Met Gly Ser Ser Met Asn Ser Gly Tyr Gly Gly Met Asn Ser Gly Tyr
65 70 75 80

Gly Gly Met Gly Ser Ser Tyr Gly Ser Gly Tyr Gly Ser Ser Tyr Gly
85 90 95

Met Gly Ser Ser Tyr Gly Ser Gly Tyr Gly Ser Gly Leu Gly Gly Tyr
100 105 110

Gly Ser Tyr Gly Gly Met Gly Gly Met Gly Gly Met Tyr Gly Ser Arg
115 120 125

Tyr Gly Gly Tyr Gly Ser Tyr Gly Gly Met Gly Gly Tyr Gly Gly Tyr
130 135 140

Gly Gly Met Gly Gly Gly Pro Met Gly Gln Asn Gly Leu Ala Gly Gly
145 150 155 160

Thr Gln Ala Thr Phe Gln Leu Ile Glu Ser Ile Val Gly Ala Val Gly
165 170 175

Gly Phe Ala Gln Met Leu Glu Ser Thr Tyr Met Ala Thr Gln Ser Ser
180 185 190

Phe Phe Ala Met Val Ser Val Ala Glu Gln Phe Gly Asn Leu Lys Asn
195 200 205

Thr Leu Gly Ser Leu Leu Gly Ile Tyr Ala Ile Met Arg Trp Ala Arg
210 215 220

Arg Leu Val Ala Lys Leu Ser Gly Gln Pro Val Thr Gly Ala Asn Gly
225 230 235 240

Ile Thr Pro Ala Gly Phe Ala Lys Phe Glu Ala Thr Gly Gly Ala Ala
245 250 255

Gly Pro Gly Arg Gly Pro Arg Pro Ser Tyr Lys Pro Leu Leu Phe Phe
260 265 270

Leu Thr Ala Val Phe Gly Leu Pro Tyr Leu Leu Gly Arg Leu Ile Lys
275 280 285

Ala Leu Ala Ala Lys Gln Glu Gly Met Tyr Asp Glu His Gly Asn Leu
290 295 300

Leu Pro Gly Ala Gln Met Gly Met Gly Gly Pro Gly Met Glu Gly Gly
305 310 315 320

Ala Glu Ile Asp Pro Ser Lys Leu Glu Phe Cys Arg Ala Asn Phe Asp
325 330 335

Phe Val Pro Glu Asn Pro Gln Leu Glu Leu Glu Leu Arg Lys Gly Asp
340 345 350

Leu Val Ala Val Leu Ala Lys Thr Asp Pro Met Gly Asn Pro Ser Gln
355 360 365
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Trp Trp Arg Val Arg Thr Arg Asp Gly Arg Ser Gly Tyr Val Pro Ala
370 375 380

Asn Tyr Leu Glu Val Ile Pro Arg Pro Ala Val Glu Ala Pro Lys Lys
385 390 395 400

Val Glu Glu Ile Gly Ala Ser Ala Val Pro Val Asn
405 410

<210> SEQ ID NO 13

<211> LENGTH: 380

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(380)

<223> OTHER INFORMATION: Y1lPexl4p; GenBank Accession No. CAG79323

<400> SEQUENCE: 13

Met Ile Pro Ser Cys Leu Ser Thr Gln His Met Ala Pro Arg Glu Asp
1 5 10 15

Leu Val Gln Ser Ala Val Ala Phe Leu Asn Asp Pro Gln Ala Ala Thr
20 25 30

Ala Pro Leu Ala Lys Arg Ile Glu Phe Leu Glu Ser Lys Asp Met Thr
35 40 45

Pro Glu Glu Ile Glu Glu Ala Leu Lys Arg Ala Gly Ser Gly Ser Ala
50 55 60

Gln Ser His Pro Gly Ser Val Val Ser His Gly Gly Ala Ala Pro Thr
65 70 75 80

Val Pro Ala Ser Tyr Ala Phe Gln Ser Ala Pro Pro Leu Pro Glu Arg
85 90 95

Asp Trp Lys Asp Val Phe Ile Met Ala Thr Val Thr Val Gly Val Gly
100 105 110

Phe Gly Leu Tyr Thr Val Ala Lys Arg Tyr Leu Met Pro Leu Ile Leu
115 120 125

Pro Pro Thr Pro Pro Ser Leu Glu Ala Asp Lys Glu Ala Leu Glu Ala
130 135 140

Glu Phe Ala Arg Val Gln Gly Leu Leu Asp Gln Val Gln Gln Asp Thr
145 150 155 160

Glu Glu Val Lys Asn Ser Gln Val Glu Val Ala Lys Arg Val Thr Asp
165 170 175

Ala Leu Lys Gly Val Glu Glu Thr Ile Asp Gln Leu Lys Ser Gln Thr
180 185 190

Lys Lys Arg Asp Asp Glu Met Lys Leu Val Thr Ala Glu Val Glu Arg
195 200 205

Ile Arg Asp Arg Leu Pro Lys Asn Ile Asp Lys Leu Lys Asp Ser Gln
210 215 220

Glu Gln Gly Leu Ala Asp Ile Gln Ser Glu Leu Lys Ser Leu Lys Gln
225 230 235 240

Leu Leu Ser Thr Arg Thr Ala Ala Ser Ser Gly Pro Lys Leu Pro Pro
245 250 255

Ile Pro Pro Pro Ser Ser Tyr Leu Thr Arg Lys Ala Ser Pro Ala Val
260 265 270

Pro Ala Ala Ala Pro Ala Pro Val Thr Pro Gly Ser Pro Val His Asn
275 280 285

Val Ser Ser Ser Ser Thr Val Pro Ala Asp Arg Asp Asp Phe Ile Pro
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290 295 300

Thr Pro Ala Gly Ala Val Pro Met Ile Pro Gln Pro Ala Ser Met Ser
305 310 315 320

Ser Ser Ser Thr Ser Thr Val Pro Asn Ser Ala Ile Ser Ser Ala Pro
325 330 335

Ser Pro Ile Gln Glu Pro Glu Pro Phe Val Pro Glu Pro Gly Asn Ser
340 345 350

Ala Val Lys Lys Pro Ala Pro Lys Ala Ser Ile Pro Ala Trp Gln Leu
355 360 365

Ala Ala Leu Glu Lys Glu Lys Glu Lys Glu Lys Glu
370 375 380

<210> SEQ ID NO 14

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(391)

<223> OTHER INFORMATION: YlPexlép; GenBank Accession No. CAG79622

<400> SEQUENCE: 14

Met Thr Asp Lys Leu Val Lys Val Met Gln Lys Lys Lys Ser Ala Pro
1 5 10 15

Gln Thr Trp Leu Asp Ser Tyr Asp Lys Phe Leu Val Arg Asn Ala Ala
20 25 30

Ser Ile Gly Ser Ile Glu Ser Thr Leu Arg Thr Val Ser Tyr Val Leu
35 40 45

Pro Gly Arg Phe Asn Asp Val Glu Ile Ala Thr Glu Thr Leu Tyr Ala
50 55 60

Val Leu Asn Val Leu Gly Leu Tyr His Asp Thr Ile Ile Ala Arg Ala
65 70 75 80

Val Ala Ala Ser Pro Asn Ala Ala Ala Val Tyr Arg Pro Ser Pro His
85 90 95

Asn Arg Tyr Thr Asp Trp Phe Ile Lys Asn Arg Lys Gly Tyr Lys Tyr
100 105 110

Ala Ser Arg Ala Val Thr Phe Val Lys Phe Gly Glu Leu Val Ala Glu
115 120 125

Met Val Ala Lys Lys Asn Gly Gly Glu Met Ala Arg Trp Lys Cys Ile
130 135 140

Ile Gly Ile Glu Gly Ile Lys Ala Gly Leu Arg Ile Tyr Met Leu Gly
145 150 155 160

Ser Thr Leu Tyr Gln Pro Leu Cys Thr Thr Pro Tyr Pro Asp Arg Glu
165 170 175

Val Thr Gly Glu Leu Leu Glu Thr Ile Cys Arg Asp Glu Gly Glu Leu
180 185 190

Asp Ile Glu Lys Gly Leu Met Asp Pro Gln Trp Lys Met Pro Arg Thr
195 200 205

Gly Arg Thr Ile Pro Glu Ile Ala Pro Thr Asn Val Glu Gly Tyr Leu
210 215 220

Leu Thr Lys Val Leu Arg Ser Glu Asp Val Asp Arg Pro Tyr Asn Leu
225 230 235 240

Leu Ser Arg Leu Asp Asn Trp Gly Val Val Ala Glu Leu Leu Ser Ile
245 250 255
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Leu Arg Pro Leu Ile Tyr Ala Cys Leu Leu Phe Arg Gln His Val Asn
260 265 270

Lys Thr Val Pro Ala Ser Thr Lys Ser Lys Phe Pro Phe Leu Asn Ser
275 280 285

Pro Trp Ala Pro Trp Ile Ile Gly Leu Val Ile Glu Ala Leu Ser Arg
290 295 300

Lys Met Met Gly Ser Trp Leu Leu Arg Gln Arg Gln Ser Gly Lys Thr
305 310 315 320

Pro Thr Ala Leu Asp Gln Met Glu Val Lys Gly Arg Thr Asn Leu Leu
325 330 335

Gly Trp Trp Leu Phe Arg Gly Glu Phe Tyr Gln Ala Tyr Thr Arg Pro
340 345 350

Leu Leu Tyr Ser Ile Val Ala Arg Leu Glu Lys Ile Pro Gly Leu Gly
355 360 365

Leu Phe Gly Ala Leu Ile Ser Asp Tyr Leu Tyr Leu Phe Asp Arg Tyr
370 375 380

Tyr Phe Thr Ala Ser Thr Leu
385 390

<210> SEQ ID NO 15

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(225)

<223> OTHER INFORMATION: Y1lPexl17p; GenBank Accession No. CAG84025

<400> SEQUENCE: 15

Met Ser Ala Phe Pro Glu Pro Ser Ser Phe Glu Ile Glu Phe Ala Lys
1 5 10 15

Gln Met Asn Arg Pro Arg Thr Val Gln Phe Lys Gln Leu Val Ala Val
20 25 30

Leu Tyr Ile Phe Gly Gly Thr Ser Ala Leu Ile Tyr Ile Ile Ser Lys
Thr Ile Leu Asn Pro Leu Phe Glu Glu Leu Thr Phe Ala Arg Ser Glu
50 55 60

Tyr Ala Ile His Ala Arg Arg Leu Met Glu Gln Leu Asn Ala Lys Leu
65 70 75 80

Ser Ser Met Ala Ser Tyr Ile Pro Pro Val Arg Ala Leu Gln Gly Gln
85 90 95

Arg Phe Val Asp Ala Gln Thr Gln Thr Glu Asp Glu Glu Gly Glu Asp
100 105 110

Ile Pro Asn Pro Ser Leu Gly Lys Ser Ser His Val Ser Phe Gly Glu
115 120 125

Ser Pro Met Gln Leu Lys Leu Ala Glu Lys Glu Lys Gln Gln Lys Leu
130 135 140

Ile Asp Asp Ser Val Asp Asn Leu Glu Arg Leu Ala Asp Ser Leu Lys
145 150 155 160

His Ala Gly Glu Val Ser Asp Leu Ser Ala Leu Ser Gly Phe Lys Tyr
165 170 175

Gln Val Glu Glu Leu Thr Asn Tyr Ser Asp Gln Leu Ala Met Ser Gly
180 185 190
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Tyr Ser Met Met Lys Ser Gly Leu Pro Gly His Glu Thr Ala Met Ser
195 200 205

Glu Thr Lys Lys Glu Ile Arg Ser Leu Lys Gly Ser Val Leu Ser Val
210 215 220

Arg
225

<210> SEQ ID NO 16

<211> LENGTH: 324

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(324)

<223> OTHER INFORMATION: Y1Pex19p; GenBank Accession No. AAK84827

<400> SEQUENCE: 16

Met Ser His Glu Glu Asp Leu Asp Asp Leu Asp Asp Phe Leu Asp Glu
1 5 10 15

Phe Asp Glu Gln Val Leu Ser Lys Pro Pro Gly Ala Gln Lys Asp Ala
20 25 30

Thr Pro Thr Thr Ser Thr Ala Pro Thr Thr Ala Glu Ala Lys Pro Asp
35 40 45

Ala Thr Lys Lys Ser Thr Glu Thr Ser Gly Thr Asp Ser Lys Thr Glu
50 55 60

Gly Ala Asp Thr Ala Asp Lys Asn Ala Ala Thr Asp Ser Ala Glu Ala
65 70 75 80

Gly Ala Glu Lys Val Ser Leu Pro Asn Leu Glu Asp Gln Leu Ala Gly
85 90 95

Leu Lys Met Asp Asp Phe Leu Lys Asp Ile Glu Ala Asp Pro Glu Ser
100 105 110

Lys Ala Gln Phe Glu Ser Leu Leu Lys Glu Ile Asn Asn Val Thr Ser
115 120 125

Ala Thr Ala Ser Glu Lys Ala Gln Gln Pro Lys Ser Phe Lys Glu Thr
130 135 140

Ile Ser Ala Thr Ala Asp Arg Leu Asn Gln Ser Asn Gln Glu Met Gly
145 150 155 160

Asp Met Pro Leu Gly Asp Asp Met Leu Ala Gly Leu Met Glu Gln Leu
165 170 175

Ser Gly Ala Gly Gly Phe Gly Glu Gly Gly Glu Gly Asp Phe Gly Asp
180 185 190

Met Leu Gly Gly Ile Met Arg Gln Leu Ala Ser Lys Glu Val Leu Tyr
195 200 205

Gln Pro Leu Lys Glu Met His Asp Asn Tyr Pro Lys Trp Trp Asp Glu
210 215 220

His Gly Ser Lys Val Thr Glu Glu Lys Glu Arg Asp Arg Leu Lys Leu
225 230 235 240

Gln Gln Asp Ile Val Gly Lys Ile Cys Ala Lys Phe Glu Asp Pro Ser
245 250 255

Tyr Ser Asp Asp Ser Glu Ala Asp Arg Ala Val Ile Thr Gln Leu Met
260 265 270

Asp Glu Met Gln Glu Thr Gly Ala Pro Pro Asp Glu Ile Met Ser Asn
275 280 285

Val Ala Asp Gly Ser Ile Pro Gly Gly Leu Asp Gly Leu Gly Leu Gly
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290 295

300

Gly Leu Gly Gly Gly Lys Met Pro Glu Met Pro Glu Asn Met Pro Glu

305

Cys

310 315

Asn Gln Gln

<210> SEQ ID NO 17

<211> LENGTH: 417

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(417)

<223> OTHER INFORMATION: Y1lPex20p; GenBank Accession No.

<400> SEQUENCE: 17

Met
1

Ala
Ala
Gln
Asn

65

Phe

Gly

Asp

Ala

145

Met

Glu

Ala

Ser

Arg

225

Asp

Glu

Asp

Ile

Ala Ser Cys Gly Pro Ser Asn Ala Leu Gln
5 10

Ser Ala Asp Arg Ser Leu Gln His Asp Arg
20 25

Pro Gly Ala Gln Arg Gln Gln Phe Arg Ser
Leu Asn Asn Glu Phe Gln Gln Phe Ala Gln
50 55

Ser Phe Glu Gln Ser Gln Met Gly Pro His
70 75

Gly Gln Pro His Gln Pro Gln Met Gly Gln
85 90

Gly Gln Gln Ser Asp Trp Ala Gln Ser Phe
100 105

Pro Gln Thr Gly Pro Gln His Thr Gln Gln
115 120

Phe Met Arg Gln Ser Pro Gln Ser His Gln
130 135

Asn Gly Val Met Gly Ser Met Ser Gly Met
150 155

Tyr Ser Asn Ser Gln Leu Met Asn Ser Thr
165 170

His Gln Gln Thr His Lys Thr Glu Thr Lys
180 185

Phe Glu Ala Ala Phe Gly Ala Val Glu Glu
195 200

Asp Lys Gly Lys Glu Val Glu Lys Asp Pro
210 215

Tyr Asp Gln Ala Asp Ala Leu Asn Arg Gln
230 235

Asn Ile Ser Arg Glu Glu Val Asp Ile Lys
245 250

Phe Ala Ser Ile Ala Arg Gln Ile Ala Ser
260 265

Lys Ser Lys Phe Glu Lys Ser Thr Phe Met
275 280

Gly Asn His Glu Val Thr Leu Asp Gly Asp
290 295

Asn

Met

Gln

Ala

60

Phe

His

Ser

Ser

Val

140

Ser

Tyr

Ser

Ser

Met

220

Ala

Thr

Ser

Asn

Lys
300

Leu

Ala

Thr

45

Gly

Gly

Ala

Gln

Asn

125

Gln

Ser

Gly

Ser

Ile

205

Glu

Glu

Asp

Leu

Leu

285

Leu

Ser

Pro

30

Gln

Pro

Gln

Pro

Leu

110

Trp

Pro

Phe

Leu

Gln

190

Thr

Gln

His

Glu

Glu

270

Met

Val

CAG79226

Lys

15

Gly

Gly

Ala

Gln

Met

95

Asn

Gly

Gln

Gly

Gln

175

Asp

Lys

Thr

Ile

Asn

255

Glu

Arg

Asn

320

His

Gly

Gly

His

His

80

Ala

Leu

Gln

Met

Pro

160

Thr

Ala

Thr

Tyr

Ser

240

Gly

Ala

Arg

Lys
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Glu Gly Glu Asp Ile Arg Glu Glu Val Arg Asp Glu Leu Leu Arg Glu
305 310 315 320

Gly Ala Ser Gln Glu Asn Gly Phe Gln Ser Glu Ala Gln Gln Thr Ala
325 330 335

Pro Leu Pro Val His His Glu Ala Pro Pro Pro Glu Gln Ile His Pro
340 345 350

His Thr Glu Thr Gly Asp Lys Gln Leu Glu Asp Pro Met Val Tyr Ile
355 360 365

Glu Gln Glu Ala Ala Arg Arg Ala Ala Glu Ser Gly Arg Thr Val Glu
370 375 380

Glu Glu Lys Leu Asn Phe Tyr Ser Pro Phe Glu Tyr Ala Gln Lys Leu
385 390 395 400

Gly Pro Gln Gly Val Ala Lys Gln Ser Asn Trp Glu Glu Asp Tyr Asp
405 410 415

Phe

<210> SEQ ID NO 18

<211> LENGTH: 195

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(195)

<223> OTHER INFORMATION: Y1lPex22p; GenBank Accession No. CAG77876

<400> SEQUENCE: 18

Val Pro Arg Cys Thr Ser His Pro Cys Asn Leu Thr Leu His Leu Pro
1 5 10 15

Val Thr Thr Met Ala Pro Arg Lys Thr Arg Leu Pro Ala Val Ile Gly
20 25 30

Ala Ala Ala Ala Ala Ala Ala Val Ala Tyr Leu Val Tyr Ser Phe Val
35 40 45

Ala Lys Ser Asn Ser Asp Gln Asp Thr Phe Asp Ser Ser Val Gln Ser
50 55 60

Ser Ser Lys Ser Ser Thr Lys Ser Pro Lys Ser Thr Ala Thr Asn Ser
Lys Ile Thr Val Val Val Ser Gln Glu Leu Val Gln Ser Gln Leu Val
85 90 95

Asp Phe Lys His Leu Met Ser Val His Pro Asn Leu Val Val Ile Val
100 105 110

Pro Pro Met Val Ala Asn Lys Phe His Arg Ala Leu Lys Ser Ser Val
115 120 125

Gly His Asp His Gly Val Lys Val Ile Arg Cys Asp Thr Asp Val Gly
130 135 140

Val Ile His Val Ile Lys His Ile Arg Pro Asp Leu Ala Leu Ile Ala
145 150 155 160

Asp Gly Val Gly Asp Asn Ile Gln Gly Glu Ile Lys Arg Phe Val Gly
165 170 175

Ser Ser Glu Ala Leu Ser Gly Asp Val Asn Leu Ala Ala Glu Arg Leu
180 185 190

Thr Gly Leu
195

<210> SEQ ID NO 19
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<211> LENGTH: 386

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(386)

<223> OTHER INFORMATION: YlPex26p; GenBank Accession No. NC_006072,
antisense translation of nucleotides 117230-118387

<400> SEQUENCE: 19

Met Pro Pro Ala Met Pro Gln Met Thr Thr Ser Thr Leu Leu Thr Asp
1 5 10 15

Ser Val Thr Ser Ala Val Asn Gln Ala Ala Thr Pro Lys Val Asp Gln
20 25 30

Met Tyr Gln Thr Phe Gly Glu Ser Ala Arg Glu Phe Val Asn Lys Asn
35 40 45

Phe Tyr Asn Ser Tyr Glu Leu Ile Arg Pro Phe Phe Asp Glu Ile Thr
50 55 60

Ala Lys Gly Ala Gln Gln Asn Gly Ser Thr Val Leu Asp Ala Glu Asn
65 70 75 80

Pro His Asn Ile Pro Leu Ser Leu Trp Ile Lys Val Trp Ser Leu Tyr
85 90 95

Leu Ala Ile Leu Asp Ala Ser Cys Lys Gln Ala Gly Glu Ala Leu Leu
100 105 110

Asn Ser Thr Gly Asp Leu Ser Gly Ser Asp Ser Gly Glu Trp Asn Gln
115 120 125

Thr Arg Lys Leu Leu Ala Arg Lys Leu Thr Ser Gly Ser Val Trp Asp
130 135 140

Glu Leu Val Thr Ala Ser Gly Gly Thr Gly Asn Ile His Pro Thr Ile
145 150 155 160

Leu Ala Leu Leu Ala Ser Leu Ser Ile Arg His Asp Thr Asp Ala Lys
165 170 175

Leu Met Ala Asp Asn Leu Glu Lys Phe Ile Val Thr Tyr Asn Asp Asn
180 185 190

Gly Ser Asp Asp Val Lys Thr Lys Thr Ala Phe Tyr Lys Val Leu Asp
195 200 205

Leu Tyr Leu Leu Arg Val Leu Pro Asp Leu Gly Gln Trp Asp Val Ala
210 215 220

His Ser Phe Val Asn Asn Thr Asn Leu Phe Ser His Glu Gln Lys Lys
225 230 235 240

Glu Met Thr His Lys Leu Asp Gln Ser Gln Lys His Ala Glu Gln Glu
245 250 255

His Lys Arg Leu Leu Glu Glu Ala Gln Glu Lys Glu Lys Ser Asp Ala
260 265 270

Lys Glu Lys Glu Arg Glu Glu Arg Val Ser Arg Asp Thr Gln Ser Arg
275 280 285

Glu Ile Lys Ser Pro Ile Val Asp Ser Ser Thr Ser Ser Arg Asp Val
290 295 300

Thr Arg Asp Thr Thr Arg Glu Leu Ser Lys Ser Ser Arg Gln Pro Arg
305 310 315 320

Thr Leu Ser Gln Ile Ile Ser Thr Ser Leu Lys Ser Gln Phe Asp Gly
325 330 335

Asn Ala Ile Phe Arg Thr Leu Ala Leu Ile Val Ile Val Ser Leu Ser
340 345 350
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Ala Ala Asn Pro Leu Ile Arg Lys Arg Val Val Asp Thr Leu Lys Met
355 360 365

Leu Trp Ile Lys Ile Leu Gln Thr Leu Ser Met Gly Phe Lys Val Ser
370 375 380

Tyr Leu
385

<210> SEQ ID NO 20

<211> LENGTH: 3387

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (3387

<223> OTHER INFORMATION: GenBank Accession No. AB036770

<400> SEQUENCE: 20

ggtaccatca agggtaaaat caaggctatc atcaagggcc atatatcgca agtttggggg 60
aagataatat gttcatagtg aatcgggttg tggatttcct catctaacgg cattataact 120
agtcctggag ggtetttttt atggataacc tccatgtacyg atgtatccaa gatctccacg 180
tactgtgtte tgtttectaa gtaataccca acaacctcte caacaaacac ttgggaagat 240
gcacttgtge tgagatgtca agatgttaga gagtagagac agtagcaagc gtaaaaggcg 300
geegaggeca ccgagagaac agcgtagcag ggcegegtagt caccacaggg gacgcagaac 360
caaacaaatg acgaagaaga accacaagga gacgttttca aaggcaatgc aaacgaagag 420
ggcaatggaa ggattgagat tagagaactg gagactggag tggcgttttc ccgatgaacyg 480
aacaaacacg cgaagctatg tggaccaaca tacaacacgg actgaaccag gtttttttat 540
gattttttta ctggaaatag gtacgtgcca agttggacca tgacactaaa cgtgtttaat 600
tagtaatatt cgtgtaagcg tacattcatt tcaaaggtta ttctttcacg gcaaagttat 660
aattaaatga atgtatatgc agaaaaaaaa aaaaaaagta ctgtactgga tggagagaat 720
attaataaat aattgttacc caactacatc ttgtcgattg aaagagaccc ctaagacaga 780
taggatatct gcaacccgag gaatgaaccce cccagcacceg gcacccttte tattaacaaa 840
atgccaactg aaatttgaaa agttcaacta aacttatttg acccacaaaa actcgtcaaa 900
agtggcggeg aaagctggca aatgatgaca tceccecttgga accatgatat cctctcggaa 960

tcttegtece catttgccac atctacttge aacgccacat ctgcttacta agcaacccaa 1020
atctgecteg gectcaaaatg tggggaagtt cacatgcatt cgctggtgaa tcetgatctga 1080
cactacaact acacaccagg tccaacatga gcgacaatac gacaatcaaa aagccgatce 1140
gacccaaacce gatccggacg gaacgectge cttacgetgg ggccgcagaa atcatccgag 1200
ccaaccagaa agaccactac tttgagtccg tgcttgaaca gcatctcgte acgtttetgce 1260
agaaatggaa gggagtacga tttatccacc agtacaagga ggagctggag acggcgtcca 1320
agtttgcata tctcggtttg tgtacgecttg tgggctccaa gactctcgga gaagagtaca 1380
ccaatctcat gtacactatc agagaccgaa cagctctacc gggggtggtg agacggtttg 1440
gctacgtget ttccaacact ctgtttcecat acctgtttgt gegctacatg ggcaagttge 1500
gcgeccaaact gatgcgecgag tatccccatce tggtggagta cgacgaagat gagcecctgtge 1560

ccagcccegga aacatggaag gagcgggtca tcaagacgtt tgtgaacaag tttgacaagt 1620
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tcacggcegcet ggaggggttt accgcgatce acttggcegat tttctacgte tacggctegt 1680
actaccagct cagtaagcgg atctggggca tgcgttatgt atttggacac cgactggaca 1740
agaatgagcc tcgaatcggt tacgagatgce tcggtctget gattttcecgece cggtttgeca 1800
cgtcatttgt gcagacggga agagagtacc tcggagcegct gectggaaaag agcgtggaga 1860
aagaggcagg ggagaaggaa gatgaaaagg aagcggttgt gccgaaaaag aagtcgtcaa 1920
ttccgttecat tgaggataca gaaggggaga cggaagacaa gatcgatctg gaggaccctce 1980
gacagctcaa gttcattcct gaggcgtcca gagcgtgcac tcetgtgtectg tcatacatta 2040
gtgcgcecgge atgtacgcca tgtggacact ttttetgttg ggactgtatt tccgaatggg 2100
tgagagagaa gcccgagtgt cceccttgtgte ggcagggtgt gagagagcag aacttgttgce 2160
ctatcagata atgacgaggt ctggatggaa ggactagtca gcgagacaca gagcatcagg 2220
gaccagacac gaccaattca atcgacaaca ctgtgctgca tagcagtgca cagaggtcect 2280
gggcatgaat atattttagc attggagata tgagtggtag agcgtataca gtattaattg 2340
tggaggtatc tcgtcgcatt gatagagcaa tacagttact gctgaaggga atgataccga 2400
gtatttcgge ccgattcagt tcttgatatc gtcattttgt ctctattgtce tacttttceag 2460
ataacctcaa caaatcttca acaaatctce cagtaaacag tcagagatca tatccgagat 2520
catatcagat atgtcacgat ccgagtacaa taatggatat taatctgctt gattttgaat 2580
tctgttgega ttatgattte tttgatttcg atatgaacac atacggcgac tcccagacct 2640
ttagaagctc cagtttggat tcecttagcaat ggttacactc aactatatcc caagtaatac 2700
ttggtaacaa tatgccaagt tagtcattca ttcgttatag gagttagcaa gtgtttgtca 2760
gctaaaaatg gttagtcggt cgattaccac ttagatcttt tcagcgtgga acttgatggt 2820
acgcttgaac cgacacttgg agtagtcggg gctgttgatg acgtagatga cgtttcegetce 2880
agggtgagga gtgcaatagt agtactcctt ggggccgtcect ctcagctcaa aggttccatce 2940
ggcggcaatyg tcaaagaccg agccctggag cttgtagecg tagtcegecgg tccagaacaa 3000
agcctgcage tccagatagg cgatgggcat gtcegttaaca gagaaggtgt tgccctegece 3060
ctcggtgatg gtgatgggtt cgccgteggt ggaggcggtg atcaggtcat cttggtaggt 3120
gacgggcaga gattcgaccg attgggcegtce tgatctggta taggtcaget tgtacttgte 3180
tcecgacagece gecagagegg tggtagcgac ggtgatgagg gagatgagtt tcatattggce 3240
ggcaagttta gcaaaagatg gcagtgggat tgagggacaa gagtgtttat atagatatag 3300
atacaacaca acgagtctga atgagacaac cgagacaacc actcccgaag cctcactaat 3360
agttactaac ggcatatttc aggtacc 3387
<210> SEQ ID NO 21
<211> LENGTH: 1134
<212> TYPE: DNA
<213> ORGANISM: Yarrowia lipolytica
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(1134)
<223> OTHER INFORMATION: Pexl1l0; GenBank Accesgsgsion No. AB036770,
nucleotides 1038-2171
<400> SEQUENCE: 21
atg tgg gga agt tca cat gca ttc get ggt gaa tcet gat ctg aca cta 48

Met Trp Gly Ser Ser His Ala Phe Ala Gly Glu Ser Asp Leu Thr Leu
1 5 10 15
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caa cta cac acc agg tcc aac atg age gac aat acg aca atc aaa aag 96
Gln Leu His Thr Arg Ser Asn Met Ser Asp Asn Thr Thr Ile Lys Lys
20 25 30
ceg atce cga cce aaa ccg atc cgg acg gaa cgce ctg cct tac get ggg 144
Pro Ile Arg Pro Lys Pro Ile Arg Thr Glu Arg Leu Pro Tyr Ala Gly
35 40 45
gee gca gaa atc atc cga gec aac cag aaa gac cac tac ttt gag tce 192
Ala Ala Glu Ile Ile Arg Ala Asn Gln Lys Asp His Tyr Phe Glu Ser
50 55 60
gtg ctt gaa cag cat ctc gtc acg ttt ctg cag aaa tgg aag gga gta 240
Val Leu Glu Gln His Leu Val Thr Phe Leu Gln Lys Trp Lys Gly Val
65 70 75 80
cga ttt atc cac cag tac aag gag gag ctg gag acg gcg tcc aag ttt 288
Arg Phe Ile His Gln Tyr Lys Glu Glu Leu Glu Thr Ala Ser Lys Phe
85 90 95
gca tat ctc ggt ttg tgt acg ctt gtg ggc tcc aag act ctc gga gaa 336
Ala Tyr Leu Gly Leu Cys Thr Leu Val Gly Ser Lys Thr Leu Gly Glu
100 105 110
gag tac acc aat ctc atg tac act atc aga gac cga aca gct cta ccg 384
Glu Tyr Thr Asn Leu Met Tyr Thr Ile Arg Asp Arg Thr Ala Leu Pro
115 120 125
ggg gtg gtg aga cgg ttt ggc tac gtg ctt tcc aac act ctg ttt cca 432
Gly Val Val Arg Arg Phe Gly Tyr Val Leu Ser Asn Thr Leu Phe Pro
130 135 140
tac ctg ttt gtg cgc tac atg ggc aag ttg cgc gcc aaa ctg atg cgc 480
Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg
145 150 155 160
gag tat ccc cat ctg gtg gag tac gac gaa gat gag cct gtg ccc age 528
Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser
165 170 175
cecg gaa aca tgg aag gag cgg gtc atc aag acg ttt gtg aac aag ttt 576
Pro Glu Thr Trp Lys Glu Arg Val Ile Lys Thr Phe Val Asn Lys Phe
180 185 190
gac aag ttc acg gcg ctg gag ggg ttt acc gcg atc cac ttg gcg att 624
Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala Ile His Leu Ala Ile
195 200 205
ttc tac gtc tac ggc tcg tac tac cag ctc agt aag cgg atc tgg ggc 672
Phe Tyr Val Tyr Gly Ser Tyr Tyr Gln Leu Ser Lys Arg Ile Trp Gly
210 215 220
atg cgt tat gta ttt gga cac cga ctg gac aag aat gag cct cga atc 720
Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg Ile
225 230 235 240
ggt tac gag atg ctc ggt ctg ctg att ttc gcc c¢cgg ttt gece acg tca 768
Gly Tyr Glu Met Leu Gly Leu Leu Ile Phe Ala Arg Phe Ala Thr Ser
245 250 255
ttt gtg cag acg gga aga gag tac ctc gga gcg ctg ctg gaa aag agc 816
Phe Val Gln Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser
260 265 270
gtg gag aaa gag gca ggg gag aag gaa gat gaa aag gaa gcg gtt gtg 864
Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val
275 280 285
ccg aaa aag aag tcg tca att ccg tte att gag gat aca gaa ggg gag 912
Pro Lys Lys Lys Ser Ser Ile Pro Phe Ile Glu Asp Thr Glu Gly Glu
290 295 300
acg gaa gac aag atc gat ctg gag gac cct cga cag ctc aag ttc att 960

Thr Glu Asp Lys Ile Asp Leu Glu Asp Pro Arg Gln Leu Lys Phe Ile
305 310 315 320
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cct gag gcg tcecce aga gcg tgce act ctg tgt ctg tca tac att agt gcg 1008
Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr Ile Ser Ala
325 330 335

ccg gca tgt acg cca tgt gga cac ttt ttc tgt tgg gac tgt att tcc 1056
Pro Ala Cys Thr Pro Cys Gly His Phe Phe Cys Trp Asp Cys Ile Ser
340 345 350

gaa tgg gtg aga gag aag ccc gag tgt ccc ttg tgt cgg cag ggt gtg 1104
Glu Trp Val Arg Glu Lys Pro Glu Cys Pro Leu Cys Arg Gln Gly Val
355 360 365

aga gag cag aac ttg ttg cct atc aga taa 1134
Arg Glu Gln Asn Leu Leu Pro Ile Arg
370 375

<210> SEQ ID NO 22

<211> LENGTH: 377

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 22

Met Trp Gly Ser Ser His Ala Phe Ala Gly Glu Ser Asp Leu Thr Leu
1 5 10 15

Gln Leu His Thr Arg Ser Asn Met Ser Asp Asn Thr Thr Ile Lys Lys
20 25 30

Pro Ile Arg Pro Lys Pro Ile Arg Thr Glu Arg Leu Pro Tyr Ala Gly
35 40 45

Ala Ala Glu Ile Ile Arg Ala Asn Gln Lys Asp His Tyr Phe Glu Ser
50 55 60

Val Leu Glu Gln His Leu Val Thr Phe Leu Gln Lys Trp Lys Gly Val
65 70 75 80

Arg Phe Ile His Gln Tyr Lys Glu Glu Leu Glu Thr Ala Ser Lys Phe
85 90 95

Ala Tyr Leu Gly Leu Cys Thr Leu Val Gly Ser Lys Thr Leu Gly Glu
100 105 110

Glu Tyr Thr Asn Leu Met Tyr Thr Ile Arg Asp Arg Thr Ala Leu Pro
115 120 125

Gly Val Val Arg Arg Phe Gly Tyr Val Leu Ser Asn Thr Leu Phe Pro
130 135 140

Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg
145 150 155 160

Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser
165 170 175

Pro Glu Thr Trp Lys Glu Arg Val Ile Lys Thr Phe Val Asn Lys Phe
180 185 190

Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala Ile His Leu Ala Ile
195 200 205

Phe Tyr Val Tyr Gly Ser Tyr Tyr Gln Leu Ser Lys Arg Ile Trp Gly
210 215 220

Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg Ile
225 230 235 240

Gly Tyr Glu Met Leu Gly Leu Leu Ile Phe Ala Arg Phe Ala Thr Ser
245 250 255

Phe Val Gln Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser
260 265 270



US 2009/0117253 Al May 7, 2009
67

-continued

Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val
275 280 285

Pro Lys Lys Lys Ser Ser Ile Pro Phe Ile Glu Asp Thr Glu Gly Glu
290 295 300

Thr Glu Asp Lys Ile Asp Leu Glu Asp Pro Arg Gln Leu Lys Phe Ile
305 310 315 320

Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr Ile Ser Ala
325 330 335

Pro Ala Cys Thr Pro Cys Gly His Phe Phe Cys Trp Asp Cys Ile Ser
340 345 350

Glu Trp Val Arg Glu Lys Pro Glu Cys Pro Leu Cys Arg Gln Gly Val
355 360 365

Arg Glu Gln Asn Leu Leu Pro Ile Arg
370 375

<210> SEQ ID NO 23

<211> LENGTH: 1065

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1065)

<223> OTHER INFORMATION: Y1PEX10; GenBank Accession No. AJ012084, which
corresponds to nucleotides 1107-2171 of GenBank Accession No.
AB036770

<400> SEQUENCE: 23

atg agc gac aat acg aca atc aaa aag ccg atc cga ccc aaa ccg atc 48
Met Ser Asp Asn Thr Thr Ile Lys Lys Pro Ile Arg Pro Lys Pro Ile
1 5 10 15

cgg acg gaa cgc ctg cct tac get ggg gece gea gaa atc atc cga gec 96
Arg Thr Glu Arg Leu Pro Tyr Ala Gly Ala Ala Glu Ile Ile Arg Ala
20 25 30

aac cag aaa gac cac tac ttt gag tcc gtg ctt gaa cag cat ctc gtc 144
Asn Gln Lys Asp His Tyr Phe Glu Ser Val Leu Glu Gln His Leu Val
35 40 45

acg ttt ctg cag aaa tgg aag gga gta cga ttt atc cac cag tac aag 192
Thr Phe Leu Gln Lys Trp Lys Gly Val Arg Phe Ile His Gln Tyr Lys
50 55 60

gag gag ctg gag acg gcg tcc aag ttt gca tat ctc ggt ttg tgt acg 240
Glu Glu Leu Glu Thr Ala Ser Lys Phe Ala Tyr Leu Gly Leu Cys Thr
65 70 75 80

ctt gtg ggc tcc aag act ctc gga gaa gag tac acc aat ctc atg tac 288
Leu Val Gly Ser Lys Thr Leu Gly Glu Glu Tyr Thr Asn Leu Met Tyr
85 90 95

act atc aga gac cga aca gct cta ccg ggg gtg gtg aga cgg ttt ggc 336
Thr Ile Arg Asp Arg Thr Ala Leu Pro Gly Val Val Arg Arg Phe Gly
100 105 110

tac gtg ctt tcc aac act ctg ttt cca tac ctg ttt gtg cgc tac atg 384
Tyr Val Leu Ser Asn Thr Leu Phe Pro Tyr Leu Phe Val Arg Tyr Met
115 120 125

gge aag ttg cge gcec aaa ctg atg cge gag tat cce cat ctg gtg gag 432
Gly Lys Leu Arg Ala Lys Leu Met Arg Glu Tyr Pro His Leu Val Glu
130 135 140

tac gac gaa gat gag cct gtg ccc age ccg gaa aca tgg aag gag cgg 480
Tyr Asp Glu Asp Glu Pro Val Pro Ser Pro Glu Thr Trp Lys Glu Arg
145 150 155 160

gtc atc aag acg ttt gtg aac aag ttt gac aag ttc acg gcg ctg gag 528
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Val Ile Lys Thr Phe Val Asn Lys Phe Asp Lys Phe Thr Ala Leu Glu

165 170 175
ggg ttt acc gcg atc cac ttg gecg att tte tac gte tac ggc tecg tac 576
Gly Phe Thr Ala Ile His Leu Ala Ile Phe Tyr Val Tyr Gly Ser Tyr
180 185 190
tac cag ctc agt aag cgg atc tgg ggc atg cgt tat gta ttt gga cac 624
Tyr Gln Leu Ser Lys Arg Ile Trp Gly Met Arg Tyr Val Phe Gly His
195 200 205
cga ctg gac aag aat gag cct cga atc ggt tac gag atg ctc ggt ctg 672
Arg Leu Asp Lys Asn Glu Pro Arg Ile Gly Tyr Glu Met Leu Gly Leu
210 215 220
ctg att ttc gcc cgg ttt gce acg tca ttt gtg cag acg gga aga gag 720
Leu Ile Phe Ala Arg Phe Ala Thr Ser Phe Val Gln Thr Gly Arg Glu
225 230 235 240
tac ctc gga gcg ctg ctg gaa aag agce gtg gag aaa gag gca ggg gag 768
Tyr Leu Gly Ala Leu Leu Glu Lys Ser Val Glu Lys Glu Ala Gly Glu
245 250 255
aag gaa gat gaa aag gaa gcg gtt gtg ccg aaa aag aag tcg tca att 816
Lys Glu Asp Glu Lys Glu Ala Val Val Pro Lys Lys Lys Ser Ser Ile
260 265 270
ceg tte att gag gat aca gaa ggg gag acg gaa gac aag atc gat ctg 864
Pro Phe Ile Glu Asp Thr Glu Gly Glu Thr Glu Asp Lys Ile Asp Leu
275 280 285
gag gac cct cga cag ctc aag ttc att cct gag geg tee aga geg tge 912
Glu Asp Pro Arg Gln Leu Lys Phe Ile Pro Glu Ala Ser Arg Ala Cys
290 295 300
act ctg tgt ctg tca tac att agt gcg ccg gca tgt acg cca tgt gga 960
Thr Leu Cys Leu Ser Tyr Ile Ser Ala Pro Ala Cys Thr Pro Cys Gly
305 310 315 320
cac ttt ttc tgt tgg gac tgt att tcc gaa tgg gtg aga gag aag ccc 1008
His Phe Phe Cys Trp Asp Cys Ile Ser Glu Trp Val Arg Glu Lys Pro
325 330 335
gag tgt ccc ttg tgt cgg cag ggt gtg aga gag cag aac ttg ttg cct 1056
Glu Cys Pro Leu Cys Arg Gln Gly Val Arg Glu Gln Asn Leu Leu Pro
340 345 350
atc aga taa 1065

Ile Arg

<210> SEQ ID NO 24

<211> LENGTH: 354

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 24

Met Ser Asp Asn Thr Thr Ile Lys Lys Pro Ile Arg Pro Lys Pro Ile
1 5 10 15

Arg Thr Glu Arg Leu Pro Tyr Ala Gly Ala Ala Glu Ile Ile Arg Ala
20 25 30

Asn Gln Lys Asp His Tyr Phe Glu Ser Val Leu Glu Gln His Leu Val
35 40 45

Thr Phe Leu Gln Lys Trp Lys Gly Val Arg Phe Ile His Gln Tyr Lys
50 55 60

Glu Glu Leu Glu Thr Ala Ser Lys Phe Ala Tyr Leu Gly Leu Cys Thr
65 70 75 80

Leu Val Gly Ser Lys Thr Leu Gly Glu Glu Tyr Thr Asn Leu Met Tyr
85 90 95
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Thr Ile Arg Asp Arg Thr Ala Leu Pro Gly Val Val Arg Arg Phe Gly
100 105 110

Tyr Val Leu Ser Asn Thr Leu Phe Pro Tyr Leu Phe Val Arg Tyr Met
115 120 125

Gly Lys Leu Arg Ala Lys Leu Met Arg Glu Tyr Pro His Leu Val Glu
130 135 140

Tyr Asp Glu Asp Glu Pro Val Pro Ser Pro Glu Thr Trp Lys Glu Arg
145 150 155 160

Val Ile Lys Thr Phe Val Asn Lys Phe Asp Lys Phe Thr Ala Leu Glu
165 170 175

Gly Phe Thr Ala Ile His Leu Ala Ile Phe Tyr Val Tyr Gly Ser Tyr
180 185 190

Tyr Gln Leu Ser Lys Arg Ile Trp Gly Met Arg Tyr Val Phe Gly His
195 200 205

Arg Leu Asp Lys Asn Glu Pro Arg Ile Gly Tyr Glu Met Leu Gly Leu
210 215 220

Leu Ile Phe Ala Arg Phe Ala Thr Ser Phe Val Gln Thr Gly Arg Glu
225 230 235 240

Tyr Leu Gly Ala Leu Leu Glu Lys Ser Val Glu Lys Glu Ala Gly Glu
245 250 255

Lys Glu Asp Glu Lys Glu Ala Val Val Pro Lys Lys Lys Ser Ser Ile
260 265 270

Pro Phe Ile Glu Asp Thr Glu Gly Glu Thr Glu Asp Lys Ile Asp Leu
275 280 285

Glu Asp Pro Arg Gln Leu Lys Phe Ile Pro Glu Ala Ser Arg Ala Cys
290 295 300

Thr Leu Cys Leu Ser Tyr Ile Ser Ala Pro Ala Cys Thr Pro Cys Gly
305 310 315 320

His Phe Phe Cys Trp Asp Cys Ile Ser Glu Trp Val Arg Glu Lys Pro
325 330 335

Glu Cys Pro Leu Cys Arg Gln Gly Val Arg Glu Gln Asn Leu Leu Pro
340 345 350

Ile Arg

<210> SEQ ID NO 25

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(15)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(20)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(23)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
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«<221> NAME/KEY: misc_feature

<222> LOCATION: (25)..(34)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (36)..(37)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 25

Cys Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys
1 5 10 15

Xaa His Xaa Xaa Cys Xaa Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
20 25 30

Xaa Xaa Cys Xaa Xaa Cys
35

<210> SEQ ID NO 26

<211> LENGTH: 345

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica
<400> SEQUENCE: 26

Met Trp Gly Ser Ser His Ala Phe Ala Gly Glu Ser Asp Leu Thr Leu
1 5 10 15

Gln Leu His Thr Arg Ser Asn Met Ser Asp Asn Thr Thr Ile Lys Lys
20 25 30

Pro Ile Arg Pro Lys Pro Ile Arg Thr Glu Arg Leu Pro Tyr Ala Gly
35 40 45

Ala Ala Glu Ile Ile Arg Ala Asn Gln Lys Asp His Tyr Phe Glu Ser
Val Leu Glu Gln His Leu Val Thr Phe Leu Gln Lys Trp Lys Gly Val
65 70 75 80

Arg Phe Ile His Gln Tyr Lys Glu Glu Leu Glu Thr Ala Ser Lys Phe
85 90 95

Ala Tyr Leu Gly Leu Cys Thr Leu Val Gly Ser Lys Thr Leu Gly Glu
100 105 110

Glu Tyr Thr Asn Leu Met Tyr Thr Ile Arg Asp Arg Thr Ala Leu Pro
115 120 125

Gly Val Val Arg Arg Phe Gly Tyr Val Leu Ser Asn Thr Leu Phe Pro
130 135 140

Tyr Leu Phe Val Arg Tyr Met Gly Lys Leu Arg Ala Lys Leu Met Arg
145 150 155 160

Glu Tyr Pro His Leu Val Glu Tyr Asp Glu Asp Glu Pro Val Pro Ser
165 170 175

Pro Glu Thr Trp Lys Glu Arg Val Ile Lys Thr Phe Val Asn Lys Phe
180 185 190

Asp Lys Phe Thr Ala Leu Glu Gly Phe Thr Ala Ile His Leu Ala Ile
195 200 205

Phe Tyr Val Tyr Gly Ser Tyr Tyr Gln Leu Ser Lys Arg Ile Trp Gly
210 215 220

Met Arg Tyr Val Phe Gly His Arg Leu Asp Lys Asn Glu Pro Arg Ile
225 230 235 240

Gly Tyr Glu Met Leu Gly Leu Leu Ile Phe Ala Arg Phe Ala Thr Ser
245 250 255

Phe Val Gln Thr Gly Arg Glu Tyr Leu Gly Ala Leu Leu Glu Lys Ser
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260 265 270

Val Glu Lys Glu Ala Gly Glu Lys Glu Asp Glu Lys Glu Ala Val Val
275 280 285

Pro Lys Lys Lys Ser Ser Ile Pro Phe Ile Glu Asp Thr Glu Gly Glu
290 295 300

Thr Glu Asp Lys Ile Asp Leu Glu Asp Pro Arg Gln Leu Lys Phe Ile
305 310 315 320

Pro Glu Ala Ser Arg Ala Cys Thr Leu Cys Leu Ser Tyr Ile Ser Ala
325 330 335

Pro Ala Cys Thr Pro Cys Gly His Phe
340 345

<210> SEQ ID NO 27

<211> LENGTH: 2987

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: mutant acetohydroxyacid synthase (AHAS) with
W497L mutation

<300> PUBLICATION INFORMATION:

<302> TITLE: HIGH EICOSAPENTAENOIC ACID PRODUCING STRAINS OF YARROWIA
LIPOLYTICA

<310> PATENT DOCUMENT NUMBER: US 2006-0115881-Al

<311> PATENT FILING DATE: 2005-11-02

<312> PUBLICATION DATE: 2006-06-01

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(2987

<300> PUBLICATION INFORMATION:

