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DESCRIPTION

[0001] This application claims the benefit of U.S. Provisional Application No. 61/098333, filed September 19, 2008.

FIELD OF THE INVENTION

[0002] This invention is in the field of biotechnology. More specifically, this invention pertains to the creation of nucleic acid
fragments encoding mutant A5 fatty acid desaturase enzymes (wherein at least one mutation occurs within the HPGG motif of the
cytochrome bs-like domain) and the use of these desaturases in making long-chain polyunsaturated fatty acids ["PUFAs"].

BACKGROUND OF THE INVENTION

[0003] A variety of different hosts including plants, algae, fungi, stramenopiles and yeast are being investigated as means for
commercial polyunsaturated fatty acid ["PUFA"] production. Genetic engineering has demonstrated that the natural abilities of
some hosts (even those natively limited to linoleic acid [LA; 18:2 w-6] and a-linolenic acid [ALA; 18:3 w-3] fatty acid production)
can be substantially altered to result in high-level production of various long-chain w-3/w-6 PUFAs. Whether this is the result of
natural abilities or recombinant technology, production of arachidonic acid [ARA; 20:4 w-6], eicosapentaenoic acid [EPA; 20:5 w-
3] and docosahexaenoic acid [DHA,; 22:6 w-3] may all require expression of a A5 desaturase.

[0004] Most A5 desaturase enzymes identified thus far have the primary ability to convert dihomo-y-linolenic acid [DGLA; 20:3 w-
6] to ARA, with secondary activity in converting eicosatetraenoic acid [ETA; 20:4 w-3] to EPA. Numerous A5 desaturases have
been disclosed in both the open literature and the patent literature. General characteristics of A5 desaturases, based on
desaturase evolution, are well-described by P. Sperling et al. (Prostaglandins Leukot. Essent. Fatty Acids, 68:73-95 (2003). Along
with A6, A8 and A4 desaturases, A5 desaturases are known as long-chain PUFA "front-end" desaturases (wherein desaturation
occurs between a pre-existing double bond and the carboxyl terminus of the fatty acid's acyl group, as opposed to methyl-
directed desaturation). These desaturases are characterized by three histidine boxes [H(X)34H (SEQ ID NOs:1 and 2), H(X)2>_3HH
(SEQ ID NOs:3 and 4) and HQ(X)2-3HH (SEQ ID NOs:5 and 6)] and are members of the cytochrome bs fusion superfamily, since
they possess a fused cytochrome bs domain at their N-terminus which serves as an electron donor. The cytochrome bs domain
also contains a conserved heme-binding motif (i.e., a histidine-proline-glycine-glycine sequence or "HPGG" [SEQ ID NO:180]
sequence), despite divergence of the remaining cytochrome bg domain sequences. These motif sequences are the subject of

U.S. Pat. 5,972,664.

[0005] A number of studies have suggested that the HPGG motif is implicated in enzyme activity. Sayanova, O. et al. (Plant
Physiol., 121:641 (1999)) performed site-directed mutagenesis to replace the histidine residue of the HPGG motif with an alanine
residue in the A6 desaturase of borage. The mutant enzyme was expressed in Arabidopsis; however, no enzymatic activity could
be measured, suggesting that the cytochrome bs domain of the desaturase was important for function. A similar study was
performed in a rat A6 desaturase, where an alanine for histidine substitution was engineered within the HPGG motif. The mutated
protein also had no activity (Guillou, H., et al., J. Lipid Res., 45:32-40 (2004)). Most recently, Hongsthong, A. et al. (Appl.
Microbiol. Biotechnol., 72:1192-1201 (2006)) reported substitution of the histidine residue of the HPGG motif with an alanine
residue in the A6 desaturase of Spirulina. As with previous reports, the mutation rendered the mutant enzyme unable to produce
GLAn E. coli, suggesting that the cytochrome bs domain was important for activity and that alterations in this motif will result in
diminished enzyme activity. Although A5 desaturase enzymes are relatively common and well characterized, there remains a need
for enzymes that are efficiently expressed at high levels in production host cells capable of making PUFAs.

[0006] The problem to be solved therefore is to discover new A5 desaturase enzymes having high activity that are well suited for
integration into PUFA biosynthetic pathways in commercially useful host cells. Applicants have solved the stated problem through
the unexpected discovery that alterations in the HPGG moitif of the cytochrome bs domain of various A5 desaturases resulted in

up to 38% improvement in enzymatic activity, based on the conversion of DGLA to ARA.

SUMMARY OF THE INVENTION

[0007] The present invention relates to new genetic constructs encoding polypeptides having A5 desaturase activity, and their
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use in bacteria, yeast, algae, euglenoids, stramenopiles, oomycetes and fungi for the production of PUFAs.

[0008] Accordingly provided herein is a mutant polypeptide comprising at least one mutation within the HPGG motif (SEQ ID
NO:180) of the cytochrome bg domain, wherein said polypeptide has an amino acid sequence which has at least 95% sequence

identity to an amino acid sequence selected from the group consisting of:

1. (i) SEQ ID NO:58 comprising a mutant motif of SEQ ID NO:183 (HGGG) or SEQ ID NO:184 (HHGG), (EgD5S-HGGG and
EgD5S-HHGG);

2. (ii) SEQ ID NO:97 comprising a mutant motif of SEQ ID NO:185 (HPGS), (EgD5S-HPGS);

3. (iii) SEQ ID NO:139 comprising a mutant motif of SEQ ID NO: 186 (HCGG), (EaD5S-HCGG); and

4. (iv) SEQ ID NO:179 comprising a mutant motif of SEQ ID NO:186 (HCGG) or SEQ ID NO:187 (HWGG), (RD5S-HCGG and
RD5S-HWGG), wherein the mutant polypeptide has a dihomo-y-linolenic acid to arachidonic acid conversion efficiency that
is greater than the dihomo-y-linolenic acid to arachidonic acid conversion efficiency of the parent polypeptide from which
the mutant was derived, said parent polypeptide having an identical amino acid sequence except that it comprises an
HPGG motif (SEQ ID NO: 180).

[0009] In a second embodiment provided herein is an isolated nucleic acid molecule substantially encoding the polypeptide of
the invention.

[0010] In a third embodiment provided herein is a microbial host cell expressing the polypeptide of the invention.

[0011] In a fourth embodiment provided herein is a method for the production of arachidonic acid comprising growing a microbial
host cell expressing the polypeptide of Claim 1 in the presence of dihomo-y-linolenic acid, wherein the dihomo-y-linolenic acid is
converted to arachidonic acid.

[0012] In a fifth embodiment provided herein is a method of the production of eicosapentaenoic acid comprising growing a
microbial host cell expressing the polypeptide of Claim 1 in the presence of eicosatetraenoic acid, wherein the eicosatetraenoic
acid is converted to eicosapentaenoic acid.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTINGS

[0013]

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

FIG. 2 provides plasmid maps for the following: (A) pDMW369; and, (B) pZUF17.

[0014] The invention can be more fully understood from the following detailed description and the accompanying sequence
descriptions, which form a part of this application.

[0015] The following sequences comply with 37 C.F.R. §1.821-1.825 ("Requirements for Patent Applications Containing
Nucleotide Sequences and/or Amino Acid Sequence Disclosures - the Sequence Rules") and are consistent with World
Intellectual Property Organization (WIPO) Standard ST.25 (1998) and the sequence listing requirements of the EPO and PCT
(Rules 5.2 and 49.5(a-bis), and Section 208 and Annex C of the Administrative Instructions). The symbols and format used for
nucleotide and amino acid sequence data comply with the rules set forth in 37 C.F.R. §1.822.

[0016] SEQ ID NOs:7-19, 58, 97-100, 139, 140 and 179-195 are ORFs encoding genes or proteins (or portions thereof), or
plasmids, as identified in Table 1.
Table 1: Summary Of Nucleic Acid And Protein SEQ ID Numbers

Description Nucleic acid SEQID § Protein SEQID
NO. NO.

His-rich motif: H(X)3H - 1
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Description Nucleic acid SEQID § Protein SEQID
NO. NO.
His-rich motif: H(X)4H - 2
His-rich motif: H(X)oHH - 3
His-rich motif: H(X)3HH - 4
His-rich motif: (H/Q)(X)oHH - 5
His-rich motif: (H/Q)(X)3HH - 6
Euglena gracilis A5 desaturase ("EgD5") 7 (1350 bp) 8 (449 AA)
Synthetic A5 desaturase, derived from Euglena gracilis, codon- 9 (1350 bp) 10 (449 AA)
optimized for expression in Yarrowa lipolytica ("EgD5S")
Euglena anabaena A5 desaturase ("EaD5") 11 (1362 bp) 12 (454 AA)
Synthetic A5 desaturase, derived from Euglena anabaena, codon- 13 (1362 bp) 14 (454 AA)
optimized for expression in Yarrowia lipolytica ("EaD5S")
Peridinium sp. CCMP626 A5 desaturase ("RD5") 15 (1392 bp) 16 (463 AA)
Synthetic A5 desaturase, derived from Peridinium sp. CCMP626, 17 (1392 bp) 18 (463 AA)
codon-optimized for expression in Yarrowia lipolytica ("RD5S")
Plasmid pDMW369 19 (8438 bp) -
mutant A5 desaturase EgD5S-HXGG (i.e., comprising either a HGGG or - 58 (449 AA)
a HHGG motif)
mutant A5 desaturase EgD5S-HPGS (i.e., comprising a HPGS motif) - 97 (449 AA)
Plasmid pZUFmEaDSS 98 (8357 bp) -
Plasmid pZUF17 99 (8165 bp) -
Plasmid pEaD5S 100 (3983 bp) -
mutant A5 desaturase EaD5S-HCGG (i.e., comprising a HCGG motif) - 139 (454 AA)
Plasmid pZURD5S 140 (8480 bp) -
mutant A5 desaturase RD5S-HXGG (i.e., comprising eithera HCGG or a - 179 (463 AA)
HWGG motif)
HPGG motif - 180
HXGG motif - 181
HPGX motif - 182
HGGG motif - 183
HHGG motif - 184
HPGS motif - 185
HCGG motif - 186
HWGG motif - 187
HAGG motif - 188
HPGA motif - 189
mutant A5 desaturase EgD5S-HGGG 190 (1350 bp) -
mutant A5 desaturase EgD5S-HHGG 191 (1350 bp) -
mutant A5 desaturase EgD5S-HPGS 192 (1350 bp) -
mutant A5 desaturase EaD5S-HCGG 5 193 (1365 bp) -
mutant A5 desaturase RD5S-HCGG 194 (1392 bp) -
mutant AS desaturase RD5S-HWGG 195 (1392 bp) -

[0017] SEQ ID NOs:20-57 correspond to oligonucleotide primers utilized to individually mutate the proline residue of the HPGG
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motif of EgD5S by site-directed mutagenesis.

[0018] SEQ ID NOs:59-96 correspond to oligonucleotide primers utilized to individually mutate the second glycine residue of the
HPGG motif of EgD5S by site-directed mutagenesis.

[0019] SEQ ID NOs:101-138 correspond to oligonucleotide primers utilized to individually mutate the proline residue of the HPGG
motif of EaD5S by site-directed mutagenesis.

[0020] SEQ ID NOs:141-178 correspond to oligonucleotide primers utilized to individually mutate the proline residue of the HPGG
motif of RD5S by site-directed mutagenesis.

DETAILED DESCRIPTION OF THE INVENTION

[0021] New mutant A5 desaturase enzymes and genes encoding the same that may be used for the manipulation of biochemical
pathways for the production of healthful PUFAs are disclosed herein. These mutant A5 desaturases possess at least one
mutation within the HPGG motif (SEQ ID NO:180) of the cytochome bs domain.

[0022] PUFAs, or derivatives thereof, are used as dietary substitutes, or supplements, particularly infant formulas, for patients
undergoing intravenous feeding or for preventing or treating malnutrition. Alternatively, the purified PUFAs (or derivatives thereof)
may be incorporated into cooking oils, fats or margarines formulated so that in normal use the recipient would receive the desired
amount for dietary supplementation. The PUFAs may also be incorporated into infant formulas, nutritional supplements or other
food products and may find use as anti-inflammatory or cholesterol lowering agents. Optionally, the compositions may be used for
pharmaceutical use, either human or veterinary.

[0023] In this disclosure, a number of terms and abbreviations are used. The following definitions are provided.
[0024] "Open reading frame" is abbreviated "ORF".

[0025] "Polymerase chain reaction” is abbreviated "PCR".

[0026] "American Type Culture Collection" is abbreviated "ATCC".

[0027] "Polyunsaturated fatty acid(s)" is abbreviated "PUFA(s)".

[0028] "Triacylglycerols" are abbreviated "TAGs".

[0029] "Total fatty acids" are abbreviated as "TFAs".

[0030] The term "invention" or "present invention" as used herein is not meant to be limiting to any one specific embodiment of
the invention but applies generally to any and all embodiments of the invention as described in the claims and specification.

[0031] The term "fatty acids" refers to long chain aliphatic acids (alkanoic acids) of varying chain lengths, from about C12 to Co2,
although both longer and shorter chain-length acids are known. The predominant chain length are between C1g and Co2. The
structure of a fatty acid is represented by a simple notation system of "XY", where Xis the total number of carbon ["C"] atoms in
the particular fatty acid and Y is the number of double bonds. Additional details concerning the differentiation between "saturated

fatty acids" versus "unsaturated fatty acids”, "monounsaturated fatty acids" versus "polyunsaturated fatty acids" ["PUFAs"], and
"omega-6 fatty acids" ["w-8" or "n-6"] versus "omega-3 fatty acids" ["w-3"] or ['n-3"] are provided in U.S. Pat. 7,238,482.

[0032] Nomenclature used to describe PUFAs herein is shown below in Table 2. In the column titled "Shorthand Notation", the
omega-reference system is used to indicate the number of carbons, the number of double bonds and the position of the double
bond closest to the omega carbon, counting from the omega carbon (which is numbered 1 for this purpose).

[0033] The remainder of the Table summarizes the common names of w-3 and w-6 fatty acids and their precursors, the
abbreviations that will be used throughout the specification and the chemical name of each compound.

Table 2: Nomenclature Of Polyunsaturated Fatty Acids And Precursors
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Common Name Abbreviation Chemical Name Shorthand Notation
Myristic - tetradecanoic 14:0
Palmitic Palmitate hexadecanoic 16:0

Palmitoleic - 9-hexadecenoic 16:1

Stearic - octadecanoic 18:0

Oleic - cis-9-octadecenoic 18:1
Linoleic LA cis-9, 12-octadecadienoic 18:2 w-6
y-Linolenic GLA cis-6, 9, 12-octadecatrienoic 18:3 w-6
Eicosadienoic EDA cis-11, 14-eicosadienoic 20:2 w-6
Dihomo-y-Linolenic DGLA cis-8, 11, 14- eicosatrienoic 20:3 w-6
Arachidonic ARA Cis-5, 8, 11, 14-eicosatetraenoic 20:4 w-6
a-Linolenic ALA cis-9, 12, 15-octadecatrienoic 18:3 w-3
Stearidonic STA cis5, 9, 12, 15-octadecatetraenoic 18:4 w-3
Eicosatrienoic ETrA cis-11, 14, 17- eicosatrienoic 20:3 w-3
Sciadonic SCI cis-5,11,14-eicosatrienoic 20:3b w-6
Juniperonic JUP cis-5,11,14,17-eicosatetraenoic 20:4b w-3
Eicosatetraenoic ETA cis-8, 11, 14, 17-eicosatetraenoic 20:4 w-3
Eicosapentaenoic EPA cis-5, 8, 11, 14, 17-eicosapentaenoic 20:5 w-3
Docosatetraenoic DTA cis~7,-10,13,16-docosatetraenoic 22:4 w-6
Docosapentaenoic DPAnN-6 cis-4,7,10,13,16-docosapentaenoic 22:5 w-6
Docosapentaenoic DPA cis-7,10, 13, 16, 19-docosapentaenoic 22:5 w-3
Docosahexaenoic DHA cis4,7,10, 13, 16, 19-docosahexaenoic 22:6 w-3

[0034] Although the w-3/w-6 PUFAs listed in Table 2 are the most likely to be accumulated in the oil fractions of microbial hosts
using the methods described herein, this list should not be construed as limiting or as complete.

[0035] The term "oil" refers to a lipid substance that is liquid at 25 °C and usually polyunsaturated. In oleaginous organisms, oil
constitutes a major part of the total lipid. "Oil" is composed primarily of triacylglycerols ["TAGs"] but may also contain other neutral
lipids, phospholipids and free fatty acids. The fatty acid composition in the oil and the fatty acid composition of the total lipid are
generally similar; thus, an increase or decrease in the concentration of PUFAs in the total lipid will correspond with an increase or
decrease in the concentration of PUFAs in the oil, and vice versa.

[0036] "Neutral lipids" refer to those lipids commonly found in cells in lipid bodies as storage fats and are so called because at
cellular pH, the lipids bear no charged groups. Generally, they are completely non-polar with no affinity for water. Neutral lipids
generally refer to mono-, di-, and/or triesters of glycerol with fatty acids, also called monoacylglycerol, diacylglycerol or
triacylglycerol, respectively, or collectively, acylglycerols. A hydrolysis reaction must occur to release free fatty acids from
acylglycerols.

[0037] The term "triacylglycerols" ["TAGs"] refers to neutral lipids composed of three fatty acyl residues esterified to a glycerol
molecule. TAGs can contain long chain PUFAs and saturated fatty acids, as well as shorter chain saturated and unsaturated fatty
acids.

[0038] The term "total fatty acids" ["TFAs"] herein refer to the sum of all cellular fatty acids that can be derivitized to fatty acid
methyl esters ["FAMESs"] by the base transesterification method (as known in the art) in a given sample, which may be the biomass
or oil, for example. Thus, total fatty acids include fatty acids from neutral lipid fractions (including diacylglycerols,
monoacylglycerols and TAGs) and from polar lipid fractions (including the phosphatidylcholine and phosphatidylethanolamine
fractions) but not free fatty acids.

[0039] The term "total lipid content" of cells is a measure of TFAs as a percent of the dry cell weight ["DCW"], athough total lipid
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content can be approximated as a measure of FAMEs as a percent of the DCW ["FAMEs % DCW"]. Thus, total lipid content
["TFAs % DCW"] is equivalent to, e.g., milligrams of total fatty acids per 100 milligrams of DCW.

[0040] The concentration of a fatty acid in the total lipid is expressed herein as a weight percent of TFAs ["% TFAs"], e.g.,
milligrams of the given fatty acid per 100 milligrams of TFAs. Unless otherwise specifically stated in the disclosure herein,
reference to the percent of a given fatty acid with respect to total lipids is equivalent to concentration of the fatty acid as % TFAs,
e.g., % EPA of total lipids is equivalent to EPA % TFAs.

[0041] The terms "lipid profile" and "lipid composition" are interchangeable and refer to the amount of individual fatty acids
contained in a particular lipid fraction, such as in the total lipid or the oil, wherein the amount is expressed as a weight percent of
TFAs. The sum of each individual fatty acid present in the mixture should be 100.

[0042] 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, 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 literature. See e.g., U.S. Pat. Appl. Pub. No. 2006-0115881-A1. Briefly, this process involves
elongation of the carbon chain through the addition of carbon atoms and desaturation of the molecule through the addition of
double bonds, via a series of special elongation and desaturation enzymes termed "PUFA biosynthetic pathway enzymes" that are
present in the endoplasmic reticulum membrane. More specifically, "PUFA biosynthetic pathway enzymes" refer to any of the
following enzymes (and genes which encode said enzymes) associated with the biosynthesis of a PUFA, including: A4 desaturase,
A5 desaturase, A6 desaturase, A12 desaturase, A15 desaturase, A17 desaturase, A9 desaturase, A8 desaturase, A9 elongase,
C14/16 elongase, Cqg/18 elongase, C1gpo0 elongase and/or Cogpo elongase.

[0043] The term "desaturase" refers to a polypeptide that can desaturate, i.e., introduce a double bond, in one or more fatty
acids to produce a fatty acid or precursor of interest. Despite use of the omega-reference system throughout the specification to
refer to specific fatty acids, it is more convenient to indicate the activity of a desaturase by counting from the carboxyl end of the
substrate using the delta-system. Of particular interest herein are A5 desaturases that desaturate a fatty acid between the fifth
and sixth carbon atom numbered from the carboxyl-terminal end of the molecule and that can, for example, catalyze the
conversion of DGLA to ARA and/or ETA to EPA. Other fatty acid desaturases include, for example: A8 desaturases, A6
desaturases, A desaturases, A12 desaturases, A15 desaturases, A17 desaturases and A9 desaturases. In the art, A15 and A17
desaturases are also occasionally referred to as "omega-3 desaturases”, "w-3 desaturases" and/or "w-3 desaturases", based on
their ability to convert w-6 fatty acids into their w-3 counterparts (e.g., conversion of LA into ALA and ARA into EPA, respectively).
It may be desirable to empirically determine the specificity of a particular fatty acid desaturase by transforming a suitable host with
the gene for the fatty acid desaturase and determining its effect on the fatty acid profile of the host.

[0044] The term "EgD5" refers to a A5 desaturase enzyme (SEQ ID NO:8) isolated from Euglena gracilis, encoded by SEQ ID
NO:7 herein. Similarly, the term "EgD5S" refers to a synthetic A5 desaturase derived from E. gracilis that is codon-optimized for
expression in Yarrowa lipolytica (i.e., SEQ ID NOs:9 and 10). Further details concerning EgD5 and EgD5S are described in Intl.
App. Pub. No. WO 2007/136671.

[0045] The term "EaD5" refers to a A5 desaturase enzyme (SEQ ID NO:12) isolated from Euglena anabaena, encoded by SEQ
ID NO:11 herein. Similarly, the term "EaD5S" refers to a synthetic A5 desaturase derived from E. anabaena that is codon-
optimized for expression in Yarrowia lipolytica (i.e., SEQ ID NOs:13 and 14). Further details concerning EaD5 and EaD5S are
described in U.S. Pat. Appl. Pub. No. 2008-0274521-A1.

[0046] The term "RD5" refers to a A5 desaturase enzyme (SEQ ID NO:16) isolated from Peridinium sp. CCMP626, encoded by
SEQ ID NO:15 herein. Similarly, the term "RD5S" refers to a synthetic A5 desaturase derived from Peridinium sp. CCMP626 that is
codon-optimized for expression in Yarrowia lipolytica (i.e., SEQ ID NOs:17 and 18). Further details concerning RD5 and RD5S are
described in Intl. App. Pub. No. WO 2007/136646.

[0047] The term "conserved domain”" or "motif* means a set of amino acids conserved at specific positions along an aligned
sequence of evolutionarily related proteins. While amino acids at other positions can vary between homologous proteins, amino
acids that are highly conserved at specific positions indicate amino acids that are essential in the structure, the stability, or the
activity of a protein. Because they are identified by their high degree of conservation in aligned sequences of a family of protein
homologues, they can be used as identifiers, or "signatures", to determine if a protein with a newly determined sequence belongs
to a previously identified protein family. Motifs that are universally found in A5 desaturase enzymes of animal, plants and fungi
include three histidine boxes (i.e., H(X)34H [SEQ ID NOs:1 and 2], H(X)23HH [SEQ ID NOs:3 and 4] and HQ(X)2-3HH [SEQ ID

NOs:5 and 6]) and a heme-binding motif (i.e., His-Pro-Gly-Gly or HPGG [SEQ ID NO:180]) within the fused cytochrome bs domain
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at the N-terminus.

[0048] The term "mutant A5 desaturase" refers to a A5 desaturase as described herein that has at least one mutation within the
HPGG motif (SEQ ID NO:180) of the cytochrome b5 domain, wherein said mutation results in an amino acid substitution, either
conservative or non-conservative. Although the mutation(s) may include any amino acid substitution, the mutant A5 desaturase
preferably comprises a mutant motif selected from the group consisting of His-Xaa-Gly-Gly or "HXGG" (SEQ ID NO:181) and His-
Pro-Gly-Xaa or "HPGX' (SEQ ID NO:182) and the A5 desaturase activity of the mutant A5 desaturase is at least about functionally
equivalent to the A5 desaturase activity of the wildtype A5 desaturase. More preferred, the mutant motif is selected from the
group consisting of: SEQ ID NO:183 (His-Gly-Gly-Gly or "HGGG"), SEQ ID NO:184 (His-His-Gly-Gly or "HHGG"), SEQ ID NO:186
(His-Cys-Gly-Gly or "HCGG"), SEQ ID NO:187 (His-Trp-Gly-Gly or "HWGG") and SEQ ID NO:185 (His-Pro-Gly-Ser or "HPGS").
See, e.g., the A5 desaturases set forth as SEQ ID NO:58, SEQ ID NO:97, SEQ ID NO:139 and SEQ ID NO:179.

[0049] Each "mutant A5 desaturase" has a "corresponding wildtype A5 desaturase”. Specifically, the mutant A5 desaturase and
corresponding wildtype A5 desaturase share identical amino acid sequences, with the exception that the wildtype will comprise a
HPGG motif (SEQ ID NO:180) within the cytochrome bs domain, while the mutant will comprise at least one mutation within this

motif (as described above).

[0050] A mutant A5 desaturase is "at least about functionally equivalent” to the corresponding wildtype A5 desaturase when
enzymatic activity and specific selectivity of the mutant A5 sequence are comparable to that of the corresponding wildtype A5
desaturase. Thus, a functionally equivalent mutant A5 desaturase will possess A5 desaturase activity that is not substantially
reduced with respect to that of the corresponding wildtype A5 desaturase when the "conversion efficiency” of each enzyme is
compared (i.e., a mutant A5 desaturase will have at least about 50-75%, preferably at least about 75-85%, more preferably at
least about 85-95%, and most preferably at least about 95% of the enzymatic activity of the wildtype A5 desaturase). The A5
desaturase activity of the two polypeptides may be substantially identical. Preferably, the mutant A5 desaturase will have
increased enzymatic activity and specific selectivity when compared to that of the corresponding wildtype A5 desaturase, i.e.,
having at least about 101-105%, more preferably at least about 106-115% and most preferably at least about 116-125% of the
enzymatic activity of the wildtype A5 desaturase.

[0051] The terms "conversion efficiency" and "percent substrate conversion” refer to the efficiency by which a particular enzyme
(e.g., a desaturase) can convert substrate to product. The conversion efficiency is measured according to the following formula:
([product]/[substrate + product])*100. Thus, "DGLA to ARA conversion efficiency" refers to the conversion efficiency by which the
substrate, DGLA, is converted to the product, ARA.

[0052] The term "elongase" refers to a polypeptide that can elongate a fatty acid carbon chain to produce an acid 2 carbons
longer than the fatty acid substrate that the elongase acts upon. This process of elongation occurs in a multi-step mechanism in
association with fatty acid synthase, as described in U.S. Pat. App. Pub. No. 2005/0132442. Examples of reactions catalyzed by
elongase systems are the conversion of GLA to DGLA, STA to ETA and EPA to DPA.

[0053] In general, the substrate selectivity of elongases is somewhat broad but segregated by both chain length and the degree
and type of unsaturation. For example, a C14/16 elongase will utilize a C14 substrate (e.g., myristic acid), a C16/18 elongase will
utilize a Cqg substrate (e.g., palmitate), a Cqgpo elongase will utilize a Cqg substrate (e.g., GLA, STA, LA, ALA) and a Coop2
elongase [also referred to as a A5 elongase] will utilize a Cop substrate (e.g., ARA, EPA). For the purposes herein, two distinct
types of Cqg/p0 elongases can be defined: a A6 elongase will catalyze conversion of GLA and STA to DGLA and ETA,
respectively, while a A9 elongase is able to catalyze the conversion of LA and ALA to EDA and ETrA, respectively.

[0054] It is important to note that some elongases have broad specificity and thus a single enzyme may be capable of catalyzing
several elongase reactions e.g., thereby acting as both a C4g/1g elongase and a Cqgipp elongase. It may be desirable to
empirically determine the specificity of a fatty acid elongase by transforming a suitable host with the gene for the fatty acid
elongase and determining its effect on the fatty acid profile of the host.

[0055] The term "oleaginous" refers to those organisms that tend to store their energy source in the form of oil (Weete, In:
Fungal Lipid Biochemistry, 2nd Ed., Plenum, 1980). Generally, the cellular oil content of oleaginous microorganisms follows a
sigmoid curve, wherein the concentration of lipid increases until it reaches a maximum at the late logarithmic or early stationary
growth phase and then gradually decreases during the late stationary and death phases (Yongmanitchai and Ward, Appl.
Environ. Microbiol., 57:419-25 (1991)). It is common for oleaginous microorganisms to accumulate in excess of about 25% of their
dry cell weight as oil.
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[0056] The term "oleaginous yeast" refers to those microorganisms classified as yeasts that can make oil. Examples of
oleaginous yeast include, but are no means limited to, the following genera: Yarrowia, Candida, Rhodotorula, Rhodosporidium,
Cryptococcus, Trichosporon and Lipomyces. Alternatively, organisms classified as yeasts that are engineered to make more than
25% of their dry cell weight as oil are also "oleaginous".

[0057] The term "amino acid" will refer to the basic chemical structural unit of a protein or polypeptide. The amino acids are
identified by either the one-letter code or the three-letter codes for amino acids, in conformity with the IUPAC-IYUB standards
described in Nucleic Acids Research, 13:3021-3030 (1985) and in the Biochemical Journal, 219 (2):345-373 (1984).