<302> TITLE: HIGH EICOSAPENTAENOIC ACID PRODUCING STRAINS OF YARROWIA
LIPOLYTICA

<310> PATENT DOCUMENT NUMBER: WO 2006/052870

<311> PATENT FILING DATE: 2005-11-03

<312> PUBLICATION DATE: 2006-05-18

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(2987

<400> SEQUENCE: 27

ttecectagte ccagtgtaca cccgcecgata tegettaccee tgcagcecgga ttaaggttgg 60
caatttttca cgtccttgte tccgcaatta ctcaccgggt ggtttataag attgcaageg 120
tcttgatttyg tctetgtata ctaacatgca atcgcgacte geccgacggyg ccactaacct 180
ggccagaatce tccagatcca agtattctcet tggtctgcega tatgtttceca acacaaaagce 240
cectgetgee cagecggcaa ctgctgagtg agtattcectt gecataaacyg acccagaacce 300
actgtatagt gtttggaagc actagtcaga agaccagcga aaacaggtgyg aaaaaactga 360
gacgaaaagc aacgaccaga aatgtaatgt gtggaaaagc gacacacaca gagcagataa 420
agaggtgaca aataacgaca aatgaaatat cagtatcttc ccacaatcac tacctctcag 480
ctgtctgaag gtgcggcetga tatatccatce ccacgtctaa cgtatggagt gtgatagaat 540
atgacgacac aagcatgaga actcgctcte tatccaacca ccgaaacact gtcactacag 600
ccgttettgt tgctceccatte gettttgtga ttecatgect tectcectggtga ctgacaacat 660
tecttecttt tetecagece tgttgttate tgetcatgac ctacggccac tctctatcge 720
atactaacat agacgatccc agcccgetcece ccacttcecag ggcaccgttyg gcaagectcee 780
tatcctcaag aaggctgagg ctgccaacgce tgacatggac gagtccttca tcggaatgte 840
tggaggagag atcttccacg agatgatget gegacacaac gtcgacactyg tctteggtta 900
ccecggtgga gecattetee cecgtcetttga cgecattcac aactctgagt acttcaactt 960

tgtgctcect cgacacgage agggtgcegg ccacatggec gagggetacg ctcegagecte 1020
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tggtaagcce ggtgtegtte

catgcaggac gctcettteeg

ctcegttate ggcactgacyg

caccaagtgyg aacgtcatgg

ctttgagatt gctactteceg

tactgctgee atcctgegag

gaccaaccte acctetgecyg

caacctcate aaccagtcca

cgaggagggt cctaagetge

tactctgcag ggtcttggtyg

tatgcacggt tccggetacyg

cggegeccga tttgatgace

agcegetgee cttgagggte

caacaaggtt gttcaggcca

gcetcatcece ctcatcaaca

ccagtectgyg aagcagcagt

caagccccag tcegteattg

catcatcacc accggtgttg

acaccctega accatgatca

cgctategge gccaaggttyg

ttctttcaac atgactctga

ggctattgte ctcaacaacyg

cgagaaccga tactgccaca

catgggcatyg aagggtatcc

gatgctcgca tacaagggcece

tctteccatyg gttecegetyg

cgaggetget tcetegacceg

cacctttgag aactaagtgg

cegtgeccac agagtctagt

aacatgagat tttgaccaac

cagcatttgt tttaaataat

geccagetete tgacttcaga

ttgaacttge catattcgat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28
LENGTH: 13066
TYPE: DNA

tcgtcaccte

atggtacccc

ccttecagga

tcaagaacgt

gecgaceegyg

agcccateee

cecgecaccga

agaagccegt

ttaaggagct

cctttgacga

ccaacatgge

gagttaccgg

gaggtggtat

ccgaagecgt

aggtctetge

tccecttect

ctectgetete

gtcagcatca

cttetggtygyg

cccgacctga

ccgagetgte

aggaacaggg

ctcatcagaa

gaatcactca

ctgtgetegt

gtaaggcettt

atcgactgaa

aaaggaacac

gcagacctaa

aagagcgtag

gttgccteca

cecgettgtac

tttgtggtca

tggcceceggt

catggttgte

ggcegatgtt

tgctgagete

tccegttete

caccaagtcc

gttccagaag

cctttacgte

ggctgagaag

gegagaccce

catgcagaac

ctccatccce

tgttcacttt

tgagggagac

cgctgagega

cttegagget

tgacctgaca

gatgtggact

tcttggaact

ctgcgacgte

caccgeegtt

tatggtcacc

gaaccccgac

cattgaccag

tgaggttgtt

gecatgagtte

gaatgcccce

aagcaatccg

aatgaccaca

gaatgttatt

ggggcagtga

ttaagcagct

tgaatccage

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Plasmid pZP3-Pa777U

SEQUENCE: 28

gccaccaacg tcatcaccce

ttcaccggte aggtcctgac

gtcggeatet cccegatettg

cccegacgaa tcaacgagge

gtcgatctge ccaaggatgt

accattcect cgcattetet

caggctatce agcgagccge

ggacagggta tccttggete

gecgagatte ccgtcaccac

aagtctctge acatgetegyg

getgactgta tcattgetcet

aagtttgcce ccgaggeteg

gagatccagg ccaagaacat

gttaccgagt ctgtccgaca

getecetgga ctgagactat

gaaggtgagg atggtgttat

gagaacaaca aggacaagac

geccageatt tccgatggeg

atgggttacg gcctgeccge

attgacatcg atggtgacge

cagttcaaca ttggcgtcaa

cagctgcagt ctetetteta

ttcatgaagce tggccgagte

ctggaggeceyg gtctcaagga

gtcgacaaga agatcccegt

cttgtctacyg acgctgacge

gecectcacyg tccaccagac

aaccaaaaat aattggggtc

gtaaattata gctgttatta

agctactact tgtacataca

gatcaggace cagatccegtg

cgcaacactyg ttgtcgagga

acaccte

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

2987
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tcteggteta ttettttgat ttataaggga ttttgccgat tteggectat tggttaaaaa 60
atgagctgat ttaacaaaaa tttaacgcga attttaacaa aatattaacyg cttacaattt 120
cctgatgegg tattttcectcee ttacgcatcet gtgeggtatt tcacaccgeca tcaggtggea 180
cttttcgggg aaatgtgcgce ggaaccccta tttgtttatt tttctaaata cattcaaata 240
tgtatccget catgagacaa taaccctgat aaatgcttca ataatattga aaaaggaaga 300
gtatgagtat tcaacatttc cgtgtcgccc ttattccctt ttttgcggca ttttgectte 360
ctgtttttge tcacccagaa acgctggtga aagtaaaaga tgctgaagat cagttgggtg 420
cacgagtggg ttacatcgaa ctggatctca acagcggtaa gatccttgag agttttegece 480
ccgaagaacg tttteccaatg atgagcactt ttaaagttet getatgtgge geggtattat 540
ccegtattga cgcegggcaa gagcaactceg gtegecgeat acactattcet cagaatgact 600
tggttgagta ctcaccagtc acagaaaagc atcttacgga tggcatgaca gtaagagaat 660
tatgcagtgce tgccataacc atgagtgata acactgcgge caacttactt ctgacaacga 720
tcggaggace gaaggagcta accgcettttt tgcacaacat gggggatcat gtaactcgece 780
ttgatcgttyg ggaaccggag ctgaatgaag ccataccaaa cgacgagcegt gacaccacga 840
tgcctgtage aatggcaaca acgttgegca aactattaac tggcgaacta cttactctag 900
cttececggea acaattaata gactggatgg aggcggataa agttgcagga ccacttcetge 960

gcteggeect teecggetgge tggtttattg ctgataaatce tggagccggt gagegtgggt 1020
ctcgecggtat cattgcagca ctggggccag atggtaagcc ctcccgtatce gtagttatcet 1080
acacgacggg gagtcaggca actatggatg aacgaaatag acagatcgcet gagataggtg 1140
cctcactgat taagcattgg taactgtcag accaagttta ctcatatata ctttagattg 1200
atttaaaact tcatttttaa tttaaaagga tctaggtgaa gatccttttt gataatctca 1260
tgaccaaaat cccttaacgt gagttttcgt tccactgage gtcagacccce gtagaaaaga 1320
tcaaaggatc ttcttgagat ccttttttte tgcgcgtaat ctgctgcttg caaacaaaaa 1380
aaccaccgct accagcggtg gtttgtttge cggatcaaga gctaccaact ctttttecga 1440
aggtaactgg cttcagcaga gcgcagatac caaatactgt tcttctagtg tagccgtagt 1500
taggccacca cttcaagaac tctgtagcac cgcctacata cctcegectctg ctaatcectgt 1560
taccagtggce tgctgccagt ggcgataagt cgtgtcttac cgggttggac tcaagacgat 1620
agttaccgga taaggcgcag cggtcggget gaacgggggyg ttegtgcaca cagceccaget 1680
tggagcgaac gacctacacc gaactgagat acctacageg tgagctatga gaaagcgcca 1740
cgctteccga agggagaaag gcggacaggt atccggtaag cggcagggte ggaacaggag 1800
agcgcacgag ggagcttceca gggggaaacg cctggtatct ttatagtcct gtegggttte 1860
gccacctetg acttgagegt cgatttttgt gatgctcecgte aggggggcgg agcctatgga 1920
aaaacgccag caacgcggcec tttttacggt tcctggectt ttgctggcect tttgctcaca 1980
tgttctttece tgcgttatece cctgattctg tggataaccg tattaccgece tttgagtgag 2040
ctgataccge tcgecgcage cgaacgacceg agegcagega gtcagtgage gaggaagcegg 2100
aagagcgccce aatacgcaaa ccgcectectcee ccgegegttg gecgattcat taatgcaget 2160
ggcgcgcecac caatcacaat tctgaaaagce acatcttgat ctectcattg cggggagtcece 2220

aacggtggtc ttattcccece gaatttecccg ctcaatcteg ttccagaccg acccggacac 2280
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agtgcttaac gccgttccga aactctaccg cagatatget ccaacggact gggctgcata 2340
gatgtgatce tcggecttgga gaaatggata aaagccggcec aaaaaaaaag cggaaaaaag 2400
cggaaaaaaa gagaaaaaaa atcgcaaaat ttgaaaaata gggggaaaag acgcaaaaac 2460
gcaaggaggg gggagtatat gacactgata agcaagctca caacggttcc tcttattttt 2520
ttecctecatet tectgectagg ttecccaaaat cccagatget tetctceccagt gecaaaagta 2580
agtaccccac aggttttegg ccgaaaattc cacgtgcagce aacgtcegtgt ggggtgttaa 2640
aatgtggggyg gggggaacca ggacaagagg ctettgtggg agccgaatga gagcacaaag 2700
cgggcgggtyg tgataagggce atttttgcce attttceectt ctectgtcte tecgacggtg 2760
atggcgttgt gecgtectcecta tttettttta tttetttttg ttttatttet ctgactaccg 2820
atttggtttg atttcctcaa ccccacacaa ataagctcegg gccgaggaat atatatatac 2880
acggacacag tcgccctgtg gacaacacgt cactacctcect acgatacaca ccgtacgttg 2940
tgtggaagct tgtgagcgga taacaatttc acacaggaaa cagctatgac catgattacg 3000
ccaagctcga aattaaccct cactaaaggg aacaaaagcet ggagctccac cgcggacaca 3060
atatctggtc aaatttcagt ttcgttacat ttaaattcecct tcacttcaag ttcattctte 3120
atctgcttet gttttacttt gacaggcaaa tgaagacatg gtacgacttg atggaggcca 3180
agaacgccat ttcaccccga gacaccgaag tgcctgaaat cctggectgece cccattgata 3240
acatcggaaa ctacggtatt ccggaaagtg tatatagaac ctttccccag cttgtgtcetg 3300
tggatatgga tggtgtaatc ccctttgagt actecgtettg gettcectctee gagcagtatg 3360
aggctctcta atctagcgca tttaatatct caatgtattt atatatttat cttctcatgce 3420
ggcecgcttag ttggetttgg tcecttggcage cttggectec ttgagggtaa acatcttgge 3480
atccttgteg accacgcegt acttggcgta cataagacca attcggatga aggtgggaat 3540
gatgggagaa gccgacttte gcaccagttc gggaaaggcece tgagcgaagg cagcagtgge 3600
ctcgttgage ttgtagtgag gaatgatggg aaacagatgg tggatctgat gtgtaccaat 3660
gttgtgggac aggttgtcga tgagggctcc gtagcttcgg tccacagagg acaagttgece 3720
cttgacatag gtccactccg aatcggcgta ccagggagtt tectegtcecgt tgtgatggag 3780
gaaggtagtyg acaaccagca tggtggcgaa tccaaagaga ggtgcgaagt aatacagagce 3840
catggtcttyg aggccgtaga cgtaggtaag gtaggcgtac agaccagcaa aggccacgag 3900
agagccgagg gaaatgatga cggcagacat tcttcecgcagg tagagaggct cccagggatt 3960
gaagtggttyg acctttcggg gaggaaatcc agcaacgagg taggcaaacc aagccgaacce 4020
aagggagatg accatgtgtc gggacagggg atgagagtcg gecttctcecget gagggtagaa 4080
gatctcatce ttgtcgatgt tgccggtgtt cttgtgatgg tgtcgatggce tgatcttceca 4140
cgactcgtag ggagtcagaa tgatggagtg aatgagtgtg ccaacagaga agttgagcag 4200
gtgggatcge gagaaggcac catgtccaca gtcgtgaccg atggtaaaga atccccagaa 4260
cacgatacce tggagcagaa tgtagccagt gcaaaggacyg gcatcgagca gtgcaaacte 4320
ctgcacgata gcaagggctc gagcatagta cagtccgaga gcaagggaac cggcaatgcce 4380
cagagctcege acggtatagt agagggacca gggaacagag gcttcgaage agtgggcagg 4440
cagggatcgce ttgatctegg tgagagtagg gaactcgtag ggagcggcaa cggtagagga 4500

agccatggtt gtgaattagg gtggtgagaa tggttggttg tagggaagaa tcaaaggccg 4560
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gtctegggat ccgtgggtat atatatatat atatatatat acgatccttce gttacctcecce 4620
tgttctcaaa actgtggttt ttecgttttte gttttttget ttttttgatt tttttagggce 4680
caactaagct tccagatttc gctaatcacce tttgtactaa ttacaagaaa ggaagaagct 4740
gattagagtt gggcttttta tgcaactgtg ctactcctta tcectctgatat gaaagtgtag 4800
acccaatcac atcatgtcat ttagagttgg taatactggg aggatagata aggcacgaaa 4860
acgagccata gcagacatgc tgggtgtage caagcagaag aaagtagatyg ggagccaatt 4920
gacgagcgayg ggagctacge caatccgaca tacgacacge tgagatcgtce ttggecgggg 4980
ggtacctaca gatgtccaag ggtaagtgct tgactgtaat tgtatgtctg aggacaaata 5040
tgtagtcagce cgtataaagt cataccaggc accagtgcca tcatcgaacc actaactctce 5100
tatgatacat gcctccggta ttattgtacce atgegtceget ttgttacata cgtatcttgce 5160
ctttttetet cagaaactcc agactttgge tattggtcega gataagcccg gaccatagtg 5220
agtctttcac actctacatt tcectcccttge tccaactatc gattgttgte tactaactat 5280
cgtacgataa cttcgtatag catacattat acgaagttat cgcgtcgacg agtatctgtce 5340
tgactcgtca ttgccgcectt tggagtacga ctccaactat gagtgtgctt ggatcacttt 5400
gacgatacat tcttcgttgg aggctgtggg tcectgacaget gegttttegg cgeggttgge 5460
cgacaacaat atcagctgca acgtcattgc tggctttcat catgatcaca tttttgtecgg 5520
caaaggcgac gcccagagag ccattgacgt tctttctaat ttggaccgat agccgtatag 5580
tccagtcectat ctataagttc aactaactcg taactattac cataacatat acttcactgc 5640
cccagataag gttccgataa aaagttctgce agactaaatt tatttcagte tectcttcac 5700
caccaaaatg ccctectacg aagctcgagce taacgtccac aagtccgcect ttgecgetceg 5760
agtgctcaag ctcgtggcag ccaagaaaac caacctgtgt gecttctctgg atgttaccac 5820
caccaaggag ctcattgagc ttgccgataa ggtcggacct tatgtgtgca tgatcaaaac 5880
ccatatcgac atcattgacg acttcaccta cgccggcact gtgctcccece tcaaggaact 5940
tgctcttaag cacggtttet tectgttcga ggacagaaag ttcgcagata ttggcaacac 6000
tgtcaagcac cagtaccggt gtcaccgaat cgccgagtgg tccgatatca ccaacgccca 6060
cggtgtaccce ggaaccggaa tcattgctgg cctgcgaget ggtgccgagg aaactgtctce 6120
tgaacagaag aaggaggacg tctctgacta cgagaactcc cagtacaagg agttcctagt 6180
ccectetece aacgagaagce tggccagagg tctgctcatg ctggccgage tgtcecttgcaa 6240
gggctctetyg gecactggceg agtactccaa gcagaccatt gagcttgecce gatccgaccce 6300
cgagtttgtg gttggcttca ttgcccagaa ccgacctaag ggcgactctg aggactggcet 6360
tattctgacc cccggggtgg gtecttgacga caagggagac gctctcecggac agcagtaccg 6420
aactgttgag gatgtcatgt ctaccggaac ggatatcata attgtcggcc gaggtctgta 6480
cggccagaac cgagatccta ttgaggagge caagcgatac cagaaggctyg gctgggagge 6540
ttaccagaag attaactgtt agaggttaga ctatggatat gtaatttaac tgtgtatata 6600
gagagcgtge aagtatggag cgcttgttca gecttgtatga tggtcagacg acctgtcectga 6660
tcgagtatgt atgatactgc acaacctgtg tatccgcatg atctgtccaa tggggcatgt 6720
tgttgtgttt ctcgatacgg agatgctggg tacagtgcta atacgttgaa ctacttatac 6780

ttatatgagg ctcgaagaaa gctgacttgt gtatgactta ttctcaacta catccccagt 6840
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cacaatacca ccactgcact accactacac caaaaccatyg atcaaaccac ccatggactt 6900
cctggaggca gaagaacttg ttatggaaaa gctcaagaga gagatcataa cttcgtatag 6960
catacattat acgaagttat cctgcaggta aaggaattca tgctgttcat cgtggttaat 7020
gctgetgtgt getgtgtgtg tgtgttgttt ggcgctcatt gttgcegttat gcagegtaca 7080
ccacaatatt ggaagcttat tagcctttct attttttegt ttgcaaggct taacaacatt 7140
getgtggaga gggatgggga tatggaggcce gctggaggga gtecggagagg cgttttggag 7200
cggettggee tggegeccag ctcegcgaaac geacctagga cectttggea cgccgaaatg 7260
tgccactttt cagtctagta acgccttacce tacgtcattc catgcgtgca tgtttgcgece 7320
ttttttecect tgccecttgat cgccacacag tacagtgcac tgtacagtgg aggttttggg 7380
ggggtcttag atgggagcta aaagcggcct agcggtacac tagtgggatt gtatggagtg 7440
gcatggagee taggtggage ctgacaggac gcacgaccgg ctagcecegtg acagacgatg 7500
ggtggctect gttgtccace gcgtacaaat gtttgggcca aagtcttgtce agecttgett 7560
gcgaacctaa ttcccaattt tgtcacttecg cacccccatt gatcgageccce taacccctge 7620
ccatcaggca atccaattaa gctcgcattg tctgecttgt ttagtttgge tectgccegt 7680
ttcggegtee acttgcacaa acacaaacaa gcattatata taaggctcgt ctetccectcece 7740
caaccacact cacttttttg cccgtcttce cttgctaaca caaaagtcaa gaacacaaac 7800
aaccacccca acccecttac acacaagaca tatctacagce aatggccatg gettcecttceca 7860
ctgttgctge geccgtacgag ttcecccgacge tgacggagat caagcgcteg ctgccagegce 7920
actgctttga ggcctcggte cegtggtcecge tctactacac cgtgcgcecgeg ctgggcatcg 7980
ccggceteget cgegetegge ctetactacg cgegegeget cgcgatcgtg caggagtttg 8040
ccetgetgga tgcggtgete tgcacggggt acattctget gecagggcatce gtattetggg 8100
ggttcttcac catcggccat gactgcggcece acggcgcgtt ctegegttceg cacctgcetca 8160
acttcagcgt cggcacgctce attcactcga tcatcctcac gecgtacgag tcatggaaga 8220
tctegeaceg ccaccaccac aagaacacgg gcaacatcga caaggacgag attttctace 8280
cgcagegega ggccgactceg cacccactgt cecgacacat ggtgatcteg cteggetegg 8340
cctggttege gtacctegtt gegggcttcee ctectcecgcaa ggtgaaccac ttcaaccctt 8400
gggaaccgtt gtacctgcge cgcatgtectg ccgtcatcat ctcactcecgge tcecgetegtgg 8460
cgttecgeggg cttgtatgeg tatctcacct acgtctatgg ccttaagacce atggcegetgt 8520
actacttecge ccctetettt gggttegecca cgatgctegt ggtcactacce tttttgcacce 8580
acaatgacga ggaaacgcca tggtacgecg actcggagtyg gacgtacgtce aagggcaacce 8640
tctegtecgt ggaccgcteg tacggcegcge tcatcgacaa cctgagccac aacatcggca 8700
cgcaccagat ccaccacctg tttccgatca teccgcacta caagctgaac gaggcgacgg 8760
cagegttege gcaggegtte ccggageteg tgegcaagag cgegtegecyg atcatcccga 8820
cgttcatceg catcgggecte atgtacgcca agtacggegt cgtggacaag gacgccaaga 8880
tgtttacgcet caaggaggcce aaggccgeca agaccaagge caactaggeyg gccgcecattga 8940
tgattggaaa cacacacatg ggttatatct aggtgagagt tagttggaca gttatatatt 9000
aaatcagcta tgccaacggt aacttcattc atgtcaacga ggaaccagtg actgcaagta 9060
atatagaatt tgaccacctt gccattctct tgcactcctt tactatatct catttattte 9120
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ttatatacaa

tegtggatcet

ctgtttaaac

cggecaggec

tagggggggg

acaataaatg

ataacggggc

gactgacacc

tggacaccac

agaaaacgct

agcagggtgg

catcaggcca

tggatatagc

geteggtace

ccaacatctt

ggttgccagt

cagaattceg

aatgacacaa

ggtaccatgg

aagcgetege

gtgcgegege

gegategtge

cagggcatcg

tcegegttege

ccgtacgagt

aaggacgaga

gtgatctege

gtgaaccact

tcactegget

cttaagacca

gtcactacct

acgtacgtca

ctgagccaca

aagctgaacyg

gegtegecga

gtggacaagg

aactaggcgyg

ttagtagaca

atcacttctt

cgtcaataga

agtgtacgca

gectagatga

cctttttata

ggtagggttg

tcaatggcac

attgcatcat

agaggttceg

ggaacagcgt

tgtgacttgt

gattgagggt

cccgacaata

cacaccttge

acaagcgggyg

ctctttttte

agccgtgagt

tccgaaagte

cttecttcecac

tgccagegea

tgggcatcge

aggagtttge

tattctgggyg

acctgetcaa

catggaagat

ttttctacce

teggetegge

tcaacccttyg

cgctegtgge

tggcgetgta

ttttgcacca

agggcaacct

acatcggcac

aggcgacggc

tcatcecegac

acgccaagat

ccgcatggag

tgatgggttt

cttecccagea

gggctttttyg

gatctactat

caaattcaac

tggccaagec

caccaacaaa

aaataagaac

ctaagggect

agcactttag

gtacagtttyg

tatagcettt

ctgtggacac

ggCCgtggCC

ttctectgea

ggcttgtceta

ctttetttec

atccacgaca

gctagcaaca

tgttgetgeg

ctgetttgag

cggetegete

cctgetggat

gttettcace

cttcagegte

ctegcaccge

gcagcegegag

ctggttegeg

ggaaccgtty

gtthnggC

ctacttegec

caatgacgag

ctegteegty

gcaccagatce

agcgttegeg

gttcatccge

gtttacgete

cgtgtgttet

atatatgatg

tcgagetegy
gactcettge
agaggaacat
aactcacagc
aagctcteca
gggatgggat
gaatactgce
caaaactacc
gttgcaccaa
tcttaacaaa
agagctgega
atgtcatgtt
tcattttttt
cttgccaace
gggtatatat
ccacagatte
agatcagtgt
cacactctet
ccgtacgagt
gecteggtee
gegeteggee
geggtgetet
atcggcecatg
ggcacgctca
caccaccaca
gecgactege
tacctegttyg
tacctgegec
ttgtatgegt
cctetetttyg
gaaacgccat
gaccgetegt
caccacctgt
caggcgttee
atcgggctca
aaggaggcca
gagtcgatgt

aatgaataga

aaacctcatg agcaataaca

tgttggccac cttgtectty

ttaaattgce ccggagaaga

tgactttetyg ccattgecac

cgteggttgyg getgcaccca

ggggggtaga agatacgagg

attaagactc gtgatccage

tcggaactge tgcgetgatce

atgtcccace aggtgcagge

aagtgagggc gctgaggtcg

aagcgegtat ggatttgget

agtgtacttc aatcgcccce

gecttecgea catttcecatt

ttaatactgg tttacattga

aaacagtggc tctcccaatce

gaaatctaaa ctacacatca

cgagacgacg cgttttgtgt

acacaaacta acccagctet

tccegacget gacggagatce

cgtggteget ctactacace

tctactacge gegegegete

gcacggggta cattctgetg

actgcggeca cggegegtte

ttcactcgat catcctcacy

agaacacggg caacatcgac

acccactgte ccgacacatg

cgggettece tectegcaag

gecatgtctge cgtcatcate

atctcaccta cgtctatgge

ggttcgecac gatgetegtg

ggtacgcega cteggagtgg

acggcgeget catcgacaac

ttcecgatcat cccgcactac

cggagetegt gegcaagage

tgtacgccaa gtacggegte

aggccgccaa gaccaaggec

tttctatgga gttgtgagty

tgtgattttyg atttgcacga

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400
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tggaattgag aactttgtaa acgtacatgg gaatgtatga atgtgggggt tttgtgactg 11460
gataactgac ggtcagtgga cgccgttgtt caaatatcca agagatgcga gaaactttgg 11520
gtcaagtgaa catgtcctct ctgttcaagt aaaccatcaa ctatgggtag tatatttagt 11580
aaggacaaga gttgagattc tttggagtcc tagaaacgta ttttcgegtt ccaagatcaa 11640
attagtagag taatacgggc acgggaatcc attcatagtce tcaatcctgce aggtgagtta 11700
attaagatga cgacatttgc gagctggacg aggaatagat ggagcgtgtg ttctgagtceg 11760
atgttttcta tggagttgtg agtgttagta gacatgatgg gtttatatat gatgaatgaa 11820
tagatgtgat tttgatttgc acgatggaat tgagaacttt gtaaacgtac atgggaatgt 11880
atgaatgtgg gggttttgtg actggataac tgacggtcag tggacgccgt tgttcaaata 11940
tccaagagat gcgagaaact ttgggtcaag tgaacatgtce ctctectgttce aagtaaacca 12000
tcaactatgg gtagtatatt tagtaaggac aagagttgag attctttgga gtcctagaaa 12060
cgtattttcg cgttccaaga tcaaattagt agagtaatac gggcacggga atccattcat 12120
agtctcaatt ttcccatagg tgtgctacaa ggtgttgaga tgtggtacag taccaccatg 12180
attcgaggta aagagcccag aagtcattga tgaggtcaag aaatacacag atctacaget 12240
caatacaatg aatatcttct ttcatattct tcaggtgaca ccaagggtgt ctattttcce 12300
cagaaatgcg tgaaaaggcg cgtgtgtage gtggagtatg ggtteggttg gegtatcctt 12360
catatatcga cgaaatagta gggcaagaga tgacaaaaag tatctatatg tagacagcgt 12420
agaatatgga tttgattggt ataaattcat ttattgcgtg tctcacaaat actctcgata 12480
agttggggtt aaactggaga tggaacaatg tcgatatctc gacgcatgcg acgtcecgggece 12540
caattcgccce tatagtgagt cgtattacaa ttcactggce gtcecgttttac aacgtcegtga 12600
ctgggaaaac cctggcgtta cccaacttaa tcgecttgca gcacatcccece ctttegecag 12660
ctggcgtaat agcgaagagg cccgcaccga tcgeccttee caacagttge gcagectgaa 12720
tggcgaatgg acgcgccctg tagcggcgca ttaagcgegg cgggtgtggt ggttacgege 12780
agcgtgaccg ctacacttge cagcgcccta gcgeccgete ctttegettt ctteecttee 12840
tttctegeca cgttegeecgg cttteccegt caagctctaa atcgggggcet cectttaggg 12900
ttccgattta gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca 12960
cgtagtgggce catcgccctg atagacggtt tttecgcecctt tgacgttgga gtccacgtte 13020
tttaatagtg gactcttgtt ccaaactgga acaacactca acccta 13066
<210> SEQ ID NO 29

<211> LENGTH: 9570

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pY11l7

<400> SEQUENCE: 29

ggcegecace geggeccegag attccggect ctteggecge caagegaccce gggtggacgt 60
ctagaggtac ctagcaatta acagatagtt tgeccggtgat aattctctta acctcccaca 120
ctcectttgac ataacgattt atgtaacgaa actgaaattt gaccagatat tgtgtccegeg 180
gtggagctce agettttgtt cectttagtyg agggtttaaa cgagettgge gtaatcatgg 240

tcatagctgt ttectgtgtg aaattgttat ccgctcacaa ttccacacaa cgtacgagece 300
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ggaagcataa agtgtaaagc ctggggtgcc taatgagtga gctaactcac attaattgeg 360
ttgcgetcac tgcccgettt ccagtcggga aacctgtegt gcecagectgca ttaatgaatce 420
ggccaacgcg cggggagagg cggtttgegt attgggceget cttececgette ctegetcact 480
gactcgectge gecteggtegt teggetgegg cgageggtat cagctcactc aaaggcggta 540
atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgagc aaaaggccag 600
caaaaggcca ggaaccgtaa aaaggccgeg ttgctggegt ttttccatag gectecgeccce 660
cctgacgage atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccc gacaggacta 720
taaagatacc aggcgtttcc ccctggaage tcectegtge getctectgt tecgacccetg 780
cecgcttaceg gatacctgte cgectttcete ccttcecgggaa gegtggeget ttcotcatage 840
tcacgectgta ggtatctcag ttecggtgtag gtegtteget ccaagetggyg ctgtgtgcac 900
gaaccceceg ttcagcccga cegctgegec ttatcceggta actatcgtcet tgagtccaac 960

ccggtaagac acgacttatc geccactggca gecagccactyg gtaacaggat tagcagagcg 1020
aggtatgtag gcggtgctac agagttcttg aagtggtggce ctaactacgg ctacactaga 1080
aggacagtat ttggtatctg cgctctgctg aagccagtta ccttcggaaa aagagttggt 1140
agctcttgat ccggcaaaca aaccaccgct ggtagcggtg gtttttttgt ttgcaagcag 1200
cagattacgc gcagaaaaaa aggatctcaa gaagatcctt tgatctttte tacggggtct 1260
gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt atcaaaaagg 1320
atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta aagtatatat 1380
gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat ctcagcgatc 1440
tgtctatttc gttcatccat agttgcctga ctcecccecgteg tgtagataac tacgatacgg 1500
gagggcttac catctggcce cagtgctgca atgataccge gagacccacg ctcaccggcet 1560
ccagatttat cagcaataaa ccagccagcec ggaagggccg agcgcagaag tggtectgca 1620
actttatccg cctcecatcca gtctattaat tgttgcecggg aagctagagt aagtagttcg 1680
ccagttaata gtttgcgcaa cgttgttgcce attgctacag gcatcgtggt gtcacgectceg 1740
tcgtttggta tggcttcatt cagctcecggt tcccaacgat caaggcgagt tacatgatcce 1800
cccatgttgt gcaaaaaagc ggttagctce ttecggtecte cgatcgttgt cagaagtaag 1860
ttggcecgcag tgttatcact catggttatg gcagcactgce ataattctcect tactgtcatg 1920
ccatccgtaa gatgctttte tgtgactggt gagtactcaa ccaagtcatt ctgagaatag 1980
tgtatgcgge gaccgagttg ctettgecccg gcgtcaatac gggataatac cgcgccacat 2040
agcagaactt taaaagtgct catcattgga aaacgttctt cggggcgaaa actctcaagg 2100
atcttaccgce tgttgagatc cagttcgatg taacccactc gtgcacccaa ctgatcttca 2160
gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggca aaatgccgca 2220
aaaaagggaa taagggcgac acggaaatgt tgaatactca tactcttcct ttttcaatat 2280
tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga atgtatttag 2340
aaaaataaac aaataggggt tccgcgecaca tttccccgaa aagtgccacce tgacgegece 2400
tgtagcggeg cattaagcgce ggcgggtgtg gtggttacge gcagcgtgac cgctacactt 2460
gccagcgecece tagecgcceccge tceettteget ttcettecctt ccetttetege cacgttegece 2520

ggctttceee gtcaagectcet aaatcggggg ctcecectttag ggttceccgatt tagtgcttta 2580
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cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg gccatcgecce 2640
tgatagacgg tttttcgccece tttgacgttg gagtccacgt tcectttaatag tggactcettg 2700
ttccaaactg gaacaacact caaccctatc tcggtctatt cttttgattt ataagggatt 2760
ttgccgattt cggcctattyg gttaaaaaat gagctgattt aacaaaaatt taacgcgaat 2820
tttaacaaaa tattaacgct tacaatttcc attcgccatt caggctgcge aactgttggg 2880
aagggcgatc ggtgcgggcece tcecttcegetat tacgccaget ggcgaaaggg ggatgtgetg 2940
caaggcgatt aagttgggta acgccagggt tttcecccagtc acgacgttgt aaaacgacgg 3000
ccagtgaatt gtaatacgac tcactatagg gcgaattggg taccgggccce cccctcegagg 3060
tcgatggtgt cgataagctt gatatcgaat tcatgtcaca caaaccgatc ttcgectcaa 3120
ggaaacctaa ttctacatcc gagagactgc cgagatccag tctacactga ttaattttceg 3180
ggccaataat ttaaaaaaat cgtgttatat aatattatat gtattatata tatacatcat 3240
gatgatactg acagtcatgt cccattgcta aatagacaga ctccatctgc cgcctccaac 3300
tgatgttctc aatatttaag gggtcatctc gcattgttta ataataaaca gactccatct 3360
accgcctecca aatgatgttce tcaaaatata ttgtatgaac ttatttttat tacttagtat 3420
tattagacaa cttacttgct ttatgaaaaa cacttcctat ttaggaaaca atttataatg 3480
gcagttcgtt catttaacaa tttatgtaga ataaatgtta taaatgcgta tgggaaatct 3540
taaatatgga tagcataaat gatatctgca ttgcctaatt cgaaatcaac agcaacgaaa 3600
aaaatccctt gtacaacata aatagtcatc gagaaatatc aactatcaaa gaacagctat 3660
tcacacgtta ctattgagat tattattgga cgagaatcac acactcaact gtctttctct 3720
cttctagaaa tacaggtaca agtatgtact attctcattg ttcatacttc tagtcatttce 3780
atcccacata ttccttggat ttcectcteccaa tgaatgacat tctatcttge aaattcaaca 3840
attataataa gatataccaa agtagcggta tagtggcaat caaaaagctt ctctggtgtg 3900
cttctegtat ttatttttat tctaatgatc cattaaaggt atatatttat ttcecttgttat 3960
ataatccttt tgtttattac atgggctgga tacataaagg tattttgatt taattttttg 4020
cttaaattca atcccccecte gttcagtgte aactgtaatg gtaggaaatt accatacttt 4080
tgaagaagca aaaaaaatga aagaaaaaaa aaatcgtatt tccaggttag acgttccgca 4140
gaatctagaa tgcggtatgc ggtacattgt tcttcgaacg taaaagttgc gctccctgag 4200
atattgtaca tttttgcttt tacaagtaca agtacatcgt acaactatgt actactgttg 4260
atgcatccac aacagtttgt tttgtttttt tttgtttttt ttttttctaa tgattcatta 4320
ccgctatgta tacctacttg tacttgtagt aagccgggtt attggcgttce aattaatcat 4380
agacttatga atctgcacgg tgtgcgctge gagttacttt tagcttatgce atgctacttg 4440
ggtgtaatat tgggatctgt tcggaaatca acggatgctc aaccgatttc gacagtaatt 4500
aattaattcc ctagtcccag tgtacacccg ccgatatcge ttaccctgca gecggattaa 4560
ggttggcaat ttttcacgtc cttgtctcecg caattactca ccgggtggtt tataagattg 4620
caagcgtcett gatttgtcte tgtatactaa catgcaatcg cgactcgcce gacgggccac 4680
taacctggcce agaatctcca gatccaagta ttcectcecttggt ctgcgatatg tttcecaacac 4740
aaaagcccct getgecccage cggcaactgce tgagtgagta ttceccttgcca taaacgacce 4800

agaaccactg tatagtgttt ggaagcacta gtcagaagac cagcgaaaac aggtggaaaa 4860
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aactgagacg aaaagcaacg accagaaatg taatgtgtgg aaaagcgaca cacacagagc 4920
agataaagag gtgacaaata acgacaaatg aaatatcagt atcttcccac aatcactacc 4980
tctcagetgt ctgaaggtgce ggctgatata tccatcccac gtctaacgta tggagtgtga 5040
tagaatatga cgacacaagc atgagaactc gctctctatc caaccaccga aacactgtca 5100
ctacagccgt tecttgttget ccattcegett ttgtgattcecce atgecttcte tggtgactga 5160
caacattcct tecttttete cagceccctgtt gttatctget catgacctac ggccactcte 5220
tatcgcatac taacatagac gatcccagcce cgctccceccac ttccagggca ccgttggcaa 5280
gcctectate ctcaagaagg ctgaggctgce caacgctgac atggacgagt ccttcatcegg 5340
aatgtctgga ggagagatct tccacgagat gatgctgcga cacaacgtcg acactgtcett 5400
cggttaccce ggtggagcca ttcectcecccegt ctttgacgece attcacaact ctgagtactt 5460
caactttgtg ctcecctcecgac acgagcaggg tgccggecac atggccgagg gctacgectceg 5520
agcctetggt aagcccggtg tegttcetegt cacctcectgge cccggtgcca ccaacgtcat 5580
cacccceccatg caggacgcte tttceccgatgg tacccccatg gttgtcecttca cceggtcaggt 5640
cctgacctee gttatcggca ctgacgectt ccaggaggcce gatgttgteg gcecatctececg 5700
atcttgcacc aagtggaacg tcatggtcaa gaacgttgct gagctcccecce gacgaatcaa 5760
cgaggccttt gagattgcta cttceccecggceccg acceggtece gttcectegteg atctgcccaa 5820
ggatgttact gctgccatce tgcgagagcc catccccacc aagtccacca ttcecectegea 5880
ttctctgace aacctcacct ctgccgecge caccgagttce cagaagcagg ctatccageg 5940
agccgcecaac ctcatcaacc agtccaagaa gcccgtectt tacgtcggac agggtatcect 6000
tggctececgag gagggtccta agectgcttaa ggagctggct gagaaggccg agattccegt 6060
caccactact ctgcagggtc ttggtgcctt tgacgagcga gaccccaagt ctcetgcacat 6120
gcteggtatg cacggttceccg gctacgccaa catggccatg cagaacgctg actgtatcat 6180
tgctctegge geccgatttyg atgaccgagt taccggetcecce atccccaagt ttgcccccga 6240
ggctcgagee gcectgeccttg agggtcgagg tggtattgtt cactttgaga tccaggccaa 6300
gaacatcaac aaggttgttc aggccaccga agccgttgag ggagacgtta ccgagtcectgt 6360
ccgacagctce atccccctceca tcaacaaggt ctectgceget gagcgagcte cctggactga 6420
gactatccag tcctggaagce agcagttccce cttectcette gaggctgaag gtgaggatgg 6480
tgttatcaag ccccagtceg tcattgectct gctectctgac ctgacagaga acaacaagga 6540
caagaccatc atcaccaccg gtgttggtca gcatcagatg tggactgccce agcatttecg 6600
atggcgacac cctcgaacca tgatcactte tggtggtett ggaactatgg gttacggect 6660
gccegecget atcggecgceca aggttgceccg acctgactge gacgtcattg acatcgatgg 6720
tgacgcttct ttcaacatga ctctgaccga gctgtccacce gecgttcagt tcaacattgg 6780
cgtcaaggct attgtcctca acaacgagga acagggtatg gtcacccagce tgcagtctcet 6840
cttctacgag aaccgatact gccacactca tcagaagaac cccgacttca tgaagctggce 6900
cgagtccatg ggcatgaagg gtatccgaat cactcacatt gaccagctgg aggccggtct 6960
caaggagatg ctcgcataca agggccctgt gctegttgag gttgttgteg acaagaagat 7020
cceegttett ceccatggtte cegectggtaa ggetttgcat gagttecttg tetacgacgce 7080
tgacgccgag gctgcecttete gacccgatcecg actgaagaat geccccecgcececce ctcacgtceca 7140
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ccagaccace tttgagaact aagtggaaag gaacacaagce aatccgaacc aaaaataatt 7200
ggggtccegt geccacagag tctagtgcag acctaaaatg accacagtaa attatagcetg 7260
ttattaaaca tgagattttg accaacaaga gcgtaggaat gttattagct actacttgta 7320
catacacagc atttgtttta aataatgttg cctccagggg cagtgagatc aggacccaga 7380
tcegtggeca getctcectgac ttcagaccge ttgtacttaa gcagctcgca acactgttgt 7440
cgaggattga acttgccata ttcgattttg tggtcatgaa tccagcacac ctcatttaaa 7500
tgtagctaac ggtagcaggc gaactactgg tacatacctc ccccggaata tgtacaggca 7560
taatgcgtat ctgtgggaca tgtggtcgtt gcgccattat gtaagcagceg tgtactcctce 7620
tgactgtcca tatggtttge tceccatctcac cctcecatcegtt ttcattgtte acaggcggcece 7680
acaaaaaaac tgtcttctect ccttctetcet tcecgecttagt ctactcggac cagttttagt 7740
ttagcttgge geccactggat aaatgagacc tcaggccttg tgatgaggag gtcacttatg 7800
aagcatgtta ggaggtgctt gtatggatag agaagcaccc aaaataataa gaataataat 7860
aaaacagggg gcgttgtcat ttcatatcgt gttttcacca tcaatacacc tccaaacaat 7920
gcccttecatg tggccagece caatattgtce ctgtagttca actctatgca gctegtatcet 7980
tattgagcaa gtaaaactct gtcagccgat attgcccgac ccgcgacaag ggtcaacaag 8040
gtggtgtaag gccttcgcag aagtcaaaac tgtgccaaac aaacatctag agtctctttg 8100
gtgtttcteg catatatttw atcggctgtce ttacgtattt gegeccteggt accggactaa 8160
tttcggatca tccccaatac getttttett cgcagctgtce aacagtgtcce atgatctatce 8220
cacctaaatg ggtcatatga ggcgtataat ttcgtggtgce tgataataat tcccatatat 8280
ttgacacaaa acttcccecece ctagacatac atctcacaat ctcacttctt gtgettetgt 8340
cacacatctc ctccagctga cttcaactca cacctctgece ccagttggte tacagceggta 8400
taaggtttct ccgcatagag gtgcaccact cctcecccgata cttgtttgtg tgacttgtgg 8460
gtcacgacat atatatctac acacattgcg ccaccctttg gttcectteccag cacaacaaaa 8520
acacgacacg ctaaccatgg ccaatttact gaccgtacac caaaatttgc ctgcattacc 8580
ggtcgatgca acgagtgatg aggttcgcaa gaacctgatg gacatgttca gggatcgcca 8640
ggcgttttet gagcatacct ggaaaatgct tcectgtceccgtt tgccggtegt gggcggcatg 8700
gtgcaagttg aataaccgga aatggtttcc cgcagaacct gaagatgttc gcgattatct 8760
tctatatctt caggcgcgeg gtctggcagt aaaaactatc cagcaacatt tgggccagcet 8820
aaacatgctt catcgtcggt ccgggctgce acgaccaagt gacagcaatg ctgtttcact 8880
ggttatgcgg cggatccgaa aagaaaacgt tgatgccggt gaacgtgcaa aacaggctct 8940
agcgttcegaa cgcactgatt tcgaccaggt tcgttcactc atggaaaata gcgatcgetg 9000
ccaggatata cgtaatctgg catttctggg gattgcttat aacaccctgt tacgtatagc 9060
cgaaattgcce aggatcaggg ttaaagatat ctcacgtact gacggtggga gaatgttaat 9120
ccatattggc agaacgaaaa cgctggttag caccgcaggt gtagagaagg cacttagcct 9180
gggggtaact aaactggtcg agcgatggat ttccgtctet ggtgtagetg atgatccgaa 9240
taactacctg ttttgccggg tcagaaaaaa tggtgttgcce gecgccatctg ccaccagceca 9300
gctatcaact cgcgcecctgg aagggatttt tgaagcaact catcgattga tttacggcege 9360

taaggatgac tctggtcaga gatacctggc ctggtctgga cacagtgccce gtgtcggagce 9420
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cgcgcgagat atggcccgeg ctggagttte aataccggag atcatgcaag ctggtggetg 9480
gaccaatgta aatattgtca tgaactatat ccgtaacctg gatagtgaaa caggggcaat 9540

ggtgcgcecetyg ctggaagatg gcgattaage 9570

<210> SEQ ID NO 30

<211> LENGTH: 15743

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pZP2-2988

<400> SEQUENCE: 30

ggccgcatgt acatacaaga ttatttatag aaatgaatcg cgatcgaaca aagagtacga 60
gtgtacgagt aggggatgat gataaaagtg gaagaagttc cgcatctttg gatttatcaa 120
cgtgtaggac gatacttcct gtaaaaatge aatgtcttta ccataggttce tgctgtagat 180
gttattaact accattaaca tgtctacttg tacagttgca gaccagttgg agtatagaat 240
ggtacactta ccaaaaagtg ttgatggttg taactacgat atataaaact gttgacggga 300
tctgtatatt cggtaagata tattttgtgg ggttttagtg gtgtttaaac agtgtacgca 360
gtactataga ggaacaattg ccccggagaa gacggccagg ccgcectagat gacaaattca 420
acaactcaca gctgactttce tgccattgec actagggggyg ggecttttta tatggcecaag 480
ccaagetcete cacgteggtt gggctgcacce caacaataaa tgggtagggt tgcaccaaca 540
aagggatggg atggggggta gaagatacga ggataacggg gctcaatggce acaaataaga 600
acgaatactg ccattaagac tcgtgatcca gegactgaca ccattgcatce atctaaggge 660
ctcaaaacta ccteggaact getgcgetga tetggacace acagaggttce cgagcacttt 720
aggttgcacc aaatgtccca ccaggtgcag gcagaaaacyg ctggaacagce gtgtacagtt 780
tgtcttaaca aaaagtgagg gcgctgaggt cgagcagggt ggtgtgactt gttatagcect 840
ttagagctge gaaagcgegt atggatttgg ctecatcagge cagattgagyg gtctgtggac 900
acatgtcatg ttagtgtact tcaatcgccce cctggatata gcecccgacaa taggecgtgg 960

cctcattttt ttgcctteeg cacatttcca ttgctcggta cccacacctt gettctectg 1020
cacttgccaa ccttaatact ggtttacatt gaccaacatc ttacaagcgg ggggcttgtce 1080
tagggtatat ataaacagtg gctctcccaa tcggttgceca gtctettttt tectttettt 1140
cceccacagat tcgaaatcta aactacacat cacaccatgg aggtcgtgaa cgaaatcgtce 1200
tcecattggee aggaggttcet teccaaggtce gactatgcetce agctctggte tgatgcectceg 1260
cactgcgagg tgctgtacct ctccatcgce ttegtcatcce tgaagttcac ccttggtect 1320
ctcggaccca agggtcagtce tcgaatgaag tttgtgttca ccaactacaa cctgctcatg 1380
tcecatctact cgctgggete cttectetcet atggcctacg ccatgtacac cattggtgte 1440
atgtccgaca actgcgagaa ggctttcgac aacaatgtct tccgaatcac cactcagcetg 1500
ttctacctca gcaagttect cgagtacatt gactceccttet atctgecccet catgggcaag 1560
cctectgacct ggttgcagtt ctttcaccat cteggagcetce ctatggacat gtggetgtte 1620
tacaactacc gaaacgaagc cgtttggatc tttgtgctge tcaacggctt cattcactgg 1680
atcatgtacg gctactattg gacccgactg atcaagctca agttccecctat gcccaagtcece 1740

ctgattactt ctatgcagat cattcagttc aacgttggct tctacatcgt ctggaagtac 1800
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cggaacattc cctgctaccg acaagatgga atgagaatgt ttggctggtt tttcaactac 1860
ttctacgttg gtactgtect gtgtctgtte ctcaacttect acgtgcagac ctacatcgtce 1920
cgaaagcaca agggagccaa aaagattcag tgagcggeceyg caagtgtgga tggggaagtg 1980
agtgcceggt tcectgtgtgca caattggcaa tccaagatgg atggattcaa cacagggata 2040
tagcgagcta cgtggtggtyg cgaggatata gcaacggata tttatgtttg acacttgaga 2100
atgtacgata caagcactgt ccaagtacaa tactaaacat actgtacata ctcatactcg 2160
tacccgggca acggtttcac ttgagtgcag tggctagtge tcecttactcgt acagtgtgcea 2220
atactgcgta tcatagtctt tgatgtatat cgtattcatt catgttagtt gcegtacgggce 2280
gtcgttgett gtgtgatttt tgaggaccca tccctttggt atataagtat actctggggt 2340
taaggttgcce cgtgtagtct aggttatagt tttcatgtga aataccgaga gccgagggag 2400
aataaacggg ggtatttgga cttgtttttt tcgcggaaaa gcgtcgaatc aaccctgegg 2460
gccttgcace atgtccacga cgtgtttete geccccaatte gecccttgca cgtcaaaatt 2520
aggcctecat ctagaccecct ccataacatg tgactgtggg gaaaagtata agggaaacca 2580
tgcaaccata gacgacgtga aagacgggga ggaaccaatyg gaggccaaag aaatggggta 2640
gcaacagtcce aggagacaga caaggagaca aggagagggc gcccgaaaga tcggaaaaac 2700
aaacatgtcce aattggggca gtgacggaaa cgacacggac acttcagtac aatggaccga 2760
ccatctceccaa geccagggtta tteccggtate accttggecg taacctcecceg ctggtacctg 2820
atattgtaca cgttcacatt caatatactt tcagctacaa taagagaggc tgtttgtcgg 2880
gcatgtgtgt ccgtcecgtatg gggtgatgtc cgagggcgaa attcgctaca agcttaactce 2940
tggcgettgt ccagtatgaa tagacaagtc aagaccagtg gtgccatgat tgacagggag 3000
gtacaagact tcgatactcg agcattactc ggacttgtgg cgattgaaca gacgggcgat 3060
cgcttetece cecgtattgec ggcgcegecag ctgcattaat gaatcggcca acgcgcegggg 3120
agaggcggtt tgcgtattgg gegctcettcee gcttectege tcactgacte getgegetceg 3180
gtcgttegge tgcggcgage ggtatcagcet cactcaaagg cggtaatacg gttatccaca 3240
gaatcagggyg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac 3300
cgtaaaaagg ccgcgttgcet ggegttttte cataggctcecce geccccecctga cgagcatcac 3360
aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg 3420
tttcececectg gaagectceect cgtgegetcet cctgttecga cecctgecget taccggatac 3480
ctgtcecgect ttcteccctte gggaagegtg gcgetttete atagctcacg ctgtaggtat 3540
ctcagttecgg tgtaggtegt tegctcecaag ctgggctgtg tgcacgaacce ccccgttcag 3600
ccecgacceget gegcecttate cggtaactat cgtettgagt ccaacccggt aagacacgac 3660
ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt 3720
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaagaac agtatttggt 3780
atctgcgetce tgctgaagec agttaccttce ggaaaaagag ttggtagctce ttgatccggce 3840
aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 3900
aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacge tcagtggaac 3960
gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc 4020

cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct 4080
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gacagttacc

tccatagttyg

ggccccagty

ataaaccagc

atccagtcta

cgcaacgttyg

tcattcaget

aaagcggtta

tcactcatgg

ttttetgtga

agttgetett

gtgctcatca

agatccagtt

accagegttt

gegacacgga

cagggttatt

ggggttCCgC

atgcgtaagg

gegttaaatt

ccttataaat

agtccactat

gatggcccac

gcactaaatc

aacgtggega

gtagcggtca

gegtccatte

cgctattacyg

cagggtttte

tatagggcga

cattttgaat

ttcagaaaca

caattccaaa

gtcaggccac

agaaaacaga

agccgaaaaa

taatctcatt

acaaatcgga

acgtattett

aatgcttaat

cctgactece

ctgcaatgat

cagccggaag

ttaattgttyg

ttgccattge

ceggttecca

getecttegy

ttatggcage

ctggtgagta

geceggegte

ttggaaaacg

cgatgtaacc

ctgggtgagc

aatgttgaat

gtctcatgag

gcacatttce

agaaaatacc

tttgttaaat

caaaagaata

taaagaacgt

tacgtgaacc

ggaaccctaa

gaaaggaagg

cgctgegegt

gccattcagg

ccagetggeg

ccagtcacga

attgggceeg

cccaaacttyg

gttgattgtyg

aacttctetg

tctatacteg

cccaataata

aaatccaaag

tattttattc

ttcggacteg

cctgttecat

cagtgaggca
cgtegtgtag
accgcgagac
ggcegagege
ccgggaaget
tacaggcatc
acgatcaagg
tcctecgate
actgcataat
ctcaaccaag
aatacgggat
ttcttegggy
cactcgtgea
aaaaacagga
actcatactce
cggatacata
ccgaaaagtyg
gcatcaggaa
cagcteattt
gaccgagata
ggactccaac
atcaccctaa
agggagcccc
gaagaaagcg
aaccaccaca
ctgcgeaact
aaagggggat
cgttgtaaaa
acgtcgeatg
cagtgcccaa
ttggaatggg
getggeagta
acgacacagt
tttatatata
tttctattcect
tagcgaaata
gttgttcaga

ctecttggecy

cctatcteag

ataactacga

ccacgceteac

agaagtggtc

agagtaagta

gtggtgtcac

cgagttacat

gttgtcagaa

tctettactg

tcattctgag

aataccgege

cgaaaactct

cccaactgat

aggcaaaatg

ttccttttte

tttgaatgta

ccacctgatg

attgtaagcg

tttaaccaat

gggttgagtg

gtcaaagggce

tcaagttttt

cgatttagag

aaaggagcgg

cecegeegege

gttgggaagg

gtgctgcaag

cgacggccag

cgctgatgac

gtgacataca

gaatggggaa

cctactgtec

agtaaaaccc

gtcagecegtt

aggaaaatat

catttcaget

agagcatatg

acaatcacac

cgatctgtet atttegttca

tacgggaggg cttaccatct

cggctecaga tttatcagea

ctgcaacttt atcecgectee

gttegecagt taatagtttg

getegtegtt tggtatgget

gatcceccat gttgtgcaaa

gtaagttgge cgcagtgtta

tcatgccate cgtaagatge

aatagtgtat gcggcgaccyg

cacatagcag aactttaaaa

caaggatctt accgetgttyg

cttcagcatc ttttactttce

ccgcaaaaaa gggaataagg

aatattattyg aagcatttat

tttagaaaaa taaacaaata

cggtgtgaaa taccgcacag

ttaatatttt gttaaaattc

aggccgaaat cggcaaaatc

ttgttccagt ttggaacaag

gaaaaaccgt ctatcaggge

tggggtcgag gtgccgtaaa

cttgacgggyg aaagccggeg

gegetaggge getggcaagt

ttaatgcgce gctacaggge

gegateggtyg cgggectett

gegattaagt tgggtaacge

tgaattgtaa tacgactcac

actttggtct gaaagagatg

tctecgegtt ttggaaaatg

tggaaaaatg actcaagtat

atactactgce attttctceca

agataatttc gacataaaca

tgtccagtte agactgtaat

attccaatat ttttaattct

acttgagaca tgtgataccc

gecattegtge tcegettgtte

aaaaatgggg tttttttttt

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360
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aattctaatg attcattaca gcaaaattga gatatagcag accacgtatt ccataatcac 6420
caaggaagtt cttgggcgtc ttaattaact cacctgcagg attgagacta tgaatggatt 6480
ccegtgeceg tattactcta ctaatttgat cttggaacgce gaaaatacgt ttctaggact 6540
ccaaagaatc tcaactcttg teccttactaa atatactacc catagttgat ggtttacttg 6600
aacagagagg acatgttcac ttgacccaaa gtttctcgca tcectcttggat atttgaacaa 6660
cggcgtecac tgaccgtcag ttatccagtc acaaaacccce cacattcata cattcccatg 6720
tacgtttaca aagttctcaa ttccatcgtg caaatcaaaa tcacatctat tcattcatca 6780
tatataaacc catcatgtct actaacactc acaactccat agaaaacatc gactcagaac 6840
acacgctcca tgcggccget tactgagcect tggcacceggg ctgcttcteg gecattcecgag 6900
cgaactggga caggtatcgg agcaggatga cgagaccttc atggggcaga gggtttcggt 6960
aggggaggtt gtgcttctgg cacagctgtt ccacctggta ggaaacggca gtgaggttgt 7020
gtcgaggcag ggtgggccag agatggtgcet cgatctggta gttcaggect ccaaagaacce 7080
agtcagtaat gatgcctegt cgaatgttca tggtctcatg gatctgacce acagagaagc 7140
catgtcegte ccagacggaa tcaccgatct tctceccagagg gtagtggttce atgaagacca 7200
cgatggcaat tccgaagcca ccgacgaget cggaaacaaa gaacaccagce atcgaggtca 7260
ggatggaggyg cataaagaag aggtggaaca gggtcttgag agtccagtgc agagcgagtce 7320
caatggcctce tttcttgtac tgagatcggt agaactggtt gtctcggtece ttgagggatce 7380
gaacggtcag cacagactgg aaacaccaga tgaatcgcag gagaatacag atgaccagga 7440
aatagtactg ttggaactga atgagctttc gggagatggg agaagctcga gtgacatcgt 7500
cctecggacca ggcgagcaga ggcaggttat caatgtcecggg atcgtgacce tgaacgttgg 7560
tagcagaatg atgggcgttg tgtctgtcct tccaccaggt cacggagaag ccctggagtce 7620
cgttgccaaa gaccagaccc aggacgttat tccagttteg gttcttgaag gtetggtggt 7680
ggcagatgtc atgagacagc catcccattt gectggtagtg cataccgagc acgagagcac 7740
caatgaagta caggtggtac tggaccagca tgaagaaggce aagcacgcca agacccaggg 7800
tggtcaagat cttgtacgag taccagaggg gagaggcgtc aaacatgcca gtggcgatca 7860
gctetteteg gagetttegg aaatcctect gagcttegtt gacggcagece tggggaggca 7920
gctecggaage ctggttgate ttgggcattce gecttgagctt gtcgaaggcet tcectgagagt 7980
gcataaccat gaaggcgtca gtagcatctc gtccctggta gttctcaatg atttcagetce 8040
caccagggtg gaagttcacc caagcggaga cgtcgtacac ctttcegteg atgacgaggg 8100
gcagagccetg tcgagaagcce ttcaccatgg ttgtgaatta gggtggtgag aatggttggt 8160
tgtagggaag aatcaaaggc cggtctcggg atccgtgggt atatatatat atatatatat 8220
atacgatcct tcgttaccte cctgttectca aaactgtggt ttttegtttt tegttttttg 8280
ctttttttga tttttttagg gccaactaag cttccagatt tcgctaatca cctttgtact 8340
aattacaaga aaggaagaag ctgattagag ttgggctttt tatgcaactg tgctactcct 8400
tatctctgat atgaaagtgt agacccaatc acatcatgtc atttagagtt ggtaatactg 8460
ggaggataga taaggcacga aaacgagcca tagcagacat gctgggtgta gccaagcaga 8520
agaaagtaga tgggagccaa ttgacgagcg agggagctac gccaatccga catacgacac 8580

gctgagateg tettggecgg ggggtaccta cagatgtcca agggtaagtg cttgactgta 8640
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attgtatgtc tgaggacaaa tatgtagtca gccgtataaa gtcataccag gcaccagtgc 8700
catcatcgaa ccactaactc tctatgatac atgectecgg tattattgta ccatgegtceg 8760
ctttgttaca tacgtatctt gecctttttct ctcagaaact ccagactttg gctattggtce 8820
gagataagcc cggaccatag tgagtctttc acactctaca tttctceeccectt gctceccaacta 8880
tttaaattcc ttcacttcaa gttcattctt catctgette tgttttactt tgacaggcaa 8940
atgaagacat ggtacgactt gatggaggcc aagaacgcca tttcaccccyg agacaccgaa 9000
gtgcctgaaa tcecctggectge cceccattgat aacatcggaa actacggtat tccggaaagt 9060
gtatatagaa cctttcccca gcttgtgtet gtggatatgg atggtgtaat cccctttgag 9120
tactcgtett ggcttctete cgagcagtat gaggctctcet aatctagcge atttaatatce 9180
tcaatgtatt tatatattta tcttctcatg cggccgcetta ctgagecttg gcaccgggcet 9240
gcttetegge cattcgagcg aactgggaca ggtatcggag caggatgacg agaccttcat 9300
ggggcagagg gtttcecggtag gggaggttgt gecttctggca cagctgttcecce acctggtagg 9360
aaacggcagt gaggttgtgt cgaggcaggg tgggccagag atggtgctcg atctggtagt 9420
tcaggcctce aaagaaccag tcagtaatga tgcctcecgteg aatgttcatg gtctcatgga 9480
tctgacccac agagaagcca tgtccgtcce agacggaatc accgatctte tcecagagggt 9540
agtggttcat gaagaccacg atggcaattc cgaagccacce gacgagctcyg gaaacaaaga 9600
acaccagcat cgaggtcagg atggagggca taaagaagag gtggaacagyg gtcttgagag 9660
tccagtgcag agcgagtcca atggectcett tcettgtactg agatcggtag aactggttgt 9720
cteggtectt gagggatcga acggtcagca cagactggaa acaccagatg aatcgcagga 9780
gaatacagat gaccaggaaa tagtactgtt ggaactgaat gagctttcgg gagatgggag 9840
aagctcgagt gacatcgtcece tcggaccagg cgagcagagg caggttatca atgtcgggat 9900
cgtgaccctg aacgttggta gcagaatgat gggcgttgtg tectgtectte caccaggtca 9960
cggagaagcce ctggagtceg ttgccaaaga ccagacccag gacgttattce cagttteggt 10020
tcttgaaggt ctggtggtgg cagatgtcat gagacagcca tcccatttge tggtagtgca 10080
taccgagcac gagagcacca atgaagtaca ggtggtactg gaccagcatg aagaaggcaa 10140
gcacgccaag acccagggtg gtcaagatct tgtacgagta ccagagggga gaggcgtcaa 10200
acatgccagt ggcgatcagce tecttctecgga gctttcecggaa atcctectga gettegttga 10260
cggcagcectg gggaggcagce tcggaagcect ggttgatcectt gggcattcege ttgagettgt 10320
cgaaggcttc ctgagagtgc ataaccatga aggcgtcagt agcatctcegt ccctggtagt 10380
tctcaatgat ttcagctcca ccagggtgga agttcaccca agcggagacg tcgtacacct 10440
ttecegtegat gacgaggggce agagcectgtce gagaagcectt caccatgggce aggacctgtg 10500
ttagtacatt gtcggggagt catcaattgg ttcgacaggt tgtcgactgt tagtatgagce 10560
tcaattgggce tctggtgggt cgatgacact tgtcatctgt ttcetgttggg tcatgtttcece 10620
atcaccttct atggtactca caattcecgtcce gattcgecccg aatccgttaa taccgacttt 10680
gatggccatg ttgatgtgtg tttaattcaa gaatgaatat agagaagaga agaagaaaaa 10740
agattcaatt gagccggcga tgcagaccct tatataaatg ttgccttgga cagacggagce 10800
aagcccgecce aaacctacgt teggtataat atgttaaget ttttaacaca aaggtttgge 10860

ttggggtaac ctgatgtggt gcaaaagacc gggcgttgge gagccattge gecgggcgaat 10920
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ggggccgtga ctegtcectcaa attcgagggce gtgcctcaat tcegtgcccce gtggettttt 10980
ccegeegttt cecgeccegtt tgcaccactg cagecgette tttggttegg acaccttget 11040
gcgagctagg tgccttgtge tacttaaaaa gtggcctcec aacaccaaca tgacatgagt 11100
gcgtgggeca agacacgttg gcggggtege agtcggctca atggcccgga aaaaacgctg 11160
ctggagcetgg ttcggacgca gtccgecgeg gcgtatggat atccgcaagg ttccatageg 11220
ccattgccct cecgteggegt ctatcccgca acctctaaat agagcgggaa tataacccaa 11280
gcttettttt tttectttaa cacgcacacc cccaactatc atgttgctge tgctgtttga 11340
ctctactectg tggaggggtyg ctcccaccca acccaaccta caggtggatc cggcgetgtg 11400
attggctgat aagtctccta teccggactaa ttctgaccaa tgggacatgce gecgcaggacce 11460
caaatgccgce aattacgtaa ccccaacgaa atgcctacce ctcectttggag cccageggee 11520
ccaaatcccce ccaagcagcec cggttcectacce ggcttcecate tccaagcaca agcageccgg 11580
aattccttta cctgcaggat aacttcecgtat aatgtatgct atacgaagtt atgatctcte 11640
tcttgagett ttccataaca agttcttcectg cctceccaggaa gtccatgggt ggtttgatca 11700
tggttttggt gtagtggtag tgcagtggtg gtattgtgac tggggatgta gttgagaata 11760
agtcatacac aagtcagctt tcecttcgagcc tcatataagt ataagtagtt caacgtatta 11820
gcactgtacc cagcatctce gtatcgagaa acacaacaac atgccccatt ggacagatca 11880
tgcggataca caggttgtgc agtatcatac atactcgatc agacaggtcg tctgaccatce 11940
atacaagctg aacaagcgct ccatacttgc acgctctcta tatacacagt taaattacat 12000
atccatagtc taacctctaa cagttaatct tctggtaage ctcccagcca gecttetggt 12060
atcgcttgge ctcectcaata ggatcteggt tcectggcegta cagacctcegg ccgacaatta 12120
tgatatccgt tccggtagac atgacatcct caacagttcg gtactgcetgt ccgagagegt 12180
ctcecttgte gtcaagaccce accceceggggyg tcagaataag ccagtcecctca gagtcegecccect 12240
taggtcggtt ctgggcaatg aagccaacca caaactcggg gtcggatcgg gcaagctcaa 12300
tggtctgett ggagtacteg ccagtggcca gagagccctt gcaagacagce tcggcecagca 12360
tgagcagacc tctggccage ttcectegttgg gagaggggac taggaactcce ttgtactggg 12420
agttctcegta gtcagagacg tecctecttet tctgttcaga gacagtttcece teggcaccag 12480
ctcgcaggcece agcaatgatt ccggtteccgg gtacaccgtg ggegttggtg atatcggace 12540
actcggcegat tecggtgacac cggtactggt gcttgacagt gttgccaata tctgcgaact 12600
ttetgtecte gaacaggaag aaaccgtgct taagagcaag ttcecttgagg gggagcacag 12660
tgccggegta ggtgaagtceg tcaatgatgt cgatatgggt tttgatcatg cacacataag 12720
gtccgacctt atcggcaage tcaatgaget ccecttggtggt ggtaacatcc agagaagcac 12780
acaggttggt tttcttggct gccacgagct tgagcactcg agcggcaaag gcggacttgt 12840
ggacgttagc tcgagcttcg taggagggca ttttggtggt gaagaggaga ctgaaataaa 12900
tttagtctge agaacttttt atcggaacct tatctggggce agtgaagtat atgttatggt 12960
aatagttacg agttagttga acttatagat agactggact atacggctat cggtccaaat 13020
tagaaagaac gtcaatggct ctctgggcgt cgcctttgce gacaaaaatg tgatcatgat 13080
gaaagccagc aatgacgttg cagctgatat tgttgtcgge caaccgcgcc gaaaacgcag 13140

ctgtcagacc cacagcctcecc aacgaagaat gtatcgtcaa agtgatccaa gcacactcat 13200
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agttggagtc

aacttcgtat

taacgtcteg

ggttgcatce

ggttcagatc

cagtgtcagg

gactgecteg

ccctatteag

atgttgeggt

agtcttcaat

tegtggagte

aatagggttt

agctgtgggg

tegetectge

acggatcage

cgtectttte

cgaaagtceg

agtgtcgaga

tctctacaca

cectgeectee

tcteectecy

gtggacattyg

ttcgaagtte

aagcgatctg

actttcagca

geeggtetgt

attgcccacyg

ggetgggtge

aagcatcaca

gagcagcaag

actcctgett

ctcattacca

ggaaagcaca

gagaacagcg

getetgtact

ccctacttgt

actcttccce

gaccgagaga

gtactccaaa

aatgtatgct

taccaaccac

gttgagagcg

aaatcaaggc

ggcaagtccyg

atgccctaac

cgtcacgtca

gagggcgatt

tgaggtgcga

cccagttata

tttttggact

gaggaattgg

atctcccecat

aataaggttc

gtgacatcac

gtgtcatcgt

cgacgegttt

aactaaccca

gacgaaccgt

attctecccag

ccaagcccaa

ccgactteac

ctctcaaggyg

tctggtacaa

gggctgtgta

agtgtggaca

ttcactcttce

aggccactgg

ctactecgact

tcaccetget

acgttactgg

acggtettygg

acgccaagcet

ttctegttea

gggttaacca

actacaccaa

tgggcttecat

ggcggcaatg

atacgaagtt

agattacgac

gtttgttttt

gtgaaccact

tgacaaaggg

cttgccccaa

taatagcgtt

ggtgctcata

gcgacacaat

cagcaaccac

ggagagggtt

cgatatttgt

acccatatct

cttectectag

caaaacacat

cggcegacgat

tgtgtaatga

getetecaty

cacttccacc

acacteggec

gtcegagtac

catcaaggac

atacggctac

ctttgtgaca

caccgttett

tggtgettte

cctgettgtt

aaacatggag

cggcaagatg

catgcttgtyg

acacaactac

cggtggagtt

catcgtgete

gaagttcgga

ctggetegte

cgacgagtgg

tggacgtcat

acgagtcaga

atcgtacgat

ccattegeag

aaccttctcec

ttgtttgagy

gaagatacaa

aataagacaa

tggatagcac

tgggttcaat

tgggtgtcac

gaggtgcatg

gggcaaaagce

gaggttaacyg

tceccteccca

tttccacgte

acaacaatgg

gtcegagecyg

cacaatccga

gectecaccet

actgtgaccyg

tcctctacat

ggtgtcatge

atctacaacg

attcttcgag

cccgagtaca

cagggactct

tccgattece

ccctacttca

cgagacatgg

acccacgaac

cttcagcaac

catgagcgge

aaccattteg

tccgacattyg

ttctacaaca

gccattacct

aactttgtge

ctgctecacy

cagatactcg tcgacgcgat

agttagtaga caacaatcga

tcacagttca ctagggtttyg

atgtgctcac tcaggttttg

acaaatgtga cacaaccaac

tgcaattact gacagttaca

ctgtcctegt ttaagcegcaa

tagtctatga ggagcgtttt

tgaggtggcyg gaacgagett

gtggcctaat tgaccteggg

ggtaggagac gtcaccagac

gctcaacggg ctgtttgggg

getecgattt gegtgttttg

cctettteca cgataatttt

catatatatc tatgctgegt

ctgttactga cgtccttaag

tgagtatcca cgacaagatc

aagtcgctag caacacacac

cggetetgee caagcagaac

actcggagte tgctgeegte

cgctgtette catgtccgag

tggataccta cggcaaccag

ctattcccaa gcactgette

acattgtecct cctgactace

ttcectecac tectgetega

tcggtactgg actgtgggte

gaatcatcaa cgacattact

getggecaaat cteccaccegg

tcttegttee tcgaacccga

tcgeccatet taccgaggaa

tggtcggtty gcccaactat

agcgagaggg tcgaggcaag

atcccecgate tectetgtac

gecattggtcet tatggccacce

tggccatetyg gtacttegtt

ttctgcagca cacagatcct

gaggtgcege tgcaaccatce

gecattatega gactcacgte

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480



US 2009/0117253 Al May 7, 2009
90

-continued

ctgcatcact acgtctctte cattcectte tacaatgegg acgaagctac cgaggccatce 15540
aaacctatca tgggcaagca ctatcgagct gatgtccagg acggtccteg aggattcatt 15600
cgagccatgt accgatctgce acgaatgtgce cagtgggttg aaccctccege tggtgecgag 15660
ggagctggca agggtgtcct gttetttecga aaccgaaaca atgtgggcac tcctecccecget 15720
gtcatcaagc ccgttgecta agce 15743
<210> SEQ ID NO 31

<211> LENGTH: 6303

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pZKUE3S

<400> SEQUENCE: 31

ggccgcaagt gtggatgggg aagtgagtgce ccggttetgt gtgcacaatt ggcaatccaa 60
gatggatgga ttcaacacag ggatatagcg agctacgtgg tggtgcgagg atatagcaac 120
ggatatttat gtttgacact tgagaatgta cgatacaagc actgtccaag tacaatacta 180
aacatactgt acatactcat actcgtaccc gggcaacggt ttcacttgag tgcagtgget 240
agtgctcectta ctcgtacagt gtgcaatact gcgtatcata gtctttgatg tatatcgtat 300
tcattcatgt tagttgcgta cgaggaaact gtctctgaac agaagaagga ggacgtctcet 360
gactacgaga actcccagta caaggagttc ctagtcccct cteccaacga gaagetggece 420
agaggtctge tcatgetgge cgagetgtet tgcaaggget ctetggecac tggegagtac 480
tccaagcaga ccattgagcet tgcccgatcce gaccccgagt ttgtggttgg cttcattgee 540
cagaaccgac ctaagggcga ctctgaggac tggettatte tgaccccegyg ggtgggtett 600
gacgacaagyg gagacgctct cggacagcag taccgaactg ttgaggatgt catgtctacce 660
ggaacggata tcataattgt cggccgaggt ctgtacggcece agaaccgaga tcectattgag 720
gaggccaage gataccagaa ggctggcetgg gaggcttacce agaagattaa ctgttagagg 780
ttagactatg gatatgtaat ttaactgtgt atatagagag cgtgcaagta tggagcgctt 840
gttcagettyg tatgatggte agacgacctg tctgatcgag tatgtatgat actgcacaac 900
ctgtgtatce gcatgatctg tccaatgggg catgttgttyg tgtttcetega tacggagatg 960

ctgggtacag tgctaatacg ttgaactact tatacttata tgaggctcga agaaagctga 1020
cttgtgtatg acttaattaa tcgagcttgg cgtaatcatg gtcatagctg tttecctgtgt 1080
gaaattgtta tccgctcaca attccacaca acatacgagc cggaagcata aagtgtaaag 1140
cctggggtge ctaatgagtyg agctaactca cattaattge gttgcgctca ctgcccgett 1200
tccagteggg aaacctgteg tgccagetge attaatgaat cggccaacgce geggggagag 1260
gcggtttgeg tattgggcecge tctteccgett ccectcegetcac tgactegetg cgeteggteg 1320
tteggetgeg gegageggta tcagctcact caaaggcecggt aatacggtta tccacagaat 1380
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta 1440
aaaaggccgce gttgctggeg tttttecata ggctceccgece cecctgacgag catcacaaaa 1500
atcgacgctce aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce 1560
ccectggaag cteectegtyg cgetcetectg ttecgaccect gecgecttace ggatacctgt 1620

ccgectttet cectteggga agegtggcege tttetcatag ctcacgcectgt aggtatctca 1680
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gttcggtgta ggtcgttcecge tccaagetgg getgtgtgca cgaacccceccce gttcageccy 1740
accgctgege cttatccggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 1800
cgccactggce agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta 1860
cagagttctt gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct 1920
gcgetetget gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac 1980
aaaccaccgce tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 2040
aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa 2100
actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt 2160
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca 2220
gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca 2280
tagttgcctg actccccecgte gtgtagataa ctacgatacg ggagggctta ccatctggcece 2340
ccagtgctgce aatgataccg cgagacccac gctcaccggce tccagattta tcagcaataa 2400
accagccage cggaagggcce gagcgcagaa gtggtcectge aactttatcce gccteccatce 2460
agtctattaa ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca 2520
acgttgttgce cattgctaca ggcatcgtgg tgtcacgcetc gtcgtttggt atggcttcat 2580
tcagctecgg ttcccaacga tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag 2640
cggttagectce cttcecggtect ccgatcegttg tcagaagtaa gttggccgca gtgttatcac 2700
tcatggttat ggcagcactg cataattctc ttactgtcat gccatccgta agatgctttt 2760
ctgtgactgg tgagtactca accaagtcat tctgagaata gtgtatgcgg cgaccgagtt 2820
gctettgecee ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtge 2880
tcatcattgg aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat 2940
ccagttcgat gtaacccact cgtgcaccca actgatcttc agcatctttt actttcacca 3000
gegtttetgyg gtgagcaaaa acaggaaggc aaaatgccgce aaaaaaggga ataagggcga 3060
cacggaaatg ttgaatactc atactcttcc tttttcaata ttattgaagc atttatcagg 3120
gttattgtct catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg 3180
ttccgegecac atttecccecga aaagtgccac ctgacgegece ctgtagecggce gcattaageg 3240
cggcgggtgt ggtggttacg cgcagcegtga ccgctacact tgccagcgece ctagcegececg 3300
ctecctttege tttetteect tecttteteg ccacgttege cggctttece cgtcaagete 3360
taaatcgggg gctcecttta gggttecgat ttagtgettt acggcacctce gaccccaaaa 3420
aacttgatta gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttegece 3480
ctttgacgtt ggagtccacg ttctttaata gtggactcectt gttccaaact ggaacaacac 3540
tcaaccctat ctcggtctat tettttgatt tataagggat tttgccgatt teggectatt 3600
ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa atattaacgc 3660
ttacaatttc cattcgccat tcaggctgcg caactgttgg gaagggcgat cggtgcgggce 3720
ctcttegeta ttacgccage tggcgaaagg gggatgtgcet gcaaggcgat taagttgggt 3780
aacgccaggg ttttecccagt cacgacgttg taaaacgacg gccagtgaat tgtaatacga 3840
ctcactatag ggcgaattgg gtaccgggcce cccectegag gtcgacgagt atctgtcetga 3900

ctcgtcattg catgecctttyg gagtacgact ccaactatga gtgtgcttgg atcactttga 3960
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cgatacattc ttcgttggag gectgtgggtce tgacagcetge gtttteggeg cggttggecg 4020
acaacaatat cagctgcaac gtcattgctg gctttcatca tgatcacatt tttgtcggca 4080
aaggcgacgc ccagagagcc attgacgttce tttcectaattt ggaccgatag ccgtatagtce 4140
cagtctatct ataagttcaa ctaactcgta actattacca taacatatac ttcactgccce 4200
cagataaggt tccgataaaa agttctgcag actaaattta tttcagtctc ctcttcacca 4260
ccaaaatgce ctcctacgaa getcgagtge tcaagctegt ggcagccaag aaaaccaacce 4320
tgtgtgcectte tctggatgtt accaccacca aggagctcat tgagcttgcce gataaggtcg 4380
gaccttatgt gtgcatgatc aaaacccata tcgacatcat tgacgacttc acctacgecyg 4440
gcactgtgcet ccccctcaag gaacttgetce ttaagcacgg tttettectg ttecgaggaca 4500
gaaagttcge agatattggc aacactgtca agcaccagta ccggtgtcac cgaatcgecg 4560
agtggtccga tatcaccaac gcccacggtg tttaaacccg gaaccggaat cgataagcett 4620
gatatcgaat tcatgctgtt catcgtggtt aatgctgctg tgtgctgtgt gtgtgtgttg 4680
tttggcgete attgttgegt tatgcagcgt acaccacaat attggaagcet tattagectt 4740
tctatttttt cgtttgcaag gcttaacaac attgctgtgg agagggatgg ggatatggag 4800
gccegetggag ggagtceggag aggcegttttg gagcggcecttg gectggegece cagcectcgega 4860
aacgcaccta ggaccctttg gcacgccgaa atgtgccact tttcagtcta gtaacgectt 4920
acctacgtca ttccatgegt gcatgtttge gcectttttte cecttgecctt gatcgccaca 4980
cagtacagtg cactgtacag tggaggtttt gggggggtct tagatgggag ctaaaagcgg 5040
cctagcggta cactagtggg attgtatgga gtggcatgga gecctaggtgg agcctgacag 5100
gacgcacgac cggctagcce gtgacagacg atgggtggcet cctgttgtcce accgcgtaca 5160
aatgtttggg ccaaagtctt gtcagccttg cttgcgaacc taattcccaa ttttgtcact 5220
tcgcacccece attgatcgag ccctaaccce tgcccatcag gcaatccaat taagctcegca 5280
ttgtctgect tgtttagttt ggctectgce cgttteggeg tccacttgca caaacacaaa 5340
caagcattat atataaggct cgtctctcce tcccaaccac actcactttt ttgeccgtcet 5400
tcecttgeta acacaaaagt caagaacaca aacaaccacce ccaaccccect tacacacaag 5460
acatatctac accatggagt ctggacccat gcctgctgge attcccttece ctgagtacta 5520
tgacttecttt atggactgga agactcccct ggccatcget gecacctaca ctgcectgecegt 5580
cggtctette aaccccaagg ttggcaaggt cteccgagtg gttgccaagt cggctaacgce 5640
aaagcctgece gagcgaaccce agtccggagce tgccatgact gecttegtet ttgtgcacaa 5700
cctcattetg tgtgtctact ctggcatcac cttctactac atgtttcctg ctatggtcaa 5760
gaacttccga acccacacac tgcacgaagce ctactgcgac acggatcagt ccectetggaa 5820
caacgcactt ggctactggg gttacctctt ctacctgtcc aagttctacg aggtcattga 5880
caccatcatc atcatcctga agggacgacg gtcctcecgetg cttcagacct accaccatgce 5940
tggagccatg attaccatgt ggtctggcat caactaccaa gccactccca tttggatctt 6000
tgtggtcecttc aactccttceca ttcacaccat catgtactgt tactatgcct tcacctctat 6060
cggattccat cctcectggca aaaagtacct gacttcgatg cagattactce agtttcetggt 6120
cggtatcacc attgccgtgt cctacctctt cgttectgge tgcatccgaa cacccggtgce 6180

tcagatggct gtctggatca acgtcggcta cctgtttece ttgacctatce tgttcecgtgga 6240
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ctttgccaag cgaacctact ccaagcgate tgecattgec getcagaaaa aggctcagta

age

<210> SEQ ID NO 32

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-5-1

<400> SEQUENCE: 32

cgacaagatyg gaatgagaat g

<210> SEQ ID NO 33

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-5-2

<400> SEQUENCE: 33

ctggttttte aactacttet ac

<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-5-3

<400> SEQUENCE: 34

gtactgtcct gtgtetgtte ¢

<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-5-4

<400> SEQUENCE: 35

ctacatcgte cgaaagcaca ag

<210> SEQ ID NO 36

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-3-1

<400> SEQUENCE: 36

ctaccagatc gagcaccate tctg

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-3-2

<400> SEQUENCE: 37

ctaccaggtyg gaacagctgt g

6300

6303

21

22

21

22

24

21
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<210> SEQ ID NO 38

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-3-3

<400> SEQUENCE: 38

tctgecccat gaaggteteg te

<210> SEQ ID NO 39

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer pZP-GW-3-4

<400> SEQUENCE: 39

cctgteccag ttegetegaa tg

<210> SEQ ID NO 40

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Genome Walker adaptor-1

<400> SEQUENCE: 40

gtaatacgac tatagggcac gcgtggtcega cggeccggge tggt

<210> SEQ ID NO 41

<211> LENGTH: 8

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Genome Walker adaptor-2

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 5' end is associated with a -P0O4 group
<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 3' end is associated with a -H2N group

<400> SEQUENCE: 41

accagccc

<210> SEQ ID NO 42

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nested adaptor primer

<400> SEQUENCE: 42

gtaatacgac tcactatagg gc

<210> SEQ ID NO 43

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer PerlOF1l

22

22

44

22
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<400> SEQUENCE: 43

gatcaaccat ggggggaagt tcacatgcat tcgetg

<210> SEQ ID NO 44
<211> LENGTH: 29
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer ZPGW-5-5

<400> SEQUENCE: 44

gttatagttt tcatgtgaaa
<210> SEQ ID NO 45

<211> LENGTH: 37
<212> TYPE: DNA

taccgagag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PerlOR

<400> SEQUENCE: 45

gatcaagcegg ccgccagace tegtcattat ctgatag

<210> SEQ ID NO 46
<211> LENGTH: 7222
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pFBAIn-MOD-1

<400> SEQUENCE: 46

catggatcca ggcctgttaa

ccteccecty aacctgaaac

agcttataat ggttacaaat

ttcactgcat tctagttgtg

ccgcaagtgt ggatggggaa

tggatggatt caacacaggg

atatttatgt ttgacacttg

catactgtac atactcatac

tgctcttact cgtacagtgt

attcatgtta gttgcgtacg

gtgagctaac tcacattaat

tcgtgecage tgcattaatg

cgctetteeyg cttecteget

gtatcagcte actcaaaggce

aagaacatgt gagcaaaagg

gegtttttee ataggetecyg

aggtggcgaa acccgacagg

gtgcegetete ctgttecgac

ggaagcegtgg cgetttetcea

cggcecattac

ataaaatgaa

aaagcaatag

gtttgtccaa

gtgagtgcce

atatagcgag

agaatgtacg

tcgtaccegy

gcaatactge

agccggaage

tgcgttgege

aatcggccaa

cactgactcg

ggtaatacgg

ccagcaaaag

cceceectgac

actataaaga

cctgeegett

tagctcacge

ggcetgcagyg
tgcaattgtt
catcacaaat
actcatcaat
ggttetgtgt
ctacgtggtyg
atacaagcac
gcaacggttt
gtatcatagt
ataaagtgta
tcactgeceeyg
cgegegggga
ctgegetegy
ttatccacag
gccaggaace
gagcatcaca
taccaggegt
accggatacc

tgtaggtatc

atccgaaaaa acctcccaca

gttgttaact tgtttattge

ttcacaaata aagcattttt

gtatcttatce atgtctgegg

gcacaattgg caatccaaga

gtgcgaggat atagcaacgg

tgtccaagta caatactaaa

cacttgagtyg cagtggctag

ctttgatgta tatcgtattc

aagcctgggyg tgcctaatga

ctttccagte gggaaacctyg

gaggcggttt gcgtattggg

tegttegget geggcegageg

aatcagggga taacgcagga

gtaaaaaggc cgegttgetg

aaaatcgacg ctcaagtcag

ttceccectgyg aagcetceecte

tgtccgectt teteecttey

tcagttcggt gtaggtegtt

36

29

37

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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cgctceccaage tgggctgtgt gcacgaacce ccegttcage ccgaccgctg cgecttatcee 1200
ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcece 1260
actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg 1320
tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctcet getgaagceca 1380
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage 1440
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 1500
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 1560
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 1620
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 1680
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 1740
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 1800
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 1860
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 1920
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 1980
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 2040
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 2100
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 2160
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 2220
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 2280
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 2340
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 2400
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 2460
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 2520
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 2580
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 2640
cgaaaagtgc cacctgacgc gccctgtage ggcegcattaa gegcecggcggg tgtggtggtt 2700
acgcgcagceg tgaccgctac acttgccage gcectagege ccgctecttt cgetttette 2760
ccttecttte tegccacgtt cgeccggecttt ccececgtcaag ctctaaatcecg ggggctceect 2820
ttagggttcce gatttagtge tttacggcac ctcgacccca aaaaacttga ttagggtgat 2880
ggttcacgta gtgggccatc gcecctgatag acggttttte gecctttgac gttggagtcece 2940
acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccce tatctcggtce 3000
tattcttttg atttataagg gattttgccg atttcggect attggttaaa aaatgagctg 3060
atttaacaaa aatttaacgc gaattttaac aaaatattaa cgcttacaat ttccattcgce 3120
cattcaggct gcgcaactgt tgggaagggce gatcggtgeg ggcectcectteg ctattacgece 3180
agctggcgaa agggggatgt gctgcaaggce gattaagttg ggtaacgcca gggttttece 3240
agtcacgacg ttgtaaaacg acggccagtg aattgtaata cgactcacta tagggcgaat 3300
tgggtaccgg geccecccecte gaggtcegatg gtgtcgataa gettgatate gaattcatgt 3360

cacacaaacc gatcttcgec tcaaggaaac ctaattctac atccgagaga ctgccgagat 3420
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ccagtctaca ctgattaatt ttcgggccaa taatttaaaa aaatcgtgtt atataatatt 3480
atatgtatta tatatataca tcatgatgat actgacagtc atgtcccatt gctaaataga 3540
cagactccat ctgccgccte caactgatgt tctcaatatt taaggggtca tcectcecgcattg 3600
tttaataata aacagactcc atctaccgcce tccaaatgat gttctcaaaa tatattgtat 3660
gaacttattt ttattactta gtattattag acaacttact tgctttatga aaaacacttc 3720
ctatttagga aacaatttat aatggcagtt cgttcattta acaatttatg tagaataaat 3780
gttataaatg cgtatgggaa atcttaaata tggatagcat aaatgatatc tgcattgcect 3840
aattcgaaat caacagcaac gaaaaaaatc ccttgtacaa cataaatagt catcgagaaa 3900
tatcaactat caaagaacag ctattcacac gttactattg agattattat tggacgagaa 3960
tcacacactc aactgtcttt ctctcttcta gaaatacagg tacaagtatg tactattctce 4020
attgttcata cttctagtca tttcatccca catattcctt ggatttctet ccaatgaatg 4080
acattctatc ttgcaaattc aacaattata ataagatata ccaaagtagc ggtatagtgg 4140
caatcaaaaa gcttctctgg tgtgcttcte gtatttattt ttattctaat gatccattaa 4200
aggtatatat ttatttcttg ttatataatc cttttgttta ttacatgggc tggatacata 4260
aaggtatttt gatttaattt tttgcttaaa ttcaatcccc cctcegttcag tgtcaactgt 4320
aatggtagga aattaccata cttttgaaga agcaaaaaaa atgaaagaaa aaaaaaatcg 4380
tatttccagg ttagacgttc cgcagaatct agaatgcggt atgcggtaca ttgttcectteg 4440
aacgtaaaag ttgcgctccce tgagatattg tacatttttg cttttacaag tacaagtaca 4500
tcgtacaact atgtactact gttgatgcat ccacaacagt ttgttttgtt tttttttgtt 4560
tttttttttt ctaatgattc attaccgcta tgtataccta cttgtacttg tagtaagccg 4620
ggttattggc gttcaattaa tcatagactt atgaatctgc acggtgtgcg ctgcgagtta 4680
cttttagectt atgcatgcta cttgggtgta atattgggat ctgttcggaa atcaacggat 4740
gctcaatcga tttcgacagt aattaattaa gtcatacaca agtcagcttt cttcgagect 4800
catataagta taagtagttc aacgtattag cactgtaccc agcatctccg tatcgagaaa 4860
cacaacaaca tgccccattg gacagatcat gcggatacac aggttgtgca gtatcataca 4920
tactcgatca gacaggtcgt ctgaccatca tacaagctga acaagcgctce catacttgca 4980
cgctctetat atacacagtt aaattacata tccatagtct aacctctaac agttaatctt 5040
ctggtaagcce tcccagccag ccttetggta tcegettggece tectcaatag gatcteggtt 5100
ctggccegtac agacctcgge cgacaattat gatatcegtt ccggtagaca tgacatcctce 5160
aacagttcgg tactgctgte cgagagcgtce tcecttgteg tcaagaccca ccecccgggggt 5220
cagaataagc cagtcctcag agtcgcecctt aggtcggttce tgggcaatga agccaaccac 5280
aaactcgggg tcggatcggg caagctcaat ggtcectgettg gagtactcge cagtggccag 5340
agagcccttg caagacagct cggccagcat gagcagacct ctggccaget tetegttggg 5400
agaggggact aggaactcct tgtactggga gttctcgtag tcagagacgt cctecttcett 5460
ctgttcagag acagtttcct cggcaccagce tcgcaggceca gcaatgatte cggttecggg 5520
tacaccgtgg gcgttggtga tatcggacca ctcggcgatt cggtgacacc ggtactggtg 5580
cttgacagtg ttgccaatat ctgcgaactt tctgtccteg aacaggaaga aaccgtgcett 5640

aagagcaagt tccttgaggg ggagcacagt gccggcgtag gtgaagtcgt caatgatgtce 5700
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gatatgggtt ttgatcatgc acacataagg tccgacctta tcggcaagct caatgagcetce 5760
cttggtggtg gtaacatcca gagaagcaca caggttggtt ttcttggctg ccacgagcett 5820
gagcactcga gcggcaaagg cggacttgtg gacgttaget cgagcttcegt aggagggcat 5880
tttggtggtyg aagaggagac tgaaataaat ttagtctgca gaacttttta tcggaacctt 5940
atctggggca gtgaagtata tgttatggta atagttacga gttagttgaa cttatagata 6000
gactggacta tacggctatc ggtccaaatt agaaagaacg tcaatggctc tctgggegtce 6060
gcctttgecg acaaaaatgt gatcatgatg aaagccagca atgacgttgc agctgatatt 6120
gttgtceggee aaccgcgcecg aaaacgcagce tgtcagaccce acagcectceca acgaagaatg 6180
tatcgtcaaa gtgatccaag cacactcata gttggagtcg tactccaaag gceggcaatga 6240
cgagtcagac agatactcgt cgaaaacagt gtacgcagat ctactataga ggaacattta 6300
aattgccceg gagaagacgg ccaggccgec tagatgacaa attcaacaac tcacagcetga 6360
ctttctgeca ttgccactag gggggggcct ttttatatgg ccaagccaag ctcectccacgt 6420
cggttgggct gcacccaaca ataaatgggt agggttgcac caacaaaggg atgggatggg 6480
gggtagaaga tacgaggata acggggctca atggcacaaa taagaacgaa tactgccatt 6540
aagactcgtg atccagcgac tgacaccatt gcatcatcta agggcctcaa aactacctcg 6600
gaactgctge gctgatctgg acaccacaga ggttccgage actttaggtt gcaccaaatg 6660
tceccaccagg tgcaggcaga aaacgctgga acagcgtgta cagtttgtcet taacaaaaag 6720
tgagggcgct gaggtcgagce agggtggtgt gacttgttat agcectttaga getgcgaaag 6780
cgcgtatgga tttggctcat caggccagat tgagggtcetg tggacacatg tcatgttagt 6840
gtacttcaat cgcccecctgg atatagceccce gacaataggce cgtggcectca tttttttgece 6900
ttccgcacat ttccattget cggtacccac accttgette tectgcactt gecaacctta 6960
atactggttt acattgacca acatcttaca agcggggggc ttgtctaggg tatatataaa 7020
cagtggctct cccaatcggt tgccagtcte ttttttectt tettteccca cagattcgaa 7080
atctaaacta cacatcacag aattccgagc cgtgagtatc cacgacaaga tcagtgtcga 7140
gacgacgcgt tttgtgtaat gacacaatcc gaaagtcgct agcaacacac actctctaca 7200
caaactaacc cagctctggt ac 7222
<210> SEQ ID NO 47