[0058] The term "conservative amino acid substitution" refers to a substitution of an amino acid residue in a given protein with
another amino acid, without altering the chemical or functional nature of that protein. For example, it is well known in the art that
alterations in a gene that result in the production of a chemically equivalent amino acid at a given site (but do not affect the
structural and functional properties of the encoded, folded protein) are common. For the purposes herein, "conservative amino
acid substitutions" are defined as exchanges within one of the following five groups:

1. Small aliphatic, nonpolar or slightly polar residues: Ala [A], Ser [S], Thr [T] (Pro [P], Gly [GC]);
2. Polar, negatively charged residues and their amides: Asp [D], Asn [N], Glu [E], Gin [Q];

3. Polar, positively charged residues: His [H], Arg [R], Lys [K];

4. Large aliphatic, nonpolar residues: Met [M], Leu [L], lle [I], Val [V] (Cys [C]); and

5. Large aromatic residues: Phe [F], Tyr [Y], Trp [W].

a b wbh =

Thus, Ala, a slightly hydrophobic amino acid, may be substituted by another less hydrophobic residue (e.g., Gly). Similarly,
changes which result in substitution of one negatively charged residue for another (e.g., Asp for Glu) or one positively charged
residue for another (e.g., Lys for Arg) can also be expected to produce a functionally equivalent product. As such, conservative
amino acid substitutions generally maintain: the structure of the polypeptide backbone in the area of the substitution; the charge
or hydrophobicity of the molecule at the target site; or, the bulk of the side chain. Additionally, in many cases, alterations of the N-
terminal and C-terminal portions of the protein molecule would also not be expected to alter the activity of the protein.

[0059] The term "non-conservative amino acid substitution" refers to an amino acid substitution that is generally expected to
produce the greatest change in protein properties. Thus, for example, a non-conservative amino acid substitution would be one
whereby: 1) a hydrophilic residue is substituted for/by a hydrophobic residue (e.g., Ser or Thr for/by Leu, lle, Val); 2) a Cys or Pro
is substituted for/by any other residue; 3) a residue having an electropositive side chain is substituted for/by an electronegative
residue (e.g., Lys, Arg or His for/by Asp or Glu); or, 4) a residue having a bulky side chain is substituted for/by one not having a
side chain (e.g., Phe for/by Gly). Sometimes, non-conservative amino acid substitutions between two of the five groups will not
affect the activity of the encoded protein.

[0060] The terms "polynucleotide”, "polynucleotide sequence”, "nucleic acid sequence", "nucleic acid fragment" and "isolated
nucleic acid fragment" are used interchangeably herein. These terms encompass nucleotide sequences and the like. A
polynucleotide may be a polymer of RNA or DNA that is single- or double-stranded, that optionally contains synthetic, non-natural
or altered nucleotide bases. A polynucleotide in the form of a polymer of DNA may be comprised of one or more segments of
cDNA, genomic DNA, synthetic DNA, or mixtures thereof. Nucleotides (usually found in their 5'-monophosphate form) are referred
to by a single letter designation as follows: "A" for adenylate or deoxyadenylate (for RNA or DNA, respectively), "C" for cytidylate
or deoxycytidylate, "G" for guanylate or deoxyguanylate, "U" for uridylate, "T" for deoxythymidylate, "R" for purines (A or G), "Y"
for pyrimidines (Cor T), "K"for Gor T, "H" for Aor C or T, "I' for inosine, and "N" for any nucleotide.

[0061] A nucleic acid fragment is "hybridizable" to another nucleic acid fragment, such as a cDNA, genomic DNA, or RNA
molecule, when a single-stranded form of the nucleic acid fragment can anneal to the other nucleic acid fragment under the
appropriate conditions of temperature and solution ionic strength. Hybridization and washing conditions are well known and
exemplified in Sambrook, J., Fritsch, E. F. and Maniatis, T., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory: Cold Spring Harbor, NY (1989), particularly Chapter 11 and Table 11.1 . The conditions of temperature and ionic
strength determine the "stringency" of the hybridization. Stringency conditions can be adjusted to screen for moderately similar
fragments (such as homologous sequences from distantly related organisms), to highly similar fragments (such as genes that
duplicate functional enzymes from closely related organisms). Post-hybridization washes determine stringency conditions. One set
of preferred conditions uses a series of washes starting with 6X SSC, 0.5% SDS at room temperature for 15 min, then repeated
with 2X SSC, 0.5% SDS at 45 °C for 30 min, and then repeated twice with 0.2X SSC, 0.5% SDS at 50 °C for 30 min. A more
preferred set of stringent conditions uses higher temperatures in which the washes are identical to those above except for the
temperature of the final two 30 min washes in 0.2X SSC, 0.5% SDS was increased to 60 °C. Another preferred set of highly
stringent conditions uses two final washes in 0.1 X SSC, 0.1% SDS at 65 °C. An additional set of stringent conditions include
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hybridization at 0.1 X 8SC, 0.1% SDS, 65 °C and washes with 2XSSC, 0.1% SDS followed by 0.1 X SSC, 0.1% SDS, for example.

[0062] Hybridization requires that the two nucleic acids contain complementary sequences, although depending on the
stringency of the hybridization, mismatches between bases are possible. The appropriate stringency for hybridizing nucleic acids
depends on the length of the nucleic acids and the degree of complementation, variables well known in the art. The greater the
degree of similarity or homology between two nucleotide sequences, the greater the value of thermal melting point ["Tm,"] for

hybrids of nucleic acids having those sequences. The relative stability, corresponding to higher T ,, of nucleic acid hybridizations

decreases in the following order: RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater than 100 nucleotides in length, equations
for calculating Ty, have been derived (see Sambrook et al., supra, 9.50-9.51). For hybridizations with shorter nucleic acids, i.e.,
oligonucleotides, the position of mismatches becomes more important, and the length of the oligonucleotide determines its
specificity (see Sambrook et al., supra, 11.7-11.8). In one embodiment the length for a hybridizable nucleic acid is at least about
10 nucleotides. Preferably a minimum length for a hybridizable nucleic acid is at least about 15 nucleotides; more preferably at
least about 20 nucleotides; and most preferably the length is at least about 30 nucleotides. Furthermore, the skilled artisan will
recognize that the temperature and wash solution salt concentration may be adjusted as necessary according to factors such as
length of the probe.

[0063] A "substantial portion" of an amino acid or nucleotide sequence is that portion comprising enough of the amino acid
sequence of a polypeptide or the nucleotide sequence of a gene to putatively identify that polypeptide or gene, either by manual
evaluation of the sequence by one skilled in the art, or by computer-automated sequence comparison and identification using
algorithms such as Basic Local Alignment Search Tool ["BLAST"] ( Altschul, S. F., et al., J. Mol. Biol., 215:403-410 (1993)). In
general, a sequence of ten or more contiguous amino acids or thirty or more nucleotides is necessary in order to putatively
identify a polypeptide or nucleic acid sequence as homologous to a known protein or gene. Moreover, with respect to nucleotide
sequences, gene specific oligonucleotide probes comprising 20-30 contiguous nucleotides may be used in sequence-dependent
methods of gene identification (e.g., Southern hybridization) and isolation (e.g., in situ hybridization of bacterial colonies or
bacteriophage plaques). In addition, short oligonucleotides of 12-15 bases may be used as amplification primers in PCR in order
to obtain a particular nucleic acid fragment comprising the primers. Accordingly, a "substantial portion" of a nucleotide sequence
comprises enough of the sequence to specifically identify and/or isolate a nucleic acid fragment comprising the sequence. The
disclosure herein teaches the complete amino acid and nucleotide sequence encoding particular microbial proteins. The skilled
artisan, having the benefit of the sequences as reported herein, may now use all or a substantial portion of the disclosed
sequences for purposes known to those skilled in this art. Accordingly, the complete sequences as reported in the accompanying
Sequence Listing, as well as substantial portions of those sequences as defined above, are encompassed in the present
disclosure.

[0064] 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. Accordingly, isolated nucleic acid fragments that are complementary to the complete sequences as reported in the
accompanying Sequence Listing, as well as those substantially similar nucleic acid sequences, are encompassed in the present
disclosure.

[0065] The terms "homology" and "homologous" are used interchangeably. They refer to nucleic acid fragments wherein
changes in one or more nucleotide bases do not affect the ability of the nucleic acid fragment to mediate gene expression or
produce a certain phenotype. These terms also refer to modifications of the nucleic acid fragments such as deletion or insertion
of one or more nucleotides that do not substantially alter the functional properties of the resulting nucleic acid fragment relative to
the initial, unmodified fragment. It is therefore understood, as those skilled in the art will appreciate, that the invention
encompasses more than the specific exemplary sequences.

[0066] Moreover, the skilled artisan recognizes that homologous nucleic acid sequences are also defined by their ability to
hybridize, under moderately stringent conditions, e.g., 0.5X SSC, 0.1% SDS, 60 °C, with the sequences exemplified herein, or to
any portion of the nucleotide sequences disclosed herein and which are functionally equivalent thereto. Stringency conditions can
be adjusted to screen for moderately similar fragments, such as homologous sequences from distantly related organisms, to
highly similar fragments, such as genes that duplicate functional enzymes from closely related organisms.

[0067] The term "selectively hybridizes" includes reference to hybridization, under stringent hybridization conditions, of a nucleic
acid sequence to a specified nucleic acid target sequence to a detectably greater degree (e.g., at least 2-fold over background)
than its hybridization to non-target nucleic acid sequences and to the substantial exclusion of non-target nucleic acids. Selectively
hybridizing sequences typically have about at least 80% sequence identity, or 90% sequence identity, up to and including 100%
sequence identity (i.e., fully complementary) with each other.
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[0068] The term "stringent conditions" or "stringent hybridization conditions” includes reference to conditions under which a
probe will selectively hybridize to its target sequence. Stringent conditions are sequence-dependent and will be different in
different circumstances. By controlling the stringency of the hybridization and/or washing conditions, target sequences can be
identified which are 100% complementary to the probe (homologous probing). Alternatively, stringency conditions can be adjusted
to allow some mismatching in sequences so that lower degrees of similarity are detected (heterologous probing). Generally, a
probe is less than about 1000 nucleotides in length, optionally less than 500 nucleotides in length.

[0069] Typically, stringent conditions will be those in which the salt concentration is less than about 1.5 M Na ion, typically about
0.01 to 1.0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30 °C for short probes
(e.g., 10 to 50 nucleotides) and at least about 60 °C for long probes (e.g., greater than 50 nucleotides). Stringent conditions may
also be achieved with the addition of destabilizing agents such as formamide. Exemplary low stringency conditions include
hybridization with a buffer solution of 30 to 35% formamide, 1 M NaCl, 1% sodium dodecyl sulphate ['SDS"] at 37 °C, and a wash
in 1Xto 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate) at 50 to 55 °C. Exemplary moderate stringency conditions include
hybridization in 40 to 45% formamide, 1 M NaCl, 1% SDS at 37 °C, and a wash in 0.5Xto 1X 8SC at 55 to 60 °C. Exemplary high
stringency conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37 °C, and a wash in 0.1 X SSC at 60 to 65
°C. An additional set of stringent conditions include hybridization at 0.1 X SSC, 0.1 % SDS, 65 °C and washed with 2X SSC, 0.1 %
SDS followed by 0.1 XSSC, 0.1 % SDS, for example.

[0070] Specificity is typically the function of post-hybridization washes, the important factors being the ionic strength and
temperature of the final wash solution. For DNA-DNA hybrids, the T, can be approximated from the equation of Meinkoth et al.,

Anal. Biochem., 138:267-284 (1984): T, =81.5 °C + 16.6 (log M) + 0.41 (%GC) - 0.61 (% form) - 500/L; where M is the molarity
of monovalent cations, %GC is the percentage of guanosine and cytosine nucleotides in the DNA, % form is the percentage of
formamide in the hybridization solution, and L is the length of the hybrid in base pairs. The T, is the temperature (under defined
ionic strength and pH) at which 50% of a complementary target sequence hybridizes to a perfectly matched probe. Ty, is reduced
by about 1°C for each 1% of mismatching; thus, Ty, hybridization and/or wash conditions can be adjusted to hybridize to
sequences of the desired identity. For example, if sequences with 290% identity are sought, the Ty, can be decreased 10 °C.
Generally, stringent conditions are selected to be about 5 °C lower than the Ty, for the specific sequence and its complement at a

defined ionic strength and pH. However, severely stringent conditions can utilize a hybridization and/or wash at 1, 2, 3 or 4 °C
lower than the Ty,; moderately stringent conditions can utilize a hybridization and/or wash at 6, 7, 8, 9 or 10 °C lower than the Tyy;

and, low stringency conditions can utilize a hybridization and/or wash at 11, 12, 13, 14, 15 or 20 °C lower than the Ty,. Using the
equation, hybridization and wash compositions, and desired T, those of ordinary skill will understand that variations in the
stringency of hybridization and/or wash solutions are inherently described. If the desired degree of mismatching results in a Ty, of

less than 45 °C (aqueous solution) or 32 °C (formamide solution), it is preferred to increase the SSC concentration so that a
higher temperature can be used. An extensive guide to the hybridization of nucleic acids is found in Tijssen, Laboratory
Techniques in Biochemistry and Molecular Biology--Hybridization with Nucleic Acid Probes, Part |, Chapter 2 "Overview of
principles of hybridization and the strategy of nucleic acid probe assays", Elsevier, New York (1993); and Current Protocols in
Molecular Biology, Chapter 2, Ausubel et al., Eds., Greene Publishing and Wiley-Interscience, New York (1995). Hybridization
and/or wash conditions can be applied for at least 10, 30, 60, 90, 120 or 240 minutes.

[0071] "Sequence identity" or "identity" in the context of nucleic acid or polypeptide sequences refers to the nucleic acid bases or
amino acid residues in two sequences that are the same when aligned for maximum correspondence over a specified comparison
window.

[0072] Thus, "percentage of sequence identity" or "percent identity" refers to the value determined by comparing two optimally
aligned sequences over a comparison window, wherein the portion of the polynucleotide or polypeptide sequence in the
comparison window may comprise additions or deletions (i.e., gaps) as compared to the reference sequence (which does not
comprise additions or deletions) for optimal alignment of the two sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or amino acid residue occurs in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total number of positions in the window of comparison and
multiplying the results by 100 to yield the percentage of sequence identity.

[0073] Methods to determine "percent identity" and "percent similarity" are codified in publicly available computer programs.
Percent identity and percent similarity can be readily calculated by known methods, including but not limited to those described in:
1) Computational Molecular Biology (Lesk, A. M., Ed.) Oxford University: NY (1988); 2) Biocomputing: Informatics and Genome
Projects (Smith, D. W., Ed.) Academic: NY (1993); 3) Computer Analysis of Sequence Data, Part | (Griffin, A. M., and Griffin, H. G.,
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Eds.) Humania: NJ (1994); 4) Sequence Analysis in Molecular Biology (von Heinje, G., Ed.) Academic (1987 ); and, 5) Sequence
Analysis Primer (Gribskov, M. and Devereu, J., Eds.) Stockton: NY (1991).

[0074] Sequence alignments and percent identity or similarity calculations may be determined using a variety of comparison
methods designed to detect homologous sequences including, but not limited to, the MegAlign™ program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison, WI). Multiple alignment of the sequences is performed using the "Clustal
method of alignment” which encompasses several varieties of the algorithm including the "Clustal V method of alignment" and the
"Clustal W method of alignment" (described by Higgins and Sharp, CABIOS, 5:151-153 (1989); Higgins, D.G. et al., Comput. Appl.
Biosci., 8:189-191(1992)) and found in the MegAlign™ (version 8.0.2) program (supra). After alignment of the sequences using
either Clustal program, it is possible to obtain a "percent identity" by viewing the "sequence distances" table in the program.

[0075] For multiple alignments using the Clustal V method of alignment, the default values correspond to GAP PENALTY=10 and
GAP LENGTH PENALTY=10. Default parameters for pairwise alignments and calculation of percent identity of protein sequences
using the Clustal V method are KTUPLE=1, GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. For nucleic acids these
parameters are KTUPLE=2, GAP PENALTY=5, WINDOW=4 and DIAGONALS SAVED=4.

[0076] Default parameters for multiple alignment using the Clustal W method of alignment correspond to GAP PENALTY=10,
GAP LENGTH PENALTY=0.2, Delay Divergent Seqs(%)=30, DNA Transition Weight=0.5, Protein Weight Matrix=Gonnet Series,
DNA Weight Matrix=IUB.

[0077] The "BLASTN method of alignment" is an algorithm provided by the National Center for Biotechnology Information ["NCBI"]
to compare nucleotide sequences using default parameters, while the "BLASTP method of alignment” is an algorithm provided by
the NCBI to compare protein sequences using default parameters.

[0078] It is well understood by one skilled in the art that many levels of sequence identity are useful in identifying polypeptides,
from other species, wherein such polypeptides have the same or similar function or activity. Suitable nucleic acid fragments, i.e.,
isolated polynucleotides according to the disclosure herein, encode polypeptides that are at least about 70-85% identical, while
more preferred nucleic acid fragments encode amino acid sequences that are at least about 85-95% identical to the amino acid
sequences reported herein. Although preferred ranges are described above, useful examples of percent identities include any
integer percentage from 50% to 100%, 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%. Also, of interest is any full-length or partial
complement of this isolated nucleotide fragment.

[0079] Suitable nucleic acid fragments not only have the above homologies but typically encode a polypeptide having at least 50
amino acids, preferably at least 100 amino acids, more preferably at least 150 amino acids, still more preferably at least 200
amino acids, and most preferably at least 250 amino acids.

[0080] "Codon degeneracy" refers to the nature in the genetic code permitting variation of the nucleotide sequence without
affecting the amino acid sequence of an encoded polypeptide. Accordingly, described herein is any nucleic acid fragment that
encodes all or a substantial portion of the amino acid sequence encoding the instant polypeptides as set forth in SEQ ID NO:58,
SEQ ID NO:97, SEQ ID NO:139 and SEQ ID NO:179. 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 synthesizng 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.

[0081] "Synthetic genes" can be assembled from oligonucleotide building blocks that are chemically synthesized using
procedures known to those skilled in the art. These oligonucleotide building blocks are annealed and then ligated to form gene
segments that are then enzymatically assembled to construct the entire gene. Accordingly, the genes can be tailored for optimal
gene expression based on optimization of nucleotide sequence to reflect the codon bias of the host cell. The skilled artisan
appreciates the likelihood of successful gene expression if codon usage is biased towards those codons favored by the host.
Determination of preferred codons can be based on a survey of genes derived from the host cell, where sequence information is
available. For example, the codon usage profile for Yarrowia lipolytica is provided in U.S. Pat. 7,125,672.

[0082] "Gene" refers to a nucleic acid fragment that expresses a specific protein, and that may refer to the coding region alone
or may include regulatory sequences preceding (5' non-coding sequences) and following (3' non-coding sequences) the coding
sequence. "Native gene" refers to a gene as found in nature with its own regulatory sequences. "Chimeric gene" refers to any
gene that is not a native gene, comprising regulatory and coding sequences that are not found together in nature. Accordingly, a
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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.

[0083] "Coding sequence" refers to a DNA sequence that codes for a specific amino acid sequence. "Regulatory sequences”
refer to nucleotide sequences located 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, but are not limited to: promoters, enhancers, silencers, 5' untranslated leader
sequence (e.g., between the transcription start site and translation initiation codon), introns, polyadenylation recognition
sequences, RNA processing sites, effector binding sites and stem-loop structures.

[0084] "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 conditions. Promoters that
cause a gene to be expressed at almost all stages of development are commonly referred to as "constitutive promoters”. It is
further recognized that since in most cases the exact boundaries of regulatory sequences (especially at their 5' end) have not
been completely defined, DNA fragments of some variation may have identical promoter activity.

[0085] The terms "3' non-coding sequences", "transcription terminator" and "termination sequences" refer to DNA sequences
located downstream of a coding sequence. This includes polyadenylation recognition sequences and other sequences encoding
regulatory signals capable of affecting mRNA processing or gene expression. The polyadenylation signal is usually characterized
by affecting the addition of polyadenylic acid tracts to the 3' end of the mRNA precursor. The 3' region can influence the
transcription, RNA processing or stability, or translation of the associated coding sequence.

[0086] "RNA transcript" refers to the product resulting from RNA polymerase-catalyzed transcription of a DNA sequence. When
the RNA transcript is a perfect complementary copy of the DNA sequence, it is referred to as the primary transcript. A RNA
transcript is referred to as the mature RNA when it is a RNA sequence derived from post-transcriptional processing of the primary
transcript. "Messenger RNA" or "mRNA" refers to the RNA that is without introns and that can be translated into protein by the cell.
"cDNA" refers to a DNA that is complementary to, and synthesized from, a mRNA template using the enzyme reverse
transcriptase. The cDNA can be single-stranded or converted into double-stranded form using the Klenow fragment of DNA
polymerase |. "Sense" RNA refers to RNA transcript that includes the mRNA and can be translated into protein within a cell or in
vitro. "Antisense RNA" refers to an 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. 5,107,065).

[0087] The term "operably linked" refers to the association of nucleic acid sequences on a single nucleic acid fragment so that
the function of one is affected by the other. For example, a promoter is operably linked with a coding sequence when it is capable
of affecting the expression of that coding sequence, i.e., the coding sequence is under the transcriptional control of the promoter.
Coding sequences can be operably linked to regulatory sequences in a sense or antisense orientation.

[0088] The term "recombinant” refers to an artificial combination of two otherwise separated segments of sequence, e.g., by
chemical synthesis or by the manipulation of isolated segments of nucleic acids by genetic engineering techniques.

[0089] The term "expression”, as used herein, refers to the transcription and stable accumulation of sense (mRNA) or antisense
RNA. Expression may also refer to translation of mRNA into a protein (either precursor or mature).

[0090] "Transformation" refers to the transfer of a nucleic acid molecule into a host organism, resulting in genetically stable
inheritance. The nucleic acid molecule may be a plasmid that replicates autonomously, for example, or, it may integrate into the
genome of the host organism. Host organisms containing the transformed nucleic acid fragments are referred to as "transgenic",

"recombinant”, "transformed" or "transformant" organisms.

[0091] The terms "plasmid" and "vector" refer to an extra chromosomal element often carrying genes that are not part of the
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central metabolism of the cell, and usually in the form of circular double-stranded DNA fragments. Such elements may be
autonomously replicating sequences, genome integrating sequences, phage or nucleotide sequences, linear or circular, of a
single- or double-stranded DNA or RNA, derived from any source, in which a number of nucleotide sequences have been joined
or recombined into a unique construction which is capable of introducing an expression cassette(s) into a cell.

[0092] The term "expression cassette" refers to a fragment of DNA containing a foreign gene and having elements in addition to
the foreign gene that allow for enhanced expression of that gene in a foreign host. Generally, an expression cassette will
comprise the coding sequence of a selected gene and regulatory sequences preceding (5' non-coding sequences) and following
(3" non-coding sequences) the coding sequence that are required for expression of the selected gene product. Thus, an
expression cassette is typically composed of: 1) a promoter sequence; 2) a coding sequence ["ORF"]; and, 3) a 3' untranslated
region (i.e., a terminator) that, in eukaryotes, usually contains a polyadenylation site. The expression cassette(s) is usually
included within a vector, to facilitate cloning and transformation. Different expression cassettes can be transformed into different
organisms including bacteria, yeast, plants and mammalian cells, as long as the correct regulatory sequences are used for each
host.

[0093] The terms "recombinant construct", "expression construct”, "chimeric construct”, "construct”, and "recombinant DNA
construct" are used interchangeably herein. A recombinant construct comprises an artificial combination of nucleic acid
fragments, e.g., regulatory and coding sequences that are not found together in nature. For example, a recombinant DNA
construct 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.
Such a construct may be used by itself or may be used in conjunction with a vector. If a vector is used, then the choice of vector is
dependent upon the method that will be used to transform host cells as is well known to those skilled in the art. For example, a
plasmid vector can be used.

[0094] The skilled artisan is well aware of the genetic elements that must be present on the vector in order to successfully
transform, select and propagate host cells comprising any of the isolated nucleic acid fragments described herein. The skilled
artisan will also recognize that different independent transformation events will 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)), and thus that multiple
events must be screened in order to obtain strains displaying the desired expression level and pattern. Such screening may be
accomplished by Southern analysis of DNA, Northern analysis of mRNA expression, Western analysis of protein expression, or
phenotypic analysis, among others.

[0095] The term "sequence analysis software" refers to any computer algorithm or software program that is useful for the
analysis of nucleotide or amino acid sequences. "Sequence analysis software" may be commercially available or independently
developed. Typical sequence analysis software will include, but is not limited to: 1) the GCG suite of programs (Wisconsin
Package Version 9.0, Genetics Computer Group (GCG), Madison, WI); 2) BLASTP, BLASTN, BLASTX (Altschul et al., J. Mol. Biol.,
215:403-410 (1990)); 3) DNASTAR (DNASTAR, Inc. Madison, WI); 4) Sequencher (Gene Codes Corporation, Ann Arbor, MI);

and, 5) the FASTA program incorporating the Smith-Waterman algorithm ( W. R. Pearson, Comput. Methods Genome Res., [Proc.
Int. Symp.] (1994), Meeting Date 1992, 111-20. Editor(s): Suhai, Sandor. Plenum: New York, NY ). Within this description,
whenever sequence analysis software is used for analysis, the analytical results are based on the "default values” of the program
referenced, unless otherwise specified. As used herein "default values" will mean any set of values or parameters that originally
load with the software when first initialized.

[0096] Standard recombinant DNA and molecular cloning techniques used herein are well known in the art and are described
more fully in Sambrook, J., Fritsch, E.F. and Maniatis, T. Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory:

Cold Spring Harbor, NY (1989); by Silhavy, T. J., Bennan, M. L. and Enquist, L. W., Experiments with Gene Fusions, Cold Spring
Harbor Laboratory: Cold Spring Harbor, NY (1984); and by Ausubel, F. M. et al., Current Protocols in Molecular Biology, published
by Greene Publishing Assoc. and Wiley-Interscience, Hoboken, NJ (1987).

[0097] In general, lipid accumulation in oleaginous microorganisms is triggered in response to the overall carbon to nitrogen ratio
present in the growth medium. This process, leading to the de nowo synthesis of free palmitate (16:0) in oleaginous
microorganisms, is described in detail in U.S. Pat. 7,238,482. Palmitate is the precursor of longer-chain saturated and
unsaturated fatty acid derivates.

[0098] The metabolic process wherein oleic acid is converted to w-3/w-6 fatty acids involves elongation of the carbon chain
through the addition of carbon atoms and desaturation of the molecule through the addition of double bonds. This requires a
series of special elongation and desaturation enzymes present in the endoplasmic reticulum membrane. However, as seen in FIG.
1 and as described below, multiple alternate pathways exist for production of a specific w-3/w-6 fatty acid.

13



DK/EP 2324119 T3

[0099] Specifically, FIG. 1 depicts the pathways described below All pathways require the initial conversion of oleic acid to
linoleic acid ["LA"], the first of the w-6 fatty acids, by a A12 desaturase. Then, using the "A9 elongase/ A8 desaturase pathway"
and LA as substrate, long-chain w-6 fatty acids are formed as follows: 1) LA is converted to eicosadienoic acid ['EDA"] by a A9
elongase; 2) EDAis converted to dihomo-y-linolenic acid ["'DGLA"] by a A8 desaturase; 3) DGLA is converted to arachidonic acid
["ARA"] by a A5 desaturase; 4) ARA is converted to docosatetraenoic acid ['DTA"] by a Cogp2 elongase; and, 5) DTA is

converted to docosapentaenoic acid ["'DPAn-6"] by a A4 desaturase.

[0100] The "A9 elongase/ A8 desaturase pathway" can also use a-linolenic acid ["ALA"] as substrate to produce long-chain w-3
fatty acids as follows: 1) LA is converted to ALA, the first of the w-3 fatty acids, by a A15 desaturase; 2) ALA is converted to
eicosatrienoic acid ["ETrA"] by a A9 elongase; 3) ETrAis converted to eicosatetraenoic acid ["ETA"] by a A8 desaturase; 4) ETA
is converted to eicosapentaenoic acid ["EPA"] by a A5 desaturase; 5) EPA is converted to docosapentaenoic acid ["DPA"] by a
Coo/22 elongase; and, 6) DPAis converted to docosahexaenoic acid ["DHA"] by a A4 desaturase. Optionally, w-6 fatty acids may
be converted to w-3 fatty acids. For example, ETA and EPA are produced from DGLA and ARA, respectively, by A17 desaturase

activity.

[0101] Alternate pathways for the biosynthesis of w-3/w-6 fatty acids utilize a A6 desaturase and Cqgpq elongase, that is, the

"A6 desaturase/A6 elongase pathway". More specifically, LA and ALA may be converted to GLA and stearidonic acid ["STA"],
respectively, by a A6 desaturase; then, a C1gpp0 elongase converts GLA to DGLA and/or STA to ETA. Downstream PUFAs are

subsequently formed as described above.

[0102] It is contemplated that the particular functionalities required to be introduced into a specific host organism for production
of w-3/w-6 fatty acids will depend on the host cell (and its native PUFA profile and/or desaturase/elongase profile), the availability
of substrate, and the desired end product(s). For example, expression of the A9 elongase/A8 desaturase pathway may be
preferred in some embodiments, as opposed to expression of the A6 desaturase/A6 elongase pathway, since PUFAs produced
via the former pathway are devoid of GLA and/or STA.

[0103] One skilled in the art will be able to identify various candidate genes encoding each of the enzymes desired for w-3/w-6
fatty acid biosynthesis. Useful desaturase and elongase sequences may be derived from any source, e.g., isolated from a natural
source (from bacteria, algae, fungi, plants, animals, etc.), produced via a semi-synthetic route or synthesized de novo. Although
the particular source of the desaturase and elongase genes introduced into the host is not critical, considerations for choosing a
specific polypeptide having desaturase or elongase activity include: 1) the substrate specificity of the polypeptide; 2) whether the
polypeptide or a component thereof is a rate-limiting enzyme; 3) whether the desaturase or elongase is essential for synthesis of
a desired PUFA,; 4) co-factors required by the polypeptide; and/or, 5) whether the polypeptide was modified after its production
(e.g., by a kinase or a prenyltransferase). The expressed polypeptide preferably has parameters compatible with the biochemical
environment of its location in the host cell (see U.S. Pat. 7,238,482 for additional details).

[0104] It will 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
unpurified oils produced in a host cell will typically be a mixture of various PUFAs consisting of the desired w-3/w-6 fatty acid, as
well as various upstream intermediary PUFAs. Thus, each enzyme's conversion efficiency is also a variable to consider, when
optimizing biosynthesis of a desired fatty acid.

[0105] With each of the considerations above in mind, candidate genes having the appropriate desaturase and elongase
activities (e.g., A6 desaturases, Cqgjp0 elongases, A5 desaturases, A17 desaturases, A15 desaturases, A9 desaturases, A12
desaturases, C14/16 elongases, C1e/18 elongases, A9 elongases, A8 desaturases, M desaturases and Cpg2 elongases) can be
identified according to publicly available literature (e.g., GenBank), the patent literature, and experimental analysis of organisms
having the ability to produce PUFAs. These genes will be suitable for introduction into a specific host organism, to enable or
enhance the organism's synthesis of PUFAs.

[0106] Once fatty acids are synthesized within an organism (including saturated and unsaturated fatty acids and short-chain and
long-chain fatty acids), they may be incorporated into triacylglycerides ["TAGs"]. TAGs, the primary storage unit for fatty acids,
are formed by a series of reactions that involve: 1) the esterification of one molecule of acyl-CoA to glycerol-3-phosphate via an
acyltransferase to produce lysophosphatidic acid; 2) the esterification of a second molecule of acyl-CoA via an acyltransferase to
yield 1,2-diacylglycerol phosphate (commonly identified as phosphatidic acid); 3) removal of a phosphate by phosphatidic acid
phosphatase to yield 1,2-diacylglycerol; and, 4) the addition of a third fatty acid by the action of an acyltransferase to form TAG.
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[0107] Although A5 desaturases contain several conserved sequences (i.e., the three histidine boxes [H(X)34H (SEQ ID NOs:1
and 2), H(X)2-3HH (SEQ ID NOs:3 and 4) and H/Q(X)2-3HH (SEQ ID NOs:5 and 6)] and the cytochrome bs domain), only the

heme-binding motif (i.e., His-Pro-Gly-Gly or HPGG [SEQ ID NO:180]) lacks variation within the sequence. It was this motif that was
first selected as a target for mutagenesis. The literature suggests that the histidine residue within the HPGG motif is important for
function (Sayanova, O. et al., Plant Physiol., 121:641 (1999); Guillou, H,, et al,, J. Lipid Res., 45:32-40 (2004); Hongsthong, A. et
al., Appl. Microbiol. Biotechnol., 72:1192-1201 (2008)). Consequently, substitutions for the histidine residue were avoided in favor
of substitutions for the proline and glycine residues.

[0108] Site-directed mutagenesis was independently performed on the proline and the second glycine within the HPGG motif of
several A5 desaturases, followed by expression of the resulting mutant polypeptides and determination of their activities with
respect to that of the wildtype enzyme. Surprisingly, various mutant A5 desaturases were created comprising amino acid mutant
motifs including HXGG (SEQ ID NO:181) and HPGX (SEQ ID NO:182), where the A5 desaturase activity of the mutant A5
desaturase was functionally equivalent to the A5 desaturase activity of the corresponding wildtype A5 desaturase.

[0109] Oligonucleotide-mediated site-directed mutagenesis was utilized to create specific point mutations within the HPGG motif
of various target A5 desaturases. Numerous site-directed mutagenesis protocols exist (e.g., Ishii, T. M., et al., Methods Enzymol.,
293:53-71 (1998); Ling M. M. and B.H. Robinson, Anal. Biochem., 254:157-178 (1997); Braman J. (ed.) In Vitro Mutagenesis
Protocols. 2nd Ed., Humania: Totowa, NJ (2002); Kunkel T. A, et al., Methods Enzymol., 154:367-382 (1987 ); Sawano A. and
Miyawaki, A. Nucleic Acids Res., 28:e78 (2000 )); however, the QuikChange® site-directed mutagenesis kit (Stratagene, La Jolla,
CA) was selected for use based on its facile implementation and high efficiency. The basic procedure utilizes a supercoiled
double-stranded DNA vector with an insert of interest and two synthetic oligonucleotide primers containing the desired mutation.
The oligonucleotide primers, each complementary to opposite strands of the vector, are extended during temperature cycling by a
DNA polymerase. Incorporation of the oligonucleotide primers generates a mutated plasmid containing staggered nicks. Following
temperature cycling, the product is treated with Dpn | endonuclease (specific for methylated and hemi-methylated DNA) as a
means to digest the parental DNA template and to select for newly synthesized mutant DNA. The nicked vector DNA containing
the desired mutations is then transformed and propagated in an Escherichia coli host.

[0110] Using the techniques described above, all possible amino acid substitutions were introduced by site-directed mutagenesis
into a synthetic A5 desaturase, codon-optimized for expression in Yarrowia lipolytica and derived from Euglena gracilis (i.e.,
EgDSS; SEQ ID NO:10; U.S. Pat. Appl. Pub. No. 2007-0277266-A1), within a plasmid construct comprising a chimeric
FBAIN::EgD5S::Pex20 gene. The mutants were transformed into E. coli, sequenced and then transformed into an appropriate
strain of Y. lipolytica previously engineered to produce ~18% DGLA. This enabled screening for A5 desaturase activity based on
GC analyses and the production of ARA.

[0111] Many mutations were identified that resulted in a completely non-functional mutant A5 desaturase (i.e., having no
detectable A5 desaturase activity) or a mutant A5 desaturase having substantially decreased A5 desaturase activity with respect
to the non-mutant wildtype enzyme. Surprisingly, however, the preliminary screening identified three amino acid residues that
could be substituted for the proline within the HPGG motif and that resulted in approximately equivalent or increased A5
desaturase activity in the mutant, when compared to the A5 desaturase activity in the corresponding wildtype enzyme (i.e.,
EgD58). Thus, this preliminary experimentation suggested that the proline residue within the HPGG motif could be substituted with
several amino acids without significantly affecting the A5 desaturase activity of EgD5S.

[0112] Similar experimentation was performed using EgD5S as the template in site-directed mutagenesis reactions, where the
second glycine residue of the HPGG motif was mutated. As described above, analyses of the mutant enzymes determined that 2
amino acid residues were sufficient to replace the wildtype amino acid (i.e., glycine) and resulted in a mutant EgD5S enzyme
having equivalent or improved A5 desaturase activity.

[0113] Once the preliminary analyses of amino acid substitutions in the HPGG motif of EgQD5S were completed as described
above, a quantitative analysis of those mutants that performed at or above the wildtype EgD5S conversion rate was carried out by
re-transformation of each mutant EgD5S-containing plasmid into the host strain of Yarrowia lipolytica. GC analysis of the fatty acid
methyl esters ["FAMEs"] produced confirmed that A5 desaturase activity of three of the initial five mutants performed with
increased activity when compared to the corresponding wildtype EgD5S control.

[0114] The above experimental protocol was repeated using a synthetic A5 desaturase, codon-optimized for expression in
Yarrowia lipolytica and derived from Euglena anabaena (i.e., EaD5S; SEQ ID NO:14; U.S. Pat. Appl. Pub. No. 2008-0274521-A1)
and a synthetic A5 desaturase, codon-optimized for expression in Y. lipolytica and derived from Peridinium sp. CCMP626 (i.e.,
RD5S; SEQ ID NO:18; U.S. Pat. Appl. Pub. No. 2007-0271632-A1). Results of all site-directed mutagenesis that resulted in an
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equivalent or increased A5 desaturase activity within the mutant as compared to the corresponding wildtype enzyme (i.e., EgD5S,
EaD5S or RD5S) are summarized below in Table 3 (see Examples for additional details). Mutants are designated using the
following nomenclature, detailing: 1) Wildtype Enzyme; 2) hyphen (-); 3) mutant HPGG motif. Thus, for example, the mutant
enzyme created from the synthetic, codon-optimized EgD5S (i.e., SEQ ID NO:10), having a histidine for proline substitution at
amino acid 2 (i.e., a P2 to H substitution) of the HPGG moitif is identified as EgD5S-HHGG.

Table 3: HPGG Motif Mutants Resulting In Increased A5 Desaturase Activity

Mutant A5 Desaturase SEQ ID NO of Mutant A5 Desaturase AS Desaturase Activity
EgDSS-HGGG SEQID NO:58 104.6%
EgD5S-HHGG SEQID NO:58 103.6%
EgD5S-HPGS SEQID NO:97 106.9%
EaD5S-HCGG SEQID NO:139 107.9%
RD5S-HCGG SEQID NO:179 138.6% *
RD5S-HWGG SEQID NO:179 113.5% *

* % Increase in the A5 desaturase activity of the mutant enzyme with respect to the corresponding wildtype non-
mutant enzyme is reported based oninitial assay results and not quantitative analysis.

[0115] The above data does not suggest a consensus with respect to which particular amino acid substitution is sufficient to
produce a mutant polypeptide having increased A5 desaturase activity. However, contrary to the above mentioned reports in the
art, the data is surprising in demonstrating that substitutions for either the proline or glycine residues may result in an enzyme
having higher A5 desaturase activity than its wildtype parent. Accordingly, it is within the scope of the present invention to provide
a polypeptide having A5 desaturase activity comprising an amino acid motif selected from the group consisting of: SEQ ID NO:183
(HGGG), SEQ ID NO:184 (HHGG), SEQ ID NO:186 (HCGG), SEQ ID NO:187 (HWGG) and SEQ ID NO:185 (HPGS). Preferably,
the polypeptide has the amino acid sequence selected from the group consisting of: SEQ ID NO:58 (EgD5S-HGGG and EgD5S-
HHGG), SEQ ID NO:97 (EgD5S-HPGS), SEQ ID NO:139 (EaD5S-HCGG) and SEQ ID NO:179 (RD5S-HCGG and RD5S-HWGG).
More preferably, the mutant A5 desaturase: 1) comprises a mutant amino acid motif selected from the group consisting of: SEQ ID
NO:183 (HGGG), SEQ ID NO:184 (HHGG), SEQ ID NO:186 (HCGG), SEQ ID NO:187 (HWGG) and SEQ ID NO:185 (HPGS); and,
2) the mutant A5 desaturase activity is increased relative to the corresponding wildtype A5 desaturase having a HPGG (SEQ ID
NO:180) amino acid motif.

[0116] It will be appreciated by one of skill in the art that useful mutant A5 desaturases are not limited to the mutations described
above. Instead, the results suggest that similar experimentation could be performed using any A5 wildtype desaturase enzyme
having a HPGG (SEQ ID NO:180) motif within the cytochrome bs domain, to thereby engineer a mutant A5 desaturase having
increased A5 desaturase activity wherein the mutation would result in a mutant HXGG motif (SEQ ID NO:181) or a HPGX (SEQ ID
NO:182) motif. A mutant enzyme having increased A5 desaturase activity can be useful to enable increased production of w-3/w-
6 fatty acids.

[0117] For example, in vitro mutagenesis and selection or error prone PCR (Leung et al., Techniques, 1:11-15 (1989 ); Zhou et
al., Nucleic Acids Res., 19:6052-6052 (1991); Spee et al., Nucleic Acids Res., 21:777-778 (1993); Melnikov et al., Nucleic Acids
Res., 27(4):1056-1062 (February 15, 1999)) could also be employed as a means to obtain mutations of naturally occurring A5
desaturase genes, such as EgD5S, EaD5S or RD5S, wherein the mutations may include deletions, insertions and point mutations,
or combinations thereof. The principal advantage of error-prone PCR is that all mutations introduced by this method will be within
the desired desaturase gene, and any change may be easily controlled by changing the PCR conditions. Alternatively, in vivo
mutagenesis may be employed using commercially available materials such as the E. coli XL1-Red strain and Epicurian coli
XL1-Red mutator strain from Stratagene (La Jolla, CA; Greener and Callahan, Strategies, 7:32-34 (1994)). This strain is deficient
in three of the primary DNA repair pathways (mutS, mutD and mutT), resulting in a mutation rate 5000-fold higher than that of
wildtype. In vivo mutagenesis does not depend on ligation efficiency (as with error-prone PCR); however, a mutation may occur at
any region of the vector and the mutation rates are generally much lower.

[0118] It is also contemplated that a mutant A5 desaturase enzyme with altered or enhanced A5 desaturase activity may be
constructed using the method of "gene shuffling” (U.S. Pat. 5,605,793; US. Pat. 5,811,238; U.S. Pat. 5,830,721; U.S. Pat.
5,837,458). The method of gene shuffling is particularly attractive due to its facile implementation and high rate of mutagenesis.
The process of gene shuffling involves the restriction of a gene of interest into fragments of specific size in the presence of
additional populations of DNA regions of both similarity to (or difference to) the gene of interest. This pool of fragments will
denature and then reanneal to create a mutated gene. The mutated gene is then screened for altered activity. Any of these
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methods may be used to create A5 desaturase mutant enzymes having the substituted motifs HXGG (SEQ ID NO:181) and HPGX
(SEQ ID NO:182), which may then be screened for improved activity using the methods described herein.

[0119] It is expected that introduction of chimeric genes encoding the mutant A5 desaturases described herein (i.e., wherein said
mutant A5 desaturase comprises at least at one mutation in a region encoding an HPGG amino acid motif and wherein said
mutant A5 desaturase has increased A5 desaturase activity with respect to that of the corresponding wildtype A5 desaturase),
under the control of the appropriate promoters will result in increased production of ARA and/or EPA in the transformed host
organism, respectively. As such, disclosed herein are methods for the direct production of PUFAs comprising exposing a fatty acid
substrate (i.e., DGLA and/or ETA) to a mutant desaturase enzyme described herein (e.g., SEQ ID NO:58 [EgD5S-HGGG and
EgD5S-HHGG], SEQ ID NO:97 [EgD5S-HPGS], SEQ ID NO:139 [EaD5S-HCGG], SEQ ID NO:179 [RD5S-HCGG and RD5S-
HWGG]), such that the substrate is converted to the desired fatty acid product (i.e., ARA and/or EPA, respectively).

[0120] More specifically, described herein is a method for the production of ARA in a microbial host cell (e.g., bacteria, yeast,
algae, euglenoids, stramenopiles, oomycetes and fungi), wherein the microbial host cell comprises:

1. a) a mutant polypeptide according to the present invention as hereinbefore defined having A5 desaturase activity and
comprising at least one mutation within the HPGG motif (SEQ ID NO: 180) of the cytochrome bs domain; and

2. b) a source of DGLA,

wherein the host cell is grown under conditions such that the mutant A5 desaturase is expressed and the DGLA is converted to
ARA, and wherein the ARA is optionally recovered.

[0121] In another method described herein, the mutant A5 desaturase may be used for the conversion of ETA to EPA.
Accordingly set forth is a method for the production of EPA, wherein the host cell comprises:

1. a) a mutant polypeptide polypeptide according to the present invention as hereinbefore defined having A5 desaturase
activity and comprising at least one mutation within the HPGG motif (SEQ ID NO:180) of the cytochrome bs domain; and

2. b) a source of ETA,;

wherein the host cell is grown under conditions such that the mutant A5 desaturase is expressed and the ETA is converted to
EPA, and wherein the EPA is optionally recovered.

[0122] Alternatively, each mutant A5 desaturase gene and its corresponding enzyme product described herein can be used
indirectly for the production of various w-6 and w-3 PUFAs (see FIG. 1; U.S. Pat. 7,238,482; Intl. App. Pub. No. WO 2007/136671
and Intl. App. Pub. No. WO 2007/136646). Indirect production of w-3/w-6 PUFAs occurs wherein the fatty acid substrate is
converted indirectly into the desired fatty acid product, via means of an intermediate step(s) or pathway intermediate(s). Thus, it
is contemplated that the mutant A5 desaturases described herein may be expressed in conjunction with additional genes
encoding enzymes of the PUFA biosynthetic pathway (e.g., A6 desaturases, C1gj0 elongases, A17 desaturases, A8 desaturases,
A15 desaturases, A9 desaturases, A12 desaturases, C14/16 elongases, C4g/1g elongases, A9 elongases, A5 desaturases, A4
desaturases, Copp2 elongases) to result in higher levels of production of longer-chain w-3/w-6 fatty acids, such as e.g., ARA,
EPA, DTA, DPAN-6, DPA and/or DHA.

[0123] Preferably, the A5 desaturases described herein will minimally be expressed in conjunction with a A9 elongase and a A8
desaturase. The A5 desaturases could also be minimally expressed in conjunction with a A6 desaturase and a A6 elongase.
However, the particular genes included within a particular expression cassette will depend on the host cell (and its PUFA profile
and/or desaturase/elongase profile), the availability of substrate and the desired end product(s).

[0124] It is necessary to create and introduce a recombinant construct comprising an ORF encoding a mutant A5 desaturase
(i.e., wherein said mutant comprises an amino acid motif selected from the group consisting of: SEQ ID NO:183 (HGGG), SEQ ID
NO:184 (HHGG), SEQ ID NO:186 (HCGG), SEQ ID NO:187 (HWGG) and SEQ ID NO:185 (HPGS)) into a suitable host cell. One of
skill in the art is aware of 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, J., Fritsch, E. F.
and Maniatis, T., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory: Cold Spring Harbor, NY
(1989) (hereinafter "Maniatis"); by Silhavy, T. J., Bennan, M. L. and Enquist, L. W., Experiments with Gene Fusions, Cold Spring
Harbor Laboratory: Cold Spring Harbor, NY (1984); and by Ausubel, F. M. et al., Current Protocols in Molecular Biology, published
by Greene Publishing Assoc. and Wiley-Interscience, Hoboken, NJ (1987).
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[0125] 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 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 replication or chromosomal
integration. Suitable vectors comprise a region 5' of the gene that controls transcriptional initiation, i.e., a promoter, the gene
coding sequence, and a region 3' of the DNA fragment that controls transcriptional termination, i.e., a terminator. It is most
preferred when both control regions are derived from genes from the transformed host cell, although they need not be derived
from the genes native to the production host.

[0126] Transcriptional initiation control regions (also initiation control regions or promoters) useful for driving expression of the
instant A5 desaturase ORFs in the desired microbial host cell are 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, although transcriptional and translational regions from the host
species are particularly useful. Expression in a host cell can be accomplished in an induced or constitutive fashion. Induced
expression occurs by inducing the activity of a regulatable promoter operably linked to the gene of interest, while constitutive
expression occurs by the use of a constitutive promoter.

[0127] When the host cell is yeast, transcriptional and translational regions functional in yeast cells are provided, particularly
from the host species. See, e.g., U.S. Pat. Appl. Pub. No. 2006-0115881-A1, corresponding to Intl. App. Pub. No. WO
2006/052870 for preferred transcriptional initiation regulatory regions for use in Yarrowia lipolytica. Any one of a number of
regulatory sequences can be used, depending upon whether constitutive or induced transcription is desired, the efficiency of the
promoter in expressing the ORF of interest, the ease of construction and the like.

[0128] Nucleotide sequences surrounding the translational initiation codon 'ATG' have been found to affect expression in yeast
cells. If the desired polypeptide is poorly expressed in yeast, the nucleotide sequences of exogenous genes can be modified to
include an efficient yeast translation initiation sequence to obtain optimal gene expression. For expression in yeast, this can be
done by site-directed mutagenesis of an inefficiently expressed gene by fusing it in-frame to an endogenous yeast gene,
preferably a highly expressed gene. Alternatively, one can determine the consensus translation initiation sequence in the host
and engineer this sequence into heterologous genes for their optimal expression in the host of interest.

[0129] 3' non-coding sequences encoding transcription termination regions may be provided 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
termination regions are known and function satisfactorily in a variety of hosts, when utilized both in the same and different genera
and species from which they were derived. Termination regions may also be derived from various genes native to the preferred
hosts. The termination region usually is selected more as a matter of convenience rather than because of any particular property.
The 3'-region can also be synthetic, as one of skill in the art can utilize available information to design and synthesize a 3'-region
sequence that functions as a transcription terminator. A termination site may be unnecessary, but is highly preferred.

[0130] Merely inserting a gene into a cloning vector does not ensure its expression at the desired rate, concentration, amount,
etc. In response to the need for a high expression rate, many specialized expression vectors have been created by adjusting
certain properties that govern transcription, RNA stability, translation, protein stability and location, oxygen limitation and secretion
from the microbial host cell. These properties include: the nature of the relevant transcriptional promoter and terminator
sequences; the number of copies of the cloned gene (wherein additional copies may be cloned within a single expression
construct and/or additional copies may be introduced into the host cell by increasing the plasmid copy number or by multiple
integration of the cloned gene into the genome); whether the gene is plasmid-borne or integrated into the host cell genome; the
final cellular location of the synthesized foreign protein; the efficiency of translation and correct folding of the protein in the host
organism; the intrinsic 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 the mutant A5 desaturases.

[0131] After a recombinant construct is created comprising at least one chimeric gene comprising a promoter, a A5 desaturase
ORF and a terminator, it is placed in a plasmid vector capable of autonomous replication in a host cell, or it is directly integrated
into the genome of the host cell. Integration of expression cassettes can occur randomly 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
within 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.
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[0132] Where two or more genes are expressed from separate replicating vectors, it is desirable that each vector has a different
means of selection and should lack homology to the other construct(s) to maintain stable expression and prevent reassortment of
elements among constructs. Judicious choice of regulatory regions, selection means and method of propagation 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 products.

[0133] Constructs comprising the gene(s) of interest may be introduced into a microbial host cell by any standard technique.
These techniques include transformation, e.g., lithium acetate transformation (Methods in Enzymology, 194:186-187 (1991)),
holistic impact, electroporation, microinjection, or any other method that introduces the gene(s) of interest into the host cell.

[0134] For convenience, a host cell that has been manipulated by any method to take up a DNA sequence, for example, in an
expression cassette, is referred to herein as "transformed", "transformant" 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 expression cassette is
integrated into the genome, amplified, or is present on an extrachromosomal element having multiple copy numbers. The
transformed host cell can be identified by selection for a marker contained on the introduced construct. Alternatively, a separate
marker construct may be co-transformed with the desired construct, as many transformation techniques introduce many DNA
molecules into host cells.

[0135] Typically, transformed hosts are selected for their ability to grow on selective media, which may incorporate an antibiotic
or lack a factor necessary for growth of the untransformed host, such as a nutrient or growth factor. An introduced marker gene
may confer antibiotic resistance, or encode an essential growth factor or enzyme, thereby permitting growth on selective media
when expressed in the transformed host. Selection of a transformed host can also occur when the expressed marker protein can
be detected, either directly or indirectly. Additional selection techniques are described in U.S. Pat. 7,238,482, U.S. Pat. 7,259,255
and Intl. App. Pub. No. WO 2006/052870.

[0136] Following transformation, substrates suitable for the instant mutant A5 desaturases (and, optionally other PUFA enzymes
that are co-expressed within the host cell) may be produced by the host either naturally or transgenically, or they may be
provided exogenously.

[0137] A variety of eukaryotic organisms are suitable as host, to thereby yield a transformant comprising mutant A5 desaturases
as described herein, including bacteria, yeast, algae, stramenopiles, oomycetes, euglenoids and/or fungi. This is contemplated
because transcription, translation and the protein biosynthetic apparatus is highly conserved. Thus, suitable hosts may include
those that grow on a variety of feedstocks, including simple or complex carbohydrates, fatty acids, organic acids, oils, glycerols
and alcohols, and/or hydrocarbons over a wide range of temperature and pH values.

[0138] Preferred microbial hosts are oleaginous organisms. These oleaginous organisms are naturally capable of oil synthesis
and accumulation, wherein the total oil content can comprise greater than about 25% of the dry cell weight, more preferably
greater than about 30% of the dry cell weight, and most preferably greater than about 40% of the dry cell weight. Various
bacteria, algae, euglenoids, moss, fungi, yeast and stramenopiles are naturally classified as oleaginous. In alternate
embodiments, a non-oleaginous organism can be genetically modified to become oleaginous, e.g., yeast such as Saccharomyces
cerevisiae.

[0139] In more preferred embodiments, the microbial host cells are oleaginous yeast. Genera typically identified as oleaginous
yeast include, but are not limited to: Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon and
Lipomyces. More specifically, illustrative oil-synthesizing yeasts include: Rhodosporidium toruloides, Lipomyces starkeyii, L.
lipoferus, Candida revkaufi, C. pulcherrima, C. tropicalis, C. utilis, Trichosporon pullans, T. cutaneum, Rhodotorula glutinus, R.
graminis, and Yarrowia lipolytica (formerly classified as Candida lipolytica). Alternately, oil biosynthesis may be genetically
engineered such that the microbial host cell (e.g., a yeast) can produce more than 25% oil of the cellular dry weight, and thereby
be considered oleaginous.

[0140] Most preferred is the oleaginous yeast Yarrowia lipolytica. In a further embodiment, most preferred are the Y. lipolytica
strains designated as ATCC #20362, ATCC #8862, ATCC #18944, ATCC #76982 and/or LGAM S(7)1 ( Papanikolaou S., and
Aggelis G., Bioresour. Technol., 82(1):43-9 (2002)).

[0141] Specific teachings applicable for transformation of oleaginous yeasts (i.e., Yarrowia lipolytica) include U.S. Pat. 4,880,741
and U.S. Pat. 5,071,764 and Chen, D. C. et al. (Appl. Microbiol. Biotechnol., 48(2):232-235 (1997)). Specific teachings applicable
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for engineering ARA, EPA and DHA production in Y. /ipolytica are provided in U.S. Pat. Appl. No. 11/264784 (Intl. App. Pub. No.
WO 2006/055322), U.S. Pat. Appl. No. 11/265761 (Intl. App. Pub. No. WO 2006/052870) and U.S. Pat. Appl. No. 11/264737 (Intl.
App. Pub. No. WO 2006/052871), respectively.

[0142] The preferred method of expressing genes in this yeast 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 expression of genes is desired,
such as into 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: GenBank Accession No. XP_503244; or, Aco3: GenBank Accession No. AJ001301), they A12 desaturase gene locus
(U.S. Pat. 7,214,491), the Lip7 gene locus (GenBank Accession No. Z50020), the Lip2 gene locus (GenBank Accession No.
AJ012632), the SCP2 gene locus (GenBank Accession No. AJ431362), Pex3 gene locus (GenBank Accession No. CAG78565),
Pex16 gene locus (GenBank Accession No. CAG79622), and/or the Pex10 gene locus (GenBank Accession No. CAG81606).

[0143] 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-fluoroorotic acid (5-

fluorouracil-6-carboxylic acid monohydrate; "5-FOA") may also be especially useful for the selection of yeast Ura™ mutants (U.S.
Pat. Appl. Pub. No. 2009-0093543-A1), or a native acetohydroxyacid synthase (or acetolactate synthase; E.C. 4.1.3.18) that
confers sulfonyl urea herbicide resistance (Intl. App. Pub. No. WO 2006/052870) is utilized for selection of transformants. A
unique method of "recycling" a pair of preferred selection markers for their use in multiple sequential transformations, by use of
site-specific recombinase systems, is also taught in U.S. Pat. Appl. Pub. No. 2009-0093543-A1.

[0144] Based on the above, disclosed herein is a method of producing either ARA or EPA, respectively, comprising:

1. (a) providing an oleaginous yeast (e.g., Yarrowia lipolytica) comprising:

1. (i) a first recombinant nucleotide molecule encoding a mutant A5 desaturase polypeptide, operably linked to at least
one regulatory sequence; and,
2. (ii) a source of desaturase substrate consisting of DGLA and/or ETA, respectively; and,

2. (b) growing the yeast of step (a) in the presence of a suitable fermentable carbon source wherein the gene encoding the
mutant A5 desaturase polypeptide is expressed and DGLA is converted to ARA and/or ETA is converted to EPA,
respectively; and,

3. (c) optionally recovering the ARA and/or EPA, respectively, of step (b).