<211> LENGTH: 8133

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pFBAIN-Pex10

<400> SEQUENCE: 47

ggccgcaagt gtggatgggg aagtgagtgce ccggttetgt gtgcacaatt ggcaatccaa 60
gatggatgga ttcaacacag ggatatagcg agctacgtgg tggtgcgagg atatagcaac 120
ggatatttat gtttgacact tgagaatgta cgatacaagc actgtccaag tacaatacta 180
aacatactgt acatactcat actcgtaccc gggcaacggt ttcacttgag tgcagtgget 240
agtgctcectta ctcgtacagt gtgcaatact gcgtatcata gtctttgatg tatatcgtat 300
tcattcatgt tagttgcgta cgagccggaa gcataaagtyg taaagcctgg ggtgectaat 360

gagtgagcta actcacatta attgcgttge gctcactgece cgetttecag tegggaaacc 420
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tgtcgtgeca gctgcattaa tgaatcggec aacgcgeggg gagaggeggt ttgegtattg 480
ggcgctette cgcttecteg ctcactgact cgetgegete ggtegttegg ctgcggegag 540
cggtatcagce tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag 600
gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgcegttge 660
tggcegttttt ccataggctce cgccccectg acgagcatca caaaaatcga cgctcaagtce 720
agaggtggcg aaacccgaca ggactataaa gataccagge gtttccccct ggaagctccce 780
tegtgegete tectgtteceg accctgecge ttaccggata cctgtcecegece tttetccett 840
cgggaagcgt ggegctttcect catagctcac gectgtaggta tctcagttceg gtgtaggtceg 900
ttcgctccaa gectgggetgt gtgcacgaac cccccegtteca geoccgaccgce tgcegecttat 960

ccggtaacta tcgtcecttgag tceccaacccgg taagacacga cttatcgcca ctggcagcag 1020
ccactggtaa caggattagc agagcgaggt atgtaggcegg tgctacagag ttcecttgaagt 1080
ggtggcctaa ctacggctac actagaagga cagtatttgg tatctgcget ctgctgaage 1140
cagttacctt cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta 1200
gcggtggttt ttttgtttge aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag 1260
atcctttgat cttttctacg gggtctgacg ctcagtggaa cgaaaactca cgttaaggga 1320
ttttggtcat gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa 1380
gttttaaatc aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa 1440
tcagtgaggc acctatctca gcgatctgte tatttcgttc atccatagtt gectgactcece 1500
ccgtegtgta gataactacg atacgggagg gcttaccatc tggccccagt getgcaatga 1560
taccgcgaga cccacgctca ccggctecag atttatcage aataaaccag ccagcecggaa 1620
gggccgageg cagaagtggt cctgcaactt tatccgcecte catccagtct attaattgtt 1680
gccgggaage tagagtaagt agttcgcecag ttaatagttt gegcaacgtt gttgccattg 1740
ctacaggcat cgtggtgtca cgctcgtcecgt ttggtatgge ttcattcage tecggttece 1800
aacgatcaag gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agctcectteg 1860
gtcctecgat cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag 1920
cactgcataa ttctcttact gtcatgccat ccgtaagatg cttttectgtg actggtgagt 1980
actcaaccaa gtcattctga gaatagtgta tgcggcgacc gagttgctcet tgcccggegt 2040
caatacggga taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac 2100
gttcttcggg gcgaaaactce tcaaggatct taccgectgtt gagatccagt tcgatgtaac 2160
ccactcgtge acccaactga tcecttcagcat cttttacttt caccagecgtt tetgggtgag 2220
caaaaacagg aaggcaaaat gccgcaaaaa agggaataag ggcgacacgyg aaatgttgaa 2280
tactcatact cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga 2340
gcggatacat atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttce 2400
ccecgaaaagt gccacctgac gegcecctgta geggegeatt aagegeggeyg ggtgtggtgg 2460
ttacgcgcag cgtgaccgcet acacttgcca gcgccctage geccgcectect ttegetttet 2520
tcecttectt tetegeccacyg ttegecgget ttecccecgtca agctctaaat cgggggctcece 2580
ctttagggtt ccgatttagt gctttacggce acctcgaccce caaaaaactt gattagggtg 2640

atggttcacg tagtgggcca tcgccctgat agacggtttt tecgcecctttg acgttggagt 2700
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ccacgttctt taatagtgga ctcttgttce aaactggaac aacactcaac cctatctegg 2760
tctattettt tgatttataa gggattttge cgatttcecgge ctattggtta aaaaatgagc 2820
tgatttaaca aaaatttaac gcgaatttta acaaaatatt aacgcttaca atttccattc 2880
gccattcagg ctgcgcaact gttgggaagg gcgatcggtg cgggectett cgctattacyg 2940
ccagctggceg aaagggggat gtgctgcaag gcgattaagt tgggtaacgce cagggtttte 3000
ccagtcacga cgttgtaaaa cgacggccag tgaattgtaa tacgactcac tatagggcga 3060
attgggtacc gggcccceece tcegaggtcga tggtgtcecgat aagcttgata tcgaattcat 3120
gtcacacaaa ccgatcttcg cctcaaggaa acctaattcect acatccgaga gactgccgag 3180
atccagtcta cactgattaa ttttcgggce aataatttaa aaaaatcgtg ttatataata 3240
ttatatgtat tatatatata catcatgatg atactgacag tcatgtccca ttgctaaata 3300
gacagactcc atctgccgce tccaactgat gttctcaata tttaaggggt catctcgceat 3360
tgtttaataa taaacagact ccatctaccg cctccaaatg atgttctcaa aatatattgt 3420
atgaacttat ttttattact tagtattatt agacaactta cttgctttat gaaaaacact 3480
tcectatttag gaaacaattt ataatggcag ttcgttcatt taacaattta tgtagaataa 3540
atgttataaa tgcgtatggg aaatcttaaa tatggatagc ataaatgata tctgcattgce 3600
ctaattcgaa atcaacagca acgaaaaaaa tcccttgtac aacataaata gtcatcgaga 3660
aatatcaact atcaaagaac agctattcac acgttactat tgagattatt attggacgag 3720
aatcacacac tcaactgtct ttctctectte tagaaataca ggtacaagta tgtactattce 3780
tcattgttca tacttctagt catttcatcc cacatattcc ttggatttct ctccaatgaa 3840
tgacattcta tcttgcaaat tcaacaatta taataagata taccaaagta gcggtatagt 3900
ggcaatcaaa aagcttctct ggtgtgettce tcgtatttat ttttattcta atgatccatt 3960
aaaggtatat atttatttct tgttatataa tccttttgtt tattacatgg gectggataca 4020
taaaggtatt ttgatttaat tttttgctta aattcaatcc cccctegtte agtgtcaact 4080
gtaatggtag gaaattacca tacttttgaa gaagcaaaaa aaatgaaaga aaaaaaaaat 4140
cgtatttcca ggttagacgt tccgcagaat ctagaatgcg gtatgcggta cattgttcett 4200
cgaacgtaaa agttgcgctc cctgagatat tgtacatttt tgcttttaca agtacaagta 4260
catcgtacaa ctatgtacta ctgttgatgc atccacaaca gtttgttttg tttttttttg 4320
tttttttttt ttctaatgat tcattaccgc tatgtatacc tacttgtact tgtagtaagc 4380
cgggttattg gcgttcaatt aatcatagac ttatgaatct gcacggtgtg cgctgcgagt 4440
tacttttagce ttatgcatgc tacttgggtg taatattggg atctgttcgg aaatcaacgg 4500
atgctcaatc gatttcgaca gtaattaatt aagtcataca caagtcagct ttcecttcgagce 4560
ctcatataag tataagtagt tcaacgtatt agcactgtac ccagcatctc cgtatcgaga 4620
aacacaacaa catgccccat tggacagatc atgcggatac acaggttgtg cagtatcata 4680
catactcgat cagacaggtc gtctgaccat catacaagct gaacaagcgce tceccatacttg 4740
cacgctcectect atatacacag ttaaattaca tatccatagt ctaacctcta acagttaatc 4800
ttectggtaag cctceccagee agecttetgg tatecgettgg ccectectcaat aggatctegg 4860
ttectggecgt acagaccteg gecgacaatt atgatatccg ttccggtaga catgacatcce 4920

tcaacagttc ggtactgctg tccgagagcg tcteccttgt cgtcaagacce caccceccecgggg 4980
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gtcagaataa gccagtccte agagtcgeccce ttaggtcggt tetgggcaat gaagccaacce 5040
acaaactcgg ggtcggatcg ggcaagctca atggtctget tggagtactce gecagtggcece 5100
agagagccct tgcaagacag ctcggccagce atgagcagac ctctggccag cttetegttg 5160
ggagagggga ctaggaactc cttgtactgg gagttctcgt agtcagagac gtcecctcctte 5220
ttectgttcag agacagtttce ctecggcacca gctecgcaggce cagcaatgat tecggttecg 5280
ggtacaccgt gggcgttggt gatatcggac cactcggcga ttcggtgaca ccggtactgg 5340
tgcttgacag tgttgccaat atctgcgaac tttectgtect cgaacaggaa gaaaccgtgce 5400
ttaagagcaa gttccttgag ggggagcaca gtgccggegt aggtgaagtce gtcaatgatg 5460
tcgatatggg ttttgatcat gcacacataa ggtccgacct tatcggcaag ctcaatgagce 5520
tcettggtgg tggtaacatc cagagaagca cacaggttgg ttttettgge tgccacgagce 5580
ttgagcactc gagcggcaaa ggcggacttg tggacgttag ctcgagcttce gtaggagggce 5640
attttggtgg tgaagaggag actgaaataa atttagtctg cagaactttt tatcggaacc 5700
ttatctgggg cagtgaagta tatgttatgg taatagttac gagttagttg aacttataga 5760
tagactggac tatacggcta tcggtccaaa ttagaaagaa cgtcaatggce tcectcectgggeg 5820
tcgectttge cgacaaaaat gtgatcatga tgaaagccag caatgacgtt gcagctgata 5880
ttgttgtegg ccaaccgcge cgaaaacgca getgtcagac ccacagcectce caacgaagaa 5940
tgtatcgtca aagtgatcca agcacactca tagttggagt cgtactccaa aggcggcaat 6000
gacgagtcag acagatactc gtcgaaaaca gtgtacgcag atctactata gaggaacatt 6060
taaattgcce cggagaagac ggccaggecg cctagatgac aaattcaaca actcacagcet 6120
gactttctge cattgccact aggggggggce ctttttatat ggccaagcca agctctcecac 6180
gtcggttggyg ctgcacccaa caataaatgg gtagggttgce accaacaaag ggatgggatg 6240
gggggtagaa gatacgagga taacggggct caatggcaca aataagaacg aatactgcca 6300
ttaagactcg tgatccageg actgacacca ttgcatcatc taagggcctce aaaactacct 6360
cggaactgct gecgctgatcect ggacaccaca gaggttcecga gcactttagg ttgcaccaaa 6420
tgtcccacca ggtgcaggca gaaaacgctg gaacagcegtg tacagtttgt cttaacaaaa 6480
agtgagggcg ctgaggtcga gcagggtggt gtgacttgtt atagccttta gagctgcgaa 6540
agcgcgtatg gatttggete atcaggccag attgagggtce tgtggacaca tgtcatgtta 6600
gtgtacttca atcgccccct ggatatagcce ccgacaatag gecgtggect catttttttg 6660
cctteecgecac atttceccattg cteggtacce acaccttget tcectcectgcac ttgccaacct 6720
taatactggt ttacattgac caacatctta caagcggggg gcttgtctag ggtatatata 6780
aacagtggct ctcccaatcg gttgccagte tcettttttece tttetttceece cacagattceg 6840
aaatctaaac tacacatcac agaattccga gccgtgagta tccacgacaa gatcagtgtce 6900
gagacgacgc gttttgtgta atgacacaat ccgaaagtcg ctagcaacac acactctcta 6960
cacaaactaa cccagctctg gtaccatggg gggaagttca catgcattcg ctggtgaatce 7020
tgatctgaca ctacaactac acaccaggtc caacatgagce gacaatacga caatcaaaaa 7080
geegatcecega cccaaaccga tccggacgga acgcectgect tacgetgggg ccgcagaaat 7140
catccgagcce aaccagaaag accactactt tgagtccegtg cttgaacagce atctcgtcac 7200

gtttctgcag aaatggaagg gagtacgatt tatccaccag tacaaggagg agctggagac 7260
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ggcgtccaag tttgcatatce tcggtttgtg tacgecttgtg ggctccaaga ctctcecggaga 7320
agagtacacc aatctcatgt acactatcag agaccgaaca gctctaccgg gggtggtgag 7380
acggtttggce tacgtgcttt ccaacactct gtttccatac ctgtttgtge gctacatggg 7440
caagttgcgce gccaaactga tgcgcgagta tccccatcetg gtggagtacg acgaagatga 7500
gcctgtgecee agecccggaaa catggaagga gcgggtcatce aagacgtttg tgaacaagtt 7560
tgacaagttc acggcgctgg aggggtttac cgcgatccac ttggcgattt tcectacgtcta 7620
cggctegtac taccagctca gtaagcggat ctggggcatg cgttatgtat ttggacaccg 7680
actggacaag aatgagcctc gaatcggtta cgagatgctc ggtctgctga ttttcegecccg 7740
gtttgccacg tcatttgtge agacgggaag agagtacctc ggagcgctgce tggaaaagag 7800
cgtggagaaa gaggcagggg agaaggaaga tgaaaaggaa gcggttgtge cgaaaaagaa 7860
gtcgtcaatt ccgttcattg aggatacaga aggggagacg gaagacaaga tcgatctgga 7920
ggaccctega cagctcaagt tcattcecctga ggcgtccaga gegtgcactce tgtgtctgte 7980
atacattagt gcgccggcat gtacgccatg tggacacttt ttctgttggg actgtattte 8040
cgaatgggtg agagagaagc ccgagtgtce cttgtgtegg cagggtgtga gagagcagaa 8100
cttgttgecct atcagataat gacgaggtct ggce 8133
<210> SEQ ID NO 48

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PEX10-R-BsiWI

<400> SEQUENCE: 48

gatcaacgta cgcttcagca gtaactgtat tgctce 35
<210> SEQ ID NO 49

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PEX10-F1l-Sall

<400> SEQUENCE: 49

gatcaagtcg acattgtaac tagtcctgga gggte 35
<210> SEQ ID NO 50

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PEX10-F2-Sall

<400> SEQUENCE: 50

gatcaagtcg acgtcttagce gtcatgtatt ctcaag 36
<210> SEQ ID NO 51

<211> LENGTH: 7277

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pEXP-MOD1

<400> SEQUENCE: 51
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catggatcca ggcctgttaa cggccattac ggectgcagg atccgaaaaa acctcccaca 60
ccteeccctyg aacctgaaac ataaaatgaa tgcaattgtt gttgttaact tgtttattge 120
agcttataat ggttacaaat aaagcaatag catcacaaat ttcacaaata aagcattttt 180
ttcactgcat tctagttgtg gtttgtccaa actcatcaat gtatcttatc atgtctgegg 240
ccgcaagtgt ggatggggaa gtgagtgecce ggttetgtgt gcacaattgyg caatccaaga 300
tggatggatt caacacaggg atatagcgag ctacgtggtyg gtgcgaggat atagcaacgg 360
atatttatgt ttgacacttg agaatgtacg atacaagcac tgtccaagta caatactaaa 420
catactgtac atactcatac tcgtacccgg gcaacggttt cacttgagtyg cagtggctag 480
tgctcttact cgtacagtgt gcaatactgc gtatcatagt ctttgatgta tatcgtattce 540
attcatgtta gttgegtacg agccggaage ataaagtgta aagectgggyg tgcctaatga 600
gtgagctaac tcacattaat tgcgttgcge tcactgeccg ctttcecagtce gggaaacctyg 660
tegtgecage tgcattaatg aatcggecaa cgegegggga gaggeggttt gegtattggg 720
cgcetetteeg cttecteget cactgacteg ctgegetegyg tegttegget geggegageg 780
gtatcagcte actcaaaggce ggtaatacgg ttatccacag aatcagggga taacgcagga 840
aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce cgcgttgcetg 900
gegtttttee ataggctceg ccccectgac gagcatcaca aaaatcgacg ctcaagtcag 960
aggtggcgaa acccgacagg actataaaga taccaggcegt ttcccecctgg aagctcececte 1020
gtgcgctete ctgtteccgac cctgccgett accggatacce tgtccgectt tcetecctteg 1080
ggaagcgtgg cgctttctca tagctcacge tgtaggtatce tcagttecggt gtaggtegtt 1140
cgctceccaage tgggctgtgt gcacgaacce ccegttcage ccgaccgctg cgecttatcee 1200
ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcece 1260
actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg 1320
tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctcet getgaagceca 1380
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage 1440
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 1500
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 1560
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 1620
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 1680
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 1740
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 1800
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 1860
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 1920
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 1980
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 2040
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 2100
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 2160
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 2220
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 2280
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atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 2340
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 2400
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 2460
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 2520
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 2580
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 2640
cgaaaagtgc cacctgacgc gccctgtage ggcegcattaa gegcecggcggg tgtggtggtt 2700
acgcgcagceg tgaccgctac acttgccage gcectagege ccgctecttt cgetttette 2760
ccttecttte tegccacgtt cgeccggecttt ccececgtcaag ctctaaatcecg ggggctceect 2820
ttagggttcce gatttagtge tttacggcac ctcgacccca aaaaacttga ttagggtgat 2880
ggttcacgta gtgggccatc gcecctgatag acggttttte gecctttgac gttggagtcece 2940
acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccce tatctcggtce 3000
tattcttttg atttataagg gattttgccg atttcggect attggttaaa aaatgagctg 3060
atttaacaaa aatttaacgc gaattttaac aaaatattaa cgcttacaat ttccattcgce 3120
cattcaggct gcgcaactgt tgggaagggce gatcggtgeg ggcectcectteg ctattacgece 3180
agctggcgaa agggggatgt gctgcaaggce gattaagttg ggtaacgcca gggttttece 3240
agtcacgacg ttgtaaaacg acggccagtg aattgtaata cgactcacta tagggcgaat 3300
tgggtaccgg geccecccecte gaggtcegatg gtgtcgataa gettgatate gaattcatgt 3360
cacacaaacc gatcttcgec tcaaggaaac ctaattctac atccgagaga ctgccgagat 3420
ccagtctaca ctgattaatt ttcgggccaa taatttaaaa aaatcgtgtt atataatatt 3480
atatgtatta tatatataca tcatgatgat actgacagtc atgtcccatt gctaaataga 3540
cagactccat ctgccgccte caactgatgt tctcaatatt taaggggtca tcectcecgcattg 3600
tttaataata aacagactcc atctaccgcce tccaaatgat gttctcaaaa tatattgtat 3660
gaacttattt ttattactta gtattattag acaacttact tgctttatga aaaacacttc 3720
ctatttagga aacaatttat aatggcagtt cgttcattta acaatttatg tagaataaat 3780
gttataaatg cgtatgggaa atcttaaata tggatagcat aaatgatatc tgcattgcect 3840
aattcgaaat caacagcaac gaaaaaaatc ccttgtacaa cataaatagt catcgagaaa 3900
tatcaactat caaagaacag ctattcacac gttactattg agattattat tggacgagaa 3960
tcacacactc aactgtcttt ctctcttcta gaaatacagg tacaagtatg tactattctce 4020
attgttcata cttctagtca tttcatccca catattcctt ggatttctet ccaatgaatg 4080
acattctatc ttgcaaattc aacaattata ataagatata ccaaagtagc ggtatagtgg 4140
caatcaaaaa gcttctctgg tgtgcttcte gtatttattt ttattctaat gatccattaa 4200
aggtatatat ttatttcttg ttatataatc cttttgttta ttacatgggc tggatacata 4260
aaggtatttt gatttaattt tttgcttaaa ttcaatcccc cctcegttcag tgtcaactgt 4320
aatggtagga aattaccata cttttgaaga agcaaaaaaa atgaaagaaa aaaaaaatcg 4380
tatttccagg ttagacgttc cgcagaatct agaatgcggt atgcggtaca ttgttcectteg 4440
aacgtaaaag ttgcgctccce tgagatattg tacatttttg cttttacaag tacaagtaca 4500

tcgtacaact atgtactact gttgatgcat ccacaacagt ttgttttgtt tttttttgtt 4560
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tttttttttt ctaatgattc attaccgcta tgtataccta cttgtacttg tagtaagccg 4620
ggttattggc gttcaattaa tcatagactt atgaatctgc acggtgtgcg ctgcgagtta 4680
cttttagectt atgcatgcta cttgggtgta atattgggat ctgttcggaa atcaacggat 4740
gctcaatcga tttcgacagt aattaattaa gtcatacaca agtcagcttt cttcgagect 4800
catataagta taagtagttc aacgtattag cactgtaccc agcatctccg tatcgagaaa 4860
cacaacaaca tgccccattg gacagatcat gcggatacac aggttgtgca gtatcataca 4920
tactcgatca gacaggtcgt ctgaccatca tacaagctga acaagcgctce catacttgca 4980
cgctctetat atacacagtt aaattacata tccatagtct aacctctaac agttaatctt 5040
ctggtaagcce tcccagccag ccttetggta tcegettggece tectcaatag gatcteggtt 5100
ctggccegtac agacctcgge cgacaattat gatatcegtt ccggtagaca tgacatcctce 5160
aacagttcgg tactgctgte cgagagcgtce tcecttgteg tcaagaccca ccecccgggggt 5220
cagaataagc cagtcctcag agtcgcecctt aggtcggttce tgggcaatga agccaaccac 5280
aaactcgggg tcggatcggg caagctcaat ggtcectgettg gagtactcge cagtggccag 5340
agagcccttg caagacagct cggccagcat gagcagacct ctggccaget tetegttggg 5400
agaggggact aggaactcct tgtactggga gttctcgtag tcagagacgt cctecttcett 5460
ctgttcagag acagtttcct cggcaccagce tcgcaggceca gcaatgatte cggttecggg 5520
tacaccgtgg gcgttggtga tatcggacca ctcggcgatt cggtgacacc ggtactggtg 5580
cttgacagtg ttgccaatat ctgcgaactt tctgtccteg aacaggaaga aaccgtgcett 5640
aagagcaagt tccttgaggg ggagcacagt gccggcgtag gtgaagtcgt caatgatgtce 5700
gatatgggtt ttgatcatgc acacataagg tccgacctta tcggcaagct caatgagcetce 5760
cttggtggtg gtaacatcca gagaagcaca caggttggtt ttcttggctg ccacgagcett 5820
gagcactcga gcggcaaagg cggacttgtg gacgttaget cgagcttcegt aggagggcat 5880
tttggtggtyg aagaggagac tgaaataaat ttagtctgca gaacttttta tcggaacctt 5940
atctggggca gtgaagtata tgttatggta atagttacga gttagttgaa cttatagata 6000
gactggacta tacggctatc ggtccaaatt agaaagaacg tcaatggctc tctgggegtce 6060
gcctttgecg acaaaaatgt gatcatgatg aaagccagca atgacgttgc agctgatatt 6120
gttgtceggee aaccgcgcecg aaaacgcagce tgtcagaccce acagcectceca acgaagaatg 6180
tatcgtcaaa gtgatccaag cacactcata gttggagtcg tactccaaag gceggcaatga 6240
cgagtcagac agatactcgt cgaccgtacg gggagtttgg cgccecgtttt ttcecgagccce 6300
acacgtttcg gtgagtatga gcggcggcag attcgagegt ttcececggttte cgecggctgga 6360
cgagagccca tgatggggge tcccaccacce agcaatcagg gccctgatta cacacccace 6420
tgtaatgtca tgctgttcat cgatggttaa tgctgctgtg tgctgtgtgt gtgtgttgtt 6480
tggcgctcecat tgttgcgtta tgcagcgtac accacaatat tggaagctta ttagecttte 6540
tattttttecg tttgcaaggc ttaacaacat tgctgtggag agggatgggg atatggaggc 6600
cgctggaggg agtcggagag gegttttgga gcggcttgge ctggcgccca getcgcgaaa 6660
cgcacctagg accctttgge acgccgaaat gtgccacttt tcagtctagt aacgcecttac 6720
ctacgtcatt ccatgcgtgce atgtttgcge cttttttece ttgcccttga tegccacaca 6780

gtacagtgca ctgtacagtg gaggttttgg gggggtctta gatgggagct aaaagcggcce 6840
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tagcggtaca ctagtgggat tgtatggagt ggcatggagc ctaggtggag cctgacagga 6900
cgcacgaccg gctagceccegt gacagacgat gggtggetcece tgttgtccac cgcgtacaaa 6960
tgtttgggcce aaagtcttgt cagccttgct tgcgaaccta attcccaatt ttgtcactte 7020
gcaccccecat tgatcgagce ctaacccectg cccatcaggce aatccaatta agctcegceatt 7080
gtctgeccttyg tttagtttgg ctectgeceg ttteggecgte cacttgcaca aacacaaaca 7140
agcattatat ataaggctcg tcectctcececcte ccaaccacac tcactttttt geccgtette 7200
ccttgctaac acaaaagtca agaacacaaa caaccacccece aaccccctta cacacaagac 7260
atatctacag caatggc 7277
<210> SEQ ID NO 52

<211> LENGTH: 7559

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pPEX10-1

<400> SEQUENCE: 52

gtacgagceg gaagcataaa gtgtaaagcece tggggtgect aatgagtgag ctaactcaca 60
ttaattgegt tgcgetcact geccgettte cagtegggaa acctgtegtyg ccagetgeat 120
taatgaatcg gccaacgege ggggagagge ggtttgegta ttgggegete ttecegettece 180
tcgetcactyg actegetgeg cteggtegtt cggetgegge gageggtate agetcactca 240
aaggcggtaa tacggttatce cacagaatca ggggataacg caggaaagaa catgtgagca 300
aaaggccagce aaaaggccag gaaccgtaaa aaggecgegt tgetggegtt tttcecatagg 360
ctcegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaaccceg 420
acaggactat aaagatacca ggcgtttece cctggaaget cectegtgeg ctetectgtt 480
ccgaccctge cgcttacegg atacctgtee gectttetee cttegggaag cgtggegett 540
tctcataget cacgetgtag gtatctcagt teggtgtagg tegttegete caagetggge 600
tgtgtgcacg aacccccegt tcageccgac cgetgegect tatccggtaa ctatcegtett 660
gagtccaace cggtaagaca cgacttatcg ccactggcag cagccactgyg taacaggatt 720
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggece taactacgge 780
tacactagaa ggacagtatt tggtatctge getctgetga agccagttac cttceggaaaa 840
agagttggta gctcttgate cggcaaacaa accaccgcetg gtageggtgg tttttttgtt 900
tgcaagcage agattacgeg cagaaaaaaa ggatctcaag aagatccttt gatcttttet 960

acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 1020
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 1080
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 1140
tcagcgatct gtctattteg ttcatccata gttgcctgac tcccegtcegt gtagataact 1200
acgatacggg agggcttacc atctggeccce agtgctgcaa tgataccgeyg agacccacgce 1260
tcaccggcete cagatttatc agcaataaac cagccageceyg gaagggccga gcgcagaagt 1320
ggtcctgcaa ctttatccge cteccatccag tcectattaatt gttgccecggga agctagagta 1380
agtagttcge cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg 1440

tcacgctegt cgtttggtat ggcttcatte agctccggtt cccaacgatce aaggcgagtt 1500
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acatgatccce ccatgttgtg caaaaaagcg gttagctect tecggtcecctece gatcgttgte 1560
agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca taattctcectt 1620
actgtcatgc catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattce 1680
tgagaatagt gtatgcggcg accgagttgce tcttgcecegg cgtcaatacg ggataatacc 1740
gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa 1800
ctctcaagga tcttaccget gttgagatce agttcgatgt aacccactcg tgcacccaac 1860
tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa 1920
aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttectt 1980
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 2040
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 2100
gacgcgcect gtageggcge attaagegeg gegggtgtgg tggttacgeg cagcgtgacce 2160
gctacacttg ccagcgecct agegccceget cctttegett tettceectte ctttetegece 2220
acgttcgeecg getttcecceeg tcaagctcta aatcggggge tceccctttagg gttecgattt 2280
agtgctttac ggcacctcga ccccaaaaaa cttgattagg gtgatggttce acgtagtggg 2340
ccatcgeccct gatagacggt ttttcecgeccct ttgacgttgg agtccacgtt ctttaatagt 2400
ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctattce ttttgattta 2460
taagggattt tgccgatttc ggcctattgg ttaaaaaatg agctgattta acaaaaattt 2520
aacgcgaatt ttaacaaaat attaacgctt acaatttcca ttcgccattce aggctgcgca 2580
actgttggga agggcgatcg gtgcgggcect cttegctatt acgccagctg gecgaaagggg 2640
gatgtgctge aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta 2700
aaacgacggc cagtgaattg taatacgact cactataggg cgaattgggt accgggcccce 2760
ccetegaggt cgatggtgte gataagettg atatcgaatt catgtcacac aaaccgatct 2820
tcgecctcaag gaaacctaat tcectacatccg agagactgcce gagatccagt ctacactgat 2880
taattttcgg gccaataatt taaaaaaatc gtgttatata atattatatg tattatatat 2940
atacatcatg atgatactga cagtcatgtc ccattgctaa atagacagac tccatctgcece 3000
gccteccaact gatgttctca atatttaagg ggtcatcteg cattgtttaa taataaacag 3060
actccatcta ccgcctccaa atgatgttct caaaatatat tgtatgaact tatttttatt 3120
acttagtatt attagacaac ttacttgctt tatgaaaaac acttcctatt taggaaacaa 3180
tttataatgg cagttcgttc atttaacaat ttatgtagaa taaatgttat aaatgcgtat 3240
gggaaatctt aaatatggat agcataaatg atatctgcat tgcctaattc gaaatcaaca 3300
gcaacgaaaa aaatcccttg tacaacataa atagtcatcg agaaatatca actatcaaag 3360
aacagctatt cacacgttac tattgagatt attattggac gagaatcaca cactcaactg 3420
tctttetete ttctagaaat acaggtacaa gtatgtacta ttctcattgt tcatacttcet 3480
agtcatttca tcccacatat tceccttggatt tctcectccaat gaatgacatt ctatcttgcea 3540
aattcaacaa ttataataag atataccaaa gtagcggtat agtggcaatc aaaaagcttc 3600
tctggtgtge ttctegtatt tatttttatt ctaatgatcc attaaaggta tatatttatt 3660
tcttgttata taatcctttt gtttattaca tgggctggat acataaaggt attttgattt 3720

aattttttgc ttaaattcaa tccccecteg ttcagtgtca actgtaatgg taggaaatta 3780
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ccatactttt

cgtteegeag

ctcectgaga

ctactgttga

gattcattac

attaatcata

tgctacttygg

acagtaatta

agttcaacgt

cattggacag

gtcegtetgac

cagttaaatt

gccagectte

tcggecgaca

ctgtccgaga

ctcagagteg

tcgggcaage

cagcteggec

ctecettgtac

ttccteggea

ggtgatatcg

aatatctgeg

dagggggagce

catgcacaca

atccagagaa

aaaggcggac

gagactgaaa

gtatatgtta

ctatcggtee

aatgtgatca

cgccgaaaac

ccaagcacac

ctegtegaca

gtatccaaga

acaaacactt

ggagagaata

cctaagacag

ctattaacaa

gaagaagcaa

aatctagaat

tattgtacat

tgcatccaca

cgctatgtat

gacttatgaa

gtgtaatatt

attaagtcat

attagcactg

atcatgcgga

catcatacaa

acatatccat

tggtatcget

attatgatat

gegteteect

cccttaggte

tcaatggtct

agcatgagca

tgggagttct

ccagctegea

gaccactecgg

aactttetgt

acagtgcegyg

taaggtccga

gcacacaggt

ttgtggacgt

taaatttagt

tggtaatagt

aaattagaaa

tgatgaaagc

gcagctgtcea

tcatagttgg

ttgtaactag

tctecacgta

gggaagatgc

ttaataaata

ataggatatc

aatgccaact

aaaaaatgaa

geggtatgeg

ttttgetttt

acagtttgtt

acctacttgt

tctgcacggt

gggatctgtt

acacaagtca

tacccagcat

tacacaggtt

gctgaacaag

agtctaacct

tggcctecte

cegtteeggt

tgtcgtcaag

ggttctgggc

gettggagta

gacctetgge

cgtagtcaga

ggccagcaat

cgatteggtyg

cctegaacag

cgtaggtgaa

ccttategge

tggttttett

tagctecgage

ctgcagaact

tacgagttag

gaacgtcaat

cagcaatgac

gacccacage

agtcgtactce

tcctggaggg

ctgtgttetyg

acttgtgetyg

attgttaccc

tgcaacccga

gaaatttgaa

agaaaaaaaa

gtacattgtt

acaagtacaa

ttgtrtetetet

acttgtagta

gtgcgetgeg

cggaaatcaa

getttetteg

ctcegtateg

gtgcagtatc

cgctecatac

ctaacagtta

aataggatct

agacatgaca

acccaccccg

aatgaagcca

ctcgecagty

cagctteteg

gacgtecctee

gattceggtt

acaccggtac

gaagaaaccg

gtcgtcaatyg

aagctcaatg

ggctgcecacy

ttcgtaggag

ttttatcgga

ttgaacttat

ggctctetgyg

gttgcagetyg

ctccaacgaa

caaaggcggc

tcttttttat

tttectaagt

agatgtcaag

aactacatct

ggaatgaacc

aagttcaact

aatcgtattt ccaggttaga

cttcgaacgt aaaagttgeg

gtacatcgta caactatgta

ttgttttttt tttttctaat

agccgggtta ttggegttca

agttactttt agcttatgca

cggatgctca atcgattteg

agcctcatat aagtataagt

agaaacacaa caacatgccc

atacatactc gatcagacag

ttgcacgcte tctatataca

atcttectggt aagcectccca

cggttetgge cgtacagace

tcctcaacag tteggtactyg

ggggtcagaa taagccagte

accacaaact cggggtcgga

gccagagage ccttgcaaga

ttgggagagg ggactaggaa

ttcttetgtt cagagacagt

ccgggtacac cgtgggegtt

tggtgcttga cagtgttgec

tgcttaagag caagttcctt

atgtcgatat gggttttgat

agcteccttgg tggtggtaac

agcttgagca ctcgagcegge

ggcattttgg tggtgaagag

accttatctyg gggcagtgaa

agatagactg gactatacgg

gegtegectt tgccgacaaa

atattgttgt cggccaaccy

gaatgtatcg tcaaagtgat

aatgacgagt cagacagata

ggataaccte catgtacgat

aatacccaac aacctctcca

atgttagtac tgtactggat

tgtcgattga aagagatacc

ccccagcace ggcacccttt

aaacttattt gacccacaaa

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060
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aactcgtcaa aagtggcggc gaaagctggce aaatgatgac atccccttgg aactatgata 6120
tceectegga atcttegtec ccatttgcecca catctacttg caacgccacg tetgcttact 6180
aagcaaccca aatctgccte ggctcaaaat gtggggaagt tcacatgcat tcgctggtga 6240
atctgatctg acactacaac tacacaccag gtccaacatg agcgacaata cgacaatcaa 6300
aaagccgate cgacccaaac cgatccggac ggaacgcectyg ccttacgetyg gggecgcaga 6360
aatcatccga gccaaccaga aagaccacta ctttgagtcecc gtgcttgaac agcatctegt 6420
cacgtttctg cagaaatgga agggagtacg atttatccac cagtacaagg aggagctgga 6480
gacggcgtec aagtttgcat atctcecggttt gtgtacgctt gtgggctcca agactctegg 6540
agaagagtac accaatctca tgtacactat cagagaccga acagctctac cgggggtggt 6600
gagacggttt ggctacgtgc tttccaacac tctgtttcca tacctgtttg tgcgctacat 6660
gggcaagttyg cgcgccaaac tgatgcgcga gtatccccat ctggtggagt acgacgaaga 6720
tgagcctgtg cccagceccegg aaacatggaa ggagcgggtce atcaagacgt ttgtgaacaa 6780
gtttgacaag ttcacggcgce tggaggggtt taccgcgatc cacttggcga ttttctacgt 6840
ctacggctcg tactaccagce tcagtaagcg gatctggggce atgcgttatg tatttggaca 6900
ccgactggac aagaatgagc ctcgaatcgg ttacgagatg ctcggtctge tgattttege 6960
ccggtttgee acgtcatttg tgcagacggg aagagagtac ctcggagcgce tgctggaaaa 7020
gagcgtggayg aaagaggcag gggagaagga agatgaaaag gaagcggttg tgccgaaaaa 7080
gaagtcgtca attccgttca ttgaggatac agaaggggag acggaagaca agatcgatct 7140
ggaggaccct cgacagctca agttcattcecce tgaggcgtec agagcgtgca ctetgtgtcet 7200
gtcatacatt agtgcgccgg catgtacgcc atgtggacac tttttcetgtt gggactgtat 7260
ttccgaatgg gtgagagaga agcccgagtg tceccecttgtgt cggcagggtg tgagagagca 7320
gaacttgttg cctatcagat aatgacgagg tctggatgga aggactagtc agcgagacac 7380
agagcatcag ggaccagaca cgaccaattc aatcgacaac actgtgctge atagcagtge 7440
acagaggtcc tgggcatgaa tatattttag cattggagat atgagtggta gagcgtatac 7500
agtattaatt gtggaggtat ctcgtcgcat tgatagagca atacagttac tgctgaagce 7559
<210> SEQ ID NO 53

<211> LENGTH: 8051

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pPEX10-2

<400> SEQUENCE: 53

gtacgagceg gaagcataaa gtgtaaagcece tggggtgect aatgagtgag ctaactcaca 60
ttaattgegt tgcgetcact geccgettte cagtegggaa acctgtegtyg ccagetgeat 120
taatgaatcg gccaacgege ggggagagge ggtttgegta ttgggegete ttecegettece 180
tcgetcactyg actegetgeg cteggtegtt cggetgegge gageggtate agetcactca 240
aaggcggtaa tacggttatce cacagaatca ggggataacg caggaaagaa catgtgagca 300
aaaggccagce aaaaggccag gaaccgtaaa aaggecgegt tgetggegtt tttcecatagg 360
ctcegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaaccceg 420

acaggactat aaagatacca ggcgtttece cctggaaget cectegtgeg ctetectgtt 480
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ccgacectge

tctecataget

tgtgtgcacy

gagtccaace

agcagagcga

tacactagaa

agagttggta

tgcaagcage

acggggtctg

tcaaaaagga

agtatatatg

tcagcgatct

acgatacggg

tcaccggete

ggtcctgeaa

agtagttege

tcacgetegt

acatgatccc

agaagtaagt

actgtcatge

tgagaatagt

gegecacata

ctctcaagga

tgatcttcag

aatgccgcaa

tttcaatatt

tgtatttaga

gacgcgeect

gctacacttyg

acgttegecg

agtgctttac

ccatecgeect

ggactettgt

taagggattt

aacgcgaatt

actgttggga

gatgtgctge

aaacgacggc

cgcttacegy

cacgctgtag

aaccceeegt

cggtaagaca

ggtatgtagg

ggacagtatt

getettgate

agattacgceg

acgcteagtyg

tcttcaccta

agtaaacttg

gtctattteg

agggcttace

cagatttatc

ctttatcege

cagttaatag

cgtttggtat

ccatgttgtyg

tggcecgeagt

catccgtaag

gtatgcggcg

gcagaacttt

tcttaccget

catcttttac

aaaagggaat

attgaagcat

aaaataaaca

gtagcggcgc

ccagegecect

gettteceey

ggcacctcga

gatagacggt

tccaaactgyg

tgccgattte

ttaacaaaat

agggcgatcg

aaggcgatta

cagtgaattg

atacctgtece

gtatctcagt

tcagccecgac

cgacttateg

cggtgcetaca

tggtatctge

cggcaaacaa

cagaaaaaaa

gaacgaaaac

gatcctttta

gtctgacagt

ttcatccata

atctggecce

agcaataaac

ctccatccag

tttgcgcaac

ggcttcatte

caaaaaagcg

gttatcactce

atgettttet

accgagttge

aaaagtgctce

gttgagatce

tttcaccage

aagggcgaca

ttatcagggt

aataggggtt

attaagcgeg

agcgeeeget

tcaagctcta

cCcccaaaaaa

ttttegecct

aacaacactc

ggcctattgg

attaacgett

gthgggCCt

agttgggtaa

taatacgact

gectttetee

tcggtgtagy

cgectgegect

ccactggcag

gagttcttga

getetgetga

accaccgetyg

ggatctcaag

tcacgttaag

aattaaaaat

taccaatgcet

gttgcctgac

agtgctgcaa

cagccagecg

tctattaatt

gttgttgcca

agctceggtt

gttagctect

atggttatgg

gtgactggtg

tcttgecegy

atcattggaa

agttcgatgt

gtttetgggt

cggaaatgtt

tattgtctca

ccgegeacat

gegggtgtgg

cctttegett

aatcgggggc

cttgattagg

ttgacgttygg

aaccctatct

ttaaaaaatg

acaatttcca

cttegetatt

cgccagggtt

cactataggg

cttegggaag cgtggegett
tcgttegete caagetggge
tatccggtaa ctatcgtett
cagccactgg taacaggatt
agtggtggcce taactacgge
agccagttac cttcggaaaa
gtagcggtgyg tttttttgtt
aagatccttt gatcttttet
ggattttggt catgagatta
gaagttttaa atcaatctaa
taatcagtga ggcacctatc
tcceegtegt gtagataact
tgataccgceg agacccacge
gaagggcega gcgcagaagt
gttgceggga agctagagta
ttgctacagg catcgtggtyg
cccaacgate aaggcgagtt
tcggtectee gategttgte
cagcactgca taattctett
agtactcaac caagtcattc
cgtcaatacyg ggataatacc
aacgttctte ggggcgaaaa
aacccactcg tgcacccaac
gagcaaaaac aggaaggcaa
gaatactcat actcttecett
tgagcggata catatttgaa
ttcecccgaaa agtgccacct
tggttacgceyg cagcgtgace
tctteectte ctttetegee
tcecetttagyg gttecgattt
gtgatggtte acgtagtggg
agtccacgtt ctttaatagt
cggtctatte ttttgattta
agctgattta acaaaaattt
ttcgccatte aggctgegea
acgccagetyg gcgaaagggyg
ttceccagtca cgacgttgta

cgaattgggt accgggccce

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760
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ccetegaggt cgatggtgte gataagettg atatcgaatt catgtcacac aaaccgatct 2820
tcgecctcaag gaaacctaat tcectacatccg agagactgcce gagatccagt ctacactgat 2880
taattttcgg gccaataatt taaaaaaatc gtgttatata atattatatg tattatatat 2940
atacatcatg atgatactga cagtcatgtc ccattgctaa atagacagac tccatctgcece 3000
gccteccaact gatgttctca atatttaagg ggtcatcteg cattgtttaa taataaacag 3060
actccatcta ccgcctccaa atgatgttct caaaatatat tgtatgaact tatttttatt 3120
acttagtatt attagacaac ttacttgctt tatgaaaaac acttcctatt taggaaacaa 3180
tttataatgg cagttcgttc atttaacaat ttatgtagaa taaatgttat aaatgcgtat 3240
gggaaatctt aaatatggat agcataaatg atatctgcat tgcctaattc gaaatcaaca 3300
gcaacgaaaa aaatcccttg tacaacataa atagtcatcg agaaatatca actatcaaag 3360
aacagctatt cacacgttac tattgagatt attattggac gagaatcaca cactcaactg 3420
tctttetete ttctagaaat acaggtacaa gtatgtacta ttctcattgt tcatacttcet 3480
agtcatttca tcccacatat tceccttggatt tctcectccaat gaatgacatt ctatcttgcea 3540
aattcaacaa ttataataag atataccaaa gtagcggtat agtggcaatc aaaaagcttc 3600
tctggtgtge ttctegtatt tatttttatt ctaatgatcc attaaaggta tatatttatt 3660
tcttgttata taatcctttt gtttattaca tgggctggat acataaaggt attttgattt 3720
aattttttgc ttaaattcaa tccccecteg ttcagtgtca actgtaatgg taggaaatta 3780
ccatactttt gaagaagcaa aaaaaatgaa agaaaaaaaa aatcgtattt ccaggttaga 3840
cgttcecgecag aatctagaat geggtatgcg gtacattgtt cttcgaacgt aaaagttgceg 3900
ctccctgaga tattgtacat ttttgctttt acaagtacaa gtacatcgta caactatgta 3960
ctactgttga tgcatccaca acagtttgtt ttgttttttt ttgttttttt tttttctaat 4020
gattcattac cgctatgtat acctacttgt acttgtagta agccgggtta ttggcgttca 4080
attaatcata gacttatgaa tctgcacggt gtgcgctgeg agttactttt agcttatgca 4140
tgctacttgg gtgtaatatt gggatctgtt cggaaatcaa cggatgctca atcgatttcg 4200
acagtaatta attaagtcat acacaagtca gctttcttecg agcctcatat aagtataagt 4260
agttcaacgt attagcactg tacccagcat ctccgtatcg agaaacacaa caacatgccce 4320
cattggacag atcatgcgga tacacaggtt gtgcagtatc atacatactc gatcagacag 4380
gtcgtctgac catcatacaa gctgaacaag cgctccatac ttgcacgectce tctatataca 4440
cagttaaatt acatatccat agtctaacct ctaacagtta atcttctggt aagcctccca 4500
gccagectte tggtatcgcet tggectecte aataggatcet cggttcetgge cgtacagacce 4560
tcggccgaca attatgatat ccgttceecggt agacatgaca tcectcaacag ttcecggtactg 4620
ctgtccgaga gegtcectceect tgtcecgtcaag acccaccecg ggggtcagaa taagccagtce 4680
ctcagagtcg cccttaggte ggttcectggge aatgaagcca accacaaact cggggtcgga 4740
tcgggcaagce tcaatggtcet gettggagta ctegccagtg geccagagagce ccttgcaaga 4800
cagctcggece agcatgagca gacctcectgge cagettceteg ttgggagagg ggactaggaa 4860
cteccttgtac tgggagttcet cgtagtcaga gacgtcctece ttcecttetgtt cagagacagt 4920
tteccteggca ccagcectcecgeca ggccagcaat gattccggtt cecgggtacac cgtgggegtt 4980

ggtgatatcg gaccactcgg cgattcggtg acaccggtac tggtgcttga cagtgttgece 5040
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aatatctgeg

dagggggagce

catgcacaca

atccagagaa

aaaggcggac

gagactgaaa

gtatatgtta

ctatcggtee

aatgtgatca

cgccgaaaac

ccaagcacac

ctegtegacy

agaaggggag

ttgaagaggt

ttgttttaca

gtttgacatg

cggaaagaat

cttcaaacag

tcaagggcca

tggatttect

tccatgtacyg

acaacctctce

actgtactgg

gaaagagata

ceggeacect

ttgacccaca

ggaactatga

cgtetgetta

attcgetggt

tacgacaatc

tggggccgca

acagcatcte

ggaggagetg

caagactcte

accgggggtyg

tgtgcgetac

gtacgacgaa

gtttgtgaac

aactttetgt

acagtgcegyg

taaggtccga

gcacacaggt

ttgtggacgt

taaatttagt

tggtaatagt

aaattagaaa

tgatgaaagc

gcagctgtcea

tcatagttgg

tcttagegte

aattgagaag

atttgaaggt

gagaatatcg

ggagcagtga

tactggactc

cagatcggtt

tatatcgcaa

catctaacgg

atgtatccaa

caacaaacac

atggagagaa

cccctaagac

ttctattaac

aaaactcgte

tatccecteg

ctaagcaacc

gaatctgatce

aaaaagccga

gaaatcatce

gtcacgttte

gagacggegt

ggagaagagt

gtgagacggt

atgggcaagt

gatgagcctyg

aagtttgaca

cctegaacag

cgtaggtgaa

ccttategge

tggttttett

tagctecgage

ctgcagaact

tacgagttag

gaacgtcaat

cagcaatgac

gacccacage

agtcgtactce

atgtattcte

ggtatttgaa

cacgtggaag

gggtgatttt

aaagtcggge

atgtttagta

ggtcgtggag

gtttggggga

cattgtaact

gatctccacy

ttgggaagat

tattaataaa

agataggata

aaaatgccaa

aaaagtggceg

gaatcttegt

caaatctgec

tgacactaca

tccgacccaa

gagccaacca

tgcagaaatg

ccaagtttge

acaccaatct

ttggctacgt

tgcgcgecaa

tgcccagece

agttcacgge

gaagaaaccg

gtcgtcaatyg

aagctcaatg

ggctgcecacy

ttcgtaggag

ttttatcgga

ttgaacttat

ggctctetgyg

gttgcagetyg

ctccaacgaa

caaaggcggc

aagcttagte

gggactttga

aggtatttga

gacagtggga

taaaaaaggg

gatctgagca

gtaccatcaa

agataatatg

agtcctggag

tactgtgtte

gecacttgtge

taattgttac

tctgcaacce

ctgaaatttg

gcgaaagcetyg

ccccatttge

tcggctcaaa

actacacacc

accgatcegyg

gaaagaccac

gaagggagta

atatctcggt

catgtacact

getttecaac

actgatgege

ggaaacatgg

getggagggy

tgcttaagag caagttcctt

atgtcgatat gggttttgat

agcteccttgg tggtggtaac

agcttgagca ctcgagcegge

ggcattttgg tggtgaagag

accttatctyg gggcagtgaa

agatagactg gactatacgg

gegtegectt tgccgacaaa

atattgttgt cggccaaccy

gaatgtatcg tcaaagtgat

aatgacgagt cagacagata

agagagaagg actatggagg

aggtcgegtyg gaagaggtac

agatcacgtyg gaagaagtac

ttgtctcecca agtcctaatce

aatatcggaa atcggaaaga

cttcaaattt gaaaatatct

gggtaaaatc aaggctatca

ttcatagtga atcagggttyg

ggtetttttt atggataacc

tgtttcctaa gtaataccca

tgagatgtca agatgttagt

ccaactacat cttgtcgatt

gaggaatgaa ccccccagca

aaaagttcaa ctaaacttat

gcaaatgatg acatccectt

cacatctact tgcaacgcca

atgtggggaa gttcacatge

aggtccaaca tgagcgacaa

acggaacgcce tgecttacge

tactttgagt ccgtgcettga

cgatttatce accagtacaa

ttgtgtacge ttgtgggete

atcagagacc gaacagctct

actctgttte catacctgtt

gagtatcecce atctggtgga

aaggagcggg tcatcaagac

tttaccgega tccacttgge

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320
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gattttctac gtctacggct cgtactacca gctcagtaag cggatctggg gcatgcgtta 7380
tgtatttgga caccgactgg acaagaatga gcctcgaatc ggttacgaga tgctcggtcet 7440
gctgatttte geceggtttg ccacgtcatt tgtgcagacyg ggaagagagt acctcggagce 7500
gectgetggaa aagagcegtgg agaaagaggce aggggagaag gaagatgaaa aggaagcggt 7560
tgtgccgaaa aagaagtcgt caattcegtt cattgaggat acagaagggg agacggaaga 7620
caagatcgat ctggaggacc ctcgacagct caagttcatt cctgaggcgt ccagagcgtg 7680
cactctgtgt ctgtcataca ttagtgcgcce ggcatgtacg ccatgtggac actttttcetg 7740
ttgggactgt atttccgaat gggtgagaga gaagcccgag tgtcccttgt gteggcaggg 7800
tgtgagagag cagaacttgt tgcctatcag ataatgacga ggtctggatg gaaggactag 7860
tcagcgagac acagagcatc agggaccaga cacgaccaat tcaatcgaca acactgtgcet 7920
gcatagcagt gcacagaggt cctgggcatg aatatatttt agcattggag atatgagtgg 7980
tagagcgtat acagtattaa ttgtggaggt atctcgtege attgatagag caatacagtt 8040
actgctgaag ¢ 8051
<210> SEQ ID NO 54