Substrate feeding may be required. In preferred embodiments, the mutant A5 desaturase polypeptide is selected from the group
consisting of SEQ ID NO:58, SEQ ID NO:97, SEQ ID NO:139 and SEQ ID NO:179. Thus, for example, the nucleotide sequence of
the gene encoding the mutant A5 desaturase polypeptide may be, for example, selected from the group consisting of SEQ ID
NO:191, SEQ ID NO:192, SEQ ID NO:193, SEQ ID NO:194 and SEQ ID NO:195.

[0145] Since naturally produced PUFAs in oleaginous yeast are limited to 18:2 fatty acids (i.e., LA), and less commonly, 18:3
fatty acids (i.e., ALA), the oleaginous yeast may be genetically engineered to express multiple enzymes necessary for long-chain
PUFA biosynthesis (thereby enabling production of e.g., DPAn-6, DPA and DHA), in addition to the mutant A5 desaturases
described herein.

[0146] Specifically, an oleaginous yeast is contemplated herein, wherein said yeast comprises:

a) a first recombinant DNA construct comprising an isolated polynucleotide encoding a mutant A5 desaturase polypeptide,
operably linked to at least one regulatory sequence; and,

b) at least one additional recombinant DNA construct comprising an isolated polynucleotide, operably linked to at least one
regulatory sequence, encoding a polypeptide selected from the group consisting of: A4 desaturase, A6 desaturase, A9
desaturase, A12 desaturase, A15 desaturase, A17 desaturase, A8 desaturase, A9 elongase, Cq4/16 elongase, C4g/1g elongase,

C18120 elongase and Cop/o2 elongase.

[0147] Other suitable microbial hosts include oleaginous bacteria, algae, euglenoids, stramenopiles, oomycetes and and fungi.
Within this broad group of microbial hosts, of particular interest are microorganisms that synthesize w-3/w-6 fatty acids, or those
that can be genetically engineered for this purpose (e.g., other yeast such as Saccharomyces cerevisiae). Thus, for example,
transformation of Mortierella alpina (which is commercially used for production of ARA) with any of the present A5 desaturase
genes under the control of inducible or regulated promoters could yield a transformant organism capable of synthesizing
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increased quantities of ARA. The method of transformation of M. alpina is described by Mackenzie et al. (Appl. Environ.
Microbiol., 66:4655 (2000)). Similarly, methods for transformation of Thraustochytriales microorganisms (e.g., Thraustochytrium,
Schizochytrium) are disclosed in U.S. Pat. 7,001,772.

[0148] Irrespective of the host selected for expression of the mutant A5 desaturases described herein, multiple transformants
must be screened in order to obtain a strain displaying the desired expression level and pattern. For example, Juretzek et al.
(Yeast, 18:97-113 (2001)) note that the stability of an integrated DNA fragment in Yarrowa lipolytica is dependent on the
individual transformants, the recipient strain and the targeting platform used. 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.

[0149] Knowledge of the sequences of the present mutant A5 desaturases will be useful for manipulating w-3 and/or w-6 fatty
acid biosynthesis in various host cells. Methods for manipulating biochemical pathways are well known to those skilled in the art;
and, it is expected that numerous manipulations will be possible to maximize w-3 and/or w-6 fatty acid biosynthesis in oleaginous
yeasts, and particularly, in Yarrowa lipolytica. This manipulation may require metabolic engineering directly within the PUFA
biosynthetic pathway or additional manipulation of pathways that contribute carbon to the PUFA biosynthetic pathway. Methods
useful for up-regulating desirable biochemical pathways and down-regulating undesirable biochemical pathways are well known to
those skilled in the art.

[0150] 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 downregulated by other means, e.g., antisense mRNA.

[0151] Detailed discussion of manipulations within the PUFA biosynthetic pathway as a means to increase ARA, EPA or DHA and

associated techniques thereof are presented in Intl. App. Pub. No. WO 2006/055322 [U.S. Pat. Appl. Pub. No. 2006-0094092-A1],
Intl. App. Pub. No. WO 2006/052870 [U.S. Pat. Appl. Pub. No. 2006-0115881-A1] and Intl. App. Pub. No. WO 2006/052871 [U.S.
Pat. Appl. Pub. No. 2006-0110806-A1], respectively, as are desirable manipulations in the TAG biosynthetic pathway and the
TAG degradation pathway (and associated techniques thereof).

[0152] It may be useful to modulate the expression of the fatty acid biosynthetic pathway by any one of the strategies described
above. For example, provided herein are methods whereby genes encoding key enzymes in the A9 elongase/A8 desaturase
biosynthetic pathway and A6 desaturase/A6 elongase biosynthetic pathway are introduced into oleaginous yeasts for the
production of w-3 and/or w-6 fatty acids. It will be particularly useful to express the present mutant A5 desaturase genes in
oleaginous yeasts that do not naturally possess w-3 and/or w-6 fatty acid biosynthetic pathways and coordinate the expression of
these genes, to maximize production of preferred PUFA products using various means for metabolic engineering of the host
organism.

[0153] The transformed microbial host cell is grown under conditions that optimize expression of chimeric genes (e.g.,
desaturase, elongase) and produce the greatest and most economical yield of desired PUFAs. In general, media conditions that
may be optimized include the type and amount of carbon source, the type and amount of nitrogen source, the carbon-to-nitrogen
ratio, 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. Microorganisms of interest, such as oleaginous
yeast (e.g., 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 thereby forces selection of the desired expression
cassettes (e.g., Yeast Nitrogen Base (DIFCO Laboratories, Detroit, Ml)).

[0154] Fermentation media for the methods and host cells described herein must contain a suitable carbon source such as are
taught in U.S. Pat. 7,238,482. Although it is contemplated that the source of carbon utilized in the methods herein may
encompass a wide variety of carbon-containing sources, preferred carbon sources are sugars (e.g., glucose), glycerols, and/or
fatty acids.

[0155] Nitrogen may be supplied from an inorganic (e.g., (NH4)2S0O4) or organic (e.g., urea or glutamate) source. In addition to

appropriate carbon and nitrogen sources, the fermentation 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 oleaginous host and promotion of

the enzymatic pathways necessary for PUFA production. Particular attention is given to several metal ions, such as Fe +2, Cu+2,

Mn*2, Co*2, Zn*2 and Mg*2, that promote synthesis of lipids and PUFAs (Nakahara, T. et al., Ind. Appl. Single Cell Oils, D. J. Kyle
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and R. Colin, eds. pp 61-97 (1992)).

[0156] Preferred growth media for the methods and host cells described herein are common commercially prepared media, such
as Yeast Nitrogen Base (DIFCO Laboratories, Detroit, MI). Other defined or synthetic growth media may also be used and the
appropriate medium for growth of the transformant host cells will be known by one skilled in the art of microbiology or fermentation
science. A suitable pH range for the fermentation 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 aerobic or anaerobic
conditions, wherein microaerobic conditions are preferred.

[0157] Typically, accumulation of high levels of PUFAs 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 PUFAs in oleaginous yeast (e.g., Yarrowia lipolytica). This approach is
described in U.S. Pat. 7,238,482, as are various suitable fermentation process designs (i.e., batch, fed-batch and continuous)
and considerations during growth.

[0158] PUFAs may be found in the host microorganisms as free fatty acids or in esterified forms such as acylglycerols,
phospholipids, sulfolipids or glycolipids, and 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 standards 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 (Adv. Appl. Microbiol., 45:271-312 (1997)).

[0159] In general, means for the purification of PUFAs may include extraction (e.g., U.S. Pat. 6,797,303 and U.S. Pat. 5,648,564)
with organic solvents, sonication, supercritical fluid extraction (e.g., using carbon dioxide), saponification and physical means such
as presses, or combinations thereof. See U.S. Pat. 7,238,482 for additional details.

[0160] There are a plethora of food and feed products incorporating w-3 and/or w-6 fatty acids, particularly e.g., 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 will function in food and feed products
to impart the health benefits of current formulations. More specifically, oils containing w-3 and/or w-6 fatty acids will be suitable
for use in a variety of food and feed products including, but not limited to: food analogs, meat products, cereal products, baked
foods, snack foods and dairy products (see U.S. Pat. Appl. Pub. No. 2006-0094092 for details).

[0161] The present compositions may be used in formulations to impart health benefit in medical foods including medical
nutritionals, dietary supplements, infant formula and pharmaceuticals. One of skill in the art of food processing and food
formulation will understand how the amount and composition of the present oils may be added to the food or feed product. Such
an amount will be referred to herein as an "effective" amount and will depend on the food or feed product, the diet that the
product is intended to supplement or the medical condition that the medical food or medical nutritional is intended to correct or
treat.

EXAMPLES

[0162] 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

[0163] 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, NY (1989) (Maniatis); 2) T. J. Silhavy, M. L. Bennan, and L. W. Enquist, Experiments with Gene
Fusions; Cold Spring Harbor Laboratory: Cold Spring Harbor, NY (1984); and, 3) Ausubel, F. M. et al., Current Protocols in
Molecular Biology, published by Greene Publishing Assoc. and Wiley-Interscience, Hoboken, NJ (1987).

[0164] 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 Bacteriology
(Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis A. Wood, Noel R. Krieg and G. Briggs Phillips,
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Eds), American Society for Microbiology: Washington, D.C. (1994)); or by Thomas D. Brock in Biotechnology: A Textbook of
Industrial Microbiology, 2nd ed., Sinauer Associates: Sunderland, MA (1989). All reagents, restriction enzymes and materials used
for the growth and maintenance of microbial cells were obtained from Aldrich Chemicals (Milwaukee, WI), DIFCO Laboratories
(Detroit, MI), GIBCO/BRL (Gaithersburg, MD), or Sigma Chemical Company (St. Louis, MO), unless otherwise specified. E. coli
strains were typically grown at 37 °C on Luria Bertani ["LB"] plates.

[0165] General molecular cloning was performed according to standard methods (Sambrook et al., supra). DNA sequence was
generated on an ABI Automatic sequencer using dye terminator technology (U.S. Pat. 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, MI). All sequences represent coverage at least two times in both directions. Comparisons of genetic sequences were
accomplished using DNASTAR software (DNASTAR Inc., Madison, WI).

[0166] The meaning of abbreviations is as follows: "sec" means second(s), "min" means minute(s), "h" or "hr" 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), "ymole" mean micromole(s), "g" means gram(s), "ug" means
microgram(s), "ng" means nanogram(s), "U" means unit(s), "bp" means base pair(s) and "kB" means kilobase(s).

Nomenclature For Expression Cassettes:

[0167] The structure of an expression cassette will be represented by a simple notation system of "X::Y::Z", wherein X describes
the promoter fragment, Y describes the gene fragment, and Z describes the terminator fragment, which are all operably linked to
one another.

Transformation And Cultivation Of Yarrowia i ica:

[0168] Yarrowia lipolytica strains with ATCC Accession Nos. #20362, #76982 and #90812 were purchased from the American
Type Culture Collection (Rockville, MD). Y. lipolytica strains were typically 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 methodology.

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

Basic Minimal Media (MM) (per liter): 20 g glucose; 1.7 g yeast nitrogen base without amino acids; 1.0 g proline; and pH 6.1 (not
adjusted).

Minimal Media + Leucine (MM+eucine or MMLeu) (per liter): Prepare MM media as above and add 0.1 g leucine.
High Glucose Media (HGM) (per liter): 80 glucose, 2.58 g KHoPO4 and 5.36 g KoHPO4, pH 7.5 (do not need to adjust).

Transformation of Y. lipolytica was performed as described in U.S. Pat. Appl. Pub. No. 2009-0093543-A1.

Fatty Acid Analysis of Yarrowia lipolytica:

[0169] For fatty acid analysis, cells were collected by centrifugation and lipids were extracted as described in Bligh, E. G. & Dyer,
W. J. (Can. J. Biochem. Physiol., 37:911-917 (1959)). Fatty acid methyl esters ["FAMES"] were prepared by transesterification of
the lipid extract with sodium methoxide (Roughan, G. and Nishida |, Arch Biochem Biophys., 276(1):38-46 (1990)) and
subsequently analyzed with a Hewlett-Packard 6890 GC fitted with a 30 m X 0.25 mm (i.d.) HP-INNOWAX (Hewlett-Packard)
column. The oven temperature was from 170 °C (25 min hold) to 185 °C at 3.5 °C/min.

[0170] 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 analyzed by GC as described above.
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Construction Of Yarrowia lipolytica Strain Y4036U

[0171] Y. lipolytica strain Y4036U (Leu-, Ura-), described in Intl. App. Pub. No. WO 2008/073367, was used as the host in
Examples 2-4, 6-7 and 9, infra.

[0172] The development of strain Y4036U required the construction 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 Y4001U1 (producing 17% EDA with a Leu- and Ura- phenotype) and strain Y4036 (producing 18% DGLA with
a Leu- phenotype).

[0173] The final genotype of strain Y4036U with respect to wildtype Yarrowia lipolytica ATCC #20362 was as follows:
GPD::FmD12::Pex20, YAT1::FmD12::Oct, YAT1::ME3S::Pex16, GPAT::EgD9e::Lip2, EXP1::EgD9eS::Lip, FBAINm::EgD9eS::Lip2,
FBAINm::EgD8M::Pex20 (wherein FmD12 is a Fusarium moniliforme A12 desaturase gene [Intl. App. Pub. No. WO 2005/047485];
MES3S is a codon-optimized C1g/1g elongase gene, derived from Mortierella alpina [Intl. App. Pub. No. WO 2007/046817]; EgD9%
is a Euglena gracilis A9 elongase gene [Intl. App. Pub. No. WO 2007/061742]; EgD9eS is a codon-optimized A9 elongase gene,
derived from Euglena gracilis [Intl. App. Pub. No. WO 2007/061742]; and, EgD8M is a synthetic mutant A8 desaturase [Intl. App.
Pub. No. WO 2008/073271], derived from Euglena gracilis [U.S. Pat. 7,256,033]).

EXAMPLE 1

Construct pDMW369, Comprising EqD5S

[0174] The present Example describes plasmid pDMW369, comprising a chimeric FBAIN::EgD5S::Pex20 gene (plasmid
construction is described in Intl. App. Pub. No. WO 2007/136671). Plasmid pDMW369 (FIG. 2A; SEQ ID NO:19) contained the

following components:
Table 7: Components Of Plasmid pDMW369 (SEQ ID NO:19

RE Sites And Nucleotides Within Description Of Fragment And Chimeric Gene Components
SEQID NO:19

EcoR IIBsiWi (6063-318) FBAIN::EgD5S::Pex20, comprising:
* FBAIN: Yarrowia lipolytica FBAIN promoter (U.S. Pat. 7,202,356)

* EgD5S: codon-optimized A5 desaturase (SEQ ID NO:9), derived from
Euglena gracilis

* Pex20: Pex20 terminator sequence of Yarrowia Pex20 gene (GenBank
Accession No. AF054613)

1354474 ColE1 plasmid origin of replication
2284-1424 ampicillin-resistance gene (AmpR) for selection in E. coli
31834476 Yarrowia autonomous replication sequence (ARS18; GenBank Accession No.
A17608)
60204533 Yarrowia Ura 3 gene (GenBank Accession No. AJ306421)

EXAMPLE 2

Identification Of HXGG Mutations That Result In Improved A5 Desaturase Activity In EQD5S

[0175] Single amino acid mutations were carried out using pDMW369 (Example 1) as the template and 19 pairs of
oligonucleotides (SEQ ID NOs:20-57; Table 8) as primers to individually mutate the proline residue of the HPGG motif of EgD5S
(SEQ ID NO:10) by site-directed mutagenesis (QuickChange Kit, Stratagene, CA), thereby generating all amino acid substitutions
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possible (i.e., His-Xaa-Gly-Gly [HXGG] mutants, wherein Xaa can be any amino acid). Plasmids comprising each mutation were
transformed into E. coli XL2Blue cells (Stratagene). Four colonies from each of the 19 transformations were picked and grown
individually in liquid media at 37 °C overnight. Plasmids (i.e., 76 total) were isolated from these cultures and sequenced
individually to confirm the mutations.

[0176] The wild type pDMW369 plasmid and the isolated mutant plasmids were transformed into strain Y4036U individually, as
described in the General Methods. The transformants were selected on MMLeu plates. After 2 days growth at 30 °C, two
transformants from each transformation reaction were streaked out onto new MMLeu plates and incubated for an additional 2
days at 30 C. The colonies were then used to inoculate 3 mL of MMLeu in a 24 well Qiagen block. The blocks were incubated in a
30 C incubator shaking at 200 rpm. After the cultures were incubated for 2 days, the blocks were centrifuged, the supernatant
was removed and 3 mL of HGM was added. The blocks were placed back in a 30°C incubator shaking at 200 rpm for an
additional 5 days. The cells were collected by centrifugation, lipids were extracted, and FAMEs were prepared by
transesterification, and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0177] The A5 desaturase activity attributed to each mutation within the HPGG motif is summarized below in Table 8. EgQD5S
mutants are designated according to the sequence of the mutant HXGG motif (i.e., the HPGG motif in mutant EgD5S-HAGG had a
P2 to A substitution, thereby yielding a His-Ala-Gly-Gly [HAGG] motif, while mutant EgD5S-HRGG possessed a P2 to R
substitution, etc.). The conversion efficiency was measured according to the following formula: ([product]/[substrate +
product])*100. Results are compared to that of the wildtype EgD5S (SEQ ID NO:10) within plasmid pDMW369, wherein GC
analysis determined 8.8% DGLA and 4.5% ARA of total lipids were produced by the transformants (i.e., average conversion
efficiency was 33.8%).

Table 8: A5 Desaturase Activity In EQDSS And HXGG Motif Mutants

Y4036U Primers Used For Mutant Average Conversion Efficiency of Percent Activity With
Transformant * Motif Construction DGLA to ARA (%) Respect to EgD5S
EgD5S - 338 100
EgD5S-HAGG SEQID NOs:20 and 21 314 929
EgD5S- HRGG SEQID NOs:22 and 23 29.7 87.9
EgDSS-HNGG SEQID NOs:24 and 25 30.6 88.8
EqD5S-HDGG SEQID NOs:26 and 27 ND** -
EgD5S-HCGG SEQID NOs:28 and 29 ND** -
EgD5S-HQGG SEQID NOs:30 and 31 31.2 92.3
EqD5S-HEGG SEQID NOs:32 and 33 ND** -
EgD5S-HGGG SEQID NOs:34 and 35 33.6 994
EgD5S-HHGG SEQID NOs:36 and 37 32.8 97.0
EgD5S-HIGG SEQID NOs:38 and 39 28.0 8238
EgD5S-HLGG SEQ D NOs:40 and 41 27.4 81.1
EgD5S-HKGG SEQID NOs:42 and 43 324 959
EgD5S-HMGG SEQID NOs:44 and 45 30.1 89.1
EgD5S-HFGG SEQID NOs:46 and 47 ND** -
EgD5S-HSGG SEQID NOs:48 and 49 284 84.0
EgD5S-HTGG SEQID NOs:50 and 51 29.7 87.9
EgDSS-HWGG SEQID NOs:52 and 53 ND** -
EgD5S-HYGG SEQID NOs:54 and 55 34.6 102
EgD5S-HVGG SEQID NOs:56 and 57 31.2 923
* Each EgD5S gene (mutant or wildtype) was expressed within pDMW369.

**ND: Did not get mutant in this experiment.

[0178] Based on the above, it is clear that the proline residue within the HPGG motif can be substituted with several amino acids
without substantially affecting the A5 desaturase activity of EgQD5S. Preferred proline substitutions, wherein A5 desaturase activity
was equaled or improved with respect to EgD5S, were present in EgD5S-HGGG (33.6% conversion) and EgD5S-HYGG (34.6%
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conversion). EgD5S-HHGG (32.8 % conversion) functioned with 97% of the A5 desaturase activity of EgD5S.

Example 3

Identification Of HPGX Mutations That Result In Improved A5 Desaturase Activity In EgD5S

[0179] Single amino acid mutations were carried out using pDMW369 (Example 1) as the template and 19 pairs of
oligonucleotides (SEQ ID NOs:59 to 96; Table 9) as primers to individually mutate the second glycine residue of the HPGG motif
of EgD5S (SEQ ID NO:10) by site-directed mutagenesis (QuickChange Kit, Stratagene, CA), thereby generating all amino acid
substitutions possible (i.e., His-Pro-Gly-Xaa [HPGX] mutants). Following mutagenesis, plasmids were transformed into Y4036U,
transformants were selected and grown in MMLeu and HGM, and FAMEs were prepared and analyzed by GC, as described in
Example 2.

[0180] The A5 desaturase activity attributed to each mutation within the HPGG motif is summarized below in Table 9. EgD5S
mutants are designated according to the sequence of the mutant HPGX motif (i.e., the HPGG motif in mutant EgD5S-HPGA had a
G4 to A substitution, thereby yielding a His-Pro-Gly-Ala [HPGA] motif, while mutant EgD5S-HPGR possessed a G4 to R
substitution, etc.). Conversion efficiency was measured according to the formula described in Example 2. Results are compared to
that of the wildtype EgD5S (SEQ ID NO:10) within plasmid pDMW369, wherein GC analysis determined 8.8% DGLA and 4.5%
ARA of total lipids were produced by the transformants (i.e., average conversion efficiency was 33.8%).

Table 9: A5 Desaturase Activity In EgD5S And HPGX Motif Mutants

Y4036U Primers Used For Mutant §{ Average Conversion Efficiency of Percent Activity With

Transformant® Motif Construction DGLA to ARA (%) Respect to EgD5S
EgD5S - 33.8 100
EgD5S-HPGA SEQID NOs:59 and 60 313 92.6
EgD5S-HPGR SEQID NOs:61 and 62 26.9 79.6
EgD5S-HPGN SEQID NOs:63 and 64 315 93.2
EgD5S-HPGD SEQID NOs:65 and 66 ND** -
EgD5S- HPGC SEQID NOs:67 and 68 ND** -
EgD5S- HPGQ SEQID NOs:69 and 70 ND** -
EgD5S- HPGE SEQID NOs:71 and 72 ND** -
EgD5S- HPGH SEQID NOs:73 and 74 ND** -
EgD5S- HPGI SEQID NOs:75 and 76 ND** -
EgD5S- HPGL SEQID NOs:77 and 78 ND** -
EgD5S- HPGK SEQID NOs:79 and 80 32.0 94.7
EgD5S- HPGM SEQID NOs:81 and 82 ND** -
EgD5S- HPGF SEQID NOs:83 and 84 ND** -
EgD5S- HPGP SEQID NOs:85 and 86 ND** -
EgD5S- HPGS SEQID NOs:87 and 88 37.3 1104
EgD5S- HPGT SEQ D NOs:89 and 90 35.5 105.0
EgD5S- HPGW SEQID NOs:91 and 92 ND** -
EgD5S- HPGY SEQID NOs:93 and 94 ND** -
EgD5S- HPGV SEQID NOs:95 and 96 ND** -
*Each EgD5S gene (mutant or wildtype) was expressed within pDMW369.
**ND: Did not get mutant in this experiment.

[0181] The results demonstrated that the second glycine residue within the HPGG motif can be substituted with several amino
acids without substantially affecting the A5 desaturase activity of EgD5S. Preferred glycine substitutions, wherein A5 desaturase
activity was equaled or improved with respect to EgD5S, were present in EgD5S-HPGS (37.3% conversion) and EgD5S-HPGT
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(35.5% conversion).

Example 4

uantitative Analysis of EgD5S Mutants That Performed At Or Above Wildtype EgD5S Level

[0182] Once the preliminary analyses of the amino acid substitutions were complete (Examples 2 and 3), a quantitative analysis
of those mutations that performed approximately equivalently or above the wildtype EgD5S conversion rate was carried out (i.e.,
EgD5S-HGGG, EgD5S-HHGG, EgD5S-HYGG, EgD5S-HPGS and EgD5S-HPGT). The plasmids containing the above mutations
were designated as pDMW369-HGGG, pDMW369-HHGG, pDMW369-HYGG, pDMW369-HPGS and pDMW369-HPGT,
respectively. These plasmids, along with pDMW369, were re-transformed into Y4036U (General Methods) and plated on MMLeu.
The plates were incubated at 30 °C for about 4 days. Twelve transformants from each plate were restreaked onto fresh MMLeu
plates and incubated again at 30 °C. The transformants were inoculated into 3 mL of MMLeu in a 24 well block format. The blocks
were incubated at 30 "C at 200 rpm for 2 days. After 2 days' growth the blocks were centrifuged, the supernatant decanted and
the pellets resuspended in HGM. The blocks were incubated at 30 °C for an additional 5 days. The cells were collected by
centrifugation, lipids were extracted, and FAMEs were prepared by trans-esterification, and subsequently analyzed with a Hewlett-
Packard 6890 GC.

[0183] The average DGLA to ARA conversion rate of 12 samples are summarized below in Table 10:
Table 10: A5 Desaturase Activity In EGDSS HXGX Motif Mutants

Y4036U Transformant *§ Average Conversion Efficiency of DGLA to ARA Percent Activity With Respect to
(%) EgD5S

EgD5S 304 100

EgDSS- HGGG 31.8 104.6

EgD5S- HHGG 315 103.6

EgD5S- HYGG 26.0 85.5

EgD5S- HPGS 325 106.9

EgD5S- HPGT 30.1 99.0

* Each EgD5S gene (mutant or wildtype) was expressed within pDMW369.

[0184] This experiment confirmed that the A5 desaturase activities of EgD5S-HGGG and EgD5S-HHGG (SEQ ID NO:58) and
EgD5S-HPGS (SEQ ID NO:97) mutants were increased relative to the wildtype EgD5S control. A suitable nucleotide sequence
encoding EgD5S-HGGG is set forth as SEQ ID NO:190, a suitable sequence encoding EgD5S-HHGG is set forth as SEQ ID
NO:191 and a suitable nucleotide sequence encoding EgD5S-HPGS is set forth as SEQ ID NO:192.

EXAMPLE 5

Generation Of Construct pZUFmEaDSS, Comprising EaD5S

[0185] The present Example describes the construction of plasmid pZUFmEaD5S comprising a chimeric FBAINm::EaD5S::Pex20
gene. Plasmid pZUFmEaD5S (SEQ ID NO:98) was constructed by replacing the Nco I/Not | fragment of pZUF17 (FIG. 2B; SEQ ID
NO:99) with the Nco I/Not | EaDSS fragment from pEaD5S (SEQ ID NO:100) [wherein plasmid pEaD5S (SEQ ID NO:10 was
created when the EaD5S gene (SEQ ID NO:13) was cloned into pUC57 (GenBank Accession No. Y14837)]. The product of this
ligation was pZUFmEaD5S, which thereby contained the following components:

Table 11: Components Of Plasmid pZuFmEaD58 (SEQ ID NO:98)
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RE Sites And Nucleotides Within SEQ jDescription Of Fragment And Chimeric Gene Components
ID NO:98

Swa I/BsiW | (7435-1686) FBAIN::EaD5S::Pex20, comprising:
* FBAIN: Yarrowa lipolytica FBAIN promoter (U.S. PAT. 7,202, 356)

» EaD5S: codon-optimized A5 desaturase (SEQ ID NO:13), derived from
Euglena anabaena

* Pex20: Pex20 terminator sequence of Yarrowia Pex20 gene (GenBank
Accession No. AF054613)

2722-1842 ColE1 plasmid origin of replication

3652-2792 ampicillin-resistance gene (AmpR) for selectionin £ ¢ofj

4554-5855 Yarrowia autonomous replication sequence (ARS18; GenBank Accession
No. A17608)

7399-5898 Yarrowia Ura 3 gene (GenBank Accession No. AJ306421)

EXAMPLE 6

Identification Of HXGG Mutations That Result In Improved A5 Desaturase Activity In EaD5S

[0186] Single amino acid mutations were carried out using pZUFmEaD5S (Example 5) as the template and 19 pairs of
oligonucleotides (SEQ ID NOs:101 to 138; Table 12) as primers to individually mutate the proline residue of the HPGG motif of
EaD5S (SEQ ID NO:14) by site-directed mutagenesis (QuickChange Kit, Stratagene, CA), thereby generating all amino acid
substitutions possible (i.e., His-Xaa-Gly-Gly [HXGG] mutants). Plasmids from each mutation were transformed into E. coli XL2Blue
cells. Four colonies from each of the 19 transformations were picked and grown individually in liquid media at 37 °C overnight.
Plasmids (i.e., 76 total) were isolated from these cultures and sequenced individually to confirm the mutations.

[0187] The wild type pZUFmEaD5S plasmid and the isolated mutant plasmids were transformed into strain Y4036U individually,
as described in the General Methods. The transformants were selected on MMLeu plates and then grown in liquid MMLeu and
HGM media, as described in Example 2 (except that the speed of the incubator was increased from 200 to 250 rpm). The cells
were collected by centrifugation, lipids were extracted, and FAMEs were prepared by trans-esterification, and subsequently
analyzed with a Hewlett-Packard 6890 GC.

[0188] The A5 desaturase activities attributed to each mutation within the HPGG motif are summarized below in Table 12. EaD5S
mutants are designated according to the sequence of the mutant HXGG motif (i.e., the HPGG motif in mutant EaD5S-HAGG had a
P2 to A substitution, thereby yielding a His-Ala-Gly-Gly [HAGG] motif, while mutant EaD5S-HRGG possessed a P2 to R
substitution, etc.). The conversion efficiency was measured according to the following formula: ([product]/[substrate +
product])*100. Results are compared to that of the wildtype EaD5S (SEQ ID NO:14) within plasmid pZUFmEaD5S, wherein GC
analysis determined the average DGLA to ARA conversion efficiency of 2 transformants was 25%.

Table 12: A5 Desaturase Activity In EaD5S And HXGG Motif Mutants

Y4036U Primers Used For Mutant § Average Conversion Efficiency of Percent Activity With

Transformant * Motif Construction DGLA to ARA (%) Respect to EaD5S
EaD5S - 25.0 100
EaD5S-HAGG SEQID NOs:101 and 102 26.4 105.6
EaD5S-HRGG SEQ ID NOs:103 and 104 249 99.0
EaD5S-HNGG SEQ ID NOs:105 and 106 23.2 92.8
EaD5S-HDGG SEQ ID NOs:107 and 108 8.3 33.2
EaD5S-HCGG SEQID NOs:109 and 110 26.2 104.8
EaD5S-HQGG SEQID NOs:111 and 112 20.7 82.8
EaD5S-HEGG SEQID NOs:113 and 114 8.8 35.2
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Y4036U Primers Used For Mutant § Average Conversion Efficiency of Percent Activity With

Transformant * Motif Construction DGLA to ARA (%) Respect to EaD5S
EaD5S-HGGG SEQID NOs:115 and 116 18.9 75.6
EaD5S-HHGG SEQID NOs:117 and 118 20.4 81.6
EaD5S-HIGG SEQID NOs:119 and 120 ND** -
EaD5S-HLGG SEQID NOs:121 and 122 211 84.4
EaD5S-HKGG SEQ ID NOs:123 and 124 252 100.8
EaD5S-HMGG SEQID NOs:125 and 126 23.6 94.4
EaD5S-HFGG SEQID NOs:127 and 128 21.2 84.8
EaD5S-HSGG SEQID NOs:129 and 130 23.0 95.6
EaD5S-HTGG SEQID NOs:131 and 132 258 103.2
EaD5S-HWGG SEQID NOs:133 and 134 14.0 56.0
EaD5S-HYGG SEQID NOs:135 and 136 19.9 79.6
EaD5S-HVGG SEQID NOs:137 and 138 ND** -
* Each EaD5S gene (mutant or wildtype) was expressed within pZuFmEaD5S.
** ND: Did not get mutant in this experiment.

[0189] Based on the above, it is clear that the proline residue within the HPGG motif can be substituted with several amino acids
without substantially affecting the A5 desaturase activity of EaD5S. Preferred proline substitutions, wherein A5 desaturase activity
was improved with respect to EaD5S, were present in EaD5S-HAGG (26.3% conversion), EaD5S-HCGG (26.2% conversion),
EaD5S-HKGG (25.2% conversion) and EaD5S-HTGG (25.8% conversion).

uantitative Analysis of EaD5 Mutants That Performed At Or Above Wildtype EaD5S Level

[0190] A more quantitative analysis of those mutations that performed with approximately equivalent or improved activity with
respect to the wildtype EaD5S conversion rate was carried out (i.e., EaD5S-HAGG, EaD5S-HRGG, EaD5S-HNGG, EaD5S-HCGG,
EaD5S-HHGG, EaD5S-HLGG, EaD5S-HKGG, EaD5S-HMGG, EaD5S-HFGG, EaD5S-HSGG and EaD5S-HTGG). The plasmids
containing the above mutations were designated as pZuFmEaD5S-HAGG, pZuFmEaD5S-HRGG, pZuFmEaD5S-HNGG,
pZuFmEaD5S8-HCGG, pZuFmEaD5S-HHGG pZuFmEaD5S-HLGG, pZuFmEaD5S-HKGG, pZuFmEaD5S-HMGG, pZuFmEaD5S-
HFGG, pZuFmEaD5S-HSGG, and pZuFmEaD5S-HTGG, respectively. These plasmids, along with pZuFmEaD5S, were re-
transformed into Y4036U (General Methods) and plated on MMLeu. The plates were incubated at 30 C for about 4 days. Six
transformants from each plate were re-streaked onto fresh MMLeu plates and incubated again at 30 °C. The transformants were
inoculated into 3 mL of MMLeu in a 24 well block format. The blocks were incubated at 30 °C at 200 rpm for 2 days. After 2 days'
growth the blocks were centrifuged, the supernatants were decanted and the pellets were re-suspended in HGM. The blocks were
incubated at 30 C for an additional 5 days. The cells were collected by centrifugation, lipids were extracted, and FAMEs were
prepared by trans-esterification, and subsequently analyzed with a Hewlett-Packard 6890 GC.

[0191] The average DGLA to ARA conversion rate of 6 samples are summarized below in Table 13:
Table 13: A5 Desaturase Activity In EaD58 HXGG Motif Mutants

Y4036U Transformant* § Average Conversion Efficiency of DGLA to ARA Percent Activity With Respect to
(%) EaD5S

EaD5S 24.0 100

EaD5S-HAGG 238 99.2
EaD5S-HRGG 23.0 95.8
EaD5S-HNGG 20.7 86.2
EaD5S-HCGG 259 107.9
EaD5S-HHGG 20.4 85.0
EaD5S-HLGG 16.7 69.6

29



DK/EP 2324119 T3

Y4036U Transformant* { Average Conversion Efficiency of DGLA to ARA Percent Activity With Respect to

(%) EaD5S
EaD5S-HKGG 20.7 86.3
EaD5S-HMGG 234 97.5
EaD5S-HFGG 21.2 88.3
EaD5S-HSGG 23.8 99.2
EaD5S-HTGG 214 89.2
* Each EaD5S gene (mutant or wildtype) was expressed within pZuFmEaD5S.

[0192] This experiment confirmed that the A5 desaturase activity of mutant EaD5S-HCGG (SEQ ID NO:139) was increased
relative to the wildtype EaD5S control. A suitable nucleotide sequence encoding EaD5S-HCGG is set forth as SEQ ID NO:193.

EXAMPLE 7

Generation Of Construct pZUFmRDSS. Comprising RD5S

[0193] The present Example describes plasmid pZURDS5S, comprising a chimeric FBAIN::RD5S::Pex20 gene (plasmid
construction is described in Intl. App. Pub. No. WO 2007/136646). Plasmid pZURD5S (SEQ ID NO:140) is identical in construction
to pDMW369 (Example 1; SEQ ID NO:19), with the exception that RD5S (SEQ ID NO:17) was substituted in place of EgD5S (SEQ
ID NO:9).

EXAMPLE 8

Identification Of HXGG Mutations That Result In Improved A5 Desaturase Activity In RD5S

[0194] Single amino acid mutations were carried out by using pZURD5S (Example 7) as the template and 19 pairs of
oligonucleotides (SEQ ID NOs:141 to 178; Table 14) as primers to individually mutate the proline residue of the HPGG motif of
RD5S (SEQ ID NO:17) by site-directed mutagenesis (QuickChange Kit, Stratagene, CA), thereby generating all amino acid
substitutions possible (i.e., His-Xaa-Gly-Gly [HXGG] mutants). Plasmids from each mutation were transformed into E. coli XL2Blue
cells. Four colonies from each of the 19 transformations were picked and grown individually in liquid media at 37 °C overnight.
Plasmids (i.e., 76 total) were isolated from these cultures and sequenced individually to confirm the mutations.

[0195] The wild type pZURD5S plasmid and the isolated mutant plasmids were transformed into strain Y4036U individually, as
described in the General Methods. The transformants were selected on MMLeu plates and then grown in liquid MMLeu and HGM
media, as described in Example 2 (except that the speed of the incubator was increased from 200 to 250 rpm). The cells were
collected by centrifugation, lipids were extracted, and FAMEs were prepared by trans-esterification, and subsequently analyzed
with a Hewlett-Packard 6890 GC.

[0196] The A5 desaturase activities attributed to each mutation within the HPGG motif are summarized below in Table 14. RD5S
mutants are designated according to the sequence of the mutant HXGG moitif (i.e., the HPGG motif in mutant RD5S-HAGG had a
P2 to A substitution, thereby yielding a His-Ala-Gly-Gly [HAGG] motif, while mutant RD5S-HRGG possessed a P2 to R substitution,
etc.). The conversion efficiency was measured according to the following formula: ([product]/[substrate + products*100. Results
are compared to that of the wildtype RD5S (SEQ ID NO:18) within plasmid pZURD5S, wherein GC analysis determined the
average DGLA to ARA conversion efficiency of 2 transformants was 25.1%.

Table 14: A5 Desaturase Activity In RD5S And HXGG Motif Mutants

Y4036U Primers Used For Mutant { Average Conversion Efficiency of Percent Activity With
Transformant * Motif Construction DGLA to ARA (%) Respect to RD5S
RD5S - 25.1 100
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Y4036U Primers Used For Mutant { Average Conversion Efficiency of Percent Activity With

Transformant * Motif Construction DGLA to ARA (%) Respect to RD5S
RD5S-HAGG SEQID NOs:141 and 142 23.2 924
RD5S-HRGG SEQID NOs:143 and 144 ND** -
RD5S-HNGG SEQID NOs:145 and 146 ND** -
RD5S-HDGG SEQID NOs:147 and 148 131 522
RD5S-HCGG SEQID NOs:149 and 150 34.8 138.6
RD5S-HQGG SEQID NOs:151 and 152 20.2 80.5
RD5S-HEGG SEQID NOs:153 and 154 18.6 741
RD5S-HGGG SEQID NOs:155 and 156 18.7 741
RD5S-HHGG SEQID NOs:157 and 158 ND** -
RDSS-HIGG SEQID NOs:159 and 160 ND** -
RD5S-HLGG SEQID NOs:161 and 162 ND** -
RD5S-HKGG SEQID NOs:163 and 164 222 884
RD5S-HMGG SEQID NOs:165 and 166 21.2 84.1
RD5S-HFGG SEQID NOs:167 and 168 ND** -
RD5S-HSGG SEQID NOs:169 and 170 ND** -
RD5S-HTGG SEQID NOs:171 and 172 22.6 90.0
RD5S-HWGG SEQID NOs:173 and 174 28.5 113.5
RD5S-HYGG SEQID NOs:175 and 176 ND** -
RD5S-HVGG SEQID NOs:177 and 178 20.6 820
* Each RD5S gene (mutant or wildtype) was expressed within pZURDSS.
** ND: Did not get mutant in this experiment.

[0197] Based on the above, it is clear that the proline residue within the HPGG motif can be substituted with several amino acids
without substantially affecting the A5 desaturase activity of RD5S. Preferred proline substitutions, wherein A5 desaturase activity
was improved with respect to RD5S, were present in RD5S-HCGG (34.8% conversion) and RD5S-HWGG (28.5% conversion).

[0198] A quantitative analysis of those mutations that performed at or above the wildtype RD5S conversion rate (i.e., RD5S-
HCGG and RD5S-HWGG (SEQ ID NO:179)) will be carried out, as described previously for EgD5S and EaD5S mutants. A suitable
nucleotide sequence encoding RD5S-HCGG is set forth as SEQ ID NO:194 and a suitable nucleotide sequence encoding RD5S-
HWGG is set forth as SEQ ID NO:195.

SEQUENCE LISTING

[0199]

<110> E.I. duPont de Nemours & Company, Inc.

Zhu, Quinn
Pollak, Dana W

<120> MUTANT DELTA-5 DESATURASES AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS

<130> CL4099

<150> US 61/098333
<151>2008-09-19

<160> 195

<170> Patentln version 3.5
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<210> 1

<211>5

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> misc_feature

<222>(2) .. (4)

<223> Xaa can be any naturally occurring amino acid

<400> 1
His Xaa Xaa Xaa His

<210> 2

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> misc_feature

<222>(2) .. (5)

<223> Xaa can be any naturally occurring amino acid

<400> 2
His Xaa Xaa Xaa Xaa His
1 5

<210>3

<211>5

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> misc_feature

<222>(2) .. (3)

<223> Xaa can be any naturally occurring amino acid

<400> 3
His Xaa Xaa His His
1 5

<210> 4

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> misc_feature

<222>(2) .. (4)

<223> Xaa can be any naturally occurring amino acid

<400> 4
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His Xaa Xaa Xaa His His
1 5

<210>5

<211>5

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> MISC_FEATURE
<222> (1) .. (1)

<223> xaa = His [H] or GIn [Q]

<220>

<221> misc_feature

<222>(2) .. (3)

<223> Xaa can be any naturally occurring amino acid

<400> 5
Xaa Xaa Xaa His His
1 5

<210>6

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> His-rich motif

<220>

<221> MISC_FEATURE
<222> (1) .. (1)

<223> Xaa = His [H] or GIn [Q]

<220>

<221> misc_feature

<222>(2) .. (4)

<223> Xaa can be any naturally occurring amino acid

<400> 6
Xaa Xaa Xaa Xaa His His
1 5

<210>7

<211> 1350

<212> DNA

<213> Euglena gracilis

<220>

<221>CDS

<222> (1)..(1350)

<223> delta-5 desaturase

<300>

<302> DELTA-5 DESATURASE AND ITS USE IN MAKING POLYUNSATURATED FATTY ACIDS
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<400>7
atg gct ctc agt ctt acc aca gaa cag ctg tta gaa cgc cct gat ttg 48
Met Ala Leu Ser Leu Thr Thr Glu GIn Leu Leu Glu Arg Pro Asp Leu
1 5 10 15
gtt gcg att gat ggc atc ctc tac gac ctt gaa ggg ctt gcc aaa gtt 96
val Ala Ile Asp Gly Ile Leu Tyr Asp Leu Glu Gly Leu Ala Lys val
20 25 30
cat cca g?a g?a gat ttg att ctc gct tct g?t gce tct gat gec tec 144
His Pro Gly Gly Asp Leu Ile Leu Ala Ser Gly Ala Ser Asp Ala Ser
35 40 45
cct ctc ttt tat tca atg cat cca tac gtc aaa ccg gag aat tcc aaa 192
Pro Leu Phe Tyr Ser Met His Pro Tyr val Lys Pro Glu Asn Ser Lys
50 55 60
ttg ctt caa cag ttc gtc cga g?g aag cat gac cgc acc tcg aag gac 240
Leu Leu GIn GIn Phe val Arg Gly Lys His Asp Arg Thr Ser Lys Asp
65 70 75 80
att gtc tac acg tat gat tct ccc ttc gca caa gac gtt aag cgg aca 288
Ile val Tyr Thr Tyr Asp Ser Pro Phe Ala Gln Asp val Lys Arg Thr
85 90 95
atg cgc gag gtg atg aaa g?g agyg aac Tgg tac gca acc cct g?c tte 336
Met Arg Glu val Met Lys Gly Arg Asn Trp Tyr Ala Thr Pro Gly Phe
100 105 110
tgg ctg cgc acc gtt ggg atc atc gcc gtg acg gcc 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 acc acg ggg atg gtg ctg tgg ggc ctg ttg act gga ttc 432

His Trp Ala Thr Thr Gly Met val Leu Trp Gly Leu Leu Thr Gly Phe

34
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130 135 140

atg cac atg cag atc ggc tta tcc atc cag cat gat gcg tcc cac ggg 480
Met His Met GIn Ile Gly Leu Ser Ile Gln His Asp Ala Ser His Gly
145 150 155 160

gcc atc agc aag aag cct tgg ¢gtc aac dgcc ctc tte gec tac gge att 528
Ala Ile ser Lys Lys Pro Trp Val Asn Ala Leu Phe Ala Tyr Gly Ile
165 170 175

gac gtc atc gga tcg tcc cgg tgg att tgg ctg cag tcg cac atc atg 576
Asp val Ile Gly Ser Ser Arg Trp Ile Trp Leu Gln Ser His Ile Met
180 185 190

cgg cac cac acc tac acc aac cag cac g?c ctc gac ctg gat gcg gag 624
Arg His His Thr Tyr Thr Asn Gln His Gly Leu Asp Leu Asp Ala Glu
195 200 205

tcy gca gag ccg ttc ctg gtg ttc cac aac tac ccc gcc gca aac acc 672
ser Ala Glu Pro Phe Leu Val Phe His Asn Tyr Pro Ala Ala Asn Thr
210 215 220

gcc cga aag tgg ttc cac cgc ttc caa gct tgg tac atg tac ctt gtg 720
Ala Arg Lys Trp Phe His Arg Phe Gln Ala Trp Tyr Met Tyr Leu Val
225 230 235 240

ctg ggg dca tac ggg gta tcg ctg gtg tac aac ccg ctc tac att ttc 768
Leu Gly Ala Tyr Gly val Ser Leu Vval Tyr Asn Pro Leu Tyr Ile Phe
245 250 255

cgg atyg cag cac aat gac acc atc cca gag tct gtc acg gec atg cgg 816
Arg Met GIn His Asn Asp Thr Ile Pro Glu Ser val Thr Ala Met Arg
260 265 270

gag aat g?c ttt ctg cgg cgc tac cge aca ctt gca ttc gtg atg cga 864
Glu Asn g7¥ Phe Leu Arg Arg ng Arg Thr Leu Ala ;2? val Met Arg

gct ttc ttc atc ttc cgg acc gca ttc ttg ccc tgg tac ctc act ggg 912
Ala Phe Phe Ile Phe Arg Thr Ala Phe Leu Pro Trp Tyr Leu Thr Gly
290 295 300

acc tca ttg ctg atc acc att cCct ctg gtg ccc act gca act ggt gcc 960
Thr Ser Leu Leu Ile Thr Ile Pro Leu Vval Pro Thr Ala Thr Gly Ala
305 310 315 320

Ttc ttg acg ttc ttc tte att ttg tcc cac aat trt gat ggc tcc gaa 1008
Phe Leu Thr Phe Phe Phe Ile Leu Ser His Asn Phe Asp Gly Ser Glu
325 330 335

cgg atc ccc gac aag aac tgc aag gtt aag agc tct gag aag gac gtt 1056
Arg Ile Pro Asp Lys Ash Cys Lys Val Lys Ser Ser Glu Lys Asp val
340 345 350

gag gct gac caa att gac tgg tat cgg gcg cag gtg gag acg tcc tcc 1104
Glu Ala Asp Gln Ile Asp Trp Tyr Arg Ala Gln val Glu Thr Ser Ser
355 360 365
aca tac ggt ggc ccc atc gcc atg ttc ttc act ggc ggt ctc aat ttc 1152
Thr Tyr Gly Gly Pro Ile Ala Met Phe Phe Thr Gly Gly Leu Asn Phe
370 375 380
cag atc gag cac cac ctc ttt ccc cgg atg tcg tct tgg cac tac ccc 1200
Gln Ile Glu His His Leu Phe Pro Arg Met Ser Ser Trp His Tyr Pro
385 390 395 400
Tte gtc cag cag gcg gtc c¢gg gag tgt tge gaa cgc cat g?a gty cga 1248
pPhe val Gln Gln ﬁgg val Arg Glu Cys 2{8 Glu Arg His Gly Xis Arg

tat gtt ttc tac cct acc atc ¢gtc gge aac atc atc tcc acc ctg aag 1296
Tyr val Phe Tyr Pro Thr Ile val Gly Asn Ile Ile Ser Thr Leu Lys
420 425 430
tac atg cat aag gtg ggt gtc ¢gtc cac tgc gt? aag gac gca cag gat 1344
Tyr Met His Lys Val Gly val val His Cys Val Lys Asp Ala GIn Asp
435 440 445

tce tga 1350
ser

<210>8

<211> 449

<212> PRT

<213> Euglena gracilis

<400> 8

35
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1
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Trp
His
Met
145
Ala

Asp

Arg

Ala

Ala

Pro

Leu

50

Leu

val

Arg

Leu

Trp
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ser Ala Glu Pro Phe Leu
210

Ala Arg Lys Trp Phe His
225 230

Leu Gly Ala Tyr Gly val

Arg Met Gln His Asn Asp
260

Glu Asn Gly Phe Leu Arg

Ala Phe Phe Ile Phe Arg
290

Thr ser Leu Leu Ile Thr
305 310

Phe Leu Thr Phe Phe Phe
325

Arg Ile Pro Asp Lys Asn
340

Glu Ala Asp Gln Ile Asp
355

Thr Tyr Gly Gly Pro Ile
370

GIn ITe Glu His His Leu
385 390

Phe val Gln GIn Ala val
405

Tyr val Phe Tyr Pro Thr
420

Tyr Met His Lys val Gly
435

ser

<210>9

<211> 1350

<212> DNA

<213> Euglena gracilis

<220>
<221> CDS
<222> (1)..(1350)

<223> synthetic delta-5 desaturase (codon-optimized for Yarrowia lipolytica)

<300>
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220
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Trp

300
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val
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Leu

Thr

Phe

285

TYyr
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Glu

Glu

365
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Trp

His

ser

445

Ala

Tyr

Tyr

Ala

270

val

Leu

Thr

Gly

Lys

350

Thr

Leu

His

Gly

Thr
430

Asn

Leu

Ile

255

Met

Met

Thr

Gly

ser

335

Asp

ser

Asn

Tyr

val

415

Leu
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37

Thr

val

240

Phe

Arg
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320

Glu

val
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400
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<400>9

atg gct
get Ala

gtt gec
val Ala

C@t ccC
H1s Pro

cct ctg
Pro Leu
50

ctg ctt
Leu Leu
65

att gtc
Ile val

atg cga
Met Arg

tgg ctg
Trp Leu

cac tgg
His Trp
130

atg cac
Met His
145

gce atc
Ala Ile

gac gtc

ctc
Leu

atc
Ile

gga
35

ttc
Phe

Caa
Gln

tac
Tyr

gag
Glu

cga
Arg
115

gct
Ala

atg
Met

age
ser

att

tcc
Ser

gac
Asp
20

ggc
Gly

tac
Tyr

cag
Gln

acc
Thr
gte
100
acc

Thr

act
Thr

cag
Gln

aaa
Lys

gga

ctt
Leu
5

&ty

gac
Asp

tcc
Ser

ttc
Phe

tac
Tyr
85

atg
Met

gtt
val

acc
Thr

atc
Ile

aag
Lys
165

tcy

act
Thr

att
Ile

ttg
Leu

atg
Met

gtg
val
70

gac
Asp

aaa
Lys

Gly
&

ggc
150
cce
Pro

tcc

acc
Thr

ctc
Leu

atc
Ile

cac
His
55

cga

Arg

tct
Ser

ggt
Gly

atc
Ile

atg
Met
135

cty
Leu

tgg
Trp

aga

gag
Glu

tac
TYyr

ctc
Leu
40

cct
Pro

ggc
Gly

ccc
Pro

<gg
AFg

att
Ile
120

gt
Va

tce
ser

gtc
val

tgg

cag
Gln

gat
Asp
25

gct
Ala

tac
Tyr

aag
Lys

ttt
Phe

aac
Asn
105

gct
Ala

ctg
Leu

att
Ile

aac
Asn

atc

ctg
Leu
10

cty
Leu

tct
ser

gtc
val

cac
His

gca
Ala
90

tgg
Trp

gtc
val

tag
Trp

cag
GIn

gct
Ala
170

tag

ctc
Leu

gaa
Glu

ggt
Gly

aag
Lys
gac
75

cag

Gln

tat
Tyr

acc
Thr

&

cac
His
155

ctc
Leu

cty

gag
Glu

&N

gcc
Ala

ccc
Pro
60

cga

Arg

gac
Asp

gcc
Ala

gcce
Ala

ctc
Leu
140

gat
Asp

Tttt
Phe

cag

cga
Arg

ctt
Leu

tce
ser
45

gag
Glu

acc
Thr

gtc
val

aca
Thr

Tttt
Phe
125

ttg
Leu

gce
Ala

gcce
Ala

tct

cce
Pro

gcc
Ala
30

gat
Asp

aac
Asnh

tcc
Ser

aag
Lys

cct
Pro
110

tgc
cys

act
Thr

tct
ser

Tac
Tyr

cac

gac
Asp
15

aag
Lys

gct
Ala

tcg
ser

aag
Lys

cga
Arg
95

gga
Gly

gag
Glu

&y

cat
His

&y
175

atc

38

ctg
Leu

gtc
val

tct
ser

aag
Lys
gac
80

act

Thr

tte
Phe

tgg
Trp

ttc
Phe
ggt
160
atc

Ile

atg

48

96

144

192

240

288

336

432

480

528

576
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Asp

cga
Arg

Tcc
ser

gct
Ala
225

ctt
Leu

cga
Arg

gag
Glu

gct
Ala

acc
Thr
305

ttc
Phe

cga
Arg

gaa
Glu

acc
Thr

cag
Gln
385

tte
Phe

tac
Tyr

tac
TYIr

Tcc
ser

val

cat
His

gca
Ala
210

cga
Arg

&y

atg
Met

aac
Asn

ttc
Phe
290

tce
Ser

ctc
Leu

atc
Ile

gece
Ala

tac
Tyr
370

atc
Ile

gtg
val

gtc
val

atg
Met

Taa

Ile

cac
His
195

gaa
Glu

aag
Lys

gcc
Ala

cag
Gln

ggc
275

tte
Phe

cty
Leu

acc
Thr

ccc
Pro

gat
Asp
355

&

gag
Glu

cag
Gln

ttc
Phe

cac
His
435

<210> 10

<211> 449
<212> PRT
<213> Euglena gracilis

<400> 10

Gly
180

acc
Thr

cca
Pro

tgg
Trp

tac
Tyr

cac
His
260

Tttt
Phe

atc
Ile

ctc
Leu

ttc
Phe

gac
Asp
340

cag
Gln

&y

th
His

caa
Gln

tac
Tyr
420

aaa
Lys

ser

tac
Tyr

ttc
Phe

Tttt
Phe

ggc
oty
245
aac
Asn

cty
Leu

Tttt
Phe

atc
Ile

Tttt
Phe
325
aag
Lys

atc
Ile

[ofele
Pro

cac
His
gct
405
cct

Pro

gtc
val

ser

acc
Thr

ctt
Leu

cac
His
230

gtt
val

gac
Asp

cga
Arg

cga
Arg

acc
Thr
310

tte
Phe

aac
Asn

gac
Asp

att
Ile

ctec
Leu
390

gtc
val

acc
Thr

ggt
Gly

Arg

aat
Asn

gt
Va
215
cga
Arg

tcg
ser

acc
Thr

€gg
Arg

acc
Thr
295
att
Ile

atc
Ile

tgc
cys

tag
Trp
gcc
375
ttt
Phe

cga
Arg

att
Ile

gtg

Trp

cag
Gln
200

Ttc
Phe

ttc
Phe

ctyg
Leu

att
Ile

tac
Tyr
280

gcce
Ala

cct
Pro

ttg
Leu

aag
Lys

tac
Tyr
360
atg
Met

cct
Pro

gag
Glu

gtg
val

gtt
440

Ile
185

cat
His

cac
His

cag
Gln

gt
va

ccc
Pro
265

cga
Arg

ttc
Phe

ctyg
Leu

tct
ser

gtc
val
345

aga
Arg

ttc
Phe

cga
Arg

tgt
cys

ggc
Gly
425

cac
His

Trp

ggt
Gly

aac
Asn

gce
Ala

tac
Tyr
250

gag
Glu

acc
Thr

ttg
Leu

gtg
val

cac
His
330

aag
Lys

gct
Ala

Tttt
Phe

atg
Met

tgc
cys
410

aac
Asn

tgt
Cys

Leu

ctc
Leu

tac
Tyr

tgg
Trp
235

aac
Asn

tct
Ser

ctt
Leu

ccce
Pro

cce
Pro
315

aac
Ash

agc
ser

cag
Gln

act
Thr

teg
ser
395

gaa
Glu

atc
Ile

gtc
val

Gln

gac
Asp

cct
Pro
220

tac
TYr

cct
Pro

gtc
val

gca
Ala

tgg
Trp
300

act
Thr

tte
Phe

tcc
Ser

gtg
val

ggc
&ty
380
tct

Ser

cga
Arg

att
Ile

aag
Lys

ser

ctyg
Leu
205
gct
Ala

atg
Met

ctc
Leu

aca
Thr
tte
285
tat
Tyr

gct
Ala

gat
Asp

gag

gag
Glu
365

&

tgg
Trp

cac
His

tcc
Ser

gac
Asp
445

His
190
gat
Asp
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Ala

tac
Tyr

tac
Tyr
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gtt
val

ctc
Leu
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Thr
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aag
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Thr

ctc
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Thr
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get
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Ala

aac
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Met
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Met

act
Thr

ggt
Gly

tcg
Ser
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gtg
240
ttc

Phe

cga
Arg

cga
Arg

Gly

gcc
Ala
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Arg Met

Glu Asn

Ala Phe
290

Thr ser
305

Phe Leu

Arg Ile

Glu Ala

Thr Tyr

370
Gln Ile
385
Phe val
Tyr val

Tyr Met
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<210> 11
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435

<211> 1362
<212> DNA
<213> Euglena anabaena UTEX 373

<220>

<221> CDS

<222> (1)..(1362)

His

260

Ile

Leu

Phe

Gly

His

Gln

Tyr

420

Lys

245

Asn

Leu

Phe

Ile

Phe

325

Lys

Ile

Pro

His

Ala

405
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val
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Arg

Arg

Thr

310

Phe

Asn
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Ile

Leu

390

val

Thr

Gly
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Thr
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Thr
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Ile
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Cys