<211> LENGTH: 15877

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pZKL1-2SP98C

<400> SEQUENCE: 54

aaatgatgtc gacgcagtag gatgtcctge acgggtcettt ttgtggggtyg tggagaaagg 60

ggtgcttgga tcgatggaag ccggtagaac cgggctgett gtgettggag atggaagecg 120

gtagaaccgg gctgettggg gggatttggyg gecegetggge tccaaagagyg ggtaggeatt 180

tcgttggggt tacgtaattg cggeatttgg gtectgegeg catgteccat tggtcagaat 240
tagtccggat aggagactta tcagccaate acagegecgg atccacctgt aggttgggtt 300
gggtgggage acccctecac agagtagagt caaacagcag cagcaacatyg atagttgggg 360
gtgtgegtgt taaaggaaaa aaaagaagct tgggttatat tccegetcta tttagaggtt 420
gegggataga cgccgacgga gggcaatgge gctatggaac cttgeggata tccatacgec 480
geggeggact gegtcecgaac cagcetccage agegtttttt cegggecatt gagecgactg 540
cgaccccgee aacgtgtett ggeccacgea ctecatgtcat gttggtgttyg ggaggecact 600
ttttaagtag cacaaggcac ctagctcgca gcaaggtgte cgaaccaaag aageggcetge 660

agtggtgcaa acggggcgga aacggceggga aaaagccacg ggggcacgaa ttgaggcacg 720

ccctegaatt tgagacgagt cacggeccca ttegeccgeg caatggceteg ccaacgeccyg 780
gtettttgeca ccacatcagg ttaccccaag ccaaaccttt gtgttaaaaa gcttaacata 840
ttataccgaa cgtaggtttg ggcgggettyg cteegtcetgt ccaaggcaac atttatataa 900
gggtctgcat cgccggctca attgaatctt ttttettctt ctettcectcecta tattcattcet 960

tgaattaaac acacatcaac catgggcgta ttcattaaac aggagcagct tceccggctcte 1020
aagaagtaca agtactccgc cgaggatcac tcgttcatct ccaacaacat tcectgcegccce 1080
ttectggegac agtttgtcaa aatctteccct ctgtggatgg cccccaacat ggtgactcetg 1140

ctgggcttet tetttgtcat tgtgaacttce atcaccatge tcattgttga tceccacccac 1200
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gaccgcgagce ctceccagatg ggtctaccte acctacgcte tgggtcetgtt cctttaccag 1260
acatttgatg cctgtgacgg atcccatgcce cgacgaactg gccagagtgg accccttgga 1320
gagctgtttyg accactgtgt cgacgccatg aatacctcte tgattctcac ggtggtggtyg 1380
tccaccacce atatgggata taacatgaag ctactgattg tgcagattgce cgctctecgga 1440
aacttctacc tgtcgacctg ggagacctac cataccggaa ctctgtacct ttectggette 1500
tctggtectg ttgaaggtat cttgattctg gtggctettt tegtectcac cttettecact 1560
ggtcccaacyg tgtacgctct gaccgtctac gaggctctte ccgagtccat cacttcegetg 1620
ctgcctgeca gettectgga cgtcaccatce acccagatct acattggatt cggagtgetg 1680
ggcatggtgt tcaacatcta cggcgcctgce ggaaacgtga tcaagtacta caacaacaag 1740
ggcaagagcg ctctcceccge cattcectegga atcgeccccecet ttggcatcectt ctacgtegge 1800
gtctttgect gggcccatgt tgctectetg cttctecteca agtacgccat cgtcectatcetg 1860
tttgccattg gggctgcctt tgccatgcaa gtcggccaga tgattcttge ccatctegtg 1920
cttgctecct ttccccactg gaacgtgcectg ctettettece cetttgtggg actggcagtg 1980
cactacattg cacccgtgtt tggctgggac gccgatatcg tgtcggttaa cactctcette 2040
acctgttttg gecgccacccet ctecatttac gecttetttg tgcttgagat catcgacgag 2100
atcaccaact acctcgatat ctggtgtctg cgaatcaagt accctcagga gaagaagacc 2160
gaataagcgg ccgcatggag cgtgtgttcect gagtcgatgt tttctatgga gttgtgagtg 2220
ttagtagaca tgatgggttt atatatgatg aatgaataga tgtgattttg atttgcacga 2280
tggaattgag aactttgtaa acgtacatgg gaatgtatga atgtgggggt tttgtgactg 2340
gataactgac ggtcagtgga cgccgttgtt caaatatcca agagatgcga gaaactttgg 2400
gtcaagtgaa catgtcctct ctgttcaagt aaaccatcaa ctatgggtag tatatttagt 2460
aaggacaaga gttgagattc tttggagtcc tagaaacgta ttttcgcgtt ccaagatcaa 2520
attagtagag taatacgggc acgggaatcc attcatagtc tcaatcctgce aggtgagtta 2580
attaatcgag cttggcgtaa tcatggtcat agctgtttcecce tgtgtgaaat tgttatccgce 2640
tcacaattcc acacaacgta cgatagttag tagacaacaa tcagaacatc tccctectta 2700
tataatcaca caggccagaa cgcgctaaac taaagcgctt tggacactat gttacattgg 2760
cattgattga actgaaacca cagtctccct cgcctgaatc gagcaatgga tgttgtcgga 2820
agtcaacttc actagaagag cggttctatg ccttgtcaag atcatatcat aaactcactc 2880
tgtattaccc catctataga acacttgtta tgaatgggcg gaaacattcc gctatatgca 2940
cctttecaca ctaatgcaaa gatgtgcatc ttcaacgggt agtaagactg gttccgactt 3000
ccgttgcatg gagagcaatg acctcgataa tgcgaacatc ccccacatat acactcttac 3060
acaggccaat ataatctgtg catttactaa atatttaagt ctatgcacct gcecttgatgaa 3120
aagcggcacg gatggtatca tctagtttce gccaatccaa gaaccaactg tgttggcagt 3180
ggtgtagcee atggcacaca gaccaaagat gaaaatacag acatcggegg ttcgagceegt 3240
ggtgcctega gcaacaccct tgtaatgcaa aagaggaggg taaatgtaca ccagaggcac 3300
acatgcaaac gatccggtga gagcgacgaa ccgatcgaga tegteggcac ctccccatge 3360
aacaaaggcg gtgacaaaca caaggaagaa ccggaaaatg ttcttcectgcce acttgatggt 3420

agagttgtac ttgcctgatc gggtgaagag accattctcg atgattcgga tggcgcgceca 3480
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gctgcattaa tgaatcggce aacgcgceggg gagaggcggt ttgecgtattg ggegcetcette 3540
cgcttecteg ctcactgact cgctgcegcecte ggtegttegg ctgcggcgag cggtatcagce 3600
tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat 3660
gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgcegttge tggegttttt 3720
ccataggcte cgccccectg acgagcatca caaaaatcga cgctcaagtce agaggtggeg 3780
aaacccgaca ggactataaa gataccaggc gtttcccect ggaagctcece tegtgegetce 3840
tcetgttecg accctgcege ttaccggata cctgtceccegece tttceteccecctt cgggaagegt 3900
ggcgcetttet catagctcac gctgtaggta tctcagtteg gtgtaggtcg ttegctcecaa 3960
gctgggctgt gtgcacgaac ccecccgttca geccgaccge tgcgecttat ccggtaacta 4020
tcgtcttgag tccaaccecgg taagacacga cttatcgceca ctggcagcag ccactggtaa 4080
caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa 4140
ctacggctac actagaagaa cagtatttgg tatctgcgect ctgctgaagce cagttacctt 4200
cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta geggtggttt 4260
ttttgtttgce aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 4320
cttttctacg gggtctgacyg ctcagtggaa cgaaaactca cgttaaggga ttttggtcat 4380
gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc 4440
aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc 4500
acctatctca gcgatctgte tatttegtte atccatagtt gectgactcece cegtegtgta 4560
gataactacg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga 4620
cccacgetea cceggetecag atttatcage aataaaccag ccagccggaa gggcecgagceg 4680
cagaagtggt cctgcaactt tatccgectce catccagtet attaattgtt gecgggaagce 4740
tagagtaagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat 4800
cgtggtgtca cgctegtegt ttggtatgge ttcattcage tccggttcece aacgatcaag 4860
gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agectcecttcecg gtectcecgat 4920
cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag cactgcataa 4980
ttctecttact gtcatgccat ccgtaagatg cttttcectgtg actggtgagt actcaaccaa 5040
gtcattctga gaatagtgta tgcggcgacc gagttgctet tgcccggegt caatacggga 5100
taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac gttctteggg 5160
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtge 5220
acccaactga tcttcagcat cttttacttt caccagegtt tctgggtgag caaaaacagg 5280
aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact 5340
cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat 5400
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt 5460
gecacctgat geggtgtgaa ataccgcaca gatgcgtaag gagaaaatac cgcatcagga 5520
aattgtaagc gttaatattt tgttaaaatt cgcgttaaat ttttgttaaa tcagctcatt 5580
ttttaaccaa taggccgaaa tcggcaaaat cccttataaa tcaaaagaat agaccgagat 5640
agggttgagt gttgttccag tttggaacaa gagtccacta ttaaagaacg tggactccaa 5700

cgtcaaaggg cgaaaaaccg tctatcaggg cgatggecca ctacgtgaac catcacccta 5760
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atcaagtttt ttggggtcga ggtgccgtaa agcactaaat cggaacccta aagggagccce 5820
ccgatttaga gcttgacggg gaaagcecgge gaacgtggeg agaaaggaag ggaagaaagce 5880
gaaaggagcyg ggcgctaggg cgctggcaag tgtageggte acgctgegeg taaccaccac 5940
acccgeegeg cttaatgege cgctacaggg cgcegtccatt cgccattcag getgcegcaac 6000
tgttgggaag ggcgatcggt gegggcectct tcegcectattac gecagetgge gaaaggggga 6060
tgtgctgcaa ggcgattaag ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa 6120
acgacggcca gtgaattgta atacgactca ctatagggcg aattgggccce gacgtcgcat 6180
gcttagaagt gaggattaca agaagcctct ggatatcaat gatgaacgta ctcagcggcet 6240
ggtcaagcat ttcgaccgtce gaatcgacga ggtgttcacc tttgacaagc gagggttcecce 6300
aattgatcac gttctcgagt tgttcaaatc ttctctcaac atctctctge atgaactatce 6360
tctgttgacg aacgtgtcac ccactgttce tcgaacgcecce ttcteccgagt ttggtcectgaa 6420
catcttcgat ctcaaactga cccccgcagt gatcaatagt geccatgccac tgccgatgeg 6480
gtgcgaacat ccctggaggg attctcggag ctctacacaa tgcagattct gtcegtcgagt 6540
actctctacce ttgctcgaat gacttattgt gctactactg cactcatgct tcgatcatgt 6600
gccctactge accccaaatt tggtgatctg attgagacag agtaccctct tcagctgatt 6660
cagaagatca tcagcaacat gaatgatgtg gttgaccagg caggctgttg tagtcacgtc 6720
cttcacttca agttcattct tcatctgctt ctgttttact ttgacaggca aatgaagaca 6780
tggtacgact tgatggaggc caagaacgcc atttcacccc gagacaccga agtgcectgaa 6840
atcctggetg ceccccattga taacatcgga aactacggta ttccggaaag tgtatataga 6900
acctttecece agettgtgte tgtggatatg gatggtgtaa tccccttaat taactcacct 6960
gcaggattga gactatgaat ggattcccgt gcccgtatta ctctactaat ttgatcttgg 7020
aacgcgaaaa tacgtttcta ggactccaaa gaatctcaac tcttgtcctt actaaatata 7080
ctacccatag ttgatggttt acttgaacag agaggacatg ttcacttgac ccaaagtttc 7140
tcgcatcetet tggatatttg aacaacggcg tccactgacce gtcagttatce cagtcacaaa 7200
acccccacat tcatacattce ccatgtacgt ttacaaagtt ctcaattcca tcgtgcaaat 7260
caaaatcaca tctattcatt catcatatat aaacccatca tgtctactaa cactcacaac 7320
tccatagaaa acatcgactc agaacacacg ctccatgegg cecgcttagge aacgggcttg 7380
atgacagcgg gaggagtgcc cacattgttt cggtttcgaa agaacaggac acccttgceca 7440
gctecectegyg caccagcgga gggttcaacce cactggcaca ttcgtgcaga tcggtacatg 7500
gctcgaatga atcctcgagg accgtcectgg acatcagcte gatagtgett gcccatgata 7560
ggtttgatgg cctecggtage ttegtceccegca ttgtagaagg gaatggaaga gacgtagtga 7620
tgcaggacgt gagtctcgat aatgccgtgg agcagatgac gtccaatgaa gcccatctcet 7680
cggtcgatgg ttgcagcggce acctcgcaca aagttccact cgtcegttggt gtagtgggga 7740
agagtaggat ctgtgtgctg cagaaaggta atggcgacga gccagtggtt aacccacaag 7800
tagggaacga agtaccagat ggccatgttg tagaatccga acttctgaac gagaaagtac 7860
agagcggtgg ccataagacc aatgccaatg tcggagagca cgatgagctt ggcgtcegetg 7920
ttctegtaca gaggagatcg gggatcgaaa tggttaactc caccgccaag accgttgtgce 7980

tttcecttge ctcecgaccecte tegectgecge tcatggtagt tgtgtccagt aacgttggta 8040
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atgagatagt tgggccaacc gaccagttge tgaagcacaa gcatgagcag ggtgaaagca 8100
ggagtttect cggtaagatg ggcgagttcg tgggtcatct tgccgagtcg agtagcttge 8160
tgctcteggg ttcgaggaac gaagaccatg tctegcteca tgtttceccagt ggccttgtga 8220
tgctteeggt gggagatttyg ccagctgaag tagggaacaa gcagggaaga gtgaagcacce 8280
cagccagtaa tgtcgttgat gattcgggaa tcggagaaag caccatgtcce acactcegtgg 8340
gcaatgacce acagtccagt accgaagagt ccctgaagaa cggtgtacac agcccacaga 8400
ccggctegag caggagtgga gggaatgtac tcgggtgtca caaagttgta ccagatgcetg 8460
aaagtggtag tcaggaggac aatgtctcga agaatgtagc cgtatccctt gagagcagat 8520
cgcttgaage agtgcttggg aatagcegttg tagatgtect tgatggtgaa gtcgggaact 8580
tcgaactggt tgccgtaggt atccagcatg acaccgtact cggacttggg cttggcaatg 8640
tccacctegg acatggaaga cagcgatgta gaggaggcceyg agtgtctggyg agaatcggag 8700
ggagagacgyg cagcagactc cgagtcggtc acagtggtgg aagtgacggt tegteggagg 8760
gcagggttet gettgggcag agccgaggtg gaggccatgg ccattgetgt agatatgtcet 8820
tgtgtgtaag ggggttgggg tggttgtttg tgttcttgac ttttgtgtta gcaagggaag 8880
acgggcaaaa aagtgagtgt ggttgggagg gagagacgag ccttatatat aatgcttgtt 8940
tgtgtttgtyg caagtggacg ccgaaacggg caggagccaa actaaacaag gcagacaatg 9000
cgagcttaat tggattgcct gatgggcagg ggttagggct cgatcaatgg gggtgcgaag 9060
tgacaaaatt gggaattagg ttcgcaagca aggctgacaa gactttggcc caaacatttg 9120
tacgcggtgg acaacaggag ccacccatcg tctgtcacgg gctagecggt cgtgegtect 9180
gtcaggctece acctaggcte catgccactc catacaatcc cactagtgta ccgctaggece 9240
gcttttaget cccatctaag acccccccaa aacctceccact gtacagtgca ctgtactgtg 9300
tggcgatcaa gggcaaggga aaaaaggcgce aaacatgcac gcatggaatyg acgtaggtaa 9360
ggcgttacta gactgaaaag tggcacattt cggcgtgcca aagggtccta ggtgegttte 9420
gegagetggyg cgccaggcca agcecgetcca aaacgectcet cegactceect ccageggect 9480
ccatatcccce atccectctec acagcaatgt tgttaagect tgcaaacgaa aaaatagaaa 9540
ggctaataag cttccaatat tgtggtgtac gctgcataac gcaacaatga gcgccaaaca 9600
acacacacac acagcacaca gcagcattaa ccacgatgaa cagcatgaat tcctttacct 9660
gcaggataac ttcgtataat gtatgctata cgaagttatg atctctctct tgagetttte 9720
cataacaagt tcttctgecct ccaggaagtc catgggtggt ttgatcatgg ttttggtgta 9780
gtggtagtgc agtggtggta ttgtgactgg ggatgtagtt gagaataagt catacacaag 9840
tcagctttcet tcgagcctca tataagtata agtagttcaa cgtattagca ctgtacccag 9900
catctcegta tcgagaaaca caacaacatg ccccattgga cagatcatgce ggatacacag 9960
gttgtgcagt atcatacata ctcgatcaga caggtcgtcet gaccatcata caagctgaac 10020
aagcgctcca tacttgcacg ctctctatat acacagttaa attacatatc catagtctaa 10080
cctctaacag ttaatcttet ggtaagecctce ccagccagece ttcetggtatce gettggecte 10140
ctcaatagga tctcggttcect ggccgtacag acctcggecg acaattatga tatccegttcece 10200
ggtagacatg acatcctcaa cagttcggta ctgctgtceg agagcecgtcectce ccttgtegte 10260

aagacccacc ccgggggtca gaataagcca gtcecctcagag tcgceccttag gteggttetg 10320
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ggcaatgaag ccaaccacaa actcggggtc ggatcgggca agctcaatgg tctgecttgga 10380
gtactcgeca gtggccagag agccecttgca agacagcteg gccagcatga gcagacctcect 10440
ggccagctte tegttgggag aggggactag gaactccttg tactgggagt tctegtagte 10500
agagacgtcce tccttcecttet gttcagagac agtttccteg gcaccagctce gcaggccage 10560
aatgattccg gttcecgggta caccgtgggce gttggtgata tcggaccact cggcgattceg 10620
gtgacaccgg tactggtgct tgacagtgtt gccaatatct gcgaactttc tgtcectcgaa 10680
caggaagaaa ccgtgcttaa gagcaagttc cttgaggggg agcacagtgce cggcgtaggt 10740
gaagtcgtca atgatgtcga tatgggtttt gatcatgcac acataaggtc cgaccttatc 10800
ggcaagctca atgagctcct tggtggtggt aacatccaga gaagcacaca ggttggtttt 10860
cttggcetgee acgagcttga gcactcgage ggcaaaggcg gacttgtgga cgttagetceg 10920
agcttcegtag gagggcattt tggtggtgaa gaggagactg aaataaattt agtctgcaga 10980
actttttatc ggaaccttat ctggggcagt gaagtatatg ttatggtaat agttacgagt 11040
tagttgaact tatagataga ctggactata cggctatcgg tccaaattag aaagaacgtce 11100
aatggctctce tgggcgtege ctttgccgac aaaaatgtga tcatgatgaa agccagcaat 11160
gacgttgcag ctgatattgt tgtcggccaa ccgcgccgaa aacgcagctg tcagacccac 11220
agcctccaac gaagaatgta tcgtcaaagt gatccaagca cactcatagt tggagtcgta 11280
ctccaaaggce ggcaatgacg agtcagacag atactcgtcg acgcgataac ttcgtataat 11340
gtatgctata cgaagttatc gtacgatagt tagtagacaa caatcgatcg aggaagagga 11400
caagcggctg cttcttaagt ttgtgacatc agtatccaag gcaccattgce aaggattcaa 11460
ggctttgaac ccgtcatttg ccattcgtaa cgctggtaga caggttgatc ggttccctac 11520
ggcctceccace tgtgtcaatce ttctcaaget gectgactat caggacattg atcaacttcecg 11580
gaagaaactt ttgtatgcca ttcgatcaca tgctggtttc gatttgtctt agaggaacge 11640
atatacagta atcatagaga ataaacgata ttcatttatt aaagtagata gttgaggtag 11700
aagttgtaaa gagtgataaa tagcggccgc tcactgaatce tttttggcte ccttgtgett 11760
tcggacgatg taggtctgca cgtagaagtt gaggaacaga cacaggacag taccaacgta 11820
gaagtagttyg aaaaaccagc caaacattct cattccatct tgtcggtagce agggaatgtt 11880
ccggtactte cagacgatgt agaagccaac gttgaactga atgatctgca tagaagtaat 11940
cagggacttg ggcataggga acttgagctt gatcagtcgg gtccaatagt agccgtacat 12000
gatccagtga atgaagccgt tgagcagcac aaagatccaa acggcttcecgt ttcecggtagtt 12060
gtagaacagc cacatgtcca taggagctcc gagatggtga aagaactgca accaggtcag 12120
aggcttgcce atgaggggca gatagaagga gtcaatgtac tcgaggaact tgctgaggta 12180
gaacagctga gtggtgattc ggaagacatt gttgtcgaaa gccttctege agttgtcgga 12240
catgacacca atggtgtaca tggcgtaggc catagagagg aaggagccca gcgagtagat 12300
ggacatgagc aggttgtagt tggtgaacac aaacttcatt cgagactgac ccttgggtce 12360
gagaggacca agggtgaact tcaggatgac gaaggcgatg gagaggtaca gcacctcgca 12420
gtgcgaggca tcagaccaga gctgagcata gtcgaccttg ggaagaacct cctggccaat 12480
ggagacgatt tcgttcacga cctceccatggt tgtgaattag ggtggtgaga atggttggtt 12540

gtagggaaga atcaaaggcc ggtctcggga tccgtgggta tatatatata tatatatata 12600
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tacgatcctt

tttttttgat

attacaagaa

atctctgata

gaggatagat

gaaagtagat

ctgagategt

ttgtatgtet

atcatcgaac

tttgttacat

agataagccc

aaaatatatc

ggccaggccg

agggggggge

caataaatgg

taacggggcet

actgacacca

ggacaccaca

gaaaacgctyg

gcagggtggt

atcaggccag

ggatatagce

cteggtacce

caacatctta

gttgccagte

acaatgcectyg

cgagcegtga

aatccgaaag

aaggcttete

tgggtgaact

actgacgect

aagatcaacc

ttccgaaage

tactcgtaca

cagtaccacc

tggetgtete

ctgggtctgg

cacaacgccc

cgttacctee

ttttttaggy

aggaagaagc

tgaaagtgta

aaggcacgaa

gggagccaat

cttggccggg

gaggacaaat

cactaactct

acgtatcttg

ggaccatagt

ttaccgaata

cctagatgac

ctttttatat

gtagggttgc

caatggcaca

ttgcatcatc

gaggttccga

gaacagcgtyg

gtgacttgtt

attgagggtc

ccgacaatag

acaccttget

caagcggggay

tcttttttec

ttactgacgt

gtatccacga

tcgctageaa

gacaggctet

tccaccctygyg

tcatggttat

aggctteega

tccgagaaga

agatcttgac

tgtacttcat

atgacatctg

tctttggeaa

atcattctge

ctgttcetcaa

ccaactaage

tgattagagt

gacccaatca

aacgagccat

tgacgagcga

gggtacctac

atgtagtcag

ctatgataca

cctttttcte

gagtctttca

tacagatcta

aaattcaaca

ggccaagcca

accaacaaag

aataagaacg

taagggeccte

gcactttagg

tacagtttgt

atagccttta

tgtggacaca

geegtggect

tctectgeac

gettgtctag

tttctttecce

ccttaagega

caagatcagt

cacacactct

gecectegte

tggagctgaa

gcactctcag

getgectece

getgatcgee

caccctgggt

tggtgcetete

ccaccaccag

cggactccag

taccaacgtt

aactgtggtt

ttccagattt

tgggettttt

catcatgtca

agcagacatg

gggagctacg

agatgtccaa

ccgtataaag

tgccteceggt

tcagaaactc

cactctgttt

ctatagagga

actcacagcet

agctctecac

ggatgggatg

aatactgcca

aaaactacct

ttgcaccaaa

cttaacaaaa

gagctgcegaa

tgtcatgtta

catttttttyg

ttgccaacct

ggtatatata

cacagattcg

aagtcecggtyg

gtcgagacga

ctacacaaac

atcgacggaa

atcattgaga

gaagcctteyg

caggctgeeg

actggcatgt

cttggegtge

gtgcteggta

accttcaaga

ggcttetecy

cagggtcacyg

tttegttttt cgttttttge

cgctaatcac ctttgtacta

atgcaactgt gctactcctt

tttagagttyg gtaatactgg

ctgggtgtag ccaagcagaa

ccaatccgac atacgacacyg

gggtaagtge ttgactgtaa

tcataccagg caccagtgcc

attattgtac catgcgtege

cagactttgg ctattggtcg

aaacaccact aaaaccccac

acaattgcce cggagaagac

gactttctge cattgccact

gteggttggg ctgcacccaa

gggggtagaa gatacgagga

ttaagactcg tgatccageg

cggaactget gegetgatet

tgtcccacca ggtgcaggca

agtgagggcg ctgaggtcga

agcgcegtatyg gatttggete

gtgtacttca atcgcccect

cctteegecac atttccattg

taatactggt ttacattgac

aacagtggct ctcccaatcg

aaatctaaac tacacatcac

tcatcgtegyg cgacgatgte

cgegttttgt gtaatgacac

taacccaget ctccatggtyg

aggtgtacga cgtcteceget

actaccaggg acgagatgcet

acaagctcaa gcgaatgece

tcaacgaagc tcaggaggat

ttgacgccte teeectetygy

ttgccttett catgetggte

tgcactacca gcaaatggga

accgaaactyg gaataacgtce

tgacctggty gaaggacaga

atcccgacat tgataacctg

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640

14700

14760

14820

14880
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cctetgeteg cectggtcececga ggacgatgtce actcgagett cteccatcte ccgaaagcte 14940
attcagttcc aacagtacta tttcctggte atctgtatte tcecctgecgatt catctggtgt 15000
ttccagtetg tgctgacegt tegatcccte aaggaccgag acaaccagtt ctaccgatcect 15060
cagtacaaga aagaggccat tggactcgct ctgcactgga ctctcaagac cctgttccac 15120
ctecttettta tgccectcecat cctgaccteg atgetggtgt tetttgttte cgagetegte 15180
ggtggctteg gaattgccat cgtggtcttce atgaaccact accctctgga gaagatcggt 15240
gattccgtet gggacggaca tggcttctet gtgggtcaga tccatgagac catgaacatt 15300
cgacgaggca tcattactga ctggttcecttt ggaggcctga actaccagat cgagcaccat 15360
ctectggecca cectgecteg acacaaccte actgceccgttt cctaccaggt ggaacagctg 15420
tgccagaagce acaacctccecc ctaccgaaac cctcectgeccce atgaaggtcect cgtcatcctg 15480
ctccgatacce tgtcccagtt cgctcgaatg gccgagaage agceccggtge caaggctcag 15540
taagcggccg catgagaaga taaatatata aatacattga gatattaaat gcgctagatt 15600
agagagcctce atactgctceg gagagaagcc aagacgagta ctcaaagggg attacaccat 15660
ccatatccac agacacaagc tggggaaagg ttctatatac actttccgga ataccgtagt 15720
ttccgatgtt atcaatgggg gcagccagga tttcaggcac ttcecggtgtct cggggtgaaa 15780
tggcgttett ggcctccatce aagtcecgtacce atgtcttcat ttgcctgtca aagtaaaaca 15840
gaagcagatg aagaatgaac ttgaagtgaa ggaattt 15877
<210> SEQ ID NO 55

<211> LENGTH: 15812

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pZKL2-5U89GC

<400> SEQUENCE: 55

gtacgttatc atttgaacag tgaaaggcta cagtaacaga agcagttgta aacttcattce 60
cgttgattct gtactacagt accccactac geegetteeg ctgacactgt tcaacccaaa 120
aactacatct gecgtgegetg tgtaaggeta tcatcagata catactgtag attctgtaga 180
tgcgaacctyg cttgtatcat atacatcecce cteccectga cetgcacaag caagcaatgt 240
gacattgata ttgctgctta tctagtgceg aggatgtgaa agccgagact caaacatttce 300
ttttactcte ttgttectga ccagacctgg cggagattac gecagtatga ttettgcagg 360
tctgagacaa gcctggaaca gecaacattt atttttegaa gegagaaaca tgccacaccce 420
cggcacgtte agagatgcat atgatttgtt tttecgagtaa cagtaccece cccccccccce 480
ccaatgaaac cagtattact cacaccatce tcattcaaag cgttacactg attacgegece 540
catcaacgac agcatgaggg gactgctgat ctgatctaat caaatgacta caaaaatcgce 600
aataatgaag agcaaacgac aaaaaagaaa caggttaacc aatccegett caatgtctca 660
ccacaatcca gcactgttte tcattaccte ctecctetaa tttcagagtt gecatcagggt 720
ccttgatgge gegecagetyg cattaatgaa teggecaacg cgeggggaga ggeggtttge 780
gtattgggeg ctettceget tectegetca ctgacteget gegeteggte gtteggetge 840
ggcgageggt atcagctcac tcaaaggcegyg taatacggtt atccacagaa tcaggggata 900

acgcaggaaa gaacatgtga gcaaaaggcce agcaaaaggce caggaaccegt aaaaaggcecg 960



US 2009/0117253 Al May 7, 2009
121

-continued

cgttgctgge gtttttceccat aggctccgce ccectgacga gcatcacaaa aatcgacgcet 1020
caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt cccectggaa 1080
gctecectegt gegetectect gttecgacce tgccgecttac cggatacctg tceecgecttte 1140
tcectteggg aagegtggeg ctttcectcata gctcacgetg taggtatcte agttceggtgt 1200
aggtcgtteg ctccaagetg ggctgtgtge acgaacccecce cgttcagcece gaccgcetgeg 1260
ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tegccactgg 1320
cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct acagagttct 1380
tgaagtggtg gcctaactac ggctacacta gaagaacagt atttggtatc tgcgctcectgce 1440
tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg 1500
ctggtagcgg tggttttttt gtttgcaagce agcagattac gcgcagaaaa aaaggatctce 1560
aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt 1620
aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa 1680
aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac agttaccaat 1740
gcttaatcag tgaggcacct atctcagcga tcectgtcectatt tegttcatcce atagttgect 1800
gactcccegt cgtgtagata actacgatac gggagggctt accatctggce cccagtgetg 1860
caatgatacc gcgagaccca cgctcaccgg ctecagattt atcagcaata aaccagccag 1920
ccggaagggce cgagcgcaga agtggtcecctg caactttatce cgcectceccatce cagtctatta 1980
attgttgcecg ggaagctaga gtaagtagtt cgccagttaa tagtttgcge aacgttgttg 2040
ccattgctac aggcatcgtg gtgtcacgct cgtegtttgg tatggcttca ttcagctecg 2100
gttcccaacyg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget 2160
cctteggtece teccgatcgtt gtcagaagta agttggecge agtgttatca ctcatggtta 2220
tggcagcact gcataattct cttactgtca tgccatcegt aagatgcttt tetgtgactg 2280
gtgagtactc aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgece 2340
cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg ctcatcattg 2400
gaaaacgttc ttcggggcga aaactctcaa ggatcttacc getgttgaga tccagttcega 2460
tgtaacccac tcgtgcaccce aactgatctt cagcatcttt tactttcacc agecgtttcetg 2520
ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg aataagggcg acacggaaat 2580
gttgaatact catactcttc ctttttcaat attattgaag catttatcag ggttattgtce 2640
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcgca 2700
catttcccecg aaaagtgcca cctgatgcgg tgtgaaatac cgcacagatg cgtaaggaga 2760
aaataccgca tcaggaaatt gtaagcgtta atattttgtt aaaattcgcg ttaaattttt 2820
gttaaatcag ctcatttttt aaccaatagg ccgaaatcgg caaaatccct tataaatcaa 2880
aagaatagac cgagataggg ttgagtgttg ttccagtttg gaacaagagt ccactattaa 2940
agaacgtgga ctccaacgtc aaagggcgaa aaaccgtcta tcagggcgat ggcccactac 3000
gtgaaccatc accctaatca agttttttgg ggtcgaggtg ccgtaaagca ctaaatcgga 3060
accctaaagg gagcccccga tttagagett gacggggaaa gecggcgaac gtggcgagaa 3120
aggaagggaa gaaagcgaaa ggagcgggeg ctagggceget ggcaagtgta gceggtcacge 3180

tgcgegtaac caccacacce gecgegetta atgegeeget acagggegeg tccattegece 3240
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attcaggctg cgcaactgtt gggaagggcg atcggtgcegg gectcttcege tattacgeca 3300
gctggcgaaa gggggatgtg ctgcaaggcg attaagttgg gtaacgccag ggttttecca 3360
gtcacgacgt tgtaaaacga cggccagtga attgtaatac gactcactat agggcgaatt 3420
gggceccgacyg tcegcatgcetg gtttecgattt gtcttagagg aacgcatata cagtaatcat 3480
agagaataaa cgatattcat ttattaaagt agatagttga ggtagaagtt gtaaagagtg 3540
ataaatagct tagataccac agacaccctce ggtgacgaag tactgcagat ggtttccaat 3600
cacattgacc tgctggagca gagtgttacc ggcagagcac tgtttattge tetggccctg 3660
gcacatgaca acgttggaga gaggagggtg gatcaggggc cagtcaataa agacctcacce 3720
agagcagtgc tggtaaccgt cccagaaggg cacttgaggg acgatatctce cteggtgggt 3780
gattcggtag agctttcggt ctttggacac cttggagaca tcggggttct cctggccaaa 3840
gaagagttta tcgacccagt tagcaaagcc agcgttaccg acaatgggct gaccaagagt 3900
aacaacgagg ggatcgtggce cgttaacctt gaggttgatt ccgaacagaa gggctgcagc 3960
tcetecgaga gagtgaccegg tgacagcaat ctggtagteg ggatactgcet caatcacaga 4020
gtcgagcttyg gggccgatct gattgtaggt gttgttgtag gactggatga agccattgtg 4080
gacaagacag tcatcacaag tagcagtaga agagatgtta gcagcaagat caaagttaat 4140
taactcacct gcaggattga gactatgaat ggattccegt gecccgtatta ctctactaat 4200
ttgatcttgg aacgcgaaaa tacgtttcta ggactccaaa gaatctcaac tcecttgtectt 4260
actaaatata ctacccatag ttgatggttt acttgaacag agaggacatg ttcacttgac 4320
ccaaagtttc tcgcatctcet tggatatttg aacaacggcg tccactgacce gtcagttatce 4380
cagtcacaaa acccccacat tcatacattc ccatgtacgt ttacaaagtt ctcaattcca 4440
tcgtgcaaat caaaatcaca tctattcatt catcatatat aaacccatca tgtctactaa 4500
cactcacaac tccatagaaa acatcgactc agaacacacyg ctccatgegyg ccgcttagga 4560
atcctgageg tecttgacac agtgaaccac accgactttg tgcatgtact tgagggtgga 4620
aatgatgttg cccacaatgg tagggtagaa gacgtaccga actccgtgtce gttcgcaaca 4680
ctctecggaca gecttgctgca cgaagggata gtgccaagac gacattcgag gaaagaggtg 4740
atgctcgatce tggaagttga gaccgccagt aaagaacatg gcaatgggtce caccgtaggt 4800
ggaagaggtc tccacctgag ctectgtacca gtcgatctga tceggcttcaa cgtecttete 4860
ggagctcttyg accttgcagt tcttgteggg gattcgctec gagccatcga agttgtgaga 4920
caagatgaaa aagaaggtga ggaaggcacc ggtagcagtyg ggcaccagag gaatggtgat 4980
gagcagggag gttccagtga gataccaggg caagaaggcyg gttcgaaaga tgaagaaagce 5040
tcgcataacg aatgcaaggg ttcecggtaccg tcgcagaaag ccgttcectcte gecatggetgt 5100
gacagactcg ggaatggtgt cgttgtgctg cattcggaag atgtagagag ggttgtacac 5160
cagcgaaacg ccgtaggctce caagcacgag gtacatgtac caggectgga atcggtgaaa 5220
ccactttcga gcagtgttgg cagcagggta gttgtggaac acaaggaatg gttctgcgga 5280
ctcggcatce aggtcgagac catgctgatt ggtgtaggtg tgatgtcgca tgatgtgaga 5340
ctgcagccag atccatctgg acgatccaat gacgtcgatg ccgtaggcaa agagagcgtt 5400
gacccagggce tttttgctga tggcaccatg agaggcatcg tgctgaatgg acaggccgat 5460

ctgcatgtgc atgaatccag tcaagagacc ccacagcacc attccggtag tagcccagtg 5520
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ccactcgcaa aaggcggtga cagcaatgat gecaacggtt cgcagccaga atccaggtgt 5580
ggcataccag ttccgacctt tcatgacctce tcgcatagtt cgcttgacgt cctgtgcaaa 5640
gggagagtcg taggtgtaga caatgtcctt ggaggttcgg tegtgcttge ctegcacgaa 5700
ctgttgaagc agcttcgagt tcectcecgggcett gacgtaaggg tgcatggagt agaacagagg 5760
agaagcatcg gaggcaccag aagcgaggat caagtcgect cegggatgga ccttggcaag 5820
accttccaga tcgtagagaa tgccgtcgat ggcaaccagg tcgggtcget cgagcagcetg 5880
ctcggtagta agggagagag ccatggttgt gaattagggt ggtgagaatg gttggttgta 5940
gggaagaatc aaaggccggt ctegggatcc gtgggtatat atatatatat atatatatac 6000
gatccttegt tacctcecctg ttetcaaaac tgtggttttt cgtttttegt tttttgettt 6060
ttttgatttt tttagggcca actaagcttc cagatttcege taatcacctt tgtactaatt 6120
acaagaaagg aagaagctga ttagagttgg gctttttatg caactgtgct actccttatce 6180
tctgatatga aagtgtagac ccaatcacat catgtcattt agagttggta atactgggag 6240
gatagataag gcacgaaaac gagccatagc agacatgctg ggtgtagceca agcagaagaa 6300
agtagatggg agccaattga cgagcgaggg agctacgcca atccgacata cgacacgcetg 6360
agatcgtcett ggccecgggggg tacctacaga tgtccaaggg taagtgcttg actgtaattg 6420
tatgtctgag gacaaatatg tagtcagccg tataaagtca taccaggcac cagtgccatc 6480
atcgaaccac taactctcta tgatacatgc ctcecggtatt attgtaccat gegtcegettt 6540
gttacatacg tatcttgcct ttttctctca gaaactccag aattctcectcet cttgagettt 6600
tccataacaa gttcttctge cteccaggaag tccatgggtg gtttgatcat ggttttggtg 6660
tagtggtagt gcagtggtgg tattgtgact ggggatgtag ttgagaataa gtcatacaca 6720
agtcagcttt cttcgagcct catataagta taagtagttc aacgtattag cactgtaccce 6780
agcatctcecg tatcgagaaa cacaacaaca tgccccattg gacagatcat gcggatacac 6840
aggttgtgca gtatcataca tactcgatca gacaggtcegt ctgaccatca tacaagctga 6900
acaagcgctce catacttgca cgctctctat atacacagtt aaattacata tccatagtct 6960
aacctctaac agttaatctt ctggtaagcce tcccagcecag ccttetggta tegettggece 7020
tcectcaatag gatctecggtt ctggeccgtac agacctegge cgacaattat gatatcecgtt 7080
ccggtagaca tgacatccte aacagttcgg tactgctgtce cgagagcecgte teccttgteg 7140
tcaagaccca ccccecgggggt cagaataagce cagtcecctcag agtcgeccctt aggtceggtte 7200
tgggcaatga agccaaccac aaactcgggg tcggatcggg caagctcaat ggtctgettg 7260
gagtactcge cagtggccag agagceccttg caagacagcet cggccagcat gagcagacct 7320
ctggccagcet tectegttggg agaggggact aggaactcect tgtactggga gttcectcegtag 7380
tcagagacgt cctceccttett ctgttcagag acagtttect cggcaccage tcegcaggceca 7440
gcaatgattc cggttcecggg tacaccgtgg gegttggtga tatcggacca cteggcgatt 7500
cggtgacacc ggtactggtg cttgacagtg ttgccaatat ctgcgaactt tetgtecteg 7560
aacaggaaga aaccgtgctt aagagcaagt tcecttgaggg ggagcacagt gccggegtag 7620
gtgaagtcgt caatgatgtc gatatgggtt ttgatcatgc acacataagg tccgacctta 7680
tcggcaagcet caatgagete cttggtggtg gtaacatcca gagaagcaca caggttggtt 7740

ttettggetyg ccacgagett gagcactcga gcggcaaagg cggacttgtg gacgttaget 7800
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cgagcttegt aggagggcat tttggtggtg aagaggagac tgaaataaat ttagtctgca 7860
gaacttttta tcggaacctt atctggggca gtgaagtata tgttatggta atagttacga 7920
gttagttgaa cttatagata gactggacta tacggctatc ggtccaaatt agaaagaacyg 7980
tcaatggctce tctgggcgte gectttgceccg acaaaaatgt gatcatgatg aaagccagca 8040
atgacgttgc agctgatatt gttgtcggce aaccgcgecg aaaacgcagce tgtcagaccce 8100
acagcctcecca acgaagaatg tatcgtcaaa gtgatccaag cacactcata gttggagtcg 8160
tactccaaag gcggcaatga cgagtcagac agatactcegt cgacctttte cttgggaacc 8220
accaccgtca gecccttcectga ctcacgtatt gtagccaccg acacaggcaa cagtccegtgg 8280
atagcagaat atgtcttgtc ggtccatttc tcaccaactt taggcgtcaa gtgaatgttg 8340
cagaagaagt atgtgccttc attgagaatc ggtgttgctg atttcaataa agtcttgaga 8400
tcagtttggce cagtcatgtt gtggggggta attggattga gttatcgcct acagtctgta 8460
caggtatact cgctgcccac tttatacttt ttgattcege tgcacttgaa gcaatgtegt 8520
ttaccaaaag tgagaatgct ccacagaaca caccccaggg tatggttgag caaaaaataa 8580
acactccgat acggggaatc gaacccecggt ctceccacggtt ctcaagaagt attcttgatg 8640
agagcgtatc gatcgaggaa gaggacaagc ggctgcttet taagtttgtg acatcagtat 8700
ccaaggcacc attgcaagga ttcaaggctt tgaacccgtc atttgceccatt cgtaacgetg 8760
gtagacaggt tgatcggttc cctacggecct ccacctgtgt caatcttcectce aagectgectg 8820
actatcagga cattgatcaa cttcggaaga aacttttgta tgccattcga tcacatgcetg 8880
gtttcgattt gtcttagagg aacgcatata cagtaatcat agagaataaa cgatattcat 8940
ttattaaagt agatagttga ggtagaagtt gtaaagagtg ataaatagcg gccgctcact 9000
gaatcttttt ggctceccttg tgctttegga cgatgtaggt ctgcacgtag aagttgagga 9060
acagacacag gacagtacca acgtagaagt agttgaaaaa ccagccaaac attctcattce 9120
catcttgtcg gtagcaggga atgttcecggt acttccagac gatgtagaag ccaacgttga 9180
actgaatgat ctgcatagaa gtaatcaggg acttgggcat agggaacttg agcttgatca 9240
gtcgggteca atagtagccg tacatgatcc agtgaatgaa gccgttgagce agcacaaaga 9300
tccaaacggce ttcecgtttegg tagttgtaga acagccacat gtccatagga gctccgagat 9360
ggtgaaagaa ctgcaaccag gtcagaggct tgcccatgag gggcagatag aaggagtcaa 9420
tgtactcgag gaacttgctyg aggtagaaca gctgagtggt gattcggaag acattgttgt 9480
cgaaagcctt ctcgcagttg tceggacatga caccaatggt gtacatggcg taggccatag 9540
agaggaagga gcccagcgag tagatggaca tgagcaggtt gtagttggtg aacacaaact 9600
tcattcgaga ctgacccttg ggtccgagag gaccaagggdt gaacttcagg atgacgaagg 9660
cgatggagag gtacagcacc tcgcagtgeg aggcatcaga ccagagctga gcatagtcga 9720
ccttgggaag aacctcctgg ccaatggaga cgatttegtt cacgacctcecce atggttgatg 9780
tgtgtttaat tcaagaatga atatagagaa gagaagaaga aaaaagattc aattgagccg 9840
gcgatgcaga cccttatata aatgttgect tggacagacg gagcaagccc gcccaaacct 9900
acgttcggta taatatgtta agctttttaa cacaaaggtt tggcttgggg taacctgatg 9960
tggtgcaaaa gaccgggcdt tggcgagcca ttgcgcggge gaatggggcece gtgactegte 10020

tcaaattcga gggcgtgcct caattcegtge cccegtgget tttteccgec gtttecgece 10080
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cgtttgcace

gtgctactta

gttggcgggy

cgcagteage

gegtctatee

ttaacacgca

ggtgctceeca

cctateccgga

gtaaccccaa

agcceggtte

ctccaagcac

gtttaaacac

aggaacaatt

agctgacttt

ccacgteggt

gatggggggt

gccattaaga

acctecggaac

caaatgtccc

aaaaagtgag

cgaaagcgeg

gttagtgtac

tttgccttee

accttaatac

tataaacagt

ttcgaaatct

ggtgtcatcyg

acgacgegtt

aaactaaccc

ggaaaggtgt

gagaactacc

ttcgacaage

gecgtcaacy

atgtttgacg

gtgcttgect

ggtatgcact

aagaaccgaa

tcegtgacct

actgcageeg

aaaagtggcc

tcgcagtegy

cgeggegtat

cgcaacctet

cacccccecaac

cccaacccaa

ctaattctga

cgaaatgect

taccggette

ccctttetec

cactaaaacc

gececggaga

ctgccattge

tgggctgeac

agaagatacg

ctegtgatce

tgctgegetyg

accaggtgca

ggcgetgagg

tatggatttg

ttcaatcgee

gcacatttce

tggtttacat

ggctctecca

aaactacaca

tcggegacga

ttgtgtaatg

agctctecat

acgacgtete

agggacgaga

tcaagcgaat

aagctcagga

cctetecect

tctteatget

accagcaaat

actggaataa

ggtggaagga

cttetttggt

tcccaacacce

ctcaatggec

ggatatccge

aaatagagcg

tatcatgttg

cctacaggtyg

ccaatgggac

acccctettt

catctccaag

acaccccaca

ccacaaaata

agacggccag

cactaggggg

ccaacaataa

aggataacgg

agcgactgac

atctggacac

ggcagaaaac

tcgagcaggg

gctcatcagg

ccctggatat

attgcteggt

tgaccaacat

atcggttgec

tcacacaatg

tgtccgagee

acacaatccg

ggtgaaggct

CgCttgggtg

tgctactgac

gcccaagate

ggatttccga

ctggtacteg

ggtccagtac

gggatggetg

cgtectgggt

cagacacaac

tcggacacct

aacatgacat

cggaaaaaac

aaggttccat

ggaatataac

ctgetgetgt

gatccggege

atgcgegeag

ggagcccage

cacaagcagc

aaaagacccg

tatcttaccyg

gecgectaga

gggcettttt

atgggtaggg

ggctcaatgg

accattgcat

cacagaggtt

getggaacag

tggtgtgact

ccagattgag

agccccgaca

acccacacct

cttacaageg

agtctetttt

cctgttactg

gtgagtatce

aaagtcgcta

tctegacagyg

aacttccacc

gectteatgg

aaccaggcett

aagctccgag

tacaagatct

cacctgtact

tctcatgaca

ctggtetttyg

gcccatcatt

tgctgegage taggtgectt

gagtgegtgg gccaagacac

getgetggag ctggttegga

agcgccattyg cccteegteg

ccaagcttct tttttttect

ttgactctac tctgtggagy

tgtgattgge tgataagtct

gacccaaatg ccgcaattac

ggccccaaat ccccccaage

ccggttetac cggettecat

tgcaggacat cctactgegt

aatatacaga tctactatag

tgacaaattc aacaactcac

atatggccaa gccaagetet

ttgcaccaac aaagggatgg

cacaaataag aacgaatact

catctaaggg cctcaaaact

ccgagcactt taggttgcac

cgtgtacagt ttgtcttaac

tgttatagce tttagagcetg

ggtetgtgga cacatgtcat

ataggccgtyg gectcatttt

tgcttectect geacttgeca

gggggettgt ctagggtata

ttcetttett tecccacaga

acgtccttaa gcgaaagtce

acgacaagat cagtgtcgag

gcaacacaca ctctctacac

ctctgecect cgtcatcgac

ctggtggage tgaaatcatt

ttatgcactc tcaggaagcce

ccgagetgee tecccagget

aagagctgat cgccactgge

tgaccaccct gggtettgge

tcattggtge tctegtgete

tctgccacca ccagacctte

gcaacggact ccagggctte

ctgctaccaa cgttcagggt

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360
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cacgatccecg acattgataa cctgectetg ctegectggt ccgaggacga tgtcactcga 12420
gctteteeca tcetecccgaaa gctcattcag ttccaacagt actatttect ggtcatctgt 12480
attctectge gattcatctg gtgttteccag tcectgtgectga ccgttecgatce cctcaaggac 12540
cgagacaacc agttctaccg atctcagtac aagaaagagg ccattggact cgctctgcac 12600
tggactctca agaccctgtt ccacctette tttatgcect ccatcctgac ctcgatgectg 12660
gtgttctttyg ttteccgagct cgteggtgge ttcggaattyg ccatcgtggt cttcatgaac 12720
cactaccctce tggagaagat cggtgattcc gtctgggacg gacatggctt ctctgtgggt 12780
cagatccatg agaccatgaa cattcgacga ggcatcatta ctgactggtt ctttggaggce 12840
ctgaactacc agatcgagca ccatctcectgg cccaccectge ctcgacacaa cctcactgee 12900
gtttecctace aggtggaaca gctgtgccag aagcacaacc tcccecctaccg aaaccctetg 12960
cceccatgaag gtctegtecat ccectgctecga tacctgtece agttegeteg aatggecgag 13020
aagcagcccg gtgccaaggce tcagtaagcg gccgcatgag aagataaata tataaataca 13080
ttgagatatt aaatgcgcta gattagagag cctcatactg ctcggagaga agccaagacg 13140
agtactcaaa ggggattaca ccatccatat ccacagacac aagctgggga aaggttctat 13200
atacactttc cggaataccg tagtttccga tgttatcaat gggggcagcc aggatttcag 13260
gcacttcggt gtctcecggggt gaaatggegt tecttggecte catcaagtcg taccatgtet 13320
tcatttgcct gtcaaagtaa aacagaagca gatgaagaat gaacttgaag tgaaggaatt 13380
taaatagttg gagcaaggga gaaatgtaga gtgtgaaaga ctcactatgg tccgggctta 13440
tctcgaccaa tagccaaagt ctggagtttc tgagagaaaa aggcaagata cgtatgtaac 13500
aaagcgacgc atggtacaat aataccggag gcatgtatca tagagagtta gtggttcgat 13560
gatggcactg gtgcctggta tgactttata cggctgacta catatttgtc ctcagacata 13620
caattacagt caagcactta cccttggaca tctgtaggta cccccecggec aagacgatct 13680
cagcgtgteg tatgtcggat tggcgtagcet ccctcecgeteg tcaattgget cccatctact 13740
ttettetget tggctacacce cagcatgtcet gctatggcecte gttttegtge cttatctate 13800
ctcccagtat taccaactct aaatgacatg atgtgattgg gtctacactt tcatatcaga 13860
gataaggagt agcacagttg cataaaaagc ccaactctaa tcagcttctt cctttettgt 13920
aattagtaca aaggtgatta gcgaaatctg gaagcttagt tggccctaaa aaaatcaaaa 13980
aaagcaaaaa acgaaaaacg aaaaaccaca gttttgagaa cagggaggta acgaaggatc 14040
gtatatatat atatatatat atatacccac ggatcccgag accggccttt gattcecttece 14100
tacaaccaac cattctcacc accctaattc acaaccatgg gcgtattcat taaacaggag 14160
cagcttecgg ctctcaagaa gtacaagtac tccgccgagg atcactcegtt catctccaac 14220
aacattctge gecccecttetg gegacagttt gtcaaaatct tcecctetgtg gatggecccece 14280
aacatggtga ctctgctggg cttcecttettt gtcattgtga acttcatcac catgctcatt 14340
gttgatccca cccacgaccg cgagcctcece agatgggtet acctcaccta cgetectgggt 14400
ctgttececttt accagacatt tgatgcectgt gacggatcce atgcccgacg aactggccag 14460
agtggacccce ttggagagct gtttgaccac tgtgtcgacg ccatgaatac ctctetgatt 14520
ctcacggtgg tggtgtccac cacccatatg ggatataaca tgaagctact gattgtgcag 14580

attgccgete tcggaaactt ctacctgtceg acctgggaga cctaccatac cggaactctg 14640
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tacctttetg gettetetgg tectgttgaa ggtatcttga ttetggtgge tettttegte 14700
ctcaccttcet tcactggtcecc caacgtgtac gctctgaccg tctacgagge tectteccgag 14760
tcecatcactt cgctgctgece tgccagette ctggacgtca ccatcaccca gatctacatt 14820
ggattcggag tgctgggcat ggtgttcaac atctacggceg cctgcggaaa cgtgatcaag 14880
tactacaaca acaagggcaa gagcgctctce cccgccatte tcggaatcge cccctttgge 14940
atcttctacg tecggecgtett tgcctgggece catgttgecte ctetgettet ctceccaagtac 15000
gccatcgtet atctgtttge cattgggget gectttgcca tgcaagtegg ccagatgatt 15060
cttgcceccate tegtgcttge tecctttecee cactggaacg tgctgetcett cttececttt 15120
gtgggactgg cagtgcacta cattgcaccc gtgtttgget gggacgccga tatcegtgtceg 15180
gttaacactc tcttcacctg ttttggcecgec accctcectceca tttacgectt ctttgtgett 15240
gagatcatcg acgagatcac caactacctc gatatctggt gtctgcgaat caagtaccct 15300
caggagaaga agaccgaata agcggccgca tggagcgtgt gttctgagtce gatgttttet 15360
atggagttgt gagtgttagt agacatgatg ggtttatata tgatgaatga atagatgtga 15420
ttttgatttg cacgatggaa ttgagaactt tgtaaacgta catgggaatg tatgaatgtg 15480
ggggttttgt gactggataa ctgacggtca gtggacgccg ttgttcaaat atccaagaga 15540
tgcgagaaac tttgggtcaa gtgaacatgt cctctctgtt caagtaaacc atcaactatg 15600
ggtagtatat ttagtaagga caagagttga gattctttgg agtcctagaa acgtattttc 15660
gcgttccaag atcaaattag tagagtaata cgggcacggg aatccattca tagtctcaat 15720
cctgcaggtg agttaattaa tcgagcettgg cgtaatcatg gtcatagctg tttcecetgtgt 15780
gaaattgtta tccgctcaca attccacaca ac 15812
<210> SEQ ID NO 56