Trp
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375

Phe
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Ile

Tyr

280

Pro
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Lys

Tyr

Met

Pro

Glu

val

val
440

Pro

265

Arg

Phe

Leu

Ser

val

345

Arg

Phe
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cys

Gly
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Glu

Thr

Leu

val

His

330

Lys

Ala

Phe

Met

cys

410

Asn

cys

Ser val
Leu Ala
Pro Trp

300
Pro Thr

315

Asn Phe

Ser Ser

Gln val

Thr Gly

Ser Ser

395

Glu Arg

Ile Ile

val Lys

Thr

Phe

285

Tyr

Ala

Asp

Glu

Glu

365

Gly

Trp

His

ser

Asp
445

Ala

270

val

Leu

Thr

Gly

Lys

Thr

Leu

His

Gly

Thr

430

Ala

Met

Met

Thr

Gly

Ser

335
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Asn

Tyr

val
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Leu
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Arg
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Glu

val
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Phe
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atg
Met

ctg
Leu

val

acc
Thr

aag
Lys
65

gac
Asp

agc
ser

Tttt
Phe

tag
Trp

tac
Tyr
145

&ty

atc
Ile

atg
MetT

gcc
Ala

gcg

gcc
Ala

gtt
val

cat
His

gce
Ala
50

ctg
Leu

cca
Pro

gtt
val

tgg
Trp

tat
Tyr
130

ttc
Phe

gce
Ala

gac
Asp

cgc
Arg

tcg
ser
210

tca

acc
Thr

gca
Ala

cca
Pro
35

cty
Lel

ctg
Leu

gtg
val

cgg
Arg

ctg
Leu
115

tag
Trp

cac
His

atc
Ile

gec
Ala

cac
His
195

gcg
Ala

cga

atc
Ile
att

20

ggt
Gly

tre
Phe

cag
Gln

tac
Tyr
gag
100

cgg
Arg

atc
Ile

agc
ser

age
ser

att
Ile
180

cac
H1s

gag
Glu

aag

Tct
ser

gat
Asp

ggc
Gly

tac
Tyr

caa
Gln

acc
Thr
85

gtc
val

acc
Thr

act
Thr

cag
Gln

aaa
Lys
165

&ty

acc
Thr

ccg
Pro

tgg

ttg
Leu

999
Gly

aac
Asn

tec
ser
Tttt
70

ttt
Phe

atg
Met
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Thr

att
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150

aag
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Tcc
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tac
TYyr

ttc
Phe

tac

act
Thr
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ctc
Leu

atg
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Ala
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aag
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cty
Leu

&y
135

&y

cce
Pro

tcc
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Thr

att
Ile
215

cat

act
Thr

ttg
Leu

att
Ile
40

cac
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cga
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agt
ser

999
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atc
Ile
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gca
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ttg
Leu

tgg
Trp

cgc
AFg

aac
Asnh
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ttg
Leu
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gag
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tac
Tyr
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gaa
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cct
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ggac
Gly

ccc
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cge
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atc
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gcg
Ala

gty
val

tgyg
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cag
Gln

ttc
Phe

ttc

caa
Gln
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gat
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gcc
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gga
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ttc
Phe
90

aac
Asn
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Ala

atg
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att
Ile

aac
Asn
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atc
Ile

cat
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cac
H1s

cag

ctt
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ctc
Leu

gcc
Ala

gtg
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cac
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75

gcc
Ala

Ttgg
Trp

tgc
Cys

tgg
Trp

caa
Gln
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Ala

tgg
Trp
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tcc
Ser
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Tta
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ttc
Phe
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Gly

aag
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gaa
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cag
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tac
Tyr

act
Thr

ggc
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Tttt
Phe

cty
Leu

ctg
Leu

tac
Tyr
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tgg

gaa
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Gly

gce
Ala
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Pro

cga
Arg

gat
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gcc
Ala

gcce
Ala
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atc
Ile

gat
Asp

ttc
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cag
Gln
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Asp
205
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Pro

tac

cac
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cty
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Ser

gag
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gtc
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110
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ttc
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aat
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aag
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Thr
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tac
Ty]"
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gaa
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Lys
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teg
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cag
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Ala ser Arg Lys Trp Tyr His Arg Phe GIn Ala Trp Tyr Met Tyr Ile
225 230 235 240

gtt ttg g?g atg tat g?t gtg tcg atg gtg tac aat ccg atg tac ttg 768
val Leu Gly Met Tyr Gly val Ser Met val Tyr Asn Pro Met Tyr Leu
245 250 255

ttc acg atg cag cac aac gac aca atc cca gag gcc acc tct ctt aga 816
Phe Thr Met Gln His Ash Asp Thr Ile Pro Glu Ala Thr Ser Leu Arg
260 265 270

cca g?c agc ttt ttc aac cgg cag cgc gcc ttc gcc gtt tcc ctc cgc 864
Pro Gly Ser Phe Phe Asn Arg Gln Arg Ala Phe Ala val Ser Leu Arg
275 280 285

cta ctg ttc atc ttc cgc aac gcc ttc ctc ccc tgg tac atc gcg ggc 912
Leu Leu Phe ITe Phe Arg Asn Ala Phe Leu Pro Trp Tyr Ile Ala Gly
290 295 300

gce tect ccg ctg cte acc atc ctg ctg gtg cca acg gtc aca g?c atc 960
Ala Ser Pro Leu Leu Thr Ile Leu Leu Val Pro Thr val Thr Gly Ile
305 310 315 320

Phe Leu Thr Phe val Phe val Leu Ser His Asn Phe Glu Ala Glu
325 330 335

ttc ttyg aca TLt ¢gtt ttt gty ctg tcc cat aac ttt gaa g?c gct gag 1008
Gly

Cgg acc ccc gaa aag aac tgc aag gcc aaa agg gcc aag gag ggg aag 1056
Arg Thr Pro Glu Lys Asn Cys Lys Ala Lys Arg Ala Lys Glu Gly Lys
340 345 350

gag gtc cgc gat gta gag gag gac cgg gtg gac tgg tac cgg gcg cag 1104
Glu val Arg Asp Val Glu Glu Asp Arg Val Asp Trp Tyr Arg Ala Gln
355 360 365

gcc gag acc gcg gcg acc tac g?g g?c agc gtc g?g atg atg ctg acc 1152
Ala Glu Thr Ala Ala Thr Tyr Gly Gly ser val Gly Met Met Leu Thr
370 375 380

g?c g?t Ttg aac ctg cag atc gag cac cac ttg ttc ccc cge atg tec 1200
Gly Gly Leu Asn Leu GIn ITe Glu His His Leu Phe Pro Arg Met Ser
385 390 395 400
tct tgg cac tac ccc ttc atc caa gat acg gtg cgg gaa tgt tgc aag 1248
Ser Trp His Tyr Pro Phe ITe Gln Asp Thr val Arg Glu Cys Cys Lys
405 410 415
cgc cat ggc gtg cgc tac aca tac tac ccg acc atc ctg gag aat ata 1296
Arg His Gly val Arg Tyr Thr Tyr Tyr Pro Thr Ile Leu Glu Asn Ile
420 425 430
atg tcc acg ctc cgc tac atg cag aag gtg ggc gtg gcc cac aca att 1344
Met Ser Thr Leu Arg Tyr Met GIln Lys val Gly val Ala His Thr Ile
435 440 445
cag gat gcc cag gaa ttc 1362
Gln Asp Ala Gln Glu Phe
450
<210> 12
<211> 454
<212> PRT

<213> Euglena anabaena UTEX 373

<400> 12
Met Ala Thr Ile Ser Leu Thr Thr Glu GIn Leu Leu Glu His Pro Glu
1 5
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Leu

val

Thr

Lys

65

Asp

ser

Phe

Trp

Tyr

145

Gly

Ile

Met

Ala

Ala

225

val

Phe

Pro

Leu

val

His

Ala

50

Leu

Pro

val

Trp

Tyr

130

Phe

Ala
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210

Ser

Leu

Thr

Gly

Leu

Ala
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35

Leu

Leu

val

Arg

Leu

115

Trp

His

Ile

Ala

His
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Ala
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Met
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Phe

Ile

20
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Tyr

Glu
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Arg
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ser

Ile
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Lys

Met
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Phe
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Thr
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165

Gly
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Trp

Tyr

245
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Phe
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Asn
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Thr
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Gly
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Arg
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Leu

Met
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Gly
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Thr

Ile
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Asn

Leu
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Arg

Ser

Gly

Ile
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Ala

Leu

Trp

Arg

Asn
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Leu

Arg

Ser

Thr
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Ala

Tyr
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Glu

Pro

Gly

Pro

Arg
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val

Ala

val

Trp
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Phe

Met

Ile

265

Arg
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Ala

Met
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Asn

170

Ile

His

His
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val

250

Pro

Ala

Leu

Leu
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val
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Trp

cys

Trp

Gln
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Ala

Trp
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235

Tyr
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60

Glu
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Tyr

Thr

Gly

140
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Phe
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Leu

Tyr

220

Trp

Asn
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Ala

Trp

Gly

Ala

15

Pro

Arg
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Ala
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Ile

Asp

Phe

Gln

Asp

Pro

Tyr

Pro

Thr

val

285

Tyr

Leu

30

Ser

Glu
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val

Thr

110

Ile

Phe
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190

Leu

Ala

Met

Met

ser

270

ser

Ile

Ala Lys
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Asn

Ser
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Pro

Gly

Thr

Ser

Tyr
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Asp

Thr

Tyr

TYr

255

Leu

Leu

Gly
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Glu
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Gly
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Ile

240
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Ala

305

Phe

Arg

Glu

Ala

Arg

MetT

Gln

ser

Leu

Thr

val

Glu

370

Gly

Trp

His

ser

ASp
450

Pro

Thr

Pro

Arg

355

Thr

Leu

His

Gly

Thr

435

Ala

<210> 13

<211> 1362
<212> DNA
<213> Euglena anabaena UTEX 373

<220>
<221>CDS

<222>(1)..(1362)
<223> synthetic delta-5 desaturase (codon-optimized for Yarrowia lipolytica)

<300>

<302> DELTA-5 DESATURASES AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS
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Thr
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Tyr
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<312>2008-11-13

<313> (1)..(1362)

<300>

<302> DELTA-5 DESATURASES AND THEIR USE IN MAKING POLYUNSATURATED FATTY ACIDS
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360

Gly
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GIn

Tyr

Gln
440

Leu

Ser
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345

Arg

Gly

His

Asp

Tyr

425

Lys

val

His

330

Lys

val

Ser

His

Thr

410

Pro

val

Pro

315

Asn

Arg

Asp

val

Leu

395

val

Thr

Gly

300

Thr

Phe

Ala

Trp

Gly

Phe

Arg

Ile

val

val

Glu

Lys

TYr

365

Met

Pro

Glu

Leu

Ala
445

Thr

Gly

Glu

350

Arg

Met

Arg

cys

Glu

430
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Gly Ile
320

Ala Glu
335

Gly Lys

Ala Gln
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400

Cys Lys
415

Asn Ile

Thr Ile
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atg gcc acc atc tce ctg act acc gag cag ctc ctg gaa cac ccc gag 48
Met Ala Thr ITe Ser Leu Thr Thr Glu Gln Leu Leu Glu His Pro Glu

ctc gtt gcc atc gac gga gtc ctg tac gat ctc ttc ggt ctg gcc aag 96
Leu val Ala Ile Asp Gly Val Leu Tyr Asp Leu Phe Gly Leu Ala Lys
20 25 30

gtg cat cca g?a g?c aac ctc atc gaa gct gec g?t gca tcc gac g?a 144
val His Pro Gly Gly Asn Leu Ile Glu Ala Ala Gly Ala Ser Asp Gly
35 40 45

acc gct ctg ttc tac tcc atg cat cct g?a gtc aag cca gag aac tcg 192
Thr Ala Leu Phe Tyr Ser Met His Pro Gly Val Lys Pro Glu Asn Ser
50 55 60

aag ctt ctg cag caa Tttt gcc cga g?c aag cac gaa cga agc tcc aag 240
Lys Leu Leu Gln GIn Phe Ala Arg Gly Lys His Glu Arg Ser Ser Lys
65 70 75 80

gat ccc gtg tac acc ttc gac tct ccc ttt get cag gac gtc aag cag 288
Asp Pro val Tyr Thr Phe Asp Ser Pro Phe Ala GIn Asp val Lys Gln
85 90 95

tcc gtt cga gag gtc atg aag ggt cga aac tgg tac gcc act cct ggc 336
ser val Arg Glu val Met Lys Gly Arg Asn Trp Tyr Ala Thr Pro Gly
100 105 110

ttc tgg ctg aga acc gca ctc atc atc gect tgt act gcc att ggc gag 384
Phe Trp Leu Arg Thr Ala Leu Ile Ile Ala Cys Thr Ala Ile Gly Glu
115 120 125

tgg tac tgg atc aca acc gga gca gtg atg tgg ggt atc ttt act gga 432
Trp Tyr Trp Ile Thr Thr Gly Ala val Met Trp Gly Ile Phe Thr Gly
130 135 140

tac ttc cac tcg cag att g?c TTyg gcc att caa cac gat get tct cac 480
Tyr Phe His Ser Gln Ile Gly Leu Ala Ile Gln His Asp Ala Ser His
145 150 155 160

g?a gcc atc age aaa aag ccc tgg gtc aac gec Tttt ttec get tat g?c 528
Gly Ala Ile Ser Lys Lys Pro Trp val Ash Ala Phe Phe Ala Tyr Gly
165 170 175

atc gac gcc att ggt tec tcet cgt tgg ate tgg ctg cag tcc cac att 576
ITe Asp Ala Ile Gly Ser Ser Arg Trp Ile Trp Leu Gln Ser His Ile
180 185 190

atg cga cat cac act tac acc aac cag cat ggc ctc gac ctg gat gct 624
Met Arg His His Thr Tyr Thr Asn Gln His Gly Leu Asp Leu Asp Ala
195 200 205

gcc tcg gca gag ccg ttc atc ttg ttc cac tcc tat cct gct acc aac 672
Ala ser Ala Glu Pro Phe Ile Leu Phe His Ser Tyr Pro Ala Thr Asn
210 215 220

gce tct cga aag tgg tac cac cga ttt cag gcg tgg tac atg tac atc 720
Ala Ser Arg Lys Trp Tyr His Arg Phe GIn Ala Trp Tyr Met Tyr Ile
225 230 235 240

gtt ctg gga atg tat ggt gtc tcg atg gtg tac aat ccc atg tac ctc 768
val Leu Gly Met Tyr Gly val Ser Met Val Tyr Asn Pro Met Tyr Leu
245 250 255

ttc aca atg cag cac aac gac acc att ccc gag gcc act tct ctc aga 816

Phe Thr Met Gln His Asnh Asp Thr Ile Pro Glu Ala Thr Ser Leu Arg
260 265 270
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cca ggc
Pro Gly

cty cte
Leu Leu
290

gcc tct
Ala ser
305

tte ctc
Phe Leu

cgg acc
Arg Thr

gag gtc
Glu val

gcc gag
Ala Glu
370

ggc ggt
Gly Gly
385

tct tgy
ser Trp

cga cat
Arg His

atg tcc
Met Ser

cag gat
Gln Asp
450

agc
ser
275

tte
Phe

cct
Pro

acc
Thr

cca
Pro

aga
Arg
355

act
Thr

ctc
Leu

cac
His

&y

act
Thr
435

gce
Ala

<210> 14
<211> 454
<212> PRT

<213> Euglena anabaena

<400> 14
Met Ala Thr Ile sSer Leu
1 5
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ctg
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aag
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Leu
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aat
Asn
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Thr
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ttc
Phe

aac
Asn
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Glu
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Thr

cag
Gln
390

ttc
Phe

Tac
Tyr

tac
Tyr

Ttc
Phe

Leu val Ala Ile Asp Gly
20

val His Pro Gly Gly Asn
35

Thr Ala Leu Phe Tyr Ser

cgg
Arg

aac
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295

att
Ile

gtt
val

tgce
Cys

gag
Glu

tac
Tyr
375

atc
Ile

att
Ile

aca
Thr

atg
Met

cag
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ctt
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aag
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gat
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360

&y

gag
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440
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Tttt
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Arg

&ty
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His

gac
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Tat
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425

aag
Lys

UTEX 373

Thr Thr Glu

val Leu Tyr
25

Leu Ile Glu

Met His Pro
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40

gct
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ctt
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cat
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gtc
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cac
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Thr
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Ala

e
Trp
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Thr

ttc
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A
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Lys Leu

65

Asp Pro

ser val

Phe Trp

Trp Tyr
130

Tyr Phe

145

Gly Ala

ITle Asp

Met Arg

Ala Ser

210

Ala ser

val Leu

Phe Thr

Pro Gly

Leu Leu

290

Ala Ser

305

Phe Leu

Arg Thr

Glu val

Ala Glu

370

ser Trp

Arg His

Met Ser

GIln Asp
450

Leu

val

Arg

Leu

115

Trp

His

Ile

Ala

His

195

Ala

Arg

Gly

Met

ser

275

Phe

Pro

Thr

Pro

Arg

Thr

Leu

His

Gly

Thr

435

Ala

<210> 15

<211> 1392
<212> DNA
<213> Peridinium sp.
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Arg
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Ser
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Ile

180

His

Glu

Lys

Met
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tct gec
ser Ala
405

aag cac
Lys His

atc tecg
Ile ser

aag aac
Lys Asn

att ctt
Ile Leu

gee cte
Ala Leu

gct cga
Ala Arg
360

375

ctc aac
Leu Asn

tgg tac
Trp Tyr

ggc gtc
Gly val

acc gtc
Thr val

Lys

cce
Pro
105

&

atc
Ile

act
Thr

ctyg
Leu

tag
Trp
185

aag
Lys

cat
His

ttc
Phe

ttc
Phe

tcg
Ser
265

gct
Ala

tac
Tyr

cce
Pro

act
Thr

tecc
ser
345

aag
Lys

Tct
ser

Tttt
Phe

cccC
Pro

aag
Lys

val
90

ttc
Phe

cga
Arg

ggt
Gly

ttc
Phe

aac
Asn
170

atc
Ile

tgg
Trp

cac
His

aac
Asn

Caa
Gln
250

gtg
val

gtc
val

gct
Ala

atc
Ile

atg
Met
330

cac
His

gga
Gly

Thr

cag
Gln

tac
Tyr

Gly

gaa
Glu

gag
Glu

ctc
Leu

gcc
Ala
155

gte
val

aac
Asn

ctc
Leu

gag
Glu

gac
Asp
235

gcc
Ala

Ttc
Phe

&y

atc
Ile

cag
Gln
315

ggt
Gly

aac
Asn

ggc
Gly

act tac
TYr

gtc
val

Arg

cga
Arg

Tttt
Phe

ttc
Phe
140

ctt
Leu

cag
Gln

aat
Asn

tgg
Trp

aag
Lys
220

tat
Tyr

ttc
Phe

aac
Asn

atg
Met

tte
Phe
300

aac
Asn

gtc
val

tte
Phe

gag
Glu

395

410

425

440

ggt gec
Gly Ala
455

aag
Lys

aat
Asn

tac
TYr

tac
Tyr

ccc
Pro

atc
Ile

gcce
Ala

ctg
Leu

tac
Tyr

val Pro Asp

95

gag atc aaa
Glu Ile Lys
110

g?a aca cct
Gly Thr pro

125

ttt tac ctg
Phe Tyr Leu

gct atc ttc
Ala Ile Phe

cac gac gcc
His Asp Ala

175

ttg ctec gygc
Leu Leu Gly
190

atg aac cag
Met Ash Gln

205

gat ccc gac
Asp Pro Asp

Pro Leu

ccc ttg g?t
Gly

tac tat ctg
Tyr Tyr Leu

255

cct cag atc
Pro GIn Ile
270

aag atg gag
Lys Met Glu

285

ctyg cga ctc
Leu Arg Leu

Gln

caa g?c ttt
Galy

Phe

gce tcc age
Ala sSer Ser

335

gag aac gca
Glu Asn Ala
350

cct gtc tgt
Pro val Cys

365

&y &y
38

0

gag cat
Glu His

gct cct
Ala Pro

tac tat
Tyr Tyr

cat cag
His G1n

445

tet gye
Ser Gly

460

TYr

cag
Gln

&ty

cag
Gln

tac
Tyr
160

aac
Asn

ctg
Leu

cac
His

gee
Ala

cac
His

240

ttt
Phe

cty
Leu

aac
Asn

cty
Leu

tey
ser
320

ctg
Leu

gat
Asp

tgg
Trp

Ttc att tcc
Phe ITle ser

cac ctg ttt
His Leu Phe

400

acc gtt cga
Thr val Arg
415

ccc tgg gtg
Pro Trp val

430

tcc gga act
Ser Gly Thr

aag ctg taa
Lys Leu

53

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392
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Met
1
Gln
Lys
Ile
Gly
65
Lys
Thr
Glu
Tyr

Tyr
145

Gly
His
Gly
Trp
Leu
225
Pro
val
Asp
Asp
Tyr
305
Leu
Thr
Arg
Phe
Gly

Pro

Glu

Ala

Asp

Gly

Lys

50

Asn

His

ser

val

Phe

130

Leu

val

Gly

Ala

Thr

210

Gly

Lys

Leu

Leu

TY"r

290

Ile

Thr

Leu

Asp

Lys

370

cys

Al"g

val

Pro

Thr

Leu

35

Asp

Asp

His

Glu

Phe

115

Phe

Trp

Ser

Ala

Asp

195

His

Ala

Arg

Ala

Gln

275

Ile

Tyr

val

Ala

Pro

355

ser

Leu

Met

cys

Asp

Ala

20

Phe

val

Leu

Tyr

100

Lys

Arg

val

Gln

Ala

180

His

Glu

Thr

Gly

His

Ala

Thr

val

Thr

340

Thr

Gln

Thr

ser

Lys

Ala
5
Asp
Gly
Asp
Thr
Glu
85
Lys
Ile

Ala

Thr

Ala
165
ser
Ile
Thr
Pro
Leu
245
Tyr
Arg
Lys
Asn
Ala
325
Leu
Tyr
val
Gly
ser
405

Lys

Asp

ser

Thr

His

Ala

70

Lys

val

Phe

Thr

150

Lys

Gly

Tyr

Met

230

Ile

Trp

Gly

Ser

Ile

310

His

Phe

Glu

Glu

Gly

390

Ala

His

Lys

Pro

55

Thr

Met

ASp

Arg

cys

135

Pro

Ile

Lys

Gly

Thr

215

Leu

His

val

Ala

Arg

val

Ile

Ala

Ala

Thr

375

Leu

Trp

Gly

Leu

Ala

Ile

40

Gly

Tyr

Lys

Thr

Tyl"

Thr

Gly

Pro

Ser

200

Asn

Leu

His

Ser

Gln

280

Lys

Ala

Leu

Leu

Arg

Ser

Asn

Tyf‘

val

Arg

Thr

25

val

Gly

Lys

Lys

Pro

105

Gly

Ile

Thr

Leu

Trp

Lys

His

Phe

Phe

Ser

265

Tyr

Pro

Thr

Ser

345

Lys

Ser

Phe

Pro

Lys
425

Gln

10

Glu

Ile

Glu

Met

val
90

Phe

Arg

Gly

Arg Lys

Leu Lys

Asp Gly

ser Ile

60

Ile His

75

Gly Arg

Glu Arg

Glu Phe

Leu Phe

140

Phe Ala Leu

Asn
170
Ile
Trp
His
Asn
Gln
250
val
val
Ala
Ile
Met
330
His
Gly
Thr
Gln
Tyl"
410

TYyr

155

val

Asn

Leu

Glu

Asp

235

Phe

Gly

Ile

Gln

315

Gly

Asn

Gly

TYr

val

395

Ile

Ala

Ala Gln

Ile Gly

30

Asp Ile

45

Met Thr

Pro Tyr

val Pro

Glu Ile

ser Ile

15

Thr Leu

TYr Asp

Phe Gly

His Ser

80

Asp Tyr

95

110

Gly Thr

Phe Tyr

Ala Ile

Gln His Asp

Asn Leu Leu

190

Trp Met Asn
205

Lys Asp Pro

220

Tyr Pro Leu

Phe Tyr Tyr

Asn Pro Gln

270

Met Lys Met
285

Phe Leu Arg

300

Asn Gln Gly

val Ala Ser

Phe Glu Asn

350

Glu pPro val
365

Gly Gly Phe

380

Glu His His

Ala Pro Thr

Tyr Tyr Pro

430

Ala

175

Gly

Gln

Asp

Gly

Leu

255

Ile

Glu

Leu

Phe

Ser

335

Ala

Cys

Ile

Leu

val

415

Trp

Lys Gln

Pro Gly

Leu Gln

Phe Tyr

160

Asn

Leu

His

Ala

His

240

Phe

Leu

Asn

Leu

ser

320

Leu

Asp

Trp

ser

Phe

400

Arg

val

54
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Trp Gln Asn Leu Ile Ser Thr val Lys Tyr Leu His Glh Ser Gly Thr
435 45

Gly Ser Asn Trp Lys Asn Gly Ala Asn Pro Tyr Ser Gly Lys Leu
455 460

<210> 19

<211> 8438

<212> DNA

<213> Artificial Sequence

<220>
<223> Plasmid pDMW369

<400> 19

ggccgcaagt gtggatgggg aagtgagtgc ccggttctgt gtgcacaatt ggcaatccaa 60
gatggatgga ttcaacacag ggatatageg agctacgtgg tygtgcgagg atatagcaac 120
ggatatttat gtttgacact tyagaatgta cgatacaagc actgtccaag tacaatacta 180
aacatactgt acatactcat actcgtaccc gggcaacggt ttcacttgag tgcagtgget 240
agtgctctta ctcgtacagt gtgcaatact gcgtatcata gtctttgatg tatatcgtat 300
tcattcatgt tagttgcgta cgagccggaa gecataaagtyg taaagectgg ggtgectaat 360
gagtgagcta actcacatta attgcgttgc getcactgcc cgctttccag tcgggaaacc 420
tgtcgtgeca getgecattaa tgaatcggec aacgegeddyg gagaggeggt ttgegtattg 480
ggcgetette cgettecteg ctcactgact cgetgcegete ggtegttcecgg ctgeggcgag 540
cggtatcage tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag 600
gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgegttge 660
tggcgttttt ccataggctc cgcccccctg acgagcatca caaaaatcga cgctcaagtc 720
agaggtggcg aaacccgaca ggactataaa gataccaggc gtttccccct ggaagctccc 780
tcgtgegete tectgttecg accectgecge ttaccggata cotgtccgee ttteteectt 840
cgggaagcgt ggcgetttct catagctcac getgtaggta tctcagttcg gtgtaggtcg 900
ttecgetecaa getgggetgt gtgcacgaac cccccgtica geccgaccge tgcgecttat 960
ccggtaacta tcgtcttgag tccaacccgg taagacacga cttatcgeca ctggcageag 1020
ccactggtaa caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt 1080
ggtggcctaa ctacggctac actagaagga cagtatttgg tatctgcgect ctgctgaagc 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 gcgatctgtc tatttcgttc atccatagtt gcctgactcc 1500
ccgtegtgta gataactacg atacgggagg gecttaccatc tggccccagt getgcaatga 1560

55



taccgcgaga
gggccgageg
gccgggaage
ctacaggcat
aacgatcaag
gtcctccgat
cactgcataa
actcaaccaa
caatacggga
gttcttcggy
ccactegtge
caaaaacagdqg
tactcatact
gcggatacat
cccgaaaagt
ttacgcgeag
teeettectt
ctttagggtt
atggttcacy
ccacgttett
tetattettt
tgatttaaca
gccattcagy
ccagctggey
ccagtcacga
attgggtacc
gtcacacaaa
atccagtcta
ttatatgtat
gacagactcc
tgtttaataa
atgaacttat
tcctatttag
atgttataaa

Cctaattcgaa

cccacgcteca
cagaagtggt
tagagtaagt
cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact
gtcattctga
taataccgcg
gcgaaaactc
acccaactga
aaggcaaaat
cttccttttt
atttgaatgt
gccacctgac
cgtgaccget
tctegecacy
ccgatttagt
tagtgggcca
taatagtgga
tgatttataa
aaaatttaac
ctgcgeaact
aaagggggat
cgttgtaaaa
gggecececc
ccgatctteg
cactgattaa
tatatatata
atctgeecgec
taaacagact
ttttattact
gaaacaattt
tgcgtatggg

atcaacagca

ccggetecag
cctgcaactt
agttcgccag
cgctegtegt
tgatccccca
agtaagttgg
gtcatgccat
gaatagtgta
ccacatagca
tcaaggatct
tcttcageat
gccgeaaaaa
caatattatt
atttagaaaa
gcgeectyta
acacttgcca
ttegecgget
gctttacgge
tegeectgat
ctcttgttee
gggattrtge
gcgaatttta
gttgggaagy
gtgctgcaay
cgacggccag
tcgaggtcega
cctcaaggaa
ttttcgggcc
catcatgatg
tccaactgat
ccatctaccg
tagtattatt
ataatggcag
aaatcttaaa

acgaaaaaaa

atttatcagc
tatccgecte
ttaatagttt
ttggtatgge
tgttgtgcaa
ccgcagtgtt
ccgtaagatg
tgcggcgacc
gaactttaaa
taccgetgtt
cttttacttt
agggaataag
gaagcattta
ataaacaaat
gcggegeatt
gegeectage
ttceccgtea
acctcgaccc
agacggtttt
aaactggaac
cgatttegge
acaaaatatt
gcgatcggty
gcgattaagt
tgaattgtaa
tggtgtcgat
acctaattct
aataatttaa
atactgacag
gttctcaata
cctccaaatg
agacaactta
ttcgttcatt
tatggatagc

tcccttgtac

aataaaccag
catccagtct
gcgcaacgtt
ttcattcage
aaaagcggtt
atcactcatg
cttttetgtg
gagttgctct
agtgctcatc
gagatccagt
caccagegtt
ggcgacacgg
tcagggttat
aggggttecg
aagegeggeg
gccegetect
agctctaaat
caaaaaactt
tegeecttty
aacactcaac
ctattggtta
aacgcttaca
cgggectett
tgggtaacge
tacgactcac
aagcttgata
acatccgaga
aaaaatcgtg
tcatgtccca
tttaaggggt
atgttctcaa
cttgctttat
taacaattta
ataaatgata

aacataaata

ccagccggaa
attaattgtt
gttgccattg
tceggttece
agctectteg
gttatggcag
actggtgagt
tgcccggegt
attggaaaac
tcgatgtaac
tctgggrgag
aaatgttgaa
tgtctcatga
cgcacatttc
ggtgtggtyg
ttegetttet
cgggggetec
gattagggtg
acgttggagt
cctatctegy
aaaaatgagc
atttecatte
cgctattacy
cagggttttc
tatagggcga
tcgaattcat
gactgccgag
ttatataata
ttgctaaata
catctcgeat
aatatattgt
gaaaaacact
tgtagaataa
tctgcattge

gtcatcgaga
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1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
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aatatcaact
aatcacacac
tcattgttca
tgacattcta
ggcaatcaaa
aaaggtatat
taaaggtatt
gtaatggtag
cgtatttecca
cgaacgtaaa
catcgtacaa
tttttttttt
cgggttatty
tacttttage
atgctcaatc
ctcatataag
aacacaacaa
catactcgat
cacgetetet
ttctggtaag
ttetggeegt
tcaacagttc
gtcagaataa
acaaactcgy
agagagccct
ggagagggga
ttctgttcag
ggtacaccgt
tgcttgacag
ttaagagcaa
tcgatatggg
tccttggtgy
ttgagcactc
attttggtgg

ttatctgggg

atcaaagaac
tcaactgtct
tacttctagt
tcttgcaaat
aagcttetet
atttatttct
ttgatttaat
gaaattacca
ggttagacgt
agttgcgetc
ctatgtacta
ttctaatgat
gcgttcaatt
ttatgcatge
gatttcgaca
tataagtagt
catgccecat
cagacaggtc
atatacacag
ccteccagec
acagaccteg
ggtactgctg
gccagtectce
ggtcggatceg
tgcaagacag
ctaggaactc
agacagtttc
gggcgttggt
tgttgccaat
gttccttgag
ttttgatcat
tggtaacatc
gagcggcaaa
tgaagaggag
cagtgaagta

agctattcac
ttctctcttc
catttcatcc
tcaacaatta
ggtgtgette
tgttatataa
tttttgetta
tacttttgaa
tccgeagaat
cctgagatat
ctgttgatge
tcattaccge
aatcatagac
tacttgggty
gtaattaatt
tcaacgtatt
tggacagatc
gtctgaccat
ttaaattaca
agccttetgy
gccgacaatt
tcecgagageg
agagtcgecc
ggcaagctca
ctcggccage
cttgtactgy
ctcggcacca
gatatcggac
atctgcgaac
ggggagcaca
gcacacataa
cagagaagca
ggcggacttg
actgaaataa

tatgttatgg

acgttactat
tagaaataca
cacatattcc
taataagata
tegtatttat
tececttttgtt
aattcaatcc
gaagcaaaaa
ctagaatgceg
tgtacatttt
atccacaaca
tatgtatacc
ttatgaatct
taatattggg
aagtcataca
agcactgtac
atgcggatac
catacaagct
tatccatagt
tatcgettgg
atgatatccg
teteeettgt
ttaggteggt
atggtctget
atgagcagac
gagttctegt
gctcgeagge
cactcggega
tttctgtect
gtgceggegt
ggtccgacct
cacaggttgg
tggacgttag
atttagtctg

taatagttac

tgagattatt
ggtacaagta
ttggatttct
taccaaagta
ttttattcta
tattacatgg
CCCCthttC
aaatgaaaga
gtatgcggta
tgcttitaca
gtttgttttg
tacttgtact
gcacggtgtg
atctgttegg
caagtecagct
ccagcatcte
acaggttgtg
gaacaagcgc
ctaaccteta
cctecteaat
ttceggtaga
cgtcaagacc
tctgggeaat
tggagtactc
ctctggecag
agtcagagac
cagcaatgat
ttcggtgaca
cgaacaggaa
aggtgaagtc
tatcggcaag
ttttcttgge
ctcgagettc
cagaactttt

gagttagttg

attggacgag
tgtactattc
ctccaatgaa
gcggtatagt
atgatccatt
gctggataca
agtgtcaact
aaaaaaaaat
cattgttctt
agtacaagta
ttTtttttty
tgtagtaagc
cgctgcgagt
aaatcaacdg
ttettegage
cgtatcgaga
cagtatcata
tccatactty
acagttaatc
aggatctcgy
catgacatcce
cacccegggg
gaagccaacc
gccagtggec
cttctcgttg
gtcctectte
tceggttecg
ccggtactygg
gaaaccgtgc
gtcaatgatg
ctcaatgagc
tgccacgagc
gtaggagggc
tatcggaacc

aacttataga
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3720
3780
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
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tagactggac
tcgectttge
ttgttgtcgg
tgtatcgtca
gacgagtcag
agaattcagg
cccggagaag
gccattgcca
ggctgcacce
aagatacgag
cgtgatccag
ctgcgetgat
caggtgcagg
cgctgaggte
tggatttygc
caatcgecee
acatttccat
gtttacatty
cteteccaat
actacacatc
ggcgacgaty
gtgtaatgac
ctectecatgy
atcgacggea
atcctcgett
aagcccgaga
aaggacattyg
gaggtcatga
atcattgety
ggtctcttga
catggtgcca
attggatcgt
aatcagcatg
taccctgety

ctcgtgetty

cagcacaacg
cggtaccgaa
ccctggtate
ggtgccttce
cccgacaaga
tggtacagag
actggcggtc
tatccctteg
ttctacccta

gtggtteact

<210> 20
<211> 37

<212> DNA

tatacggcta
cgacaaaaat
ccaaccgegc
aagtgatcca
acagatactc
agagaccggg
acggccagge
ctaggggggg
aacaataaat
gataacgggg
cgactgacac
ctggacacca
cagaaaacgc
gagcagggtg
tcatcaggec
ctggatatag
tgcteggtac
accaacatct
cggttygecag
acacaatgcec
teegageegt
acaatccgaa
ctecteteect
ttctctacga
ctggtgcctc
actcgaaget
tctacaccta
aaggtcggaa
tcaccgectt
ctggattcat
tcagcaaaaa
ccagatggat
gtctcgacct
ccaacactgc

gagcctacgg

acaccattcc
cccttgeatt
tcactggaac
tcaccttctt
actgcaaggt
ctcaggtgga
tcaacttcca
tgcagcaagc
ccattgtggg
gtgtcaagga

tcggtccaaa
gtgatcatga
cgaaaacgca
agcacactca
gtcgacteag
ttggcggegt
cgcctagatg
gcctttttat
gggtagggtt
ctcaatggca
cattgcatca
cagaggttce
tggaacagcy
gtgtgactty
agattgaggy
ccccgacaat
ccacacctty
tacaagcyggy
tetetttttt
tygttactygac
gagtatccac
agtcgctage
tactaccgag
tctggaaggt
cgatgcttct
gctteaacay
cgactctccc
ctggtatgecc
ttgcgagtgg
gcacatgcag
gccctgggtc
ctggctgeag
ggatgccgag
tcgaaagtgg

cgtttcgety

cgagtctgte acagcecatge

cgttatgcga
ctcectgcte
tttcatcttg
caagagctcc
gacctcttec
gatcgagcat
tgtccgagag
caacatcatt

cygctcaggat

<213> Artificial Sequence

<220>

<223> Primer Eg5P1A.HaGG

<400> 20

ttagaaagaa
tgaaagccag
gctgtcagac
tagttggagt
gcgacgacgg
atttgtgtcc
acaaattcaa
atggccaagc
gcaccaacaa
caaataagaa
tctaagggec
gagcacttta
tgtacagttt
ttatagectt
tctygtggaca
aggcegrgge
cttetectye
gggcttgtet
cetrtettte
gteccttaage
gacaagatca
aacacacact
cagetgeteg
cttgccaagy
cctctgttct
ttcgtgegag
tttgcacagg
acacctggat
cactgggcta
atcggectgt
aacgctctct
tctcacatca
tccgcagaac
tttcaccgat

gtgtacaacc

gctttcttca
atcaccattc
tctcacaact
gagaaggacg
acctacggtg
cacctctttc
tgttgcgaac

tccaccctca

tectaage

gtcttgccaa ggtccatgee ggaggegact tgatect

cgtcaatggc
caatgacgtt
ccacagcctc
cgtactccaa
aattcctgea
caaaaaacag
caactcacag
caagctctcc
agggatggga
cgaatactgc
tcaaaactac
ggttgcacca
gtcttaacaa
tagagctgeg
catgtecatgt
cteatttttt
acttgccaac
agggtatata
cccacagatt
gaaagtccgyg
gtgtcgagac
ctctacacaa
agcgacccga
tccatecegy
actccatgca
gcaagcacga
acgtcaagcg
tctggetgey
ctaccggaat
ccattcagca
ttgcctacgg
tgcgacatca
cattccttgt
tccaggecty

ctctctacat

37

tctctgggeg
gcagctgata
caacgaagaa
aggcggcaat
gcccatcetge
ccccaattge
ctgactttet
acgtcggttg
tggggggtag
cattaagact
ctcggaactg
aatgtcccac
aaagtgaggg
aaagcgegta
tagtgtactt
tgcetteege
cttaatactg
taaacagtgg
cgaaatctaa
tygtcatcgte
gacgegtttt
actaacccag
cctggttgec
aggcgacttg
cccttacgtce
ccgaacctec
aactatgcga
aaccgttggc
ggtgctgtgg
cgatgcctct
catcgacgtc
cacctacacc
gttccacaac
gtacatgtac

cttccgaatg

gagagaacgg ctttctgega
tctttcgaac cgecttettg
ctctggtgee cactgetacce
tcgatggetc ggagcgaatce
ttgaagccga tcagatcgac
gacccattgc catgttcttt
ctcgaatgtc gtcttggeac
gacacggagt tcggtacgtc

agtacatgca caaagtcggt

58

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
7380
7440
7500
7560
7620
7680
7740
7800
7860

7920
7980
8040
8100
8160
8220
8280
8340
8400
8438
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<210> 21

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P1B.HaGG

<400> 21
aggatcaagt cgecteegge atggaccttg gcaagac

<210> 22

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P2A HrGG

<400> 22
gtcttgccaa ggtccatcga ggaggcegact tgatect

<210> 23

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P2B.HrGG

<400> 23
aggatcaagt cgcctecteg atggaccttg gcaagac

<210> 24

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P3A HNGG

<400> 24
gtcttgccaa ggtccataac ggaggcegact tgatect

<210> 25

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P3B.HNGG

<400> 25
aggatcaagt cgcctecgtt atggaccttg gcaagac

<210> 26

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P4A.HIGG

37

37

37

37

37
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<400> 26
gtcttgccaa ggtccatgac ggaggegact tgatect

<210> 27

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P4B.HAdGG

<400> 27
aggatcaagt cgccteegte atggaccttg gcaagac

<210> 28

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P5A.HcGG

<400> 28
gtcttgccaa ggtecattge ggaggcegact tgatect

<210> 29

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P5B.HcGG

<400> 29
aggatcaagt cgcctccgea atggaccttg gcaagac

<210> 30

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P6A. HqGG

<400> 30
gtcttgccaa ggtccatcag ggaggcegact tgatect

<210> 31

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P6B.HqGG

<400> 31
aggatcaagt cgccteectg atggaccttg gcaagac

<210> 32

<211> 37

<212> DNA

<213> Artificial Sequence

37

37

37

37

37

37
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<220>
<223> Primer Eg5P7A HeGG

<400> 32
gtcttgccaa ggtccatgag ggaggcegact tgatect

<210> 33

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P7B.HeGG

<400> 33
aggatcaagt cgcecteccte atggaccttg gcaagac

<210> 34

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P8A. HgGG

<400> 34
gtcttgccaa ggtccatggt ggaggcegact tgatect

<210> 35

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P8B.HgGG

<400> 35
aggatcaagt cgcctccacce atggaccttg gcaagac

<210> 36

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P9A.HhGG

<400> 36
gtcttgccaa ggtccatcac ggaggegact tgatect

<210> 37

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P9B.HhGG

<400> 37
aggatcaagt cgccteegtg atggaccttg gcaagac

<210> 38
<211> 37

37

37

37

37

37

37
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer Eg5P10A HIGG

<400> 38
gtcttgccaa ggtecatatc ggaggegact tgatect

<210> 39

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P10B.HGG

<400> 39
aggatcaagt cgccteccgat atggaccttg gcaagac

<210> 40

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P11A HGG

<400> 40
gtcttgccaa ggtccatetg ggaggegact tgateet

<210> 41

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P11B.HGG

<400> 41
aggatcaagt cgccteccag atggaccttg gcaagac

<210> 42

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P12A HkGG

<400> 42
gtcttgccaa ggtccataag ggaggcegact tgatect

<210>43

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P12B.HKGG

<400> 43
aggatcaagt cgccteectt atggaccttg gcaagac

37

37

37

37

37

37

62

DK/EP 2324119 T3



<210> 44

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P13A.HMGG

<400> 44
gtcttgccaa ggtccatatg ggaggcegact tgatect

<210>45

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P13B.HMGG

<400> 45
aggatcaagt cgccteccat atggaccttg gcaagac

<210> 46

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P14A HIGG

<400> 46
gtcttgccaa ggtecatttc ggaggegact tgatect

<210> 47

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P14B.HIGG

<400> 47
aggatcaagt cgcctccgaa atggaccttg gcaagac

<210> 48

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P15A HsGG

<400> 48
gtcttgccaa ggtccattce ggaggegact tgatect

<210> 49

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P15B.HsGG

37

37

37

37

37
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<400> 49
aggatcaagt cgcctccgga atggaccttg gcaagac

<210> 50

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P16A.HIGG

<400> 50
gtcttgccaa ggtccatace ggaggcegact tgatect

<210> 51

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P16B.HIGG

<400> 51
aggatcaagt cgccteeggt atggaccttg gcaagac

<210> 52

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P17A. HWGG

<400> 52
gtcttgccaa ggtecattgg ggaggcegact tgatect

<210> 53

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P17B.HWGG

<400> 53
aggatcaagt cgccteccca atggaccttg gcaagac

<210> 54

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P18A . HyGG

<400> 54
gtcttgccaa ggtccattac ggaggegact tgatect

<210> 55

<211> 37

<212> DNA

<213> Artificial Sequence

37

37

37

37

37

37
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<220>
<223> Primer Eg5P18B.HyGG

<400> 55
aggatcaagt cgcctecgta atggaccttg gcaagac

<210> 56

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P19A HvGG

<400> 56
gtcttgccaa ggtccatgtc ggaggegact tgatcet

<210> 57

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5P19B.HvGG

<400> 57
aggatcaagt cgcctecgac atggaccttg gcaagac

<210> 58

<211> 449

<212> PRT

<213> Euglena gracilis

<220>

<221> MISC_FEATURE
<222> (34)..(34)

<223> Xaa = Gly (G) or His (H)

<400> 58

37

37

37

65
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Met

val

His

Pro

Leu

65

Ile

MetT

Trp

His

Met

145

Ala

Asp

Arg

Ser

Ala

225

Leu

Arg

Glu

Ala

Ala

Xaa

Leu

S0

Leu

val

Arg

Leu

Trp

130

His

Ile

val

His

Ala

210

Arg

Gly

Met

Asn

Leu

Ile

Gly

35

Phe

Gln

Tyr

Glu

Arg

Ala

Met

ser

Ile

His

195

Glu

Lys

Ala

Gln

Gly

Ser

Asp

20

Gly

Tyr

Gln

Thr

val

100

Thr

Gln

Lys

Gly

Thr

Pro

Trp

Tyr

Leu

Gly

ASp

ser

Phe

TYyr

85

Met

val

Thr

Ile

Lys

165

ser

Tyr

Phe

Phe

Leu

Thr

Ile

Leu

Met

val

70

Asp

Lys

Gly

Gly

Gly

Pro

ser

Thr

Leu

His

230

Asp

Arg

Thr

Leu

Ile

His

55

Arg

Ser

Gly

Ile

Met

135

Leu

Trp

Arg

Asn

val

215

Arg

Ser

Thr

Arg

Glu

Tyr

Leu

40

Pro

Gly

Pro

Arg

Ile

120

val

Ser

val

TI"P

Gln

200

Phe

Phe

Leu

Ile

Tyr
280

Gln

Asp

25

Ala

Tyr

Lys

Phe

Asnh

105

Ala

Leu

Ile

Asn

Ile

185

His

His

Gln

val

Pro

265

Arg

Leu

10

Leu

ser

val

His

Ala

90

Trp

val

Trp

Gln

Ala

170

Tl"p

Gly

Asn

Ala

Tyr

250

Glu

Thr

Leu

Glu

Gly

Lys

Asp

75

Gln

Tyr

Thr

Gly

His

155

Leu

Leu

Leu

Tyr

Trp

Asn

Ser

Leu

Glu

Gly

Ala

Pro

60

Arg

Asp

Ala

Ala

Leu

140

Asp

Phe

Gln

Asp

Pro

220

Tyr

Pro

val

Ala

Arg

Leu

ser

45

Thr

val

Thr

Phe

125

Leu

Ala

Ala

ser

Leu

205

Ala

Met

Leu

Thr

Phe
285

Pro

Ala

30

Asp

Asn

Ser

Lys

Pro

110

cys

Thr

Ser

Ty

3

His

190

Asp

Ala

TYyr

Tyr

Ala

270

val

Asp

15

Lys

Ala

ser

Lys

Arg

95

Gly

Glu

Gly

His

Gly

Ile

Ala

Asn

Leu

Ile

255

Met

MetT

Leu

val

ser

Lys

Asp

80

Thr

Phe

Trp

Phe

Gly

Ile

Met

Glu

Thr

val

240

Phe

Arg

Arg

66
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Ala Phe Phe ITe Phe Arg Thr Ala Phe
290 295

Thr Ser Leu Leu Ile Thr Ile Pro Leu
305 310

Phe Leu Thr Phe Phe Phe Ile Leu Ser
325

Arg Ile Pro Asp Lys Ash Cys Lys val
340 345

Glu Ala Asp Gln Ile Asp Trp Tyr Arg
355 360

Thr Tyr Gly Gly Pro Ile Ala Met Phe
370 375

Gln ITe Glu His His Leu Phe Pro Arg
385 390

Phe val GIn Gln Ala val Arg Glu Cys
405

Tyr val Phe Tyr Pro Thr Ile val Gly
420 425

Tyr Met His Lys val Gly val val His
435 440

ser

<210> 59

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-18A.HPGA

<400> 59
aaggtccatc ccggagecga cttgatecte get

<210> 60

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-18B.HPGA

<400> 60
agcgaggatc aagtcggcte cgggatggac ctt

<210> 61

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-1A.HPGR

<400> 61
aaggtccatc ccggacgaga cttgatecte get

<210> 62

<211>33

<212> DNA

<213> Artificial Sequence

Leu

val

His

330

Lys

Ala

Phe

MetT

cys

410

cys

Pro

Pro

315

Asn

ser

Gln

Thr

ser

395

Glu

Ile

val

33

33

33

Trp

300

Thr

Phe

ser

val

Gly

380

ser

Arg

Ile

Lys

Tyr

Ala

Asp

Glu

Glu

365

Gly

Trp

His

Ser

Asp
445

Leu

Thr

Gly

Lys

350

Thr

Leu

His

Gly

Thr

430

Ala

Thr

Gly

Ser

335

ASp

Ser

Asn

Tyr

val

415

Leu

GIn

67

Gly

Ala

320

Glu

val

ser

Phe

Pro

400

Arg

Lys

Asp
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<220>
<223> Primer Eg5-1B.HPGR

<400> 62
agcgaggatc aagtctcgte cgggatggac ctt

<210> 63

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-2A . HPGN

<400> 63
aaggtccatc ccggaaacga cttgatecte get

<210> 64

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-2B.HPGN

<400> 64
agcgaggatc aagtegtttc cgggatggac ctt

<210> 65

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-3A.HPGD

<400> 65
aaggtccatc ccggagacga cttgatecte get

<210> 66

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-3B.HPGD

<400> 66
agcgaggatc aagtcgtctc cgggatggac ctt

<210> 67

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-4A.HPGC

<400> 67
aaggtccatc ccggatgega cttgatecte get

<210> 68
<211> 33

33

33

33

33

33

33
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer Eg5-4B.HPGC

<400> 68
agcgaggatc aagtcgceate cgggatggac ctt

<210> 69

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-5A.HPGQ

<400> 69
aaggtccatc ccggacagga cttgatecte get

<210>70

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-5B.HPGQ

<400> 70
agcgaggatc aagtectgte cgggatggac ctt

<210>71

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-19A.HPGE

<400> 71
aaggtccatc ccggagagga cttgatccte get

<210> 72

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-19B.HPGE

<400> 72
agcgaggatc aagtcctctec cgggatggac ctt

<210> 73

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-6A.HPGH

<400> 73
aaggtccatc ccggacacga cttgatectc get

33

33

33

33

33

33
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<210>74

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-6B.HPGH

<400> 74
agcgaggate aagtcgtgtc cgggatggac ctt

<210>75

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-7A.HPGI

<400> 75
aaggtccatc ccggaatcga cttgatecte get

<210> 76

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-7B.HPGI

<400> 76
agcgaggatc aagtcgattc cgggatggac ctt

<210> 77

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-8A.HPGL

<400> 77
aaggtccatc ccggactgga cttgatecte get

<210> 78

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-8B.HPGL

<400> 78
agcgaggatc aagtccagtc cgggatggac cit

<210> 79

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-9A HPGK

33

33

33

33

33
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<400> 79
aaggtccatc ccggaaaaga cttgatectc get

<210> 80

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-9B.HPGK

<400> 80
agcgaggatc aagtcttttc cgggatggac ctt

<210> 81

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-10A.HPGM

<400> 81
aaggtccatc ccggaatgga cttgatccte get

<210> 82

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-10B.HPGM

<400> 82
agcgaggatc aagtccattc cgggatggac ctt

<210>83

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-11A.HPGF

<400> 83
aaggtccatc ccggattcga cttgatectc get

<210> 84

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-11B.HPGF

<400> 84
agcgaggatc aagtcgaatc cgggatggac ctt

<210> 85

<211>33

<212> DNA

<213> Artificial Sequence

33

33

33

33

33

33
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<220>
<223> Primer Eg5-12A.HPGP

<400> 85
aaggtccatc ccggacccga cttgatecte get

<210> 86

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-12B.HPGP

<400> 86
agcgaggatc aagtcgggtc cgggatggac ctt

<210> 87

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-13A.HPGS

<400> 87
aaggtccatc ccggatccga cttgatccte get

<210> 88

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-13B.HPGS

<400> 88
agcgaggatc aagtcggatc cgggatggac cit

<210> 89

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-14A.HPGT

<400> 89
aaggtccatc ccggaaccga cttgatecte get

<210> 90

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-14B.HPGT

<400> 90
agcgaggatc aagtcggttc cgggatggac ctt

<210> 91
<211> 33

33

33

33

33

33

33
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer Eg5-15A.HPGW

<400> 91
aaggtccatc ccggatggga cttgatecte get

<210> 92

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-15B.HPGW

<400> 92
agcgaggatc aagtcccate cgggatggac ctt

<210> 93

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-16A.HPGY

<400> 93
aaggtccatc ccggatacga cttgatecte get

<210> 94

<211>33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-16B.HPGY

<400> 94
agcgaggatc aagtcgtatc cgggatggac ctt

<210> 95

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-17A.HPGV

<400> 95
aaggtccatc ccggagtcga cttgatecte get

<210> 96

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer Eg5-17B.HPGV

<400> 96
agcgaggatc aagtcgactc cgggatggac ctt

33

33

33

33

33

33

73

DK/EP 2324119 T3



DK/EP 2324119 T3

<210> 97

<211> 449

<212> PRT

<213> Euglena gracilis

<400> 97
Met Ala Leu Ser Leu Thr Thr Glu GIn Leu Leu Glu Arg Pro Asp Leu
1

val Ala Ile Asp Gly Ile Leu Tyr Asp Leu Glu Gly Leu Ala Lys val
20 25 30

His Pro Gly Ser 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 Ash Ser Lys
50 55 60

Leu Leu GIn GIn 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 GIn 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 ITle 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 sSer Arg Trp Ile Trp Leu GIn 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