<211> LENGTH: 7966

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pYPS161l

<400> SEQUENCE: 56

aaatgtaacg aaactgaaat ttgaccagat attgtgtceg cggtggaget ccagettttg 60
ttccctttag tgagggttaa tttcgagcett ggegtaatca tggtcatage tgtttcectgt 120
gtgaaattgt tatccgctca caagcttcca cacaacgtac gttctggttg getcggatga 180
tttetgegge cccagegtaa ggcaggegtt cegtecggat cggtttgggt cggatcgget 240
ttttgattgt cgtattgtcg ctcatgttgg acctggtgtg tagttgtagt gtcagatcag 300
attcaccagce gaatgcatgt gaacttcccce acattttgag ccgaggcaga tttgggttge 360
ttagtaagca gacgtggcegt tgcaagtaga tgtggcaaat ggggacgaag attccgaggg 420
gatatcatag ttccaagggg atgtcatcat ttgccagett tegccgecac ttttgacgag 480
tttttgtggg tcaaataagt ttagttgaac ttttcaaatt tcagttggca ttttgttaat 540
agaaagggtg ccggtgctgg ggggttcatt cctegggttyg cagatatcct atctgtcetta 600
ggggtatcte tttcaatcga caagatgtag ttgggtaaca attatttatt aatattctcect 660
ccatccagta cagtactaac atcttgacat ctcagcacaa gtgcatctte ccaagtgttt 720

gttggagagg ttgttgggta ttacttagga aacagaacac agtacgtgga gatcttggat 780
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acatcgtaca tggaggttat ccataaaaaa gaccctccag gactagttac aatgeccgtta 840
gatgaggaaa tccacaaccc tgattcacta tgaacatatt atcttccccc aaacttgcga 900
tatatggccc ttgatgatag ccttgatttt acccttgatg gtacctccac gaccaaccga 960

tctgctgttt gaagagatat tttcaaattt gaagtgctca gatctactaa acatgagtcc 1020
agtaattctt tccgtcttte cgattteccga tattccettt tttageccga cttttcecactg 1080
ctcccatgte aaacgattag gacttgggag acaatcccac tgtcaaaatc accccgatat 1140
tctctgtaaa acaagtactt cttccacgtg atcttcaaat acctcecttcca cgtgacctte 1200
aaatacctct tcaagtacct cttccacgcg accttcaaag tcccttcaaa tacccttcete 1260
aattctceccce ttctecteca tagtecttcet ctetgactaa gettgagaat acatgacgcet 1320
aagacgaaaa cacactagag accctgagag cctgaacatyg catccactct gcagttgcege 1380
acgtgcctac agcaactatc gggtccagtg ctggatctga cactgecgtet cectatgaag 1440
aaactgataa acagatctgc actcataaca atgatctgag cgatgaaaac gtgacctcca 1500
cagccacaag tcataatcgg cgcgccaget geattaatga atcggccaac gcgeggggag 1560
aggcggtttg cgtattggge gcectcttecge ttectecgete actgactcecge tgcgeteggt 1620
cgttecggetyg cggcgagegg tatcagectca ctcaaaggcg gtaatacggt tatccacaga 1680
atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagyg ccaggaaccg 1740
taaaaaggcce gecgttgctgg cgtttttcecca taggctecege ccecccectgacg agcatcacaa 1800
aaatcgacgce tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 1860
tcecectgga agceteccteg tgcgetectcee tgtteccgace ctgccgcectta cceggatacct 1920
gtcegecttt cteecttegg gaagegtgge getttcectcat agetcacget gtaggtatcet 1980
cagttcggtg taggtcgtte gcectccaagct gggctgtgtg cacgaaccce ccgttcagece 2040
cgaccgcectge gecttatceg gtaactatcg tcecttgagtece aacccggtaa gacacgactt 2100
atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce 2160
tacagagttc ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat 2220
ctgcgcectetg ctgaagccag ttaccttcgg aaaaagagtt ggtagcectctt gatccggcaa 2280
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 2340
aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctce agtggaacga 2400
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 2460
tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga 2520
cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttegttcatce 2580
catagttgcce tgactccceg tegtgtagat aactacgata cgggagggct taccatctgg 2640
ccecagtget gecaatgatac cgcgagacce acgctcaccg gcectccagatt tatcagcaat 2700
aaaccagcca gccggaaggg ccgagegcag aagtggtect gcaactttat ccgectccat 2760
ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgeg 2820
caacgttgtt gccattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggcectte 2880
attcagctce ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa 2940
agcggttage teccttcecggte cteccgatcecgt tgtcagaagt aagttggccg cagtgttatce 3000

actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg taagatgcett 3060
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ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgce ggcgaccgag 3120
ttgctettge ccggecgtcaa tacgggataa taccgcgceca catagcagaa ctttaaaagt 3180
gctcatcatt ggaaaacgtt ctteggggcg aaaactctca aggatcttac cgctgttgag 3240
atccagttcg atgtaaccca ctcecgtgcacce caactgatct tcagcatctt ttactttcac 3300
cagegtttet gggtgagcaa aaacaggaag gcaaaatgece gcaaaaaagyg gaataagggce 3360
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 3420
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 3480
ggttccgege acatttccce gaaaagtgece acctgatgeg gtgtgaaata ccgcacagat 3540
gcgtaaggag aaaataccgce atcaggaaat tgtaagcgtt aatattttgt taaaattcge 3600
gttaaatttt tgttaaatca gctcattttt taaccaatag gccgaaatcg gcaaaatccce 3660
ttataaatca aaagaataga ccgagatagg gttgagtgtt gttccagttt ggaacaagag 3720
tccactatta aagaacgtgg actccaacgt caaagggcga aaaaccgtct atcagggcga 3780
tggcccacta cgtgaaccat caccctaatc aagttttttg gggtcgaggt gceccgtaaagce 3840
actaaatcgg aaccctaaag ggagcccceg atttagaget tgacggggaa agccggcgaa 3900
cgtggcgaga aaggaaggga agaaagcgaa aggagceggge gctagggege tggcaagtgt 3960
agcggtcacyg ctgcgegtaa ccaccacacce cgecgegett aatgegecege tacagggcege 4020
gtccattege cattcaggct gcgcaactgt tgggaagggc gatcggtgceg ggcctctteg 4080
ctattacgcce agctggcgaa agggggatgt gctgcaaggce gattaagttg ggtaacgcca 4140
gggtttteee agtcacgacg ttgtaaaacg acggccagtg aattgtaata cgactcacta 4200
tagggcgaat tgggcccgac gtcgcatgca actattagtg aggcttcggg agtggttgtce 4260
tcggttgtet cattcagact cgttgtgttg tatctatatc tatataaaca ctcttgtcce 4320
tcaatcccac tgccatcttt tgctaaactt gccgccaata tgaaactcat ctceccctcatce 4380
accgtegeta ccaccgctet ggecggctgte ggagacaagt acaagctgac ctataccaga 4440
tcagacgccce aatcggtega atctctgcecce gtcacctacce aagatgacct gatcaccgcece 4500
tccaccgacyg gcgaacccat caccatcacce gagggcgagyg gcaacacctt ctctgttaac 4560
gacatgccca tcgectatct ggagctgcag getttgttet ggaccggcga ctacggcetac 4620
aagctccagg gctceggtett tgacattgce gccgatggaa cctttgaget gagagacggce 4680
cccaaggagt actactattg cactcctcac cctgagcgaa acgtcatcta cgtcatcaac 4740
agccccgact actccaagtg tceggttcaag cgtaccatca agttccacge tgaaaagatc 4800
taagtggtaa tcgaccgact aaccattttt agctgacaaa cacttgctaa ctcctataac 4860
gaatgaatga ctaacttggc atattgttac caagtattac ttgggatata gttgagtgta 4920
accattgcta agaatccaaa ctggagcttce taaaggtcectg ggagtcgccg tatgtgttca 4980
tatcgaaatc aaagaaatca taatcgcaac agaattcaaa atcaagcaga ttaatatcca 5040
ttattgtact cggatcgtga catatctgat atgatctcgg atatgatctce tgactgttta 5100
ctgggagatt tgttgaagat ttgttgaggt tatctgaaaa gtagacaata gagacaaaat 5160
gacgatatca agaactgaat cgggccgaaa tactcggtat cattcccttc agcagtaact 5220
gtattgctcect atcaatgcga cgagatacct ccacaattaa tactgtatac gctctaccac 5280

tcatatctcc aatgctaaaa tatattcatg cccaggacct ctgtgcactg ctatgcagca 5340
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cagtgttgtc gattgaattg gtcgtgtctg gtcecctgatg ctcectgtgtet cgctgactag 5400
tcettecate cagacctegt cattatctga taggcaacaa gttctgctet ctcacaccct 5460
gccgacacaa gggacactceg ggcecttctete tcacccatte ggaaatacag tcecttaatta 5520
agttgcgaca catgtcttga tagtatcttg aattctctet cttgagcettt tceccataacaa 5580
gttcttectge cteccaggaag tccatgggtg gtttgatcat ggttttggtg tagtggtagt 5640
gcagtggtgg tattgtgact ggggatgtag ttgagaataa gtcatacaca agtcagcettt 5700
cttcgagect catataagta taagtagttc aacgtattag cactgtaccce agcatctcecg 5760
tatcgagaaa cacaacaaca tgccccattg gacagatcat gcggatacac aggttgtgca 5820
gtatcataca tactcgatca gacaggtcgt ctgaccatca tacaagctga acaagcgctce 5880
catacttgca cgctctctat atacacagtt aaattacata tccatagtct aacctctaac 5940
agttaatctt ctggtaagcc tcecccageccag ccttectggta tegcettggece tectcaatag 6000
gatctcggtt ctggccgtac agacctcegge cgacaattat gatatccgtt ccggtagaca 6060
tgacatcctc aacagttcgg tactgctgtce cgagagcegtce tcccttgteg tcaagaccca 6120
ccecgggggt cagaataage cagtcectcag agtegcectt aggtcggtte tgggcaatga 6180
agccaaccac aaactcgggg tcggatcggg caagctcaat ggtctgcecttg gagtactcegce 6240
cagtggccag agagccecttg caagacaget cggcecagecat gagcagacct ctggecaget 6300
tctegttggg agaggggact aggaactcct tgtactggga gttctcgtag tcagagacgt 6360
cctecttett ctgttcagag acagtttcecct cggcaccage tcgcaggcca gcaatgatte 6420
cggtteeggg tacaccgtgg gegttggtga tatcggacca ctcggcgatt cggtgacacce 6480
ggtactggtyg cttgacagtg ttgccaatat ctgcgaactt tcectgtcectcg aacaggaaga 6540
aaccgtgett aagagcaagt tceccttgaggg ggagcacagt gccggcgtag gtgaagtegt 6600
caatgatgtc gatatgggtt ttgatcatgc acacataagg tccgacctta tcggcaagcet 6660
caatgagctc cttggtggtyg gtaacatcca gagaagcaca caggttggtt ttcttggetg 6720
ccacgagctt gagcactcga gcggcaaagg cggacttgtg gacgttaget cgagettegt 6780
aggagggcat tttggtggtg aagaggagac tgaaataaat ttagtctgca gaacttttta 6840
tcggaacctt atctggggca gtgaagtata tgttatggta atagttacga gttagttgaa 6900
cttatagata gactggacta tacggctatc ggtccaaatt agaaagaacg tcaatggctce 6960
tctgggegte gectttgecyg acaaaaatgt gatcatgatg aaagccagca atgacgttgce 7020
agctgatatt gttgtcggcc aaccgcgccg aaaacgcagce tgtcagaccce acagcectcca 7080
acgaagaatg tatcgtcaaa gtgatccaag cacactcata gttggagtcg tactccaaag 7140
gcggcaatga cgagtcagac agatactcgt cgacctttte cttgggaacc accaccgtca 7200
gccettetga ctcacgtatt gtagccaccg acacaggcaa cagtccgtgg atagcagaat 7260
atgtcttgtc ggtccattte tcaccaactt taggcgtcaa gtgaatgttg cagaagaagt 7320
atgtgccttce attgagaatc ggtgttgctg atttcaataa agtcttgaga tcagtttggce 7380
cagtcatgtt gtggggggta attggattga gttatcgcect acagtctgta caggtatact 7440
cgctgeccac tttatacttt ttgattccge tgcacttgaa gcaatgtcgt ttaccaaaag 7500
tgagaatgct ccacagaaca caccccaggg tatggttgag caaaaaataa acactccgat 7560

acggggaatc gaaccccggt ctceccacggtt ctcaagaagt attcttgatg agagcgtatce 7620
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gatgagccta aaatgaaccce gagtatatct cataaaattc tcggtgagag gtctgtgact 7680
gtcagtacaa ggtgccttca ttatgccctce aaccttacca tacctcactg aatgtagtgt 7740
acctctaaaa atgaaataca gtgccaaaag ccaaggcact gagctcgtcect aacggacttg 7800
atatacaacc aattaaaaca aatgaaaaga aatacagttc tttgtatcat ttgtaacaat 7860
taccctgtac aaactaaggt attgaaatcc cacaatattc ccaaagtcca cccctttceca 7920

aattgtcatg cctacaactc atataccaag cactaaccta ccgttt 7966

<210> SEQ ID NO 57

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer Pex-10dell 3'.Forward

<400> SEQUENCE: 57

ccaacatgag cgacaatacg 20

<210> SEQ ID NO 58

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer Pex-10del2 5' .Reverse

<400> SEQUENCE: 58

caagttctgce tctctcacac 20

<210> SEQ ID NO 59

<211> LENGTH: 8673

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pYRH13

<400> SEQUENCE: 59

taagcgattg atgattggaa acacacacat gggttatatc taggtgagag ttagttggac 60
agttatatat taaatcagct atgccaacgg taacttcatt catgtcaacg aggaaccagt 120
gactgcaagt aatatagaat ttgaccacct tgccattcte ttgcactect ttactatatc 180
tcatttattt cttatataca aatcacttct tctteccage atcgageteg gaaacctcat 240
gagcaataac atcgtggatc tcgtcaatag agggcttttt ggactecttg ctgttggeca 300
ccttgtectt getgtetgge tcattetgtt tcaacgectt tegegecaga ccatcaacct 360
tgttgagcte tcegtcagea gectcgacca gatcatcaaa accagaacce ttggetcgag 420
ttcgggette tcgaagettg tetttagect cttcataate gecettettyg atagcaatca 480
caccgactce atatgtgecat agagectggg cctectegac tteettggte cgteggacat 540
cgggctcaag agaaggaatg gecttgagaa cacgettgta acatgactceg gatcgageca 600
gggcegttatt actgctegte ttcattgtgt ccagaggaat ctegecgect gtgtcagett 660
tgatggtggt gcectegtte tttteggeag tgtgaacaat cacctecage tgttcagaca 720
tgaggtagaa catggaggct aggttggett gggctaacaa cagatctece actccacatce 780
cggaagcaag catgatctga taagtgattt gettetetet gagagcaacyg ttggegaggg 840

cgtcagagag gttgtgagtt gtgagcacat cacgagcage aataagcetceg tctcetgaagg 900



US 2009/0117253 Al May 7, 2009
132

-continued

gcatccagge gtegtaattyg ccggaagcac gcagcagacg agcatgagac gcacttttag 960
tcagctgggt catgaactcc cgctcegetcet gtgteggggg cgtgctggeg agtttcagca 1020
gatctgtgge ctecggggcac cgtcgacaga cctcttcecttg agccagcagg atctgcagca 1080
gtagcgcteg tgataccaca tcatttttcect cggttccaga aatgtgagcg agcttgagag 1140
cgatccgcag acctcectcectgg atcacctggg gccggacatce ctgggcgatt ttgttattcet 1200
ggaaggcgtc aacgtaggca gcacaaatct ccatgtacac gtcecgtgggca gcgtccgggt 1260
agttgagcat ctcgtagatc tcectgccagtt tgagctggat gectgtgtat tegtcecgaca 1320
agggagacag gccttgggece tcecggectcca taagtgectce aatgtaatac ttgacggcat 1380
gcgacgtegg gcccaattcg ccecctatagtg agtcecgtatta caattcactg gcecegtegttt 1440
tacaacgtcg tgactgggaa aaccctggcg ttacccaact taatcgcectt gcagcacatce 1500
ccectttege cagectggegt aatagcgaag aggcccgcac cgatcgccecet teccaacagt 1560
tgcgcagect gaatggcgaa tggacgcgcce ctgtagegge gcattaageg cggcgggtgt 1620
ggtggttacg cgcagcgtga ccgctacact tgccagcgec ctagcegcccg ctectttege 1680
tttcttecect tectttcecteg ccacgttege cggectttece cgtcaagcte taaatcgggg 1740
gctececttta gggttecgat ttagtgettt acggcacctce gaccccaaaa aacttgatta 1800
gggtgatggt tcacgtagtg ggccatcgece ctgatagacg gtttttegece ctttgacgtt 1860
ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac tcaaccctat 1920
ctcggtetat tettttgatt tataagggat tttgccgatt tcggecctatt ggttaaaaaa 1980
tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa atattaacgc ttacaatttc 2040
ctgatgcggt attttctect tacgcatctg tgcggtattt cacaccgcat caggtggcac 2100
ttttcgggga aatgtgcgeg gaacccectat ttgtttattt ttctaaatac attcaaatat 2160
gtatccgete atgagacaat aaccctgata aatgcttcaa taatattgaa aaaggaagag 2220
tatgagtatt caacatttcc gtgtcgccct tattcccettt tttgcggcat tttgecttcee 2280
tgtttttgct cacccagaaa cgctggtgaa agtaaaagat gctgaagatc agttgggtgce 2340
acgagtgggt tacatcgaac tggatctcaa cagcggtaag atccttgaga gttttcgecce 2400
cgaagaacgt tttccaatga tgagcacttt taaagttctg ctatgtggcg cggtattatc 2460
ccgtattgac geccgggcaag agcaactcgg tcgceccgcata cactattcte agaatgactt 2520
ggttgagtac tcaccagtca cagaaaagca tcttacggat ggcatgacag taagagaatt 2580
atgcagtgct gccataacca tgagtgataa cactgcggcc aacttacttce tgacaacgat 2640
cggaggaccg aaggagctaa ccgctttttt gcacaacatg ggggatcatg taactcgect 2700
tgatcgttgg gaaccggagce tgaatgaagce cataccaaac gacgagcgtyg acaccacgat 2760
gcctgtageca atggcaacaa cgttgcgcaa actattaact ggcgaactac ttactctage 2820
ttcccggcaa caattaatag actggatgga ggcggataaa gttgcaggac cacttcectgeg 2880
ctecggeectt cecggectgget ggtttattge tgataaatct ggagcecggtg agegtgggtce 2940
tcgecggtate attgcagcac tggggccaga tggtaagcecce tcccgtatcg tagttatcta 3000
cacgacgggg agtcaggcaa ctatggatga acgaaataga cagatcgctyg agataggtge 3060
ctcactgatt aagcattggt aactgtcaga ccaagtttac tcatatatac tttagattga 3120

tttaaaactt catttttaat ttaaaaggat ctaggtgaag atcctttttg ataatctcat 3180
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gaccaaaatc ccttaacgtg agttttegtt ccactgageg tcagaccccg tagaaaagat 3240
caaaggatct tcttgagatc ctttttttct gcgegtaatce tgctgcttge aaacaaaaaa 3300
accaccgcta ccageggtgg tttgtttgce ggatcaagag ctaccaactce tttttecgaa 3360
ggtaactggc ttcagcagag cgcagatacc aaatactgtt cttctagtgt agccgtagtt 3420
aggccaccac ttcaagaact ctgtagcacc gcctacatac ctcgctctge taatcctgtt 3480
accagtggct gectgccagtyg gegataagtce gtgtcttacce gggttggact caagacgata 3540
gttaccggat aaggcgcagce ggtegggctg aacggggggt tcegtgcacac agcccagcett 3600
ggagcgaacyg acctacaccg aactgagata cctacagcegt gagctatgag aaagcgccac 3660
gctteccgaa gggagaaagg cggacaggta tccggtaage ggcagggteg gaacaggaga 3720
gcgcacgagg gagcttccag ggggaaacgce ctggtatctt tatagtecctg tcecgggttteg 3780
ccacctcectga cttgagcgte gatttttgtg atgctcgtca ggggggcgga gectatggaa 3840
aaacgccagce aacgcggect ttttacggtt cctggecttt tgctggectt ttgctcacat 3900
gttectttect gegttatcce ctgattetgt ggataaccgt attaccgect ttgagtgage 3960
tgataccgcet cgccgcagcece gaacgaccga gegcagcegag tcagtgageyg aggaagcgga 4020
agagcgccca atacgcaaac cgcctcectcece cgegegttgg ccgattcatt aatgcagetg 4080
gcgegecggt ttetgtectet cgtegtgtca cagatggtgt tgttgttgat gagttcecetgg 4140
ttgcecetgtt tecgcacaagg tggtgcgtga ggttgtgtgg agaggggctt gaaggagggg 4200
ggtcgaggty caggagcgte ccccgagggg ccectaggecg tcacatgacce ggcataatgg 4260
tgtggagtcg ggttttggtt ttecctggcgg gttceccacact tgtcaagtcet cgtttttcag 4320
gcttttttte actecgectcett tttgcacttt ggcatctttt tacctttggt gcttaccacce 4380
tttgtatgca ggaaatctat tgggtttggt gtataggtga aaaaaaaaaa gccaaaggtg 4440
actgtttttt tccgactcgg tcatgttgca ttttgtgcga tattataagt ggggaacgaa 4500
tggaggcgag ctggtgtgat acgggagctg ctgtttctca cgattctgecce cagccattta 4560
tcacgcgcac gctgacatct tgcacttagt catcaagagce tacagtacga cgagtacata 4620
ctagagccaa ccactcctga agtgcttcca tgagttcagt tgagtgctga accaactctce 4680
gacactctecg acagcectgtg aaaaggaatg agtgtgtgga aagggattca atactggaga 4740
agagagggga gagatcgaga gggtgatgtt acatccccaa gecgtcgtagt ctcecgegttga 4800
tgactggaac ggactgttga acgacgatca acatggtgtg caagctgatg gacagttggg 4860
ccaatggttc agaagcgtta gttgagcttc taacgaccta ctactcgcct gtcaagtgag 4920
gtgtgtactt gttcatactc ctactcgtct cactggcgte tagggttgtg agcaccgtceg 4980
cttatgaaag acgccgtcege ctatgaaaga caccgtcegcet cattgaagac tagatccata 5040
atataaacaa aagagtattt ctctgaatgg cgacggattg gccagcccca tegttacaca 5100
atttgtccaa aaacaccatc tcectgccgtce atcgatatct ttcgaaatca tecggaccag 5160
acagtagagc tttgagaacc ccgaaggagg aatactgcag tgaagtgttce tttgaaactce 5220
tgactggagt atctccattt ctatatctcc attagtaatc actccaaaca gatgtcttcce 5280
agcttgagtc agccgagacc acggtcacgt atggtgattc cttcaaacat ataactccat 5340
tgacctaaca agacactggc agttgtaaat acgtaaatac attcttgatg taagttttaa 5400

tctgattgga gactcttetyg agtaacacac tctecttcecaa gcagtcattt tggecttttt 5460
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ttctteccaaa ceccgtctega ttactcatca ggttttatct gagaaccaaa acgtctcaat 5520
cattgacata ttgtaccatc aactctgtaa aaacttgaca gatgtgctac ttgtgtcatt 5580
atgaatcgat tttccaaata tccattatca ttatcccatt tcecttceccccga tatcacctcee 5640
ccatctacca cctccattta ccaaccacca tgctcagtaa tcagaaactc ctcttcacag 5700
accacaattg ccaataattg accaccaaaa gtcgtaccat gtgtttctcce ggtgaccagg 5760
tctegettte acccatttat tceccctcaaaa acacccctac agtaatttca gegectttece 5820
atcaaactcc atacttgcaa caaaatcaca atggcccect gectaaacta cgcccgccca 5880
taattgagta tatttgtatg acaatcccgce tcgaaatttg gecccacttgt tecccgaget 5940
ccaaatattc actattcacc ttcacctcgt gcccaccctg gecccccaat geccceecgtg 6000
ctcgtaacgt ctccectceecece cacaccccac acacgtgaca taaagtgtaa agtgcgagta 6060
ccegtacgtt gtgtggaage ttgtgagcgg ataacaattt cacacaggaa acagctatga 6120
ccatgattac gccaagctcg aaattaaccce tcactaaagg gaacaaaagc tggagctcca 6180
ccgcggacac aatatctggt caaatttcag tttegttaca tttaaacggt aggttagtgce 6240
ttggtatatg agttgtaggc atgacaattt ggaaaggggt ggactttggg aatattgtgg 6300
gatttcaata ccttagtttg tacagggtaa ttgttacaaa tgatacaaag aactgtattt 6360
cttttcattt gttttaattg gttgtatatc aagtccgtta gacgagctca gtgeccttggce 6420
ttttggcact gtatttcatt tttagaggta cactacattc agtgaggtat ggtaaggttg 6480
agggcataat gaaggcacct tgtactgaca gtcacagacc tctcaccgag aattttatga 6540
gatatactcg ggttcatttt aggctcatcg atacgctctce atcaagaata cttcecttgaga 6600
accgtggaga ccggggtteg attccccgta tcggagtgtt tattttttge tcaaccatac 6660
cctggggtgt gttctgtgga gcattctcac ttttggtaaa cgacattgct tcaagtgcag 6720
cggaatcaaa aagtataaag tgggcagcga gtatacctgt acagactgta ggcgataact 6780
caatccaatt accccccaca acatgactgg ccaaactgat ctcaagactt tattgaaatc 6840
agcaacaccg attctcaatg aaggcacata cttcecttetge aacattcact tgacgcctaa 6900
agttggtgag aaatggaccg acaagacata ttctgctatc cacggactgt tgcctgtgtce 6960
ggtggctaca atacgtgagt cagaagggct gacggtggtg gttcccaagg aaaaggtcga 7020
cgagtatctg tctgactegt cattgccgce tttggagtac gactccaact atgagtgtgce 7080
ttggatcact ttgacgatac attcttecgtt ggaggctgtg ggtctgacag ctgecgtttte 7140
ggcgeggttyg gecgacaaca atatcagectg caacgtcatt getggcetttce atcatgatca 7200
catttttgtc ggcaaaggcg acgcccagag agccattgac gttctttcta atttggaccg 7260
atagccgtat agtccagtcect atctataagt tcaactaact cgtaactatt accataacat 7320
atacttcact gccccagata aggttccgat aaaaagttct gcagactaaa tttatttcag 7380
tctectette accaccaaaa tgccctecta cgaagctcega gctaacgtece acaagtcecgce 7440
ctttgceget cgagtgctca agectcecgtgge agccaagaaa accaacctgt gtgettcetcet 7500
ggatgttacc accaccaagg agctcattga gcttgccgat aaggtcggac cttatgtgtg 7560
catgatcaaa acccatatcg acatcattga cgacttcacc tacgccggca ctgtgctccce 7620
cctcaaggaa cttgctctta agcacggttt cttectgttc gaggacagaa agttcgcaga 7680

tattggcaac actgtcaagc accagtaccg gtgtcaccga atcgccgagt ggtccgatat 7740



US 2009/0117253 Al May 7, 2009
135

-continued

caccaacgce cacggtgtac ccggaaccgg aatcattget ggectgcegag ctggtgecga 7800
ggaaactgtc tctgaacaga agaaggagga cgtctctgac tacgagaact cccagtacaa 7860
ggagttccta gtcccectcete ccaacgagaa gctggccaga ggtctgctca tgctggecga 7920
gctgtettge aagggctcte tggccactgg cgagtactec aagcagacca ttgagcttge 7980
ccgatccgac ceccgagtttg tggttggcett cattgcccag aaccgaccta agggcgactce 8040
tgaggactgg cttattctga ccccecggggt gggtcttgac gacaagggag acgctctegg 8100
acagcagtac cgaactgttg aggatgtcat gtctaccgga acggatatca taattgtcgg 8160
ccgaggtetyg tacggecaga accgagatcce tattgaggag gccaagcgat accagaaggce 8220
tggctgggag gcttaccaga agattaactg ttagaggtta gactatggat atgtaattta 8280
actgtgtata tagagagcgt gcaagtatgg agcgcttgtt cagcttgtat gatggtcaga 8340
cgacctgtct gatcgagtat gtatgatact gcacaacctg tgtatccgca tgatctgtcece 8400
aatggggcat gttgttgtgt ttctcgatac ggagatgctg ggtacagtgce taatacgttg 8460
aactacttat acttatatga ggctcgaaga aagctgactt gtgtatgact tattctcaac 8520
tacatcccca gtcacaatac caccactgca ctaccactac accaaaacca tgatcaaacc 8580
acccatggac ttcctggagg cagaagaact tgttatggaa aagctcaaga gagagaattc 8640
aagatactat caagacatgt gtcgcaactt aat 8673
<210> SEQ ID NO 60

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PEX16Fii

<400> SEQUENCE: 60

ccaaccagat caccacccac tacaccttcce aggaacce 38
<210> SEQ ID NO 61

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer PEX16Rii

<400> SEQUENCE: 61

ctggtagaac tcgectcgga acaaccacca tcece 34
<210> SEQ ID NO 62

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer 3UTR-URA3

<400> SEQUENCE: 62

gagagaattc aagatactat caagacatgt gtcg 34
<210> SEQ ID NO 63

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Primer Pexlé-conf
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<400> SEQUENCE: 63

cacaccttca ccccggaagt cgecaccatt ctg

<210> SEQ ID NO 64

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Real time PCR primer ef-324F

<400> SEQUENCE: 64

cgactgtgee atcctcatca

<210> SEQ ID NO 65

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Real time PCR primer ef-392R

<400> SEQUENCE: 65

tgaccgtect tggagatacc a

<210> SEQ ID NO 66

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Real time PCR primer Pex16-741F

<400> SEQUENCE: 66

gggagtggtg gccgagtt

<210> SEQ ID NO 67

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Real time PCR primer Pex16-802R

<400> SEQUENCE: 67

ggaaaagcaa gcatgcgtag a

<210> SEQ ID NO 68

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide portion of primer ef-345T

<400> SEQUENCE: 68

tgctggtggt gttggtgagt t

<210> SEQ ID NO 69

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide portion of TagMan probe Pexlé-760T

<400> SEQUENCE: 69

ctgtccatte tgcgaccect ¢

33

20

21

18

21

21

21
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<210> SEQ ID NO 70
<211> LENGTH: 4313
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pZKUM
<400> SEQUENCE: 70
taatcgagcet tggegtaatc atggtcatag ctgtttectyg tgtgaaattg ttatccgete 60
acaattccac acaacatacg agccggaagce ataaagtgta aagectgggyg tgcctaatga 120
gtgagctaac tcacattaat tgcgttgcge tcactgeccg ctttcecagtce gggaaacctyg 180
tegtgecage tgcattaatg aatcggecaa cgegegggga gaggeggttt gegtattggg 240
cgcetetteeg cttecteget cactgacteg ctgegetegyg tegttegget geggegageg 300
gtatcagcte actcaaaggce ggtaatacgg ttatccacag aatcagggga taacgcagga 360
aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce cgcgttgcetg 420
gegtttttee ataggctceg ccccectgac gagcatcaca aaaatcgacg ctcaagtcag 480
aggtggcgaa acccgacagg actataaaga taccaggegt ttecccctgg aagctccecte 540
gtgegetete ctgtteccgac cctgecgett accggatacce tgtccgectt tetcectteg 600
ggaagcgtygyg cgctttctca tagetcacge tgtaggtatce tcagtteggt gtaggtegtt 660
cgctecaage tgggetgtgt gecacgaacce ceegttcage ccgaccgetyg cgecttatce 720
ggtaactatc gtcttgagte caacccggta agacacgact tatcgccact ggcagcagec 780
actggtaaca ggattagcag agcgaggtat gtaggcggtyg ctacagagtt cttgaagtgg 840
tggcctaact acggctacac tagaaggaca gtatttggta tcetgegetcet gctgaagcca 900
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgcetggtage 960
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 1020
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 1080
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 1140
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 1200
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 1260
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 1320
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 1380
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 1440
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 1500
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 1560
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 1620
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 1680
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 1740
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 1800
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 1860
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 1920
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 1980
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aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 2040
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 2100
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 2160
cgaaaagtgc cacctgacgc gccctgtage ggcegcattaa gegcecggcggg tgtggtggtt 2220
acgcgcagceg tgaccgctac acttgccage gcectagege ccgctecttt cgetttette 2280
ccttecttte tegccacgtt cgeccggecttt ccececgtcaag ctctaaatcecg ggggctceect 2340
ttagggttcce gatttagtge tttacggcac ctcgacccca aaaaacttga ttagggtgat 2400
ggttcacgta gtgggccatc gcecctgatag acggttttte gecctttgac gttggagtcece 2460
acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccce tatctcggtce 2520
tattcttttg atttataagg gattttgccg atttcggect attggttaaa aaatgagctg 2580
atttaacaaa aatttaacgc gaattttaac aaaatattaa cgcttacaat ttccattcgce 2640
cattcaggct gcgcaactgt tgggaagggce gatcggtgeg ggcectcectteg ctattacgece 2700
agctggcgaa agggggatgt gctgcaaggce gattaagttg ggtaacgcca gggttttece 2760
agtcacgacg ttgtaaaacg acggccagtg aattgtaata cgactcacta tagggcgaat 2820
tgggtaccgg gecccecccecete gaggtcecgacg agtatctgte tgactcgtca ttgeccgectt 2880
tggagtacga ctccaactat gagtgtgctt ggatcacttt gacgatacat tcecttcegttgg 2940
aggctgtggg tctgacaget gegttttcecgg cgecggttgge cgacaacaat atcagctgca 3000
acgtcattgc tggctttcat catgatcaca tttttgtcegg caaaggcgac gceccagagag 3060
ccattgacgt tctttctaat ttggaccgat agccgtatag tccagtctat ctataagttce 3120
aactaactcg taactattac cataacatat acttcactgc cccagataag gttccgataa 3180
aaagttctgc agactaaatt tatttcagtc tcctcttcac caccaaaatg ccctectacg 3240
aagctcgagt gctcaagctce gtggcagcca agaaaaccaa cctgtgtget tetcectggatg 3300
ttaccaccac caaggagctc attgagecttg ccgataaggt cggaccttat gtgtgcatga 3360
tcaaaaccca tatcgacatc attgacgact tcacctacgc cggcactgtg ctccccectca 3420
aggaacttgc tcttaagcac ggtttcecttce tgttcgagga cagaaagttc gcagatattg 3480
gcaacactgt caagcaccag taccggtgtc accgaatcgc cgagtggtcc gatatcacca 3540
acgcccacgg tgtacccgga accggaatcg attgctggece tgcgagcectgg tgcgtacgag 3600
gaaactgtct ctgaacagaa gaaggaggac gtctctgact acgagaactc ccagtacaag 3660
gagttcctag tceccectectee caacgagaag ctggccagag gtcectgctcat gctggcecgag 3720
ctgtcttgca agggctctet ggccactgge gagtactceca agcagaccat tgagcettgece 3780
cgatccgacce ccgagtttgt ggttggctte attgcccaga accgacctaa gggcgactct 3840
gaggactggc ttattctgac cceceggggtg ggtcttgacg acaagggaga cgctctcegga 3900
cagcagtacc gaactgttga ggatgtcatg tctaccggaa cggatatcat aattgtcggce 3960
cgaggtcetgt acggccagaa ccgagatcct attgaggagyg ccaagcgata ccagaaggct 4020
ggctgggagyg cttaccagaa gattaactgt tagaggttag actatggata tgtaatttaa 4080
ctgtgtatat agagagcgtg caagtatgga gcgcttgttc agcttgtatg atggtcagac 4140
gacctgtetyg atcgagtatg tatgatactg cacaacctgt gtatccgcat gatctgtceca 4200

atggggcatg ttgttgtgtt tcectcgatacg gagatgctgg gtacagtgct aatacgttga 4260
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actacttata cttatatgag gctcgaagaa agctgacttg tgtatgactt aat

<210> SEQ ID NO 71
<211> LENGTH: 15966

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pZKD2-5U89A2

<400> SEQUENCE: 71

gtacgtttca

ttgttetgeg

tatgtgtgeg

aagagcttce

ttggacgggg

agtggaattg

cagaccagag

attccegega

atagtcatag

gagcttatca

tgttgcagag

gaggttgetg

tgacgtgtgt

gtttgcgtat

ggctgeggeg

gggataacgce

aggcegegtt

gacgctcaag

ctggaagetce

cctttetece

cggtgtaggt

getgegecett

cactggcage

agttcttgaa

ctctgetgaa

ccaccgetygyg

gatctcaaga

cacgttaagg

attaaaaatg

accaatgett

ttgcctgact

gtgctgcaat

tgaaggcggg
gccagtatcet
tgggctecag
agatgaagaa
agtegtettt
cgcagcatag
agaaggtctce
ttttgggtge
cttttgtttet
gtcacggtee
ceggtgettt
ggatgtgetg
agaggcgege
tgggcgetet
agcggtatca
aggaaagaac
getggegttt
tcagaggtgg
cctegtgege
ttcgggaage
cgttegetee
atccggtaac
agccactggt
gtggtggect
gccagttace
tagecggtgge
agatcectttyg
gattttggte
aagttttaaa
aatcagtgag
ccecegtegty

gataccgcga

cagaaagtac

ctcagcaatc

atccaccgte

gtttettgaa

aacagcgtac

catgaaaatt

acatcggttyg

cgtgtegttt

gtgtgacttyg

acgaacgatt

tttttgtgge

gtttggctge

cagctgeatt

tcecgettect

gctcactcaa

atgtgagcaa

ttccatagge

cgaaacccga

tctectgtte

gtggegettt

aagctggget

tatcgtettyg

aacaggatta

aactacggct

ttcggaaaaa

ttctetgttet

atcttttcta

atgagattat

tcaatctaaa

gcacctatct

tagataacta

gacccacgcet

tcgatggtgg

aggtgatact

ttgtgcagag

ataggcgagt

actacatacg

gtgaggaaag

agtaatggtg

ttgtctegeyg

tetgttgect

tegtacttgt

caagtcgaca

caaatgtggyg

aatgaatcgg

cgctcactga

aggcggtaat

aaggccagca

tcegecceee

caggactata

cgaccetgec

ctcatagete

gtgtgcacga

agtccaacce

gcagagegag

acactagaag

gagttggtag

gcaagcagca

cggggtctga

caaaaaggat

gtatatatga

cagcgatcetg

cgatacggga

caccggetec

agatgattgce

cctggacgte

ttatggggaa

atcgcttgac

caatcacaaa

tgggaatgcet

tcgatagegyg

acttgtagta

gttgttagaa

acgtaattgg

ggtcgattte

gaagatttca

ccaacgcgeg

ctegetgege

acggttatcc

aaaggccagg

tgacgagcat

aagataccag

gettaccgga

acgctgtagyg

acccceegtt

ggtaagacac

gtatgtaggce

aacagtattt

ctcttgatee

gattacgcge

cgctcagtygy

cttcacctag

gtaaacttgg

tctatttegt

gggcttacca

agatttatca

tcggaggtac
cagagggtag
gtagcggeca
cactccteceg
tggccagage
gaaaatgtgce
ggcatatcgg
ttgtgagtcyg
gaaaaagtgg
tcgtgagaac
ggcgetgtge
acctcggatt
gggagaggcg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttecce
tacctgteceyg
tatctcagtt
cagccegace
gacttatcge
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggecceca

gcaataaacc

4313

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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agccagecgg aagggccgag cgcagaagtg gtectgcaac tttatccgece tcecatccagt 1980
ctattaattg ttgccgggaa gctagagtaa gtagttcgcce agttaatagt ttgcgcaacg 2040
ttgttgccat tgctacaggc atcgtggtgt cacgctegtce gtttggtatg gettcattca 2100
gcteeggtte ccaacgatca aggcgagtta catgatccece catgttgtgce aaaaaagcgg 2160
ttagctectt cggtecteeg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca 2220
tggttatggc agcactgcat aattctctta ctgtcatgcc atccgtaaga tgcttttcetg 2280
tgactggtga gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgcet 2340
cttgcecegge gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca 2400
tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgctg ttgagatcca 2460
gttcgatgta acccactcgt gcacccaact gatcttcage atcttttact ttcaccageg 2520
tttetgggtyg agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac 2580
ggaaatgttg aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt 2640
attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc 2700
cgcgcacatt tccccgaaaa gtgccacctg atgeggtgtg aaataccgca cagatgcgta 2760
aggagaaaat accgcatcag gaaattgtaa gcgttaatat tttgttaaaa ttcgcgttaa 2820
atttttgtta aatcagctca ttttttaacc aataggccga aatcggcaaa atcccttata 2880
aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac aagagtccac 2940
tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag ggcgatggcce 3000
cactacgtga accatcaccc taatcaagtt ttttggggtc gaggtgccgt aaagcactaa 3060
atcggaacce taaagggagc ccccgattta gagettgacyg gggaaagcecyg gcgaacgtgg 3120
cgagaaagga agggaagaaa gcgaaaggag cgggcgctag ggcegetggea agtgtagcegg 3180
tcacgetgeg cgtaaccacce acacccegecg cgettaatge gecgetacag ggcgegtceca 3240
ttecgeccatte aggctgcgca actgttggga agggcgatcg gtgcgggcect cttegctatt 3300
acgccagcetg gcgaaagggg gatgtgctge aaggcgatta agttgggtaa cgccagggtt 3360
ttcccagtca cgacgttgta aaacgacggc cagtgaattg taatacgact cactataggg 3420
cgaattgggce ccgacgtcege atgcatcaaa ggaagggtga atccaaggaa gttcttgaca 3480
aactgctgga atcggtacag cttggacgac ttgtcgttge taacctggtce atagaggtcg 3540
ttctcaccaa aggccatgat gggaacaagg gcgacatttc cgacctccat accaagtcga 3600
acaaaaccct ttcgcttgag tagcaccagg tccatgacac cgggtctggce cagaagactt 3660
tcetgtgete caccaacgac aatgcagata gactggtttce gettgaggag ggccttgcag 3720
gacttcttgg agacagaagc gactcccaga ctcatgaggt actctctgta gagaggcact 3780
cggaagttgt tggtgagagt cataagagaa acagggatgc ccggaaagag cttggaccat 3840
ccagctecct cggtggcaat tcecaccaaag gctcecccatge cgataatgcece gtgggggtgg 3900
tagccgaaga tgtattttet gecagtggge ttgagttttg tgggcgacag ctgtgggtceg 3960
ttttcgecaa tgatctggtt ggcgtaggag ttgagggacce cgttaagaag cgtggaatca 4020
gatgcagtgg agccagcaga ggcggacgac aaaggtcgtc ggttagtggt gccattgttg 4080
ccgttgecgt taagttcgga geccgaggceg tggecgttgg agccagatga ttcectccacgg 4140

ctatatctgce tgtcgtggtt aattaactca cctgcaggat tgagactatg aatggattcc 4200
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cgtgccegta ttactctact aatttgatct tggaacgcga aaatacgttt ctaggactcce 4260
aaagaatctc aactcttgtc cttactaaat atactaccca tagttgatgg tttacttgaa 4320
cagagaggac atgttcactt gacccaaagt ttctcgcatc tcttggatat ttgaacaacg 4380
gcgtecactyg accgtcagtt atccagtcac aaaaccccca cattcataca ttcecccatgta 4440
cgtttacaaa gttctcaatt ccatcgtgca aatcaaaatc acatctattc attcatcata 4500
tataaaccca tcatgtctac taacactcac aactccatag aaaacatcga ctcagaacac 4560
acgctccatg cggccgctta ggaatcctga gcgtecttga cacagtgaac cacaccgact 4620
ttgtgcatgt acttgagggt ggaaatgatg ttgcccacaa tggtagggta gaagacgtac 4680
cgaactccgt gtcgttcgca acactctcgg acagcecttget gcacgaaggg atagtgccaa 4740
gacgacattc gaggaaagag gtgatgctcg atctggaagt tgagaccgcc agtaaagaac 4800
atggcaatgg gtccaccgta ggtggaagag gtctccacct gagctctgta ccagtcgatce 4860
tgatcggett caacgtcctt ctecggagcte ttgaccttge agttecttgte ggggattcegce 4920
tcecgagecat cgaagttgtg agacaagatg aaaaagaagg tgaggaaggc accggtagca 4980
gtgggcacca gaggaatggt gatgagcagg gaggttccag tgagatacca gggcaagaag 5040
gcggttcgaa agatgaagaa agctcgcata acgaatgcaa gggttceggta ccgtcecgcaga 5100
aagccgttet ctcecgcatgge tgtgacagac tcgggaatgg tgtcegttgtg ctgcattegg 5160
aagatgtaga gagggttgta caccagcgaa acgccgtagyg ctccaagcac gaggtacatg 5220
taccaggcct ggaatcggtg aaaccacttt cgagcagtgt tggcagcagg gtagttgtgg 5280
aacacaagga atggttctgc ggactcggca tccaggtcega gaccatgctg attggtgtag 5340
gtgtgatgtc gcatgatgtg agactgcagc cagatccatc tggacgatcc aatgacgtcg 5400
atgccgtagg caaagagagc gttgacccag ggctttttge tgatggcacce atgagaggca 5460
tcgtgctgaa tggacaggcc gatctgcatg tgcatgaatc cagtcaagag accccacagce 5520
accattccegg tagtagccca gtgccactceg caaaaggcegyg tgacagcaat gatgccaacyg 5580
gttcgcagec agaatccagg tgtggcatac cagttccgac ctttcatgac ctctcecgcata 5640
gttcgcttga cgtecctgtge aaagggagag tcgtaggtgt agacaatgtc cttggaggtt 5700
cggtcgtget tgcctcgcac gaactgttga agcagctteg agttctcecggg cttgacgtaa 5760
gggtgcatgyg agtagaacag aggagaagca tcggaggcac cagaagcgag gatcaagtceg 5820
cctecegggat ggaccttgge aagaccttcee agatcgtaga gaatgccgte gatggcaacce 5880
aggtcgggtce gectcgagcag ctgctceggta gtaagggaga gagccatggce cattgctgta 5940
gatatgtctt gtgtgtaagg gggttggggt ggttgtttgt gttcttgact tttgtgttag 6000
caagggaaga cgggcaaaaa agtgagtgtg gttgggaggg agagacgagc cttatatata 6060
atgcttgttt gtgtttgtgce aagtggacgc cgaaacgggc aggagccaaa ctaaacaagg 6120
cagacaatgc gagcttaatt ggattgcctg atgggcaggg gttagggctce gatcaatggg 6180
ggtgcgaagt gacaaaattg ggaattaggt tcgcaagcaa ggctgacaag actttggccce 6240
aaacatttgt acgcggtgga caacaggagc cacccatcegt ctgtcacggg ctagccggtce 6300
gtgcgtceetyg tcaggctcca cctaggetcecce atgccactec atacaatccce actagtgtac 6360
cgctaggecceg cttttagete ccatctaaga cccccccaaa acctceccactg tacagtgcac 6420

tgtactgtgt ggcgatcaag ggcaagggaa aaaaggcgcea aacatgcacg catggaatga 6480
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cgtaggtaag gcgttactag actgaaaagt ggcacatttc ggcgtgccaa agggtcecctag 6540
gtgcgttteg cgagctggge gccaggccaa gccgctccaa aacgectcectce cgactcecte 6600
cagcggcectce catatcccecca tecctcetcecca cagcaatgtt gttaagectt gcaaacgaaa 6660
aaatagaaag gctaataagc ttccaatatt gtggtgtacg ctgcataacg caacaatgag 6720
cgccaaacaa cacacacaca cagcacacag cagcattaac cacgatgaac agcatgaatt 6780
ctctetettg agetttteca taacaagtte ttetgectece aggaagtcca tgggtggttt 6840
gatcatggtt ttggtgtagt ggtagtgcag tggtggtatt gtgactgggg atgtagttga 6900
gaataagtca tacacaagtc agctttcttc gagcctcata taagtataag tagttcaacyg 6960
tattagcact gtacccagca tctccecgtatce gagaaacaca acaacatgcc ccattggaca 7020
gatcatgcgg atacacaggt tgtgcagtat catacatact cgatcagaca ggtcgtctga 7080
ccatcataca agctgaacaa gcgctccata cttgcacgect ctctatatac acagttaaat 7140
tacatatcca tagtctaacc tctaacagtt aatcttctgg taagcctccce agccagectt 7200
ctggtatcge ttggcctect caataggatc tcecggttetgg cecgtacagac ctecggccgac 7260
aattatgata tccgttcecgg tagacatgac atcctcaaca gttcggtact getgtcecgag 7320
agcgtcectece ttgtcegtcaa gacccaccce gggggtcaga ataagccagt cctcagagtce 7380
gccecttaggt cggttetggg caatgaagcecc aaccacaaac tceggggtcegg atcgggcaag 7440
ctcaatggtc tgcttggagt actcgccagt ggccagagag cccttgcaag acagctcecggce 7500
cagcatgagc agacctctgg ccagcttcte gttgggagag gggactagga actccttgta 7560
ctgggagttc tcgtagtcag agacgtccte cttettetgt tcagagacag tttecteggce 7620
accagctecge aggccagcaa tgattceggt tceccgggtaca cecgtgggcegt tggtgatatce 7680
ggaccactecg gcgatteggt gacaccggta ctggtgcttg acagtgttgce caatatctge 7740
gaactttctg tcecctcgaaca ggaagaaacc gtgcttaaga gcaagttect tgagggggag 7800
cacagtgccg gecgtaggtga agtcgtcaat gatgtcgata tgggttttga tcatgcacac 7860
ataaggtccg accttatcgg caagctcaat gagcectccttg gtggtggtaa catccagaga 7920
agcacacagg ttggttttct tggctgccac gagcttgage actcgagcgg caaaggcgga 7980
cttgtggacg ttagctcgag cttcgtagga gggcattttg gtggtgaaga ggagactgaa 8040
ataaatttag tctgcagaac tttttatcgg aaccttatct ggggcagtga agtatatgtt 8100
atggtaatag ttacgagtta gttgaactta tagatagact ggactatacg gctatcggtc 8160
caaattagaa agaacgtcaa tggctctctg ggcgtcgect ttgccgacaa aaatgtgatce 8220
atgatgaaag ccagcaatga cgttgcagct gatattgttg tcggccaacc gcegccgaaaa 8280
cgcagetgte agacccacag cctccaacga agaatgtatce gtcaaagtga tccaagcaca 8340
ctcatagttg gagtcgtact ccaaaggcgg caatgacgag tcagacagat actcgtcgac 8400
cttttecttg ggaaccacca ccgtcagcecce ttectgactca cgtattgtag ccaccgacac 8460
aggcaacagt ccgtggatag cagaatatgt cttgtcggtc catttctcac caactttagg 8520
cgtcaagtga atgttgcaga agaagtatgt gccttcattg agaatcggtg ttgctgattt 8580
caataaagtc ttgagatcag tttggccagt catgttgtgg ggggtaattg gattgagtta 8640
tcgcctacag tectgtacagg tatactecgct gcccacttta tactttttga tteccgcetgea 8700

cttgaagcaa tgtcgtttac caaaagtgag aatgctccac agaacacacc ccagggtatg 8760
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gttgagcaaa aaataaacac tccgatacgg ggaatcgaac cccggtcectcece acggttcetca 8820
agaagtattc ttgatgagag cgtatcgata gttggagcaa gggagaaatg tagagtgtga 8880
aagactcact atggtccggg cttatctcga ccaatagcca aagtctggag tttctgagag 8940
aaaaaggcaa gatacgtatg taacaaagcg acgcatggta caataatacc ggaggcatgt 9000
atcatagaga gttagtggtt cgatgatggc actggtgcct ggtatgactt tatacggcetg 9060
actacatatt tgtcctcaga catacaatta cagtcaagca cttacccttg gacatctgta 9120
ggtacccecee ggccaagacg atctcagegt gtcecgtatgte ggattggegt agctceccecteg 9180
ctcgtcaatt ggctcecccate tactttette tgecttggceta cacccagcat gtcectgctatg 9240
gctegtttte gtgecttate tatcctecca gtattaccaa ctctaaatga catgatgtga 9300
ttgggtctac actttcatat cagagataag gagtagcaca gttgcataaa aagcccaact 9360
ctaatcagct tcecttecttte ttgtaattag tacaaaggtg attagcgaaa tctggaagcet 9420
tagttggcce taaaaaaatc aaaaaaagca aaaaacgaaa aacgaaaaac cacagttttg 9480
agaacaggga ggtaacgaag gatcgtatat atatatatat atatatatac ccacggatcc 9540
cgagaccggce ctttgattet tceccctacaac caaccattcect caccacccta attcacaacc 9600
atggctgeccg tcatcgaggt ggccaacgag ttegtcgceta tcactgccga gacccttece 9660
aaggtggact atcagcgact ctggcgagac atctactcect gecgagctcect gtacttcetcece 9720
attgctttecg tcatcctcaa gtttaccctt ggcgagetcet cggattctgg caaaaagatt 9780
ctgcgagtgce tgttcaagtyg gtacaacctc ttcatgtecg tecttttceget ggtgtcectte 9840
ctctgtatgg gttacgccat ctacaccgtt ggactgtact ccaacgaatg cgacagagct 9900
ttcgacaaca gecttgtteeg atttgccace aaggtcttet actattccaa gtttcetggag 9960
tacatcgact ctttctacct tecccctcatg gccaagecte tgtcectttet gecagttettt 10020
catcacttgg gagctcctat ggacatgtgg ctcttcecgtge agtactctgg cgaatccatt 10080
tggatctttg tgttcctgaa cggattcatt cactttgtca tgtacggcta ctattggaca 10140
cggctgatga agttcaactt tcccatgccce aagcagctca ttaccgcaat gcagatcacce 10200
cagttcaacg ttggcttcta cctecgtgtgg tggtacaagg acattccctg ttaccgaaag 10260
gatcccatge gaatgctgge ctggatcttc aactactggt acgtcggtac cgttecttetg 10320
ctcttcatca acttectttgt caagtcectac gtgttteccca agectaagac tgccgacaaa 10380
aaggtccagt agcggccgca tgtacataca agattattta tagaaatgaa tcgcgatcga 10440
acaaagagta cgagtgtacg agtaggggat gatgataaaa gtggaagaag ttccgcatct 10500
ttggatttat caacgtgtag gacgatactt cctgtaaaaa tgcaatgtct ttaccatagg 10560
ttectgctgta gatgttatta actaccatta acatgtctac ttgtacagtt gcagaccagt 10620
tggagtatag aatggtacac ttaccaaaaa gtgttgatgg ttgtaactac gatatataaa 10680
actgttgacg ggatctgtat attcggtaag atatattttg tggggtttta gtggtgttta 10740
aacaccacta aaaccccaca aaatatatct taccgaatat acagatctac tatagaggaa 10800
caattgcccce ggagaagacg gccaggccgce ctagatgaca aattcaacaa ctcacagctg 10860
actttctgee attgccacta ggggggggcece tttttatatg gccaagccaa gectctecacg 10920
tcggttggge tgcacccaac aataaatggg tagggttgca ccaacaaagg gatgggatgg 10980

ggggtagaag atacgaggat aacggggctc aatggcacaa ataagaacga atactgccat 11040
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taagactcgt gatccagcga ctgacaccat tgcatcatct aagggcctca aaactaccte 11100
ggaactgctg cgctgatctg gacaccacag aggttccgag cactttaggt tgcaccaaat 11160
gtcccaccag gtgcaggcag aaaacgctgg aacagcgtgt acagtttgtc ttaacaaaaa 11220
gtgagggcgce tgaggtcgag cagggtggtg tgacttgtta tagecctttag agcectgcgaaa 11280
gcgegtatgg atttggctca tcaggccaga ttgagggtcet gtggacacat gtcatgttag 11340
tgtacttcaa tcgcccceectg gatatagceccee cgacaatagg ccgtggecte atttttttge 11400
cttcecgecaca tttcecattge teggtaccca caccttgett ctectgcact tgccaacctt 11460
aatactggtt tacattgacc aacatcttac aagcgggggg cttgtctagg gtatatataa 11520
acagtggctc tcccaatcgg ttgccagtcet cttttttect ttetttceccecee acagattcga 11580
aatctaaact acacatcaca caatgcctgt tactgacgtce cttaagcgaa agtccggtgt 11640
catcgtegge gacgatgtcec gagccgtgag tatccacgac aagatcagtg tcgagacgac 11700
gcgttttgtyg taatgacaca atccgaaagt cgctagcaac acacactctc tacacaaact 11760
aacccagctce tccatggtga aggcttcecteg acaggctcectg ccectegtca tcecgacggaaa 11820
ggtgtacgac gtctccgcectt gggtgaactt ccaccctggt ggagctgaaa tcattgagaa 11880
ctaccaggga cgagatgcta ctgacgcctt catggttatg cactctcagg aagccttcga 11940
caagctcaag cgaatgccca agatcaacca ggcttccgag ctgcctceccecce aggctgeccgt 12000
caacgaagct caggaggatt tccgaaagct ccgagaagag ctgatcgcca ctggcatgtt 12060
tgacgcctcet ceccctcectggt actcgtacaa gatcttgace accctgggte ttggegtget 12120
tgccttette atgctggtec agtaccacct gtacttcatt ggtgctcteg tgcteggtat 12180
gcactaccag caaatgggat ggctgtctca tgacatctgce caccaccaga ccttcaagaa 12240
ccgaaactgg aataacgtcc tgggtcetggt ctttggcaac ggactccagg gecttetecegt 12300
gacctggtgg aaggacagac acaacgccca tcattctget accaacgttc agggtcacga 12360
tcecgacatt gataacctge ctetgcectege ctggtccgag gacgatgtca ctcgagette 12420
tceccatcetee cgaaagctca ttcagttcca acagtactat ttcecctggtca tetgtattet 12480
cctgcgatte atctggtgtt tecagtetgt gctgaccgtt cgatccecctca aggaccgaga 12540
caaccagttc taccgatctc agtacaagaa agaggccatt ggactcgctce tgcactggac 12600
tctcaagacc ctgttccacc tettcetttat gcecctcecate ctgacctcecga tgctggtgtt 12660
ctttgtttce gagctcecgteg gtggettcecgg aattgccate gtggtcecttca tgaaccacta 12720
ccetetggag aagatcggtg attccegtcetg ggacggacat ggettcectetg tgggtcagat 12780
ccatgagacc atgaacattc gacgaggcat cattactgac tggttctttg gaggcctgaa 12840
ctaccagatc gagcaccatc tcectggcccac cctgcecctecga cacaacctca ctgcegttte 12900
ctaccaggtg gaacagctgt gccagaagca caacctcccce taccgaaacc ctctgeccca 12960
tgaaggtctc gtcatcctge teccgatacct gtcccagtte gectcecgaatgg ccgagaagca 13020
gcceggtgee aaggctcagt aagceggcecgce atgagaagat aaatatataa atacattgag 13080
atattaaatg cgctagatta gagagcctca tactgctcgg agagaagcca agacgagtac 13140
tcaaagggga ttacaccatc catatccaca gacacaagct ggggaaaggt tctatataca 13200
ctttcecggaa taccgtagtt tecgatgtta tcaatggggg cagccaggat ttcaggcact 13260

tcggtgtete ggggtgaaat ggcgttettg gcecctccatca agtcegtacca tgtcttcatt 13320
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tgcctgtcaa agtaaaacag aagcagatga agaatgaact tgaagtgaag gaatttaaat 13380
agttggagca agggagaaat gtagagtgtg aaagactcac tatggtccgg gcttatctceg 13440
accaatagcc aaagtctgga gtttctgaga gaaaaaggca agatacgtat gtaacaaagce 13500
gacgcatggt acaataatac cggaggcatg tatcatagag agttagtggt tcgatgatgg 13560
cactggtgcce tggtatgact ttatacggct gactacatat ttgtcctcag acatacaatt 13620
acagtcaagc acttaccctt ggacatctgt aggtacccce cggccaagac gatctcageg 13680
tgtcgtatgt cggattggcg tagctcecccte gctecgtcaat tggctcccat ctactttett 13740
ctgcttggcet acacccagca tgtctgctat ggctcegtttt cgtgecttat ctatcctcce 13800
agtattacca actctaaatg acatgatgtg attgggtcta cactttcata tcagagataa 13860
ggagtagcac agttgcataa aaagcccaac tctaatcage ttcecttcecttt cttgtaatta 13920
gtacaaaggt gattagcgaa atctggaagc ttagttggcec ctaaaaaaat caaaaaaagc 13980
aaaaaacgaa aaacgaaaaa ccacagtttt gagaacaggg aggtaacgaa ggatcgtata 14040
tatatatata tatatatata cccacggatc ccgagaccgg cctttgattce ttccctacaa 14100
ccaaccattc tcaccaccct aattcacaac catggcctce acctecggctce tgcccaagca 14160
gaaccctgece cteccgacgaa ccgtcactte caccactgtg accgactcgg agtetgetge 14220
cgtctetece teccgattete ccagacactce ggecctcectet acatcgetgt cttceccatgte 14280
cgaggtggac attgccaagc ccaagtccga gtacggtgte atgctggata cctacggcaa 14340
ccagttcgaa gttcccgact tcaccatcaa ggacatctac aacgctattc ccaagcactg 14400
cttcaagcga tctgctctca agggatacgg ctacattcectt cgagacattg tecctectgac 14460
taccactttc agcatctggt acaactttgt gacacccgag tacattccct ccactectge 14520
tcgageeggt ctgtgggetg tgtacaccgt tcttcaggga ctcetteggta ctggactgtg 14580
ggtcattgcec cacgagtgtg gacatggtge tttctceccgat tceccgaatca tcaacgacat 14640
tactggctgg gtgcttcact cttcectget tgttccecctac ttcagetgge aaatctccca 14700
ccggaagcat cacaaggcca ctggaaacat ggagcgagac atggtcttecg ttcecctecgaac 14760
ccgagagcag caagctactc gactcggcaa gatgacccac gaactcgccce atcttaccga 14820
ggaaactcct gctttcacce tgctcatget tgtgcttcag caactggtcg gttggcccaa 14880
ctatctcatt accaacgtta ctggacacaa ctaccatgag cggcagcgag agggtcgagg 14940
caagggaaag cacaacggtc ttggcggtgg agttaaccat ttcgatccce gatctectet 15000
gtacgagaac agcgacgcca agctcatcgt gectctecgac attggcattg gtcecttatgge 15060
caccgctetg tactttcteg ttcagaagtt cggattctac aacatggcca tctggtactt 15120
cgttcectac ttgtgggtta accactggct cgtcgccatt acctttcectge agcacacaga 15180
tcectactett cecccactaca ccaacgacga gtggaacttt gtgcgaggtg ccgctgcaac 15240
catcgaccga gagatgggct tcattggacg tcatctgcte cacggcatta tcgagactca 15300
cgtcctgecat cactacgtet cttcecattcece cttctacaat gcggacgaag ctaccgagge 15360
catcaaacct atcatgggca agcactatcg agctgatgtce caggacggtc ctcgaggatt 15420
cattcgagcce atgtaccgat ctgcacgaat gtgccagtgg gttgaaccct ccgctggtge 15480
cgagggagct ggcaagggtg tcecctgttcett tcgaaaccga aacaatgtgg gcactectcece 15540

cgctgtcecatce aagcccgttg cctaageggce cgctatttat cactcectttac aacttctacce 15600
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tcaactatct actttaataa atgaatatcg tttattctct atgattactg tatatgegtt 15660
cctctaagac aaatcgaaac cagcatgtga tcgaatggca tacaaaagtt tcectteccgaag 15720
ttgatcaatg tcctgatagt caggcagctt gagaagattg acacaggtgg aggccgtagg 15780
gaaccgatca acctgtctac cagcgttacg aatggcaaat gacgggttca aagccttgaa 15840
tcettgcaat ggtgecttgg atactgatgt cacaaactta agaagcagcc gecttgtecte 15900
ttectegate gatggtcata getgtttect gtgtgaaatt gttatccget cacaattcca 15960

cacaac 15966

<210> SEQ ID NO 72

<211> LENGTH: 2119

<212> TYPE: DNA

<213> ORGANISM: Yarrowia lipolytica

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (291)..(1835)

<223> OTHER INFORMATION: DGAT2 opening reading frame, comprising 2
smaller internal opening reading frames

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (291)..(293)

<223> OTHER INFORMATION: initiation codon ('ATG')

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (456) .. (458)

<223> OTHER INFORMATION: initiation codon ('ATG')

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (768)..(770)

<223> OTHER INFORMATION: initiation codon ('ATG')

<300> PUBLICATION INFORMATION:

<302> TITLE: ACYLTRANSFERASES FOR ALTERATION OF POLYUNSATURATED FATTY
ACIDS AND OIL CONTENT IN OLEAGINOUS YEASTS

<310> PATENT DOCUMENT NUMBER: U.S. Patent 7,267,976

<311> PATENT FILING DATE: 2004-07-01

<312> PUBLICATION DATE: 2007-09-11

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(2119

<400> SEQUENCE: 72

aaacgcacce actgctegte ctecttgete ctegaaaccyg actectctac acacgtcaaa 60
tcecgaggttyg aaatcttccce cacatttgge agecaaacca gcacatccca gcaacctcege 120
acagcgccga aatcgacctg tcgacttgge cacaaaaaaa agcaccgget ctgcaacagt 180
tctcacgace aattacgtac aagtacgaaa tcgttegtgg accgtgactg ataagctcce 240
actttttctt ctaacaacag gcaacagaca agtcacacaa aacaaaagct atg act 296
Met Thr
1
atc gac tca caa tac tac aag tcg cga gac aaa aac gac acg gca ccc 344
Ile Asp Ser Gln Tyr Tyr Lys Ser Arg Asp Lys Asn Asp Thr Ala Pro
5 10 15
aaa atc gcg gga atc cga tat gec ccg cta teg aca cca tta ctce aac 392
Lys Ile Ala Gly Ile Arg Tyr Ala Pro Leu Ser Thr Pro Leu Leu Asn
20 25 30
cga tgt gag acc ttc tct ctg gtc tgg cac att ttc agc att ccc act 440
Arg Cys Glu Thr Phe Ser Leu Val Trp His Ile Phe Ser Ile Pro Thr
35 40 45 50
ttc ctc aca att ttc atg cta tgc tgc gca att cca ctg ctc tgg cca 488
Phe Leu Thr Ile Phe Met Leu Cys Cys Ala Ile Pro Leu Leu Trp Pro
55 60 65

ttt gtg att gcg tat gta gtg tac gct gtt aaa gac gac tcc ccg tec 536
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Phe Val Ile Ala Tyr Val Val Tyr Ala Val Lys Asp Asp Ser Pro Ser

70 75 80
aac gga gga gtg gtc aag cga tac tcg cct att tca aga aac ttc ttc 584
Asn Gly Gly Val Val Lys Arg Tyr Ser Pro Ile Ser Arg Asn Phe Phe
85 90 95
atc tgg aag ctc ttt ggce cge tac ttc ccc ata act ctg cac aag acg 632
Ile Trp Lys Leu Phe Gly Arg Tyr Phe Pro Ile Thr Leu His Lys Thr
100 105 110
gtg gat ctg gag ccc acg cac aca tac tac cct ctg gac gtc cag gag 680
Val Asp Leu Glu Pro Thr His Thr Tyr Tyr Pro Leu Asp Val Gln Glu
115 120 125 130
tat cac ctg att gct gag aga tac tgg ccg cag aac aag tac ctc cga 728
Tyr His Leu Ile Ala Glu Arg Tyr Trp Pro Gln Asn Lys Tyr Leu Arg
135 140 145
gca atc atc tcc acc atc gag tac ttt ctg ccc gee tte atg aaa cgg 776
Ala Ile Ile Ser Thr Ile Glu Tyr Phe Leu Pro Ala Phe Met Lys Arg
150 155 160
tct ctt tet atc aac gag cag gag cag cct gcc gag cga gat cct ctce 824
Ser Leu Ser Ile Asn Glu Gln Glu Gln Pro Ala Glu Arg Asp Pro Leu
165 170 175
ctg tct cce gtt tet cce age tcect ccg ggt tet caa cct gac aag tgg 872
Leu Ser Pro Val Ser Pro Ser Ser Pro Gly Ser Gln Pro Asp Lys Trp
180 185 190
att aac cac gac agc aga tat agc cgt gga gaa tca tct gge tce aac 920
Ile Asn His Asp Ser Arg Tyr Ser Arg Gly Glu Ser Ser Gly Ser Asn
195 200 205 210
gge cac gec teg gge tce gaa ctt aac gge aac ggce aac aat ggc acce 968
Gly His Ala Ser Gly Ser Glu Leu Asn Gly Asn Gly Asn Asn Gly Thr
215 220 225
act aac cga cga cct ttg tcg tce gece tect get gge tec act geca tet 1016
Thr Asn Arg Arg Pro Leu Ser Ser Ala Ser Ala Gly Ser Thr Ala Ser
230 235 240
gat tcc acg ctt ctt aac ggg tce cte aac tec tac gee aac cag atce 1064
Asp Ser Thr Leu Leu Asn Gly Ser Leu Asn Ser Tyr Ala Asn Gln Ile
245 250 255
att ggc gaa aac gac cca cag ctg tcg ccc aca aaa ctc aag ccc act 1112
Ile Gly Glu Asn Asp Pro Gln Leu Ser Pro Thr Lys Leu Lys Pro Thr
260 265 270
ggc aga aaa tac atc ttc ggc tac cac ccc cac ggc att atc ggce atg 1160
Gly Arg Lys Tyr Ile Phe Gly Tyr His Pro His Gly Ile Ile Gly Met
275 280 285 290
gga gcc ttt ggt gga att gecc acc gag gga gct gga tgg tcec aag cte 1208
Gly Ala Phe Gly Gly Ile Ala Thr Glu Gly Ala Gly Trp Ser Lys Leu
295 300 305
ttt ccg ggce atc cct gtt tet ctt atg act ctc acc aac aac ttc cga 1256
Phe Pro Gly Ile Pro Val Ser Leu Met Thr Leu Thr Asn Asn Phe Arg
310 315 320
gtg cct ctc tac aga gag tac ctc atg agt ctg gga gtc gct tect gte 1304
Val Pro Leu Tyr Arg Glu Tyr Leu Met Ser Leu Gly Val Ala Ser Val
325 330 335
tce aag aag tcc tge aag gcc ctce ctc aag cga aac cag tct atc tgce 1352
Ser Lys Lys Ser Cys Lys Ala Leu Leu Lys Arg Asn Gln Ser Ile Cys
340 345 350
att gtc gtt ggt gga gca cag gaa agt ctt ctg gcc aga ccc ggt gtc 1400
Ile Val Val Gly Gly Ala Gln Glu Ser Leu Leu Ala Arg Pro Gly Val
355 360 365 370

atg gac ctg gtg cta ctc aag cga aag ggt ttt gtt cga ctt ggt atg 1448
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Met Asp Leu Val Leu Leu Lys Arg Lys Gly Phe Val Arg Leu Gly Met

375 380 385
gag gtc gga aat gtc gcc ctt gtt ccec atc atg gec ttt ggt gag aac 1496
Glu Val Gly Asn Val Ala Leu Val Pro Ile Met Ala Phe Gly Glu Asn
390 395 400
gac ctc tat gac cag gtt agc aac gac aag tcg tcc aag ctg tac cga 1544
Asp Leu Tyr Asp Gln Val Ser Asn Asp Lys Ser Ser Lys Leu Tyr Arg
405 410 415
ttc cag cag ttt gtc aag aac ttc ctt gga ttc acc ctt cct ttg atg 1592
Phe Gln Gln Phe Val Lys Asn Phe Leu Gly Phe Thr Leu Pro Leu Met
420 425 430
cat gcc cga ggc gtc tte aac tac gat gtc ggt ctt gtc ccc tac agg 1640
His Ala Arg Gly Val Phe Asn Tyr Asp Val Gly Leu Val Pro Tyr Arg
435 440 445 450
cga ccc gtc aac att gtg gtt ggt tcc ccc att gac ttg cct tat ctc 1688
Arg Pro Val Asn Ile Val Val Gly Ser Pro Ile Asp Leu Pro Tyr Leu
455 460 465
cca cac ccc acc gac gaa gaa gtg tcc gaa tac cac gac cga tac atc 1736
Pro His Pro Thr Asp Glu Glu Val Ser Glu Tyr His Asp Arg Tyr Ile
470 475 480
gce gag ctg cag cga atc tac aac gag cac aag gat gaa tat ttc atc 1784
Ala Glu Leu Gln Arg Ile Tyr Asn Glu His Lys Asp Glu Tyr Phe Ile
485 490 495
gat tgg acc gag gag ggc aaa gga gcc cca gag ttc cga atg att gag 1832
Asp Trp Thr Glu Glu Gly Lys Gly Ala Pro Glu Phe Arg Met Ile Glu
500 505 510
taa ggaaaactgc ctgggttagg caaatagcta atgagtattt ttttgatggce 1885

aaccaaatgt agaaagaaaa aaaaaaaaaa agaaaaaaaa aagagaatat tatatctatg 1945
taattctatt aaaagctctg ttgagtgagc ggaataaata ctgttgaaga ggggattgtg 2005
tagagatctg tttactcaat ggcaaactca tctgggggag atccttccac tgtgggaagc 2065
tcetggatag cectttgcate ggggttcaag aagaccattg tgaacagccce ttga 2119
<210> SEQ ID NO 73

<211> LENGTH: 514

<212> TYPE: PRT

<213> ORGANISM: Yarrowia lipolytica

<400> SEQUENCE: 73

Met Thr Ile Asp Ser Gln Tyr Tyr Lys Ser Arg Asp Lys Asn Asp Thr
1 5 10 15

Ala Pro Lys Ile Ala Gly Ile Arg Tyr Ala Pro Leu Ser Thr Pro Leu
20 25 30

Leu Asn Arg Cys Glu Thr Phe Ser Leu Val Trp His Ile Phe Ser Ile
Pro Thr Phe Leu Thr Ile Phe Met Leu Cys Cys Ala Ile Pro Leu Leu
50 55 60

Trp Pro Phe Val Ile Ala Tyr Val Val Tyr Ala Val Lys Asp Asp Ser
65 70 75 80

Pro Ser Asn Gly Gly Val Val Lys Arg Tyr Ser Pro Ile Ser Arg Asn
85 90 95

Phe Phe Ile Trp Lys Leu Phe Gly Arg Tyr Phe Pro Ile Thr Leu His
100 105 110

Lys Thr Val Asp Leu Glu Pro Thr His Thr Tyr Tyr Pro Leu Asp Val
115 120 125
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Gln Glu Tyr His Leu Ile Ala Glu Arg Tyr Trp Pro Gln Asn Lys Tyr
130 135 140

Leu Arg Ala Ile Ile Ser Thr Ile Glu Tyr Phe Leu Pro Ala Phe Met
145 150 155 160

Lys Arg Ser Leu Ser Ile Asn Glu Gln Glu Gln Pro Ala Glu Arg Asp
165 170 175

Pro Leu Leu Ser Pro Val Ser Pro Ser Ser Pro Gly Ser Gln Pro Asp
180 185 190

Lys Trp Ile Asn His Asp Ser Arg Tyr Ser Arg Gly Glu Ser Ser Gly
195 200 205

Ser Asn Gly His Ala Ser Gly Ser Glu Leu Asn Gly Asn Gly Asn Asn
210 215 220

Gly Thr Thr Asn Arg Arg Pro Leu Ser Ser Ala Ser Ala Gly Ser Thr
225 230 235 240

Ala Ser Asp Ser Thr Leu Leu Asn Gly Ser Leu Asn Ser Tyr Ala Asn
245 250 255

Gln Ile Ile Gly Glu Asn Asp Pro Gln Leu Ser Pro Thr Lys Leu Lys
260 265 270

Pro Thr Gly Arg Lys Tyr Ile Phe Gly Tyr His Pro His Gly Ile Ile
275 280 285

Gly Met Gly Ala Phe Gly Gly Ile Ala Thr Glu Gly Ala Gly Trp Ser
290 295 300

Lys Leu Phe Pro Gly Ile Pro Val Ser Leu Met Thr Leu Thr Asn Asn
305 310 315 320

Phe Arg Val Pro Leu Tyr Arg Glu Tyr Leu Met Ser Leu Gly Val Ala
325 330 335

Ser Val Ser Lys Lys Ser Cys Lys Ala Leu Leu Lys Arg Asn Gln Ser
340 345 350

Ile Cys Ile Val Val Gly Gly Ala Gln Glu Ser Leu Leu Ala Arg Pro
355 360 365

Gly Val Met Asp Leu Val Leu Leu Lys Arg Lys Gly Phe Val Arg Leu
370 375 380

Gly Met Glu Val Gly Asn Val Ala Leu Val Pro Ile Met Ala Phe Gly
385 390 395 400

Glu Asn Asp Leu Tyr Asp Gln Val Ser Asn Asp Lys Ser Ser Lys Leu
405 410 415

Tyr Arg Phe Gln Gln Phe Val Lys Asn Phe Leu Gly Phe Thr Leu Pro
420 425 430

Leu Met His Ala Arg Gly Val Phe Asn Tyr Asp Val Gly Leu Val Pro
435 440 445

Tyr Arg Arg Pro Val Asn Ile Val Val Gly Ser Pro Ile Asp Leu Pro
450 455 460

Tyr Leu Pro His Pro Thr Asp Glu Glu Val Ser Glu Tyr His Asp Arg
465 470 475 480

Tyr Ile Ala Glu Leu Gln Arg Ile Tyr Asn Glu His Lys Asp Glu Tyr
485 490 495

Phe Ile Asp Trp Thr Glu Glu Gly Lys Gly Ala Pro Glu Phe Arg Met
500 505 510

Ile Glu
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<300>
<302>

<310>
<311>
<312>
<313>
<300>
<302>

<310>
<311>
<312>
<313>

<400>

SEQ ID NO 74

LENGTH: 1434

TYPE: DNA

ORGANISM: Fusarium moniliforme

FEATURE:

NAME/KEY: CDS

LOCATION: (1)..(1434)

OTHER INFORMATION: synthetic delta-12 desaturase (codon-optimized
for Yarrowia lipolytica)

PUBLICATION INFORMATION:

TITLE: DELTA-12 DESATURASES SUITABLE FOR ALTERING LEVELS OF
POLYUNSATURATED FATTY ACIDS IN OLEAGINOUS YEAST

PATENT DOCUMENT NUMBER: WO 2005/047485

PATENT FILING DATE: 2004-11-12

PUBLICATION DATE: 2005-05-26

RELEVANT RESIDUES IN SEQ ID NO: (1)..(1434)

PUBLICATION INFORMATION:

TITLE: DELTA-12 DESATURASES SUITABLE FOR ALTERING LEVELS OF
POLYUNSATURATED FATTY ACIDS IN OLEAGINOUS YEAST

PATENT DOCUMENT NUMBER: US 2005-0216975-Al1

PATENT FILING DATE: 2004-11-10

PUBLICATION DATE: 2005-09-29

RELEVANT RESIDUES IN SEQ ID NO: (1)..(1434)

SEQUENCE: 74

atg gec tee acce teg get ctg cecc aag cag aac cct gec cte cga cga 48
Met Ala Ser Thr Ser Ala Leu Pro Lys Gln Asn Pro Ala Leu Arg Arg

1

acc gtc act tce acc act gtg acc gac tcg gag tet get gee gte tet 96
Thr Val Thr Ser Thr Thr Val Thr Asp Ser Glu Ser Ala Ala Val Ser

20 25 30

cce tee gat tcet cce aga cac tcg gece tee tet aca teg ctg tet tec 144
Pro Ser Asp Ser Pro Arg His Ser Ala Ser Ser Thr Ser Leu Ser Ser

atg tcc gag gtg gac att gcc aag cce aag tec gag tac ggt gte atg 192
Met Ser Glu Val Asp Ile Ala Lys Pro Lys Ser Glu Tyr Gly Val Met
50 55 60

ctg gat acc tac ggc aac cag ttc gaa gtt ccc gac ttc acc atc aag 240
Leu Asp Thr Tyr Gly Asn Gln Phe Glu Val Pro Asp Phe Thr Ile Lys

65

70 75 80

gac atc tac aac gct att ccc aag cac tgce ttc aag cga tct gect cte 288
Asp Ile Tyr Asn Ala Ile Pro Lys His Cys Phe Lys Arg Ser Ala Leu

aag gga tac ggc tac att ctt cga gac att gtc ctc ctg act acc act 336
Lys Gly Tyr Gly Tyr Ile Leu Arg Asp Ile Val Leu Leu Thr Thr Thr

100 105 110

ttc age atc tgg tac aac ttt gtg aca ccc gag tac att ccc tece act 384
Phe Ser Ile Trp Tyr Asn Phe Val Thr Pro Glu Tyr Ile Pro Ser Thr

115 120 125

cct get cga gec ggt ctg tgg gect gtg tac acc gtt ctt cag gga ctc 432
Pro Ala Arg Ala Gly Leu Trp Ala Val Tyr Thr Val Leu Gln Gly Leu
130 135 140

ttc ggt act gga ctg tgg gtc att gcc cac gag tgt gga cat ggt gct 480
Phe Gly Thr Gly Leu Trp Val Ile Ala His Glu Cys Gly His Gly Ala

145

150 155 160

ttec tce gat tcc cga atc atc aac gac att act ggc tgg gtg ctt cac 528
Phe Ser Asp Ser Arg Ile Ile Asn Asp Ile Thr Gly Trp Val Leu His

165 170 175

tct tee ctg ctt gtt cce tac ttc agc tgg caa atc tecc cac cgg aag 576
Ser Ser Leu Leu Val Pro Tyr Phe Ser Trp Gln Ile Ser His Arg Lys

180 185 190

cat cac aag gcc act gga aac atg gag cga gac atg gtc tte gtt cct 624
His His Lys Ala Thr Gly Asn Met Glu Arg Asp Met Val Phe Val Pro
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195 200 205

cga acc cga gag cag caa gct act cga ctc gge aag atg acc cac gaa 672
Arg Thr Arg Glu Gln Gln Ala Thr Arg Leu Gly Lys Met Thr His Glu
210 215 220

ctc gece cat ctt acc gag gaa act cct gct ttce acc ctg ctc atg ctt 720
Leu Ala His Leu Thr Glu Glu Thr Pro Ala Phe Thr Leu Leu Met Leu
225 230 235 240

gtg ctt cag caa ctg gtc ggt tgg ccc aac tat ctc att acc aac gtt 768
Val Leu Gln Gln Leu Val Gly Trp Pro Asn Tyr Leu Ile Thr Asn Val
245 250 255

act gga cac aac tac cat gag cgg cag cga gag ggt cga ggc aag gga 816
Thr Gly His Asn Tyr His Glu Arg Gln Arg Glu Gly Arg Gly Lys Gly
260 265 270

aag cac aac ggt ctt ggc ggt gga gtt aac cat ttc gat ccc cga tcect 864
Lys His Asn Gly Leu Gly Gly Gly Val Asn His Phe Asp Pro Arg Ser
275 280 285

cct ctg tac gag aac age gac gec aag cte ate gtg cte tec gac att 912
Pro Leu Tyr Glu Asn Ser Asp Ala Lys Leu Ile Val Leu Ser Asp Ile
290 295 300

ggc att ggt ctt atg gcc acc gect ctg tac ttt cte gtt cag aag ttce 960
Gly Ile Gly Leu Met Ala Thr Ala Leu Tyr Phe Leu Val Gln Lys Phe
305 310 315 320

gga ttc tac aac atg gcc atc tgg tac ttec gtt cecc tac ttg tgg gtt 1008
Gly Phe Tyr Asn Met Ala Ile Trp Tyr Phe Val Pro Tyr Leu Trp Val
325 330 335

aac cac tgg ctc gtc gce att acc ttt ctg cag cac aca gat cct act 1056
Asn His Trp Leu Val Ala Ile Thr Phe Leu Gln His Thr Asp Pro Thr
340 345 350

ctt ccc cac tac acc aac gac gag tgg aac ttt gtg cga ggt gcc gect 1104
Leu Pro His Tyr Thr Asn Asp Glu Trp Asn Phe Val Arg Gly Ala Ala
355 360 365

gca acc atc gac cga gag atg ggc ttc att gga cgt cat ctg ctc cac 1152
Ala Thr Ile Asp Arg Glu Met Gly Phe Ile Gly Arg His Leu Leu His
370 375 380

ggc att atc gag act cac gtc ctg cat cac tac gtc tet tece att cecce 1200
Gly Ile Ile Glu Thr His Val Leu His His Tyr Val Ser Ser Ile Pro
385 390 395 400

ttc tac aat gcg gac gaa gct acc gag gcc atc aaa cct atc atg ggc 1248
Phe Tyr Asn Ala Asp Glu Ala Thr Glu Ala Ile Lys Pro Ile Met Gly
405 410 415

aag cac tat cga gct gat gtc cag gac ggt cct cga gga ttc att cga 1296
Lys His Tyr Arg Ala Asp Val Gln Asp Gly Pro Arg Gly Phe Ile Arg
420 425 430

gce atg tac cga tct gca cga atg tge cag tgg gtt gaa ccc tece get 1344
Ala Met Tyr Arg Ser Ala Arg Met Cys Gln Trp Val Glu Pro Ser Ala
435 440 445

ggt gcc gag gga gct ggc aag ggt gte ctg tte ttt cga aac cga aac 1392
Gly Ala Glu Gly Ala Gly Lys Gly Val Leu Phe Phe Arg Asn Arg Asn
450 455 460

aat gtg ggc act cct ccc get gte atc aag ccc gtt gec taa 1434
Asn Val Gly Thr Pro Pro Ala Val Ile Lys Pro Val Ala
465 470 475

<210> SEQ ID NO 75

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: Fusarium moniliforme
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<400> SEQUENCE: 75

Met Ala Ser Thr Ser Ala Leu Pro Lys Gln Asn Pro Ala Leu Arg Arg
1 5 10 15

Thr Val Thr Ser Thr Thr Val Thr Asp Ser Glu Ser Ala Ala Val Ser
20 25 30

Pro Ser Asp Ser Pro Arg His Ser Ala Ser Ser Thr Ser Leu Ser Ser
35 40 45

Met Ser Glu Val Asp Ile Ala Lys Pro Lys Ser Glu Tyr Gly Val Met
50 55 60

Leu Asp Thr Tyr Gly Asn Gln Phe Glu Val Pro Asp Phe Thr Ile Lys
65 70 75 80

Asp Ile Tyr Asn Ala Ile Pro Lys His Cys Phe Lys Arg Ser Ala Leu
85 90 95

Lys Gly Tyr Gly Tyr Ile Leu Arg Asp Ile Val Leu Leu Thr Thr Thr
100 105 110

Phe Ser Ile Trp Tyr Asn Phe Val Thr Pro Glu Tyr Ile Pro Ser Thr
115 120 125

Pro Ala Arg Ala Gly Leu Trp Ala Val Tyr Thr Val Leu Gln Gly Leu
130 135 140

Phe Gly Thr Gly Leu Trp Val Ile Ala His Glu Cys Gly His Gly Ala
145 150 155 160

Phe Ser Asp Ser Arg Ile Ile Asn Asp Ile Thr Gly Trp Val Leu His
165 170 175

Ser Ser Leu Leu Val Pro Tyr Phe Ser Trp Gln Ile Ser His Arg Lys
180 185 190

His His Lys Ala Thr Gly Asn Met Glu Arg Asp Met Val Phe Val Pro
195 200 205

Arg Thr Arg Glu Gln Gln Ala Thr Arg Leu Gly Lys Met Thr His Glu
210 215 220

Leu Ala His Leu Thr Glu Glu Thr Pro Ala Phe Thr Leu Leu Met Leu
225 230 235 240

Val Leu Gln Gln Leu Val Gly Trp Pro Asn Tyr Leu Ile Thr Asn Val
245 250 255

Thr Gly His Asn Tyr His Glu Arg Gln Arg Glu Gly Arg Gly Lys Gly
260 265 270

Lys His Asn Gly Leu Gly Gly Gly Val Asn His Phe Asp Pro Arg Ser
275 280 285

Pro Leu Tyr Glu Asn Ser Asp Ala Lys Leu Ile Val Leu Ser Asp Ile
290 295 300

Gly Ile Gly Leu Met Ala Thr Ala Leu Tyr Phe Leu Val Gln Lys Phe
305 310 315 320

Gly Phe Tyr Asn Met Ala Ile Trp Tyr Phe Val Pro Tyr Leu Trp Val
325 330 335

Asn His Trp Leu Val Ala Ile Thr Phe Leu Gln His Thr Asp Pro Thr
340 345 350

Leu Pro His Tyr Thr Asn Asp Glu Trp Asn Phe Val Arg Gly Ala Ala
355 360 365

Ala Thr Ile Asp Arg Glu Met Gly Phe Ile Gly Arg His Leu Leu His
370 375 380

Gly Ile Ile Glu Thr His Val Leu His His Tyr Val Ser Ser Ile Pro
385 390 395 400
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Phe Tyr Asn Ala Asp Glu Ala Thr Glu Ala Ile Lys Pro Ile Met Gly
405 410 415

Lys His Tyr Arg Ala Asp Val Gln Asp Gly Pro Arg Gly Phe Ile Arg
420 425 430

Ala Met Tyr Arg Ser Ala Arg Met Cys Gln Trp Val Glu Pro Ser Ala
435 440 445

Gly Ala Glu Gly Ala Gly Lys Gly Val Leu Phe Phe Arg Asn Arg Asn
450 455 460

Asn Val Gly Thr Pro Pro Ala Val Ile Lys Pro Val Ala
465 470 475

<210> SEQ ID NO 76

<211> LENGTH: 1272

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mutant EgD8M delta-8 desaturase (also
designated as “EgD8S-23")

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (2)..(1270)

<300> PUBLICATION INFORMATION:

<302> TITLE: MUTANT DELTA-8 DESATURASE GENES ENGINEERED BY TARGETED
MUTAGENESIS AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS

<310> PATENT DOCUMENT NUMBER: WO 2008/073271

<311> PATENT FILING DATE: 2007-12-05

<312> PUBLICATION DATE: 2008-06-19

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(1272)

<300> PUBLICATION INFORMATION:

<302> TITLE: MUTANT DELTA-8 DESATURASE GENES ENGINEERED BY TARGETED
MUTAGENESIS AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS

<310> PATENT DOCUMENT NUMBER: US 2008-0138868-Al

<311> PATENT FILING DATE: 2006-12-07

<312> PUBLICATION DATE: 2008-06-12

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(1272)

<400> SEQUENCE: 76

¢ atg gtg aag gct tct cga cag get ctg cee cte gte ate gac gga aag 49
Met Val Lys Ala Ser Arg Gln Ala Leu Pro Leu Val Ile Asp Gly Lys
1 5 10 15
gtg tac gac gtc tcc get tgg gtg aac tte cac cct ggt gga get gaa 97
Val Tyr Asp Val Ser Ala Trp Val Asn Phe His Pro Gly Gly Ala Glu
20 25 30
atc att gag aac tac cag gga cga gat gct act gac gcc ttc atg gtt 145
Ile Ile Glu Asn Tyr Gln Gly Arg Asp Ala Thr Asp Ala Phe Met Val
35 40 45
atg cac tct cag gaa gcc ttc gac aag ctc aag cga atg ccc aag atc 193
Met His Ser Gln Glu Ala Phe Asp Lys Leu Lys Arg Met Pro Lys Ile
50 55 60

aac cag gct tce gag ctg cct cece cag get gee gte aac gaa gcet cag 241
Asn Gln Ala Ser Glu Leu Pro Pro Gln Ala Ala Val Asn Glu Ala Gln

65 70 75 80

gag gat ttc cga aag ctc cga gaa gag ctg atc gecc act ggc atg ttt 289
Glu Asp Phe Arg Lys Leu Arg Glu Glu Leu Ile Ala Thr Gly Met Phe

85 90 95
gac gcc tct cce cte tgg tac teg tac aag atc ttg acc acc ctg ggt 337
Asp Ala Ser Pro Leu Trp Tyr Ser Tyr Lys Ile Leu Thr Thr Leu Gly
100 105 110
ctt ggc gtg ctt gce tte ttec atg ctg gtc cag tac cac ctg tac ttc 385

Leu Gly Val Leu Ala Phe Phe Met Leu Val Gln Tyr His Leu Tyr Phe
115 120 125
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att ggt gct ctc gtg cte ggt atg cac tac cag caa atg gga tgg ctg 433
Ile Gly Ala Leu Val Leu Gly Met His Tyr Gln Gln Met Gly Trp Leu
130 135 140
tct cat gac atc tge cac cac cag acc ttc aag aac cga aac tgg aat 481
Ser His Asp Ile Cys His His Gln Thr Phe Lys Asn Arg Asn Trp Asn
145 150 155 160
aac gtc ctg ggt ctg gtc ttt ggc aac gga ctc cag ggc ttc tce gtg 529
Asn Val Leu Gly Leu Val Phe Gly Asn Gly Leu Gln Gly Phe Ser Val
165 170 175
acc tgg tgg aag gac aga cac aac gcc cat cat tet get acc aac gtt 577
Thr Trp Trp Lys Asp Arg His Asn Ala His His Ser Ala Thr Asn Val
180 185 190
cag ggt cac gat ccc gac att gat aac ctg cct ctg ctc gece tgg tece 625
Gln Gly His Asp Pro Asp Ile Asp Asn Leu Pro Leu Leu Ala Trp Ser
195 200 205
gag gac gat gtc act cga gct tect cce ate tec cga aag cte att cag 673
Glu Asp Asp Val Thr Arg Ala Ser Pro Ile Ser Arg Lys Leu Ile Gln
210 215 220
ttc caa cag tac tat ttc ctg gtc atc tgt att ctc ctg cga ttc atc 721
Phe Gln Gln Tyr Tyr Phe Leu Val Ile Cys Ile Leu Leu Arg Phe Ile
225 230 235 240
tgg tgt ttc cag tct gtg ctg acc gtt cga tce ctc aag gac cga gac 769
Trp Cys Phe Gln Ser Val Leu Thr Val Arg Ser Leu Lys Asp Arg Asp
245 250 255
aac cag ttc tac cga tct cag tac aag aaa gag gcc att gga cte get 817
Asn Gln Phe Tyr Arg Ser Gln Tyr Lys Lys Glu Ala Ile Gly Leu Ala
260 265 270
ctg cac tgg act ctc aag acc ctg ttc cac ctc ttc ttt atg ccc tcec 865
Leu His Trp Thr Leu Lys Thr Leu Phe His Leu Phe Phe Met Pro Ser
275 280 285
atc ctg acc tcg atg ctg gtg ttc ttt gtt tece gag ctc gtc ggt ggce 913
Ile Leu Thr Ser Met Leu Val Phe Phe Val Ser Glu Leu Val Gly Gly
290 295 300
ttc gga att gcc atc gtg gtc ttc atg aac cac tac cct ctg gag aag 961
Phe Gly Ile Ala Ile Val Val Phe Met Asn His Tyr Pro Leu Glu Lys
305 310 315 320
atc ggt gat tcc gte tgg gac gga cat ggc ttc tct gtg ggt cag atc 1009
Ile Gly Asp Ser Val Trp Asp Gly His Gly Phe Ser Val Gly Gln Ile
325 330 335
cat gag acc atg aac att cga cga ggc atc att act gac tgg ttc ttt 1057
His Glu Thr Met Asn Ile Arg Arg Gly Ile Ile Thr Asp Trp Phe Phe
340 345 350
gga ggc ctg aac tac cag atc gag cac cat ctc tgg ccc acc ctg cct 1105
Gly Gly Leu Asn Tyr Gln Ile Glu His His Leu Trp Pro Thr Leu Pro
355 360 365
cga cac aac ctc act gcc gtt tcce tac cag gtg gaa cag ctg tgc cag 1153
Arg His Asn Leu Thr Ala Val Ser Tyr Gln Val Glu Gln Leu Cys Gln
370 375 380
aag cac aac ctc ccc tac cga aac cct ctg ccc cat gaa ggt ctc gtc 1201
Lys His Asn Leu Pro Tyr Arg Asn Pro Leu Pro His Glu Gly Leu Val
385 390 395 400
atc ctg ctc cga tac ctg tce cag ttc gect cga atg gec gag aag cag 1249
Ile Leu Leu Arg Tyr Leu Ser Gln Phe Ala Arg Met Ala Glu Lys Gln
405 410 415
cce ggt gcc aag gct cag taa gc 1272

Pro Gly Ala Lys Ala Gln
420



US 2009/0117253 Al
155

-continued

May 7, 2009

<210> SEQ ID NO 77

<211> LENGTH: 422

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 77

Met Val Lys Ala Ser Arg Gln Ala Leu Pro Leu Val Ile Asp Gly
1 5 10 15

Val Tyr Asp Val Ser Ala Trp Val Asn Phe His Pro Gly Gly Ala
Ile Ile Glu Asn Tyr Gln Gly Arg Asp Ala Thr Asp Ala Phe Met
35 40 45

Met His Ser Gln Glu Ala Phe Asp Lys Leu Lys Arg Met Pro Lys
50 55 60

Asn Gln Ala Ser Glu Leu Pro Pro Gln Ala Ala Val Asn Glu Ala
65 70 75

Glu Asp Phe Arg Lys Leu Arg Glu Glu Leu Ile Ala Thr Gly Met
85 90 95

Asp Ala Ser Pro Leu Trp Tyr Ser Tyr Lys Ile Leu Thr Thr Leu
100 105 110

Leu Gly Val Leu Ala Phe Phe Met Leu Val Gln Tyr His Leu Tyr
115 120 125

Ile Gly Ala Leu Val Leu Gly Met His Tyr Gln Gln Met Gly Trp
130 135 140

Ser His Asp Ile Cys His His Gln Thr Phe Lys Asn Arg Asn Trp
145 150 155

Asn Val Leu Gly Leu Val Phe Gly Asn Gly Leu Gln Gly Phe Ser
165 170 175

Thr Trp Trp Lys Asp Arg His Asn Ala His His Ser Ala Thr Asn
180 185 190

Gln Gly His Asp Pro Asp Ile Asp Asn Leu Pro Leu Leu Ala Trp
195 200 205

Glu Asp Asp Val Thr Arg Ala Ser Pro Ile Ser Arg Lys Leu Ile
210 215 220

Phe Gln Gln Tyr Tyr Phe Leu Val Ile Cys Ile Leu Leu Arg Phe
225 230 235

Trp Cys Phe Gln Ser Val Leu Thr Val Arg Ser Leu Lys Asp Arg
245 250 255

Asn Gln Phe Tyr Arg Ser Gln Tyr Lys Lys Glu Ala Ile Gly Leu
260 265 270

Leu His Trp Thr Leu Lys Thr Leu Phe His Leu Phe Phe Met Pro
275 280 285

Ile Leu Thr Ser Met Leu Val Phe Phe Val Ser Glu Leu Val Gly
290 295 300

Phe Gly Ile Ala Ile Val Val Phe Met Asn His Tyr Pro Leu Glu
305 310 315

Ile Gly Asp Ser Val Trp Asp Gly His Gly Phe Ser Val Gly Gln
325 330 335

His Glu Thr Met Asn Ile Arg Arg Gly Ile Ile Thr Asp Trp Phe
340 345 350

Lys

Glu

Val

Ile

Gln

80

Phe

Gly

Phe

Leu

Asn

160

Val

Val

Ser

Gln

Ile

240

Asp

Ala

Ser

Gly

Lys

320

Ile

Phe
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Gly Gly Leu Asn Tyr Gln Ile Glu His His Leu Trp Pro Thr Leu Pro
355 360 365

Arg His Asn Leu Thr Ala Val Ser Tyr Gln Val Glu Gln Leu Cys Gln
370 375 380

Lys His Asn Leu Pro Tyr Arg Asn Pro Leu Pro His Glu Gly Leu Val
385 390 395 400

Ile Leu Leu Arg Tyr Leu Ser Gln Phe Ala Arg Met Ala Glu Lys Gln
405 410 415

Pro Gly Ala Lys Ala Gln
420

<210> SEQ ID NO 78

<211> LENGTH: 792

<212> TYPE: DNA

<213> ORGANISM: Eutreptiella sp. CCMP389

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(792)

<223> OTHER INFORMATION: synthetic delta-9 elongase (codon-optimized for
Yarrowia lipolytica)

<300> PUBLICATION INFORMATION:

<302> TITLE: DELTA-9 ELONGASES AND THEIR USE IN MAKING POLYUNSATURATED
FATTY ACIDS

<310> PATENT DOCUMENT NUMBER: WO 2007/061742

<311> PATENT FILING DATE: 2006-11-16

<312> PUBLICATION DATE: 2007-05-31

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(792)

<300> PUBLICATION INFORMATION:

<302> TITLE: DELTA-9 ELONGASES AND THEIR USE IN MAKING POLYUNSATURATED
FATTY ACIDS

<310> PATENT DOCUMENT NUMBER: US 2007-0117190-Al1

<311> PATENT FILING DATE: 2006-11-16

<312> PUBLICATION DATE: 2007-05-24

<313> RELEVANT RESIDUES IN SEQ ID NO: (1)..(792)

<400> SEQUENCE: 78

atg get gee gte ate gag gtg gec aac gag tte gte get ate act gec 48
Met Ala Ala Val Ile Glu Val Ala Asn Glu Phe Val Ala Ile Thr Ala
1 5 10 15
gag acc ctt ccc aag gtg gac tat cag cga ctc tgg cga gac atc tac 96
Glu Thr Leu Pro Lys Val Asp Tyr Gln Arg Leu Trp Arg Asp Ile Tyr
20 25 30
tce tge gag ctc ctg tac ttc tcce att gect tte gtce atc ctc aag ttt 144
Ser Cys Glu Leu Leu Tyr Phe Ser Ile Ala Phe Val Ile Leu Lys Phe
35 40 45
acc ctt ggc gag cte tcg gat tct ggc aaa aag att ctg cga gtg ctg 192
Thr Leu Gly Glu Leu Ser Asp Ser Gly Lys Lys Ile Leu Arg Val Leu
50 55 60
ttc aag tgg tac aac ctc ttc atg tcc gtce ttt teg ctg gtg tee tte 240
Phe Lys Trp Tyr Asn Leu Phe Met Ser Val Phe Ser Leu Val Ser Phe
65 70 75 80
cte tgt atg ggt tac gcc atc tac acc gtt gga ctg tac tcc aac gaa 288
Leu Cys Met Gly Tyr Ala Ile Tyr Thr Val Gly Leu Tyr Ser Asn Glu
85 90 95
tgc gac aga gct ttc gac aac agc ttg ttc cga ttt gecc acc aag gtc 336
Cys Asp Arg Ala Phe Asp Asn Ser Leu Phe Arg Phe Ala Thr Lys Val
100 105 110
ttc tac tat tcc aag ttt ctg gag tac atc gac tct ttce tac ctt ccc 384
Phe Tyr Tyr Ser Lys Phe Leu Glu Tyr Ile Asp Ser Phe Tyr Leu Pro
115 120 125
ctc atg gcc aag cct ctg tcece ttt ctg cag tte ttt cat cac ttg gga 432

Leu Met Ala Lys Pro Leu Ser Phe Leu Gln Phe Phe His His Leu Gly
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130 135 140

gct cct atg gac atg tgg ctc tte gtg cag tac tet gge gaa tcece att 480
Ala Pro Met Asp Met Trp Leu Phe Val Gln Tyr Ser Gly Glu Ser Ile
145 150 155 160

tgg atc ttt gtg ttc ctg aac gga ttc att cac ttt gtc atg tac ggc 528
Trp Ile Phe Val Phe Leu Asn Gly Phe Ile His Phe Val Met Tyr Gly
165 170 175

tac tat tgg aca cgg ctg atg aag ttc aac ttt ccc atg ccc aag cag 576
Tyr Tyr Trp Thr Arg Leu Met Lys Phe Asn Phe Pro Met Pro Lys Gln
180 185 190

ctc att acc gca atg cag atc acc cag ttc aac gtt ggc ttc tac ctc 624
Leu Ile Thr Ala Met Gln Ile Thr Gln Phe Asn Val Gly Phe Tyr Leu
195 200 205

gtg tgg tgg tac aag gac att ccc tgt tac cga aag gat ccc atg cga 672
Val Trp Trp Tyr Lys Asp Ile Pro Cys Tyr Arg Lys Asp Pro Met Arg
210 215 220

atg ctg gcc tgg atc tte aac tac tgg tac gtc ggt acc gtt ctt ctg 720
Met Leu Ala Trp Ile Phe Asn Tyr Trp Tyr Val Gly Thr Val Leu Leu
225 230 235 240

ctec ttc atc aac tte ttt gtc aag tcc tac gtg ttt ccc aag cct aag 768
Leu Phe Ile Asn Phe Phe Val Lys Ser Tyr Val Phe Pro Lys Pro Lys
245 250 255

act gcc gac aaa aag gtc cag tag 792
Thr Ala Asp Lys Lys Val Gln
260

<210> SEQ ID NO 79

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: Eutreptiella sp. CCMP389

<400> SEQUENCE: 79

Met Ala Ala Val Ile Glu Val Ala Asn Glu Phe Val Ala Ile Thr Ala
1 5 10 15

Glu Thr Leu Pro Lys Val Asp Tyr Gln Arg Leu Trp Arg Asp Ile Tyr
20 25 30

Ser Cys Glu Leu Leu Tyr Phe Ser Ile Ala Phe Val Ile Leu Lys Phe
35 40 45

Thr Leu Gly Glu Leu Ser Asp Ser Gly Lys Lys Ile Leu Arg Val Leu
50 55 60

Phe Lys Trp Tyr Asn Leu Phe Met Ser Val Phe Ser Leu Val Ser Phe
65 70 75 80

Leu Cys Met Gly Tyr Ala Ile Tyr Thr Val Gly Leu Tyr Ser Asn Glu
85 90 95

Cys Asp Arg Ala Phe Asp Asn Ser Leu Phe Arg Phe Ala Thr Lys Val
100 105 110

Phe Tyr Tyr Ser Lys Phe Leu Glu Tyr Ile Asp Ser Phe Tyr Leu Pro
115 120 125

Leu Met Ala Lys Pro Leu Ser Phe Leu Gln Phe Phe His His Leu Gly
130 135 140

Ala Pro Met Asp Met Trp Leu Phe Val Gln Tyr Ser Gly Glu Ser Ile
145 150 155 160

Trp Ile Phe Val Phe Leu Asn Gly Phe Ile His Phe Val Met Tyr Gly
165 170 175

Tyr Tyr Trp Thr Arg Leu Met Lys Phe Asn Phe Pro Met Pro Lys Gln
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180 185 190

Leu Ile Thr Ala Met Gln Ile Thr Gln Phe Asn Val Gly Phe Tyr Leu
195 200 205

Val Trp Trp Tyr Lys Asp Ile Pro Cys Tyr Arg Lys Asp Pro Met Arg
210 215 220

Met Leu Ala Trp Ile Phe Asn Tyr Trp Tyr Val Gly Thr Val Leu Leu
225 230 235 240

Leu Phe Ile Asn Phe Phe Val Lys Ser Tyr Val Phe Pro Lys Pro Lys
245 250 255

Thr Ala Asp Lys Lys Val Gln
260

<210> SEQ ID NO 80

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Euglena gracilis

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(1350)

<223> OTHER INFORMATION: synthetic delta-5 desaturase (codon-optimized
for Yarrowia lipolytica)

<400> SEQUENCE: 80

atg get cte tce ctt act acc gag cag ctg cte gag cga ccc gac ctg 48
Met Ala Leu Ser Leu Thr Thr Glu Gln Leu Leu Glu Arg Pro Asp Leu
1 5 10 15
gtt gce atc gac ggce att cte tac gat ctg gaa ggt ctt gcc aag gte 96
Val Ala Ile Asp Gly Ile Leu Tyr Asp Leu Glu Gly Leu Ala Lys Val
20 25 30
cat ccc gga ggc gac ttg atc ctc gct tect ggt gec tec gat get tet 144
His Pro Gly Gly Asp Leu Ile Leu Ala Ser Gly Ala Ser Asp Ala Ser
35 40 45
cct ctg tte tac tce atg cac cct tac gtc aag ccc gag aac tcg aag 192
Pro Leu Phe Tyr Ser Met His Pro Tyr Val Lys Pro Glu Asn Ser Lys
50 55 60
ctg ctt caa cag ttc gtg cga ggc aag cac gac cga acc tcc aag gac 240
Leu Leu Gln Gln Phe Val Arg Gly Lys His Asp Arg Thr Ser Lys Asp
65 70 75 80
att gtc tac acc tac gac tct ccc ttt gca cag gac gtc aag cga act 288
Ile Val Tyr Thr Tyr Asp Ser Pro Phe Ala Gln Asp Val Lys Arg Thr
85 90 95
atg cga gag gtc atg aaa ggt cgg aac tgg tat gcc aca cct gga ttce 336
Met Arg Glu Val Met Lys Gly Arg Asn Trp Tyr Ala Thr Pro Gly Phe
100 105 110
tgg ctg cga acc gtt ggce atc att gct gtc acc gecc ttt tgc gag tgg 384
Trp Leu Arg Thr Val Gly Ile Ile Ala Val Thr Ala Phe Cys Glu Trp
115 120 125
cac tgg gct act acc gga atg gtg ctg tgg ggt ctc ttg act gga ttc 432
His Trp Ala Thr Thr Gly Met Val Leu Trp Gly Leu Leu Thr Gly Phe
130 135 140
atg cac atg cag atc ggc ctg tcc att cag cac gat gcc tct cat ggt 480
Met His Met Gln Ile Gly Leu Ser Ile Gln His Asp Ala Ser His Gly
145 150 155 160
gee atc agce aaa aag ccc tgg gtc aac get cte ttt gee tac gge ate 528
Ala Ile Ser Lys Lys Pro Trp Val Asn Ala Leu Phe Ala Tyr Gly Ile
165 170 175
gac gtc att gga tcg tcc aga tgg atc tgg ctg cag tet cac atc atg 576

Asp Val Ile Gly Ser Ser Arg Trp Ile Trp Leu Gln Ser His Ile Met
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180 185 190
cga cat cac acc tac acc aat cag cat ggt ctc gac ctg gat gcc gag 624
Arg His His Thr Tyr Thr Asn Gln His Gly Leu Asp Leu Asp Ala Glu
195 200 205
tce gca gaa cca tte ctt gtg ttc cac aac tac cct gect gec aac act 672
Ser Ala Glu Pro Phe Leu Val Phe His Asn Tyr Pro Ala Ala Asn Thr
210 215 220
gct cga aag tgg ttt cac cga ttc cag gcc tgg tac atg tac ctc gtg 720
Ala Arg Lys Trp Phe His Arg Phe Gln Ala Trp Tyr Met Tyr Leu Val
225 230 235 240
ctt gga gcc tac gge gtt tcg ctg gtg tac aac cct ctc tac atc tte 768
Leu Gly Ala Tyr Gly Val Ser Leu Val Tyr Asn Pro Leu Tyr Ile Phe
245 250 255
cga atg cag cac aac gac acc att ccc gag tect gte aca gece atg cga 816
Arg Met Gln His Asn Asp Thr Ile Pro Glu Ser Val Thr Ala Met Arg
260 265 270
gag aac ggc ttt ctg cga c¢gg tac cga acc ctt gca ttec gtt atg cga 864
Glu Asn Gly Phe Leu Arg Arg Tyr Arg Thr Leu Ala Phe Val Met Arg
275 280 285
gct ttce tte atc ttt cga acc gce tte ttg cecc tgg tat cte act gga 912
Ala Phe Phe Ile Phe Arg Thr Ala Phe Leu Pro Trp Tyr Leu Thr Gly
290 295 300
acc tce ctg cte ate acc att cct ctg gtg ccc act get acce ggt gec 960
Thr Ser Leu Leu Ile Thr Ile Pro Leu Val Pro Thr Ala Thr Gly Ala
305 310 315 320
ttc ctec acc ttc ttt tte atc ttg tct cac aac ttc gat ggc tcg gag 1008
Phe Leu Thr Phe Phe Phe Ile Leu Ser His Asn Phe Asp Gly Ser Glu
325 330 335
cga atc ccc gac aag aac tgc aag gtc aag agc tcc gag aag gac gtt 1056
Arg Ile Pro Asp Lys Asn Cys Lys Val Lys Ser Ser Glu Lys Asp Val
340 345 350
gaa gcc gat cag atc gac tgg tac aga gct cag gtg gag acc tct tece 1104
Glu Ala Asp Gln Ile Asp Trp Tyr Arg Ala Gln Val Glu Thr Ser Ser
355 360 365
acc tac ggt gga ccc att gcc atg ttce ttt act ggc ggt ctc aac ttc 1152
Thr Tyr Gly Gly Pro Ile Ala Met Phe Phe Thr Gly Gly Leu Asn Phe
370 375 380
cag atc gag cat cac ctc ttt cct cga atg tcg tect tgg cac tat ccc 1200
Gln Ile Glu His His Leu Phe Pro Arg Met Ser Ser Trp His Tyr Pro
385 390 395 400
ttc gtg cag caa gct gtc cga gag tgt tgc gaa cga cac gga gtt cgg 1248
Phe Val Gln Gln Ala Val Arg Glu Cys Cys Glu Arg His Gly Val Arg
405 410 415
tac gtc ttc tac cct acc att gtg ggc aac atc att tcc acc ctc aag 1296
Tyr Val Phe Tyr Pro Thr Ile Val Gly Asn Ile Ile Ser Thr Leu Lys
420 425 430
tac atg cac aaa gtc ggt gtg gtt cac tgt gtc aag gac gct cag gat 1344
Tyr Met His Lys Val Gly Val Val His Cys Val Lys Asp Ala Gln Asp
435 440 445
tce taa 1350

Ser

<210> SEQ ID NO 81

<211> LENGTH: 449

<212> TYPE: PRT

<213> ORGANISM: Euglena gracilis

<400> SEQUENCE: 81
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Met Ala Leu Ser Leu Thr Thr Glu Gln Leu Leu Glu Arg Pro Asp Leu
1 5 10 15

Val Ala Ile Asp Gly Ile Leu Tyr Asp Leu Glu Gly Leu Ala Lys Val
20 25 30

His Pro Gly Gly Asp Leu Ile Leu Ala Ser Gly Ala Ser Asp Ala Ser
35 40 45

Pro Leu Phe Tyr Ser Met His Pro Tyr Val Lys Pro Glu Asn Ser Lys
50 55 60

Leu Leu Gln Gln Phe Val Arg Gly Lys His Asp Arg Thr Ser Lys Asp
65 70 75 80

Ile Val Tyr Thr Tyr Asp Ser Pro Phe Ala Gln Asp Val Lys Arg Thr
85 90 95

Met Arg Glu Val Met Lys Gly Arg Asn Trp Tyr Ala Thr Pro Gly Phe
100 105 110

Trp Leu Arg Thr Val Gly Ile Ile Ala Val Thr Ala Phe Cys Glu Trp
115 120 125

His Trp Ala Thr Thr Gly Met Val Leu Trp Gly Leu Leu Thr Gly Phe
130 135 140

Met His Met Gln Ile Gly Leu Ser Ile Gln His Asp Ala Ser His Gly
145 150 155 160

Ala Ile Ser Lys Lys Pro Trp Val Asn Ala Leu Phe Ala Tyr Gly Ile
165 170 175

Asp Val Ile Gly Ser Ser Arg Trp Ile Trp Leu Gln Ser His Ile Met
180 185 190

Arg His His Thr Tyr Thr Asn Gln His Gly Leu Asp Leu Asp Ala Glu
195 200 205

Ser Ala Glu Pro Phe Leu Val Phe His Asn Tyr Pro Ala Ala Asn Thr
210 215 220

Ala Arg Lys Trp Phe His Arg Phe Gln Ala Trp Tyr Met Tyr Leu Val
225 230 235 240

Leu Gly Ala Tyr Gly Val Ser Leu Val Tyr Asn Pro Leu Tyr Ile Phe
245 250 255

Arg Met Gln His Asn Asp Thr Ile Pro Glu Ser Val Thr Ala Met Arg
260 265 270

Glu Asn Gly Phe Leu Arg Arg Tyr Arg Thr Leu Ala Phe Val Met Arg
275 280 285

Ala Phe Phe Ile Phe Arg Thr Ala Phe Leu Pro Trp Tyr Leu Thr Gly
290 295 300

Thr Ser Leu Leu Ile Thr Ile Pro Leu Val Pro Thr Ala Thr Gly Ala
305 310 315 320

Phe Leu Thr Phe Phe Phe Ile Leu Ser His Asn Phe Asp Gly Ser Glu
325 330 335

Arg Ile Pro Asp Lys Asn Cys Lys Val Lys Ser Ser Glu Lys Asp Val
340 345 350

Glu Ala Asp Gln Ile Asp Trp Tyr Arg Ala Gln Val Glu Thr Ser Ser
355 360 365

Thr Tyr Gly Gly Pro Ile Ala Met Phe Phe Thr Gly Gly Leu Asn Phe
370 375 380

Gln Ile Glu His His Leu Phe Pro Arg Met Ser Ser Trp His Tyr Pro
385 390 395 400



US 2009/0117253 Al

161

-continued

May 7, 2009

Phe Val Gln Gln Ala

Tyr Val Phe Tyr Pro

Tyr Met His Lys Val
435

Ser

405

420

<210> SEQ ID NO 82
<211> LENGTH: 6356

<212> TYPE:

DNA

440

Val Arg Glu Cys Cys Glu Arg His

410

Thr Ile Val Gly Asn Ile Ile Ser

425

Gly Val Val His Cys Val Lys Asp

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid pY157

<400> SEQUENCE: 82

ttgagaagcc

tgctcatgtyg

ttctaataca

gcaccccaca

aaaaagtagc

aactcctatg

tttatcacag

tcttecagacy

tgtttatcga

gaaccgctaa

caatcatgge

agatcaaggc

gceteccaccte

aggagggcega

tgtatgctat

cctecaggaa

gtattgtgac

tcatataagt

acacaacaac

atactcgatc

acgcteteta

tctggtaage

tctggecgta

caacagttcg

tcagaataag

caaactcggyg

gagagccctt

dagaggggac

cattgtatat

aattgacacg

actctgttca

ttaaccgagg

acatagttgt

caccgtette

tcagctaaac

gcaccagaaa

ctatgtgaag

acagaatctc

tctgctatee

agagttacag

gtcetcaget

gaagttaatt

acgaagttat

gtcecatgggt

tggggatgta

ataagtagtt

atgccccatt

agacaggtcg

tatacacagt

ctcecageca

cagacctegyg

gtactgctgt

ccagtectca

gtcggatcgg

gcaagacagce

taggaactcc

tattaggatc

atcacgtaaa

atatttcegg

tcaagtgttt

atggctgtaa

aatcatctac

tgcttgcaca

aaggtgctgg

aaaaagttct

cggegecgat

agcttgacga

agcaagagac

accgcacaaa

aactttggec

gaattctete

ggtttgatca

gttgagaata

caacgtatta

ggacagatca

tctgaccate

taaattacat

gecttetggt

ccgacaatta

ccgagagegt

gagtcgecect

gcaagctcaa

tcggccagea

ttgtactggyg

gtagcattat

tacctggtga

cgctetetty

atgtatgaaa

gttatgtgat

ccecegtgece

tctacacctce

cactggtagg

tcgagatcca

ttgaacagaa

caccggtaat

gecccacaga

cegtgeccac

ggcctttace

tcttgagett

tggttttggt

agtcatacac

gcactgtace

tgcggataca

atacaagctg

atccatagtce

atcgettgge

tgatatcegt

ctcecttgte

taggtcggtt

tggtctgett

tgagcagacc

agttctegta

445

tgtggcaaaa

aattgctagt

tatacaagag

agtgacataa

tgtcagttet

cacaccccgce

tgactacacc

tgtggcgetg

gggtcgtttg

ccagcaggat

ggagcgttac

cegggtttty

catgacaagt

tgcaggataa

ttccataaca

gtagtggtag

aagtcagett

cagcatctce

caggttgtge

aacaagcgcet

taacctctaa

ctcctcaata

tccggtagac

gtcaagacce

ctgggcaatyg

ggagtactcg

tctggecage

gtcagagacg

Gly Val Arg

415

Thr Leu Lys
430

Ala Gln Asp

aatattcaag

attcgtgatg

cacaagacat

atcgtccaaa

teggecttee

actattagag

accatggatt

agttcctace

agctcggage

gcagatttta

ccegtegace

getetegaga

ggcgccacag

cttecgtataa

agttcttetg

tgcagtggtg

tcttegagee

gtatcgagaa

agtatcatac

ccatacttge

cagttaatct

ggatcteggt

atgacatcct

accccggggyg

aagccaacca

ccagtggeca

ttetegttgg

tcctecttet

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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tctgttcaga gacagtttcece teggcaccag ctegcaggcce agcaatgatt cecggtteccecgg 1740
gtacaccgtg ggcgttggtg atatcggacc actcggcgat tceggtgacac cggtactggt 1800
gcttgacagt gttgccaata tctgcgaact ttctgtceccte gaacaggaag aaaccgtgcet 1860
taagagcaag ttccttgagg gggagcacag tgccggcgta ggtgaagtcg tcaatgatgt 1920
cgatatgggt tttgatcatg cacacataag gtccgacctt atcggcaagce tcaatgagcet 1980
ccttggtggt ggtaacatcc agagaagcac acaggttggt tttcttgget gecacgagcet 2040
tgagcactcg agcggcaaag gcggacttgt ggacgttage tcgagcectteg taggagggca 2100
ttttggtggt gaagaggaga ctgaaataaa tttagtctgc agaacttttt atcggaacct 2160
tatctggggce agtgaagtat atgttatggt aatagttacg agttagttga acttatagat 2220
agactggact atacggctat cggtccaaat tagaaagaac gtcaatggct ctctgggegt 2280
cgectttgee gacaaaaatg tgatcatgat gaaagccagce aatgacgttg cagctgatat 2340
tgttgtcgge caaccgecgcece gaaaacgcag ctgtcagacce cacagcctcece aacgaagaat 2400
gtatcgtcaa agtgatccaa gcacactcat agttggagtc gtactccaaa ggcggcaatg 2460
acgagtcaga cagatactcg tcgactcatc gatataactt cgtataatgt atgctatacg 2520
aagttatcct aggtatagat cttgcacttc ttattttett cacgcgtttg cagctcaaca 2580
ttctaggacg acgaaactac gtcaacagtg ttgtcgetcect ggcgcagcag ggccgagagg 2640
gtaatgccga gggtcgagtg gcgeccctegt ttggtgatcet tgcagatatg ggctattteg 2700
gcgaccttte aggctcgtcee agettcggag aaactattgt cgatcccgat ctggacgaac 2760
agtaccttac cttttcgtgg tggctgctga acgagggatg ggtgtcgctg agcgagcgag 2820
tggaggaagc ggttcgtcega gtgtgggacce ccgtgtcacce caaggccgaa cttggatttg 2880
acgagttgtc ggaactcatt ggacgaacac agatgctcat tgatcgacct ctcaatccct 2940
cgtcgecact caactttetg agccagectge tgccaccacg ggagcaggag gagtacgtgce 3000
ttgcccagaa ccccagcgat actgctgcce ccattgtagg acctacccte cgacggctte 3060
tggacgagac tgccgacttc atcgagtcce ctaatgccgce agaggtgatt gagcgacttg 3120
ttcacteccgg tectcetcectgtyg ttcatggaca agectggetgt cacgtttgga gccacacctg 3180
ctgattceggg ttcgecttat cctgtggtge tgcctactge aaaggtcaag ctgccctceca 3240
ttecttgccaa catggctega caggctggag gcatggecca gggatcgceg ggcgtggaaa 3300
acgagtacat tgacgtgatg aaccaagtgc aggagctgac ctcctttagt getgtggtcet 3360
attcatcttt tgattgggct ctctagaggc tcattcacga aagacacgaa gaacgaagat 3420
ggggactgaa tacagcgctc tcatttgtac acaaatgatt tatgacagag taacttgtac 3480
atcatgtaga gcatacatac tgaaggtgtg atctcacggg atatcttgaa gaccactcgt 3540
agctggaggce ataggtagtg ctagtacgga tacttgcacc gtatccaaca taagtagagg 3600
agcctectag tggctattgg tacaccgata aagatacaca tacatggcgce gccagctgca 3660
ttaatgaatc ggccaacgcg cggggagagg cggtttgegt attgggcget cttecgette 3720
ctecgetcecact gactcgctge getecggtegt tceggctgegg cgagcggtat cagctcactce 3780
aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgage 3840
aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcegt ttttccatag 3900

geteegecee cctgacgage atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccc 3960
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gacaggacta taaagatacc aggcgtttcc ccctggaage tcecctegtge gctetectgt 4020
tcecgaccectg cecgcttaceg gatacctgte cgectttete cecttecgggaa gegtggeget 4080
ttctcatage tcacgctgta ggtatctcag ttecggtgtag gtcecgttcecget ccaagetggg 4140
ctgtgtgcac gaacccceeg ttcagcccga ccgcectgegece ttatccggta actatcgtcet 4200
tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg gtaacaggat 4260
tagcagagcg aggtatgtag gcggtgctac agagttcettg aagtggtggce ctaactacgg 4320
ctacactaga agaacagtat ttggtatctg cgctctgctg aagccagtta ccttcecggaaa 4380
aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtageggtg gtttttttgt 4440
ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt tgatctttte 4500
tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt 4560
atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta 4620
aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat 4680
ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccecegteg tgtagataac 4740
tacgatacgg gagggcttac catctggcce cagtgctgca atgataccgce gagacccacg 4800
ctcaccgget ccagatttat cagcaataaa ccagccagece ggaagggcecyg agcgcagaag 4860
tggtcctgca actttatceg cctccatcca gtctattaat tgttgeccggg aagctagagt 4920
aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag gcatcgtggt 4980
gtcacgcteg tegtttggta tggcecttcatt cagctccggt tceccaacgat caaggcgagt 5040
tacatgatcc cccatgttgt gcaaaaaagc ggttagctcce ttcggtceccte cgatcecgttgt 5100
cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgce ataattctct 5160
tactgtcatg ccatccgtaa gatgctttte tgtgactggt gagtactcaa ccaagtcatt 5220
ctgagaatag tgtatgcggc gaccgagttg ctcettgccecg gecgtcaatac gggataatac 5280
cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt cggggcgaaa 5340
actctcaagg atcttaccge tgttgagatc cagttcgatg taacccactce gtgcacccaa 5400
ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggca 5460
aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca tactcttcect 5520
ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga 5580
atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccccgaa aagtgccacce 5640
tgatgcggtg tgaaataccg cacagatgcg taaggagaaa ataccgcatc aggaaattgt 5700
aagcgttaat attttgttaa aattcgcgtt aaatttttgt taaatcagct cattttttaa 5760
ccaataggcce gaaatcggca aaatccctta taaatcaaaa gaatagaccg agatagggtt 5820
gagtgttgtt ccagtttgga acaagagtcc actattaaag aacgtggact ccaacgtcaa 5880
agggcgaaaa accgtctatc agggcgatgg cccactacgt gaaccatcac cctaatcaag 5940
ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac cctaaaggga gcccccgatt 6000
tagagcttga cggggaaagc cggcgaacgt ggcgagaaag gJaagggaaga aagcgaaagg 6060
agcgggeget agggegetgg caagtgtage ggtcacgetyg cgegtaacca ccacacccge 6120
cgcgcttaat gecgcecgctac agggcgegte cattcecgecat tcaggcectgeg caactgttgg 6180

gaagggcgat cggtgcgggce ctcecttcecgeta ttacgccage tggcgaaagg gggatgtget 6240
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gcaaggcgat taagttgggt aacgccaggg ttttcccagt cacgacgttg taaaacgacyg 6300

gccagtgaat tgtaatacga ctcactatag ggcgaattgg gcccgacgtce gcatge 6356

<210> SEQ ID NO 83

<211> LENGTH: 5910

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Plasmid pY87

<400> SEQUENCE: 83

catcaaagga agggtgaatc caaggaagtt cttgacaaac tgctggaatc ggtacagcett 60
ggacgacttyg tcgttgctaa cctggtcata gaggtegtte tcaccaaagg ccatgatggg 120
aacaagggcg acatttccga cctccatacce aagtcgaaca aaacccttte gcttgagtag 180
caccaggtce atgacaccgg gtctggecag aagactttee tgtgctccac caacgacaat 240
gcagatagac tggtttcget tgaggagggce cttgcaggac ttettggaga cagaagcgac 300
tcccagacte atgaggtact ctcectgtagag aggcactegyg aagttgttgyg tgagagtcat 360
aagagaaaca gggatgcccg gaaagagcett ggaccatcca gcetceectegyg tggcaattcee 420
accaaaggct cccatgecga taatgeegtg ggggtggtag ccgaagatgt attttctgee 480
agtgggettg agttttgtgg gcgacagetyg tgggtegttt tegecaatga tcetggttgge 540
gtaggagttyg agggacccgt taagaagcgt ggaatcagat gcagtggagce cagcagaggce 600
ggacgacaaa ggtcgtcggt tagtggtgcce attgttgcceg ttgccgttaa gttcggagece 660
cgaggegtgg ccgttggage cagatgattce tecacggceta tatctgetgt cgtggttaat 720
taactttgge cggectttac ctgcaggata acttcgtata atgtatgcta tacgaagtta 780
tgaattctet ctcttgaget tttccataac aagttcttet gectceccagga agtccatggg 840
tggtttgatc atggttttgg tgtagtggta gtgcagtggt ggtattgtga ctggggatgt 900
agttgagaat aagtcataca caagtcagct ttcttcegage ctcatataag tataagtagt 960
tcaacgtatt agcactgtac ccagcatctc cgtatcgaga aacacaacaa catgccccat 1020

tggacagatc atgcggatac acaggttgtg cagtatcata catactcgat cagacaggtc 1080
gtctgaccat catacaagct gaacaagcgc tccatacttg cacgctcectct atatacacag 1140
ttaaattaca tatccatagt ctaacctcta acagttaatc ttctggtaag cctcccagcece 1200
agccttetgg tatcgcecttgg cctectcaat aggatctegg ttcectggccgt acagacctceg 1260
gccgacaatt atgatatccg ttecggtaga catgacatcc tcaacagttc ggtactgetg 1320
tcecgagageg tetceecttgt cgtcaagace caccccgggg gtcagaataa gccagtectce 1380
agagtcgccce ttaggtcggt tetgggcaat gaagccaacc acaaactcgg ggtcggatcg 1440
ggcaagctca atggtctgct tggagtactc gccagtggec agagagccct tgcaagacag 1500
ctcggecage atgagcagac ctcectggccag cttetegttg ggagagggga ctaggaactce 1560
cttgtactgg gagttctegt agtcagagac gtcctcectte ttcectgttcag agacagttte 1620
ctcggcacca gectcecgcagge cagcaatgat tceggttecg ggtacaccgt gggegttggt 1680
gatatcggac cactcggcga ttceggtgaca ccggtactgg tgcttgacag tgttgccaat 1740
atctgcgaac tttctgtect cgaacaggaa gaaaccgtgce ttaagagcaa gttcecttgag 1800

ggggagcaca gtgccggcgt aggtgaagtc gtcaatgatg tcgatatggg ttttgatcat 1860
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gcacacataa ggtccgacct tatcggcaag ctcaatgagce tccttggtgg tggtaacatce 1920
cagagaagca cacaggttgg ttttcttggce tgccacgagce ttgagcactc gagcggcaaa 1980
ggcggacttyg tggacgttag ctcgagcettce gtaggagggce attttggtgg tgaagaggag 2040
actgaaataa atttagtctg cagaactttt tatcggaacc ttatctgggg cagtgaagta 2100
tatgttatgg taatagttac gagttagttg aacttataga tagactggac tatacggcta 2160
tcggtcecaaa ttagaaagaa cgtcaatggce tctetgggeg tecgcectttge cgacaaaaat 2220
gtgatcatga tgaaagccag caatgacgtt gcagctgata ttgttgtcgg ccaaccgcegce 2280
cgaaaacgca gctgtcagac ccacagectce caacgaagaa tgtatcgtca aagtgatcca 2340
agcacactca tagttggagt cgtactccaa aggcggcaat gacgagtcag acagatactc 2400
gtcgactcat cgatataact tcgtataatg tatgctatac gaagttatcc taggtataga 2460
tctcaccgta cgtttcatga aggcgggcag aaagtactcg atggtggaga tgattgctcg 2520
gaggtacttg ttctgcggce agtatctcectce agcaatcagg tgatactcct ggacgtcecag 2580
agggtagtat gtgtgcgtgg gctccagatc caccgtettg tgcagagtta tggggaagta 2640
gcggccaaag agcttccaga tgaagaagtt tcttgaaata ggcgagtatc gcttgaccac 2700
tceteegttyg gacggggagt cgtctttaac agcgtacact acatacgcaa tcacaaatgg 2760
ccagagcagt ggaattgcgc agcatagcat gaaaattgtg aggaaagtgg gaatgctgaa 2820
aatgtgccag accagagaga aggtctcaca tcggttgagt aatggtgtcg atagcggggce 2880
atatcggatt cccgcgattt tgggtgccgt gtegtttttg tcectcecgegact tgtagtattg 2940
tgagtcgata gtcatagctt ttgttttgtg tgacttgtct gttgecctgtt gttagaagaa 3000
aaagtgggag cttatcagtc acggtccacg aacgatttcg tacttgtacg taattggtcg 3060
tgagaactgt tgcagagccg gtgctttttt ttgtggccaa gtcgacaggt cgatttcecggce 3120
gctgtgcgag gttgctggga tgtgctggtt tggctgccaa atgtggggaa gatttcaacce 3180
tcggatttga cgtgtgtaga ggcgcgccag ctgcattaat gaatcggcca acgcgcegggg 3240
agaggcggtt tgcgtattgg gegctcettcee gcttectege tcactgacte getgegetceg 3300
gtcgttegge tgcggcgage ggtatcagcet cactcaaagg cggtaatacg gttatccaca 3360
gaatcagggyg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac 3420
cgtaaaaagg ccgcgttgcet ggegttttte cataggctcecce geccccecctga cgagcatcac 3480
aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg 3540
tttcececectg gaagectceect cgtgegetcet cctgttecga cecctgecget taccggatac 3600
ctgtcecgect ttcteccctte gggaagegtg gcgetttete atagctcacg ctgtaggtat 3660
ctcagttecgg tgtaggtegt tegctcecaag ctgggctgtg tgcacgaacce ccccgttcag 3720
ccecgacceget gegcecttate cggtaactat cgtettgagt ccaacccggt aagacacgac 3780
ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt 3840
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaagaac agtatttggt 3900
atctgcgetce tgctgaagec agttaccttce ggaaaaagag ttggtagctce ttgatccggce 3960
aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 4020
aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacge tcagtggaac 4080

gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc 4140
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cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct 4200
gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcecgttca 4260
tccatagttg cctgactcecee cgtecgtgtag ataactacga tacgggaggg cttaccatct 4320
ggcceccagtyg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca 4380
ataaaccagc cagccggaag ggccgagege agaagtggte ctgcaacttt atccgectcee 4440
atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg 4500
cgcaacgttg ttgccattge tacaggcatc gtggtgtcac gectcecgtcegtt tggtatgget 4560
tcattcagct ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa 4620
aaagcggtta gctcecttegg tectecgate gttgtcagaa gtaagttgge cgcagtgtta 4680
tcactcatgg ttatggcagc actgcataat tctcecttactg tcatgccatce cgtaagatgce 4740
ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg 4800
agttgctett gecccecggcegte aatacgggat aataccgcege cacatagcag aactttaaaa 4860
gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgectgttg 4920
agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttacttte 4980
accagegttt ctgggtgagce aaaaacagga aggcaaaatyg ccgcaaaaaa gggaataagg 5040
gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat 5100
cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 5160
ggggttcege gcacatttcee ccgaaaagtg ccacctgatg cggtgtgaaa taccgcacag 5220
atgcgtaagg agaaaatacc gcatcaggaa attgtaagcg ttaatatttt gttaaaattc 5280
gcgttaaatt tttgttaaat cagctcattt tttaaccaat aggccgaaat cggcaaaatc 5340
ccttataaat caaaagaata gaccgagata gggttgagtg ttgttccagt ttggaacaag 5400
agtccactat taaagaacgt ggactccaac gtcaaagggc gaaaaaccgt ctatcagggc 5460
gatggcccac tacgtgaacc atcaccctaa tcaagttttt tggggtcgag gtgccgtaaa 5520
gcactaaatc ggaaccctaa agggagcccce cgatttagag cttgacgggg aaagccggeg 5580
aacgtggcga gaaaggaagg gaagaaagcg aaaggagcegyg gcegctaggge gctggcaagt 5640
gtagcggteca cgetgcgegt aaccaccaca cccgecgege ttaatgegec getacaggge 5700
gcgtecatte gecattcagg ctgcgcaact gttgggaagyg gcgatcggtg cgggectett 5760
cgctattacg ccagctggeg aaagggggat gtgctgcaag gcgattaagt tgggtaacgce 5820
cagggttttc ccagtcacga cgttgtaaaa cgacggccag tgaattgtaa tacgactcac 5880
tatagggcga attgggcccg acgtcgcatg 5910
<210> SEQ ID NO 84

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 84

ataacttcgt ataatgtatg ctatacgaag ttat 34
<210> SEQ ID NO 85

<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Primer UP 768

<400> SEQUENCE: 85

acccegtgttt cgtctaaaag

<210> SEQ ID NO 86

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer LP 769

<400> SEQUENCE: 86

ggtagataca agtggcaata ac

20

22

What is claimed is:

1. A method of increasing the weight percent of at least one
polyunsaturated fatty acid relative to the weight percent of
total fatty acids in an oleaginous eukaryotic organism having
a total lipid content, a total lipid fraction and an oil fraction,
comprising:

a) providing an oleaginous eukaryotic organism compris-

ing:

1) genes encoding a functional polyunsaturated fatty
acid biosynthetic pathway; and

2) a disruption in a native gene encoding a peroxisome
biogenesis factor protein, thereby providing a PEX-
disrupted organism, and

b) growing the PEX-disrupted organism under conditions

as to increase the weight percent of at least one polyun-
saturated fatty acid relative to the weight percent of total
fatty acids in the total lipid fraction or in the oil fraction,
when compared to the weight percent of the at least one
polyunsaturated fatty acid relative to the weight percent
of'total fatty acids in the total lipid fraction or in the oil
fraction in the oleaginous eukaryotic organism in which
no native gene encoding a peroxisome biogenesis factor
protein has been disrupted.

2. The method of claim 1, wherein the increase in the
weight percent of the at least one polyunsaturated fatty acid
relative to the weight percent of total fatty acids is at least 1.3
fold, when compared to the weight percent of polyunsatu-
rated fatty acids relative to the weight percent of total fatty
acids in the total lipid fraction or in the oil fraction in an
oleaginous eukaryotic organism in which no native gene
encoding a peroxisome biogenesis factor protein has been
disrupted.

3. The method of claim 1, wherein the at least one polyun-
saturated fatty acid is selected from the group consisting of:

linoleic acid, conjugated linoleic acid, y-linolenic acid,

dihomo-y-linolenic acid, arachidonic acid, docosatet-
raenoic acid, w-6 docosapentaenoic acid, a-linolenic
acid, stearidonic acid, eicosatetraenoic acid, eicosapen-
taenoic acid, w-3 docosapentaenoic acid, eicosadienoic
acid, eicosatrienoic acid, docosahexaenoic acid,
hydroxylated or epoxy fatty acids of these, C,; polyun-
saturated fatty acids, C,, polyunsaturated fatty acids,
and C,, polyunsaturated fatty acids.

4. The method of claim 1, wherein the at least one polyun-
saturated fatty acid consists of a combination of polyunsatu-

rated fatty acids and wherein the weight percent of the com-
bination is increased relative to the weight percent of total
fatty acids.

5. The method of claim 4, wherein the combination of
polyunsaturated fatty acids consists of any combination of
two or more polyunsaturated fatty acids selected from the
group consisting of:

linoleic acid, conjugated linoleic acid, y-linolenic acid,
dihomo-y-linolenic acid, arachidonic acid, docosatet-
raenoic acid, w-6 docosapentaenoic acid, a-linolenic
acid, stearidonic acid, eicosatetraenoic acid, eicosapen-
taenoic acid, w-3 docosapentaenoic acid, eicosadienoic
acid, eicosatrienoic acid, docosahexaenoic acid,
hydroxylated or epoxy fatty acids of these, a combina-
tion of C,, polyunsaturated fatty acids, a combination of
C,0.2, polyunsaturated fatty acids, and a combination of
C,, polyunsaturated fatty acids.

6. The method of claim 1, wherein the total lipid content in
the PEX-disrupted organism is increased, when compared
with the total lipid content in an oleaginous eukaryotic organ-
ism in which no native gene encoding a peroxisome biogen-
esis factor protein has been disrupted.

7. The method of claim 1, wherein the total lipid content in
the PEX-disrupted organism is decreased, when compared
with the total lipid content in an oleaginous eukaryotic organ-
ism in which no native gene encoding a peroxisome biogen-
esis factor protein has been disrupted.

8. The method of claim 1, wherein the PEX-disrupted
organism is selected from the group consisting of: Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Tri-
chosporon, Lipomyces, Mortierella  Thraustochytrium,
Schizochytrium, and Saccharomyces having the property of
oleaginy.

9. The method of claim 1, wherein the polyunsaturated
fatty acid biosynthetic pathway comprises genes encoding
enzymes selected from the group consisting of:

A9 desaturase, A12 desaturase, A6 desaturase, AS desatu-
rase, Al7 desaturase, A8 desaturase, Al5 desaturase, A4
desaturase, C,,,s elongase, C,,5 elongase, C, g
elongase, C,,,, elongase and A9 elongase.

10. The method of claim 1, wherein the disruption in the
native gene encoding a peroxisome biogenesis factor protein
comprises a deletion selected from the group consisting of:

a deletion in a portion of the gene encoding the C-terminal
portion of the protein and a gene knockout.
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11. The method of claim 1, wherein the peroxisome bio-
genesis factor protein is selected from the group consisting of:
Pex1p, Pex 2p, Pex3p, Pex3Bp, Pex4p, Pex5p, Pex5Bp,
Pex5Cp, Pex5/20p, Pex6p, Pex7p, Pex8p, Pex10p,
Pex12p, Pex13p, Pex14p, Pex15p, Pex16p, Pex17p,
Pex14/17p, Pex18p, Pex19p, Pex20p, Pex2lp,
Pex21Bp, Pex22p, Pex22p-like and Pex26p.

12. The method of claim 1, wherein the peroxisome bio-
genesis factor protein is selected from the group consisting of:

peroxisome biogenesis factor 3 protein (Pex3p), peroxi-

some biogenesis factor 10 protein (Pex10p) and peroxi-
some biogenesis factor 16 protein (Pex16p), and
wherein the disruption is a gene knockout.

13. The method of claim 1, wherein the peroxisome bio-
genesis factor protein is selected from the group consisting of:

peroxisome biogenesis factor 2 protein (Pex2p), peroxi-

some biogenesis factor 10 protein (Pex10p) and peroxi-
some biogenesis factor 12 protein (Pex12p), and
wherein the disruption is a deletion in a portion of the
gene encoding the C-terminal portion of the C;HC,, zinc
ring finger motif of the protein.

14. The oil fraction or the total lipid fraction in a PEX-
disrupted organism having an increase in the weight percent
ofat least one polyunsaturated fatty acid relative to the weight
percent of total fatty acids, wherein the increase was obtained
by the method of claim 1.

15. Use as food, feed or in an industrial application of the
at least one polyunsaturated fatty acid of a PEX-disrupted
organism having been increased in weight percent relative to
the weight percent of total fatty acids by the method of claim
1.

16. A PEX-disrupted Yarrowia lipolytica, wherein the dis-
ruption occurs in the native gene encoding a peroxisome
biogenesis factor protein selected from the group consisting
of Pex3p, Pex10p and Pex16p.

17. The Yarrowia lipolytica of claim 16 having ATCC
designation ATCC PTA-8614 (strain Y4128).

18. A method of increasing the percent of at least one
polyunsaturated fatty acid relative to the dry cell weight in an
oleaginous eukaryotic organism, comprising:

a) providing an oleaginous eukaryotic organism compris-

ing:

1) genes encoding a functional polyunsaturated fatty
acid biosynthetic pathway; and

2) a disruption in a native gene encoding a peroxisome
biogenesis factor protein, thereby providing a PEX-
disrupted organism, and

b) growing the PEX-disrupted organism under conditions

as to increase the percent of at least one polyunsaturated
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fatty acid relative to the dry cell weight, when compared
to the percent of the at least one polyunsaturated fatty
acid relative to the dry cell weight in the oleaginous
eukaryotic organism in which no native gene encoding a
peroxisome biogenesis factor protein has been dis-
rupted.

19. The method of claim 18, wherein the increase in the
percent of the at least one polyunsaturated fatty acid relative
to the dry cell weight is at least 1.3 fold, when compared to the
percent of polyunsaturated fatty acids relative to the dry cell
weight of an oleaginous eukaryotic organism in which no
native gene encoding a peroxisome biogenesis factor protein
has been disrupted.

20. The method of claim 19, wherein the at least one
polyunsaturated fatty acid is selected from the group consist-
ing of:

linoleic acid, conjugated linoleic acid, y-linolenic acid,

dihomo-y-linolenic acid, arachidonic acid, docosatet-
raenoic acid, w-6 docosapentaenoic acid, a-linolenic
acid, stearidonic acid, eicosatetraenoic acid, eicosapen-
taenoic acid, w-3 docosapentaenoic acid, eicosadienoic
acid, eicosatrienoic acid, docosahexaenoic acid,
hydroxylated or epoxy fatty acids of these, C,; polyun-
saturated fatty acids, C,, polyunsaturated fatty acids,
and C,, polyunsaturated fatty acids.

21. The method of claim 19, wherein the total lipid content
in the PEX-disrupted organism is altered, when compared
with the total lipid content in an oleaginous eukaryotic organ-
ism in which no native gene encoding a peroxisome biogen-
esis factor protein has been disrupted.

22. The method of claim 19, wherein the

disruption in the native gene encoding a peroxisome bio-
genesis factor protein comprises a deletion selected
from the group consisting of:

a deletion in a portion of the gene encoding the C-terminal
portion of the protein, and a gene knockout; and

wherein the peroxisome biogenesis factor protein is
selected from the group consisting of:

Pex1p, Pex 2p, Pex3p, Pex3Bp, Pex4p, Pex5Sp, Pex5Bp,
Pex5Cp, Pex5/20p, Pex6p, Pex7p, Pex8p, Pex10p,
Pex12p, Pex13p, Pex14p, Pex15p, Pex16p, Pex17p,
Pex14/17p, Pex18p, Pex19p, Pex20p, Pex2lp,
Pex21Bp, Pex22p, Pex22p-like and Pex26p.
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