74



ser Ala
210

Ala Arg
225

Leu Gly

Arg Met

Glu Asn

Ala Phe

290
Thr ser
305
Phe Leu
Arg Ile
Glu Ala
Thr Tyr
370
Gln Ile
385
Phe val
Tyr val

Tyr Met

Ser

Glu

Lys

Ala

Gln

Gly

Phe

Leu

Thr

Pro

Asp

355

Gly

Glu

Gln

Phe

His
435

<210>98

<211> 8357
<212> DNA
<213> Artificial Sequence

<220>

Pro

Trp

Tyr

His

260

Ile

Leu

Phe

Asp

340

Gly

His

Gln

Tyr

420

Lys

Phe

Phe

Gly

Asn

Leu

Phe

Ile

Phe

325

Ile

Pro

His

Ala

405

Pro

val

Leu

His

230

val

Asp

Arg

Arg

Thr

310

Phe

Asn

Asp

Ile

Leu

390

val

Thr

Gly

val

215

Arg

ser

Thr

Arg

Thr

295

Ile

Ile

Cys

Trp

Ala

375

Phe

Arg

Ile

val

<223> Plasmid pZUFmEaD5S

<400> 98

Phe

Leu

Ile

Tyr

280

Ala

Pro

Leu

Lys

TYyr

Met

Pro

Glu

val

val
440

His

Gln

val

Pro

265

Arg

Phe

Leu

Ser

val

345

Arg

Phe

Arg

Cys

Gly

His

Asn

Ala

TYr

250

Glu

Thr

Leu

val

His

330

Lys

Ala

Phe

Met

Cys

410

Asn

cys

Tyr

Trp

Asn

Ser

Leu

Pro

Pro

315

Asn

ser

GIn

Thr

Ser

395

Glu

Ile

val

Pro

220

Tyr

Pro

val

Ala

Trp

300

Thr

Phe

Ser

val

Gly

Ser

Arg

Ile

Lys

Ala

Met

Leu

Thr

Phe

285

Tyr

Ala

Asp

Glu

Glu

365

Gly

Trp

His

ser

445

Ala

Tyr

Tyr

Ala

270

val

Leu

Thr

Gly

Lys

350

Thr

Leu

His

Gly

Thr
430

Asn

Leu

Ile

255

Met

Met

Thr

Gly

ser

335

Asp

ser

Asn

Tyr

val

415

Leu

Gln

75

Thr

val

240

Phe

Arg

Arg

Gly

Ala

320

Glu

val

Ser

Phe

Pro

400

Arg

Lys

Asp
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catggccacc
cgacggagtc
cgaagctgee
gccagagaac
ggatccegtg
ggtcatgaag
catcgettgt
tatctttact
cggagccate
tggttcctet
ccagcatgge
tcctgctacc
cgttctggga
gcacaacgac
gcgagctttc
gtacattgct
cttcctcacc
gaagaactgc
tcgagtcgac
aatgatgctt
ctcttggeac
ccgttacaca
gaaggtgggt
ggatggggaa
caacacaggg
ttgacacttg
atactcatac
cgtacagtgt
gttgcgtacy
tcacattaat
tgcattaaty
cttecteget

actcaaaggc

atctccctga
ctgtacgatc
ggtgcatceg
tcgaagettc
tacacctteg
ggtcgaaact
actgccattg
ggatacttecc
agcaaaaagc
cgttggatct
ctcgacctgg
aacgcctcte
atgtatggtg
accattcccg
gccgtttccc
ggtgcctete
tttgtgttcg
aaggccaaac
tggtaccgag
acaggcggtc
tatcccttca
tactatccta
gttgctcaca
gtgagtgccc
atatagcgag
agaatgtacg
tcgtacccgg
gcaatactge
agccggaage
tgcgttgege
aatcggccaa
cactgactcg

ggtaatacgg

ctaccgagca
tcttcggtct
acggaaccgce
tgcagcaatt
actctcectt
ggtacgccac
gcgagtggta
actcgcagat
cctgggtcaa
ggctgcagtc
atgctgecte
gaaagtggta
tctcgatggt
aggccacttc
ttcgactgct
ctctgetcac
ttctgtecca
gagctaagga
cacaggccga
tcaacctgea
ttcaagacac
ccattctcga
ccattcagga
ggttctgtgt
ctacgtggtg
atacaagcac
gcaacggttt
gtatcatagt
ataaagtgta
tcactgcecy
cgcgegggga
ctgegetegg

ttatccacag

gctcctggaa
ggccaaggtg
tctgttetac
tgccegagge
tgctcaggac
tectggette
ctggatcaca
tggettggee
cgecttttte
ccacattatg
ggcagagecg
ccaccgattt
gtacaatccc
tctcagacca
cttcatcttc
cattcttcty
taacttcgag
aggcaaggag
gactgctgec
gatcgagcat
cgttegggag
gaacatcatg
tgcccaggag
gcacaattgg
gtgcgaggat
tgtccaagta
cacttgagtg
ctttgatgta
aagcetgggg
ctttccagte
gaggeggret
tegttegget

aatcagggga

cacccegage
catccaggag
tccatgeatc
aagcacgaac
gtcaagcagt
tggctgagaa
accggageag
attcaacacg
gcttatggea
cgacatcaca
tteatettgt
caggcgtggt
atgtacctct
ggcagctttt
cgaaacgcct
gtgcccacgg
ggagccgaac
gtcagagacg
acctacggty
cacttgtttc
tgttgcaagce
teccactette
ttctaagcgg
caatccaaga
atagcaacgg
caatactaaa
cagtggctag
tatcgtattc
tgcctaatga
gggaaacctg
gcgtattggg
gcggegageg

taacgcagga

tcgttgecat
gcaacctcat
ctggagtcaa
gaagctccaa
ccgttegaga
ccgeactceat
tgatgtgggy
atgcttctea
tcgacgecat
cttacaccaa
tccactecta
acatgtacat
tcacaatgca
tcaatcggca
ttcttecctg
tcacaggcat
ggaccccaga
tggaagagga
gcagegtyggg
cccgaatgtce
gacatggegt
gatacatgca
ccgcaagtgt
tggatggatt
atatttatgt
catactgtac
tgctcttact
attcatgtta
gtgagctaac
tcgtgecage
cgctettecy
gtatcagetce

aagaacatgt

76

60
120
180
240
300
360
420
480
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gagcaaaagg
ataggcteccy
acccgacagg
ctgttccgac
cgctttetea
tgggctgtgt
gtcttgagte
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacgdg
gattatcaaa
tctaaagtat
ctatctcage
taactacgat
cacgceteace
gaagtggtcc
gagtaagtag
tggtgtcacy
gagttacaty
ttgtcagaag
ctcttactgt
cattctgaga
ataccgcgee
gaaaactctc
ccaactgatc
ggcaaaatgc
tecctttttca
ttgaatgtat
cacctgacgc
tgaccgctac
tcgecacgtt
gatttagtgc

gtgggccatc

ccagcaaaag
ccececctgac
actataaaga
cctgecgett
tagctcacge
gcacgaaccc
caacccggta
agcgaggtat
tagaaggaca
tggtagctet
gcagcagatt
gtctgacget
aaggatcttc
atatgagtaa
gatctgtcta
acgggaggge
ggctccagat
tgcaacttta
ttegecagtt
ctegtegttt
atccccecatg
taagttggcc
catgccatec
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat
gccctgtage
acttgccage
cgccggettt
tttacggcac

gccctgatag

gccaggaacc
gagcatcaca
taccaggcgt
accggatacc
tgtaggtatc
cccgttcage
agacacgact
gtaggcggtg
gtatttggta
tgatccggea
acgcgcagaa
cagtggaacy
acctagatcc
acttggtety
tttcgttecat
ttaccatcty
ttatcagcaa
tcegecteca
aatagtttge
ggtatggett
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga
tttactttca
ggaataaggy
agcatttatc
aaacaaatag
ggcgcattaa
gcecctagege
ccccgtcaag
ctcgacceca

acggtttttc

gtaaaaaggc
aaaatcgacg
ttcccectgg
tgtccgectt
teagtteggt
ccgaccgetg
tatcgccact
ctacagagtt
tetgegetet
aacaaaccac
aaaaaggatc
aaaactcacg
Ttttaaatta
acagttacca
ccatagttgc
gececeagtge
taaaccagec
tccagtcetat
gcaacgttgt
cattcagetc
aagcggttag
cactcatggt
tttctgtgac
gttgctcttg
tgctcatcat
gatccagttc
ccagcgtttc
cgacacggaa
agggttattg
gggttccgeg
gcgeggeggy
ccgetecttt
ctctaaatcg
aaaaacttga

gccctttgac

cgcgttgetg
ctcaagtcag
aagctccctc
tcteccttey
gtaggtcgtt
cgccttatcc
ggcagcagcec
cttgaagtgg
gctgaageca
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcece
tgcaatgata
agccggaagg
taattgttgc
tgccattget
cggtteccaa
ctectteggt
tatggcagca
tggtgagtac
cceggegtea
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctcatgage
cacatttccc
tgtggtggtt
cgctttctte
ggggctcect
ttagggtgat

gttggagtcc

gcgtttttcc
aggtggcgaa
gtgcgctctc
ggaagcgtgg
cgctecaage
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggrtttt
cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgegagace
gccgagegea
cgggaagcta
acaggcatcg
cgatcaaggc
ceteegateg
ctgcataatt
tcaaccaagt
atacgggata
tcttcgggge
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgc
acgcgcagcg
ccttccttte
ttagggttcc
ggttcacgta

acgttcttta

77

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
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atagtggact
atttataagg
aatttaacgc
gcgcaactgt
agggggatgt
ttgtaaaacg
gCCCCCCCtC
gatcttcgec
ctgattaatt
tatatataca
ctgcegecte
aacagactcc
Ttattactta
aacaatttat
cgtatgggaa
caacagcaac
caaagaacay
aactgtcttt
cttctagtea
ttycaaattc
gettetetgy
ttatttetty
gatttaattt
aattaccata
ttagacgttc
ttgcgctece
atgtactact
ctaatgattc
gttcaattaa
atgcatgcta
tttcgacagt
taagtagttc
tgccccattg
gacaggtcgt

atacacagtt

cttgttccaa
gattttgccg
gaattttaac
tgggaagggc
gctgcaaggc
acggccagtg
gaggtcgatg
tcaaggaaac
ttcgggccaa
tcatgatgat
caactgatgt
atctaccgec
gtattattag
aatggcagtt
atcttaaata
gaaaaaaatc
ctattcacac
ctctcttcta
tttcatccca
aacaattata
tgtgcttete
ttatataatc
tttgcttaaa
cttttgaaga
cgcagaatct
tgagatattg
gttgatgcat
attaccgcta
tcatagactt
cttgggtgta
aattaattaa
aacgtattag
gacagatcat
ctgaccatca

aaattacata

actggaacaa
atttcggcect
aaaatattaa
gatcggtgeg
gattaagttg
aattgtaata
gtgtcgataa
ctaattctac
taatttaaaa
actgacagtc
Tctcaatatt
tccaaatgat
acaacttact
cgttcattta
tggatagcat
ccttgtacaa
gttactatty
gaaatacagg
catattcctt
ataagatata
gtatttattt
cttttgttta
ttcaatccece
agcaaaaaaa
agaatgcggt
tacatttttg
ccacaacagt
tgtataccta
atgaatctgc
atattgggat
gtcatacaca
cactgtaccc
gcggatacac
tacaagctga

tccatagtct

cactcaaccc
attggttaaa
cgcttacaat
ggcctctteg
ggtaacgcca
cgactcacta
gcttgatatc
atccgagaga
aaatcgtgtt
atgtcccatt
taaggggtca
gttctcaaaa
tgctttatga
acaatttatg
aaatgatatc
cataaatagt
agattattat
tacaagtatg
ggatttetet
ccaaagtage
trattctaat
ttacatgggce
cctegtteag
atgaaagaaa
atgcggtaca
cttttacaag
ttgttttgtt
cttgtactty
acggtgtgcg
ctgttcggaa
agtcagcttt
agcatctccg
aggttgtgca
acaagcgctc

aacctctaac

tatctcggtc
aaatgagctg
ttccattcge
ctattacgcc
gggttttece
tagggcgaat
gaattcatgt
ctgccgagat
atataatatt
gctaaataga
tctegeatty
tatattgtat
aaaacacttc
tagaataaat
tgcattgect
catcgagaaa
tggacgagaa
Tactattctc
ccaatgaatg
ggtatagtgg
gatccattaa
tggatacata
tgtcaactyt
aaaaaaatcg
ttgttcttcg

tacaagtaca

tattcttttg
atttaacaaa
cattcaggct
agctggcgaa
agtcacgacg
tgggtaccgg
cacacaaacc
ccagtctaca
atatgtatta
cagactccat
ttraataata
gaacttattt
ctatttagga
gttataaatg
aattcgaaat
tatcaactat
tcacacacte
attgttcata
acattctatc
caatcaaaaa
aggtatatat
aaggtatttt
aatggtagga
tatttecagy
aacgtaaaag

tcgtacaact

tttttttgtt
tagtaagccg
ctgcgagtta
atcaacggat
cttcgagect
tatcgagaaa
gtatcataca
catacttgca

agttaatctt

CCTCTTTTTT
ggttattggc
cttttagett
gctcaatcga
catataagta
cacaacaaca
tactcgatca
cgctctctat

ctggtaagcc

78

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
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tcccagecag
agacctcgge
tactgctgtc
cagtcctcag
tcggatcggg
caagacagct
aggaactcct
acagtttcct
gcgttggtga
ttgccaatat
tecttgaggg
ttgatcatge
gtaacatcca
gcggcaaagg
aagaggagac
gtgaagtata
tacggctate
acaaaaatgt
aaccgegecy
gtygatccaag
agatactcegt
ccecggagaa
tgccattgee
gggctgecace
gaagatacga
tegtgateca
gctgcgetga
ccaggtgcay
gcgetgaggt
atggatttgy
tcaatcgecc
cacatttcca
ggtttacatt
gctctcccaa

aactacacat

cgcgttttgt gtaatgacac aatccgaaag tegetagcaa cacacactet ctacacaaac

taacccagct

<210> 99
<211> 8165
<212> DNA

ccttctggta
cgacaattat
cgagagcgtc
agtcgcectt
caagctcaat
cggccageat
tgtactggga
cggcaccagc
tatcggacca
ctgcgaactt
ggagcacagt
acacataagg
gagaagcaca
cggacttgty
tgaaataaat
tgttatggta
ggtccaaatt
gatcatgatg
aaaacgcagce
cacactcata
cgacgtttaa
gacggccagy
actagggggg
caacaataaa
ggataacggg
gcgactgaca
tctggacacc
gcagaaaacg
cgagcagggt
ctcatcaggc
cctggatata
ttgctcgata
gaccaacatc
tcggttgeca

cacagaattc

ctggtac

tcgettggec
gatatccgtt
tcccttgteg
aggtcggttc
ggtctgetty
gagcagacct
gttctcgtag
tcgcaggeca
ctcggegatt
tctgtectey
gceggegrag
tccgacctta
caggttggtt
gacgttaget
ttagtctyca
atagttacga
agaaagaacy
aaagccagca
tgtcagacce
gttggagtcy
acagtgtacy
ccgectagat
ggcecttttta
tgggtagggt
gctcaatgge
ccattgcatc
acagaggttc
ctggaacagc
ggtgtgactt
cagattgagg
gccccgacaa
cccacacctt
ttacaagcgg
gtctettttt

cgagccgtga

<213> Artificial Sequence

<220>

<223> Plasmid pZUF17

<400> 99

tcctcaatag
ccggtagaca
tcaagaccca
tgggcaatga
gagtactcge
ctggccaget
tcagagacgt
gcaatgattc
cggtgacacc
aacaggaaga
gtgaagtcgt
teggcaaget
ttcttggctg
cgagettegt
gaacttttta
gttagttgaa
tcaatggete
atgacgttgc
acagecteca
tactccaaag
cagatctact
gacaaattca
tatggccaag
tgcaccaaca
acaaataaga
atctaagggc
cgagcacttt
gtgtacagtt
gttatagect
gtctgtggac
taggccgtgg
gcttctectg
ggggcttgtc
tcctttettt

gtatccacga

gatctcggtt
tgacatcctc
ccceggggat
agccaaccac
cagtggccag
tctegttggg
ccteettett
cggttccggg
ggtactggtg
aaccgtgett
caatgatgtc
caatgagctc
ccacgagett
aggagggcat
tecggaacctt
cttatagata
tetgggegte
agctgatatt
acgaagaatg
gcggcaatga
atagaggaac
acaactcaca
ccaagetete
aagggatggg
acgaatactg
ctcaaaacta
aggttgcacc
tgtcttaaca
ttagagctge
acatgtcatg
cctcattttt
cacttgccaa
tagggtatat
ccccacagat

caagatcagt

ctggecgtac
aacagttcgg
cagaataagc
aaactcgggg
agagccctty
agaggggact
ctgttcagag
tacaccgtgg
cttgacagty
aagagcaagt
gatatgggtt
cttggtggty
gagcactcga
tttggtggtg
atctggggea
gactggacta
gectttygeeg
gttgtcggec
tatcgtcaaa
cgagtcagac
atttaaattg
gctgacttte
cacgtcggtt
atggggggta
ccattaagac
ccteggaact
aaatgtccca
aaaagtgagg
gaaagcgcgt
ttagtgtact
ttgccttecg
ccttaatact
ataaacagtg
tcgaaatcta

gtcgagacga

79

6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280

8340
8357
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gtacgagccg
ttaattgcgt
taatgaatcg
tcgetcacty
aaggcggtaa
aaaggccage
cteegecece
acaggactat
ccgaccectge
tctecataget
tgtgtgcacy
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcage
acggggtctg
tcaaaaagga
agtatatatg
tcagcgatct
acgatacggy
tcaccggete
ggtcctgcaa
agtagttcge
tcacgctegt
acatgatccc
agaagtaagt

actgtcatgc

gaagcataaa
tgcgctcact
gccaacgcge
actcgetgeg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aacccecegt
cggtaagaca
ggtatgtagg
ggacagtatt
gctcttgatc
agattacgcg
acgctcagtg
tctteaccta
agtaaacttg
gtctatttcg
agggcttacc
cagatttatc
ctttatccge
cagttaatag
cgtttggtat
ccatgttgtg
tggccgeagt

catccgtaag

gtgtaaagcc
gcccgetttc
ggggagaggc
ctcggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttecc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatccata
atctggeccc
agcaataaac
ctccatccag
tttgcgcaac
ggcttcattc
caaaaaagcg
gttatcactc

atgcttttct

tggggtgect
cagtcgggaa
ggtttgcgta
cggctgegge
ggggataacg
aaggccgegt
cgacgctcaa
cctggaaget
gectttetee
tcggtgtagy
cgetgegect
ccactggcag
gagttcttga
gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa
cagccagecg
Tctattaatt
gttgttgcca
agctccggtt
gttagctcct
atggttatgg
gtgactggty

aatgagtgag
acctgtcgtg
ttgggcgetc
gagcggtatc
caggaaagaa
tgctggegtt
gtcagaggtg
cectegtgey
cttcgggaag
tegttegete
tatccggtaa
cagccactgg
agtggtggec
agccagttac
gtagcggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
teececgtegt
tgataccgeg
gaagggccga
gttgecggga
ttgctacagg
cccaacgatc
tcggtectece
cagcactgca

agtactcaac

ctaactcaca
ccagctgcat
ttccgettee
agctcactca
catgtgagca
tttccatagg
gcgaaaccey
ctctectgtt
cgtggegett
caagctggge
ctatcgtett
taacaggatt
taactacggc
cttcggaaaa
tttttttgtt
gatcttttct
catgagatta
atcaatctaa
ggcacctatc
gtagataact
agacccacgc
gcgcagaagt
agctagagta
catcgtggty
aaggcgagtt
gatcgttgtc
taattctctt

caagtcattc
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900
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tgagaatagt
gcgecacata
ctcteaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga
gacgcgccct
gctacacttg
acgttcgecy
agtgctttac
ccategeect
ggactcttgt
taagggattt
aacgcgaatt
actgttggga
gatgtgetge
aaacgacggc
ceetegaggt
tecygecteaay
taattttcgy
atacatcatg
gcctecaact
actccatcta
acttagtatt
tttataatgg
gggaaatctt
gcaacgaaaa
aacagctatt
tectttctcte
agtcatttca
aattcaacaa
tctggtgtge
tcttgttata

aattttttgc

gtatgcggeg
gcagaacttt
tcttaccget
catcttttac
aaaagggaat
attgaagcat
aaaataaaca
gtagcggege
ccagcgecct
gcttteccey
ggcacctcga
gatagacggt
tccaaactgg
tgccgattte
ttaacaaaat
agggegatceg
aaggcgatta
cagtgaattg
cgatggtgte
gaaacctaat
gccaataatt
atgatactga
gatgttctca
ccgectecaa
attagacaac
cagttegttc
aaatatggat
aaatcccttyg
cacacgttac
ttctagaaat
tcccacatat
ttataataag
ttctcgtatt
taatcctttt

ttaaattcaa

accgagttge
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt
attaagcgcg
agcgcccget
tcaagctcta
CCCCaaaaaa
ttttcgeect
aacaacactc
ggcctattgy
attaacgctt
gtgcgggect
agttgggtaa
taatacgact
gataagctty
tctacatecy
tTaaaaaaatc
cagtcatgtc
atatttaagy
atgatgttct
ttacttgctt
atttaacaat
agcataaatg
tacaacataa
tattgagatt
acaggtacaa
tccttggatt
atataccaaa
tatttttatt
gtttattaca

tccccececteg

tettgeceyg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgcgcacat
gcggatgtgg
cctttegett
aatcgggggc
cttgattagg
ttgacgttygg
aaccctatct
ttaaaaaatg
acaatttcca
cttegetatt
cgccagggtt
cactataggg
atatcgaatt
agagactgec
gtgttatata
ccattgctaa
ggtcatcteg
caaaatatat
tatgaaaaac
ttatgtagaa
atatctgcat
atagtcatcg
attattggac
gtatgtacta
tctctccaat
gtagcggtat
ctaatgatcc
tgggctggat
ttcagtgtca

cgtcaatacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata
ttccccgaaa
tggttacgcg
tcttceccttc
tccctttagg
gtgatggttc
agtccacgtt
cggtctattc
agctgattta
ttegecattc
acgccagetg
ttececagtea
cgaattgggt
catgteacac
gagatccagt
atattatatg
atagacagac
cattgtttaa
tgtatgaact
acttcctatt
taaatgttat
tgcctaattc
agaaatatca
gagaatcaca
ttctcattgt
gaatgacatt
agtggcaatc
attaaaggta
acataaaggt

actgtaatgg

ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttcett
catatttgaa
agtgccacct
cagcgtgacc
ctttctegec
gttccgattt
acgtagtggg
ctttaatagt
ttttgattta
acaaaaattt
aggctgcgea
gcgaaaggdg
cgacgttgta
accgggeccc
aaaccgatet
ctacactgat
tattatatat
tccatctgec
taataaacag
tatttttatt
taggaaacaa
aaatgcgtat
gaaatcaaca
actatcaaag
cactcaactg
tcatacttct
ctatcttgca
aaaaagcttc
tatatttatt
attttgattt

taggaaatta
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1800
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ccatactttt
cgttccgeag
ctcectgaga
ctactgttga
gattcattac
attaatcata
tgctacttgg
acagtaatta
agttcaacgt
cattggacag
gtcgtctgac
cagttaaatt
gccagecttc
teggecgaca
ctygtccgaga
ctcagagteg
tecgggcaage
cagctcggee
cteettgtac
ttectegygea
ggtgatatcy
aatatctgcg
gagggggage
catgcacaca
atccagagaa
aaaggcggac
gagactgaaa
gtatatgtta
ctatcggtcc
aatgtgatca
cgccgaaaac
ccaagcacac
ctcgtcgact
gggttggcgg
ggccgectag

gaagaagcaa
aatctagaat
tattgtacat
tgcatccaca
cgctatgtat
gacttatgaa
gtgtaatatt
attaagtcat
attagcactg
atcatgcgga
catcatacaa
acatatccat
tggtatcget
attatgatat
gcgteteect
cecettaggte
tecaatggtet
agcatgagca
tgggagtrret
ccagctegea
gaccactegg
aactttetgt
acagtgcegg
taaggtccga
gcacacaggt
ttgtggacgt
taaatttagt
tggtaatagt
aaattagaaa
tgatgaaagc
gcagctgtca
tcatagttgg
caggcgacga
cgtatttgtg

atgacaaatt

aaaaaatgaa
gcggtatgeg
ttttgctttt
acagtttgtt
acctacttgt
tctgcacggt
gggatctgtt
acacaagtca
tacccagcat
tacacaggtt
gctgaacaag
agtctaacct
tggcctecte
cegtteeggt
tgtcgtcaay
ggttctggge
gcttggagta
gacctctygge
cgtagtcaga
ggccageaat
cgatteggty
cctcgaacag
cgtaggtgaa
ccttatcgge
tggttttctt
tagctcgage
ctgcagaact
tacgagttag
gaacgtcaat
cagcaatgac
gacccacagc
agtcgtactc
cggaattcct
tcccaaaaaa

caacaactca

agaaaaaaaa
gtacattgtt
acaagtacaa
ttogtttrttt
acttgtagta
gtgcgctgeg
cggaaatcaa
gctttcttcg
ctccgtatcg
gtgcagtatc
cgctccatac
ctaacagtta
aataggatct
agacatgaca
acccaccccg
aatgaagcca
ctegecagty
cagcttcteg
gacgtectec
gattccggtt
acaccggtac
gaagaaaccg
gtcgtcaaty
aagctcaatg
ggctgccacg
ttcgtaggag
ttttatcgga
ttgaacttat
ggctctectgg
gttgcagetg
ctccaacgaa
caaaggcggc
gcagcccatc
cagccccaat

cagctgactt

aatcgtattt
cttcgaacgt
gtacatcgta
ttgttttrtt
agccgggtta
agttactttt
cggatgctca
agcctcatat
agaaacacaa
atacatactc
ttgcacgctc
atcttctggt
cggttctgge
tcctcaacag
ggggtcagaa
accacaaact
gccagagage
ttgggagagg
Trcttetygtt
ccgggtacac
tggtgettga
tgcttaagag
atgtcgatat
agctccttgg
agcttgagca
ggcattttgg
accttatctg
agatagactg
gcgtcgectt
atattgttgt
gaatgtatcg
aatgacgagt
tgcagaattc
tgccccggag

tctgccattyg

ccaggttaga
aaaagttgcg
caactatgta
tttttctaat
ttggcgttca
agcttatgca
atcgatttcg
aagtataagt
caacatgccc
gatcagacag
tctatataca
aagcctceca
cgtacagacc
tteggtacty
taagccagtc
cggggregga
ccttgcaaga
ggactaggaa
cagagacagt
cgtgggegtt
cagtgttgece
caagttcctt
gggttttgat
tyggtggtaac
ctcgagcgge
tggtgaagag
gggcagtgaa
gactatacgg
tgccgacaaa
cggccaaccg
tcaaagtgat
cagacagata
aggagagacc
aagacggcca

ccactagggg
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3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
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ggggcctttt
aatgggtagg
gggctcaatg
caccattgca
ccacagaggt
cgctggaaca
gtggtgtgac
gccagattga
tagccccgac
tacccacacc
tcttacaage
cagtctettt
gcctgttact
cgtgagtate
gaaagtcgct
taagaccaag
ctttgagtee
tgcctctget
gctecacget
ctttaccgtc
catcattgge
ccaccgacac
tecggteegte
gtttgtctac
ccectetecty
cttecgetgee
ctatgctect
cgacgaagct
ctccgtcgac
ccaggtccat
ctttgctgce
cttcaagacc
caccctcaaa
ggatggggaa

caacacaggg

ttgacacttg
atactcatac
cgtacagtgt
gttgc

<210> 100

<211> 3983
<212> DNA

tatatggcca
gttgcaccaa
gcacaaataa
tcatctaagy
teegageact
gcgtgtacag
ttgttatage
gggtctgtgg
aataggccgt
ttgcttctec
ggggggettg
tttectttet
gacgtcctta
cacgacaaga
agcaacacac
gtcgagttee
aaccteggac
gctetygctet
ctggtttgey
ggtcacgact
tgcatcatge
catcacaaga
aaggacctec
ctgaaggtcg
cttcgacgag
tacgcctacce
ctctttgtct
actccctggt
cgatcgtacg
cacttgttcc
gcttaccctc
gctcacctct
gagtctgccg
gtgagtgecc

atatagcgag

agaatgtacg atacaagcac tgtccaagta caatactaaa catactgtac
tcgtaccegg geaacggtit cacttgagtg cagtggctag tgetettact

gcaatactgc gtatcatagt ctttgatgta tatcgtattc attcatgtta

agccaagctc
caaagggatg
gaacgaatac
gcctcaaaac
ttaggttgca
tttgtcttaa
ctttagagct
acacatgtca
ggcctcattt
tgcacttgec
tctagggtat
ttccccacag
agcgaaagtc
tcagtgtega
actctctaca
ctaccctgac
tctegeteta
acgctgeecy
ccacctacat
gtyggtcacte
actctgecat
acactggcaa
aggacgtgcg
gatatgctce
ccteccgetgt
tcacatactc
ttgcttcgtt
acggtgactc
gagctttcgt
ctatcattcc
acctcgtgag
ttgtcaacta
ctgcagccaa
ggttctgtgt

ctacgtggtg

<213> Artificial Sequence

<220>

<223> Plasmid pEaD5s

<400> 100

tccacgtcgg
gg9atgggggg
tgccattaag
tacctcggaa
ccaaatgtec
caaaaagtga
gcgaaagcgce
tgttagtgta
trttgecttc
aaccttaata
atataaacag
attcgaaatc
cggtgtcatc
gacgacgegt
caaactaacc
tgagctgaag
ctacactgec
atctactccc
ctacgtgecag
tygccttetec
tetgacteec
cattgataag
acaatgggtc
tcgaaccatg
catcgtgtcc
gcteggettt
cctcgteatt
ggagtggacc
ggacaacctg
ccactacaag
acgtaacgac
cggagctgtg
ggccaagagc
gcacaattgg

gtgcgaggat

ttgggctgea
tagaagatac
actcgtgatc
ctgctgeget
caccaggtge
gggcgctgag
gtatggattt
cttcaatcgc
cgcacatttc
ctggtttaca
tggctetece
taaactacac
gtcggcgacg
tttgtgtaat
cagctcteca
cactctatce
cgagcgatet
ttcattgecy
ggtgteatet
cgataccact
ttcgagteet
gacgagatct
tacacccteg
tcccacttty
ctcggagtet
gccgteatgg
actaccttct
tacgtcaagy
tctcaccaca
ctcaacgaag
gagcccatca
cccgagactg
gactaagcgg
caatccaaga

atagcaacgg

cccaacaata
gaggataacg
cagcgactga
gatctggaca
aggcagaaaa
gtcgagcagg
ggctcatcag
cccctggata
cattgetegy
ttgaccaaca
aatcggrtge
atcacacaat
atgtccgagc
gacacaatcc
tggctgagga
ctaacgettg
tcaacgcatce
ataacgttct
tetggggttt
ccgtcaactt
ggcgagtgac
tctacccteca
gaggtgettg
acccetggga
gggctgectt
gcctctacta
tgcatcacaa
gcaacctgag
ttggcaccca
ccaccaagca
ttactgcctt
ctcagatttt
ccgcaagtgt
tggatggatt

atatttatgt
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5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
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7140
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7260
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tcgegegttt
cagcttgtct
ttggcgggty
accatatgcg
attcgccatt
tacgccaget
tttcccagtc
tgcatctaga
cgacgtttct
aggtcgggat
cagacgaatg
ctecgacgaa
gttcgatgcc
ccttgecgtg
cattcacttt
ggaccgatcc
tgtcacttgy
cgatcccgac
tggcccgttt
ccttctgega
aagcaatcag
gggtctcaag
gttctttgte
ctaccctety
gattcacgag

caactaccag

cggtgatgac
gtaagcggat
tcggggetygg
gtgtgaaata
caggctgege
ggcgaaaggg
acgacgttgt
tccatggtca
gectggetea
gctaccgacy
cccatcatgg
cctecaggagg
tctcccatgt
ctgttgatga
caacagatgg
atcaacaatg
tggaaggacc
atcgacaacc
tctcgacgga
ttcatctggt
tactatcgaa
gecttgttet
tcecgagetge
gagaagattc
accatgaacg

atcgaacatc

ggtgaaaacc
gccgggagea
cttaactatg
ccgcacagat
aactgttggg
ggatgtgctg
aaaacgacgg
agcgacccgce
accaccatcc
tcttecatggt
aaccttecte
atttccgaaa
ggtacgctta
cccagtggca
gatggetcte
ccattggect
gacacaacgc
tgcctctect
tgatcaagta
gctttcagtc
gacagtacga
actatttcta
ttggtggett
aggactccgt
ttcagcgagg

acctgtggec

tctgacacat
gacaagcccg
cggcatcaga
gcgtaaggag
aagggcgatc
caaggcgatt
ccagtgaatt
tctgcctcte
cggaggtgcec
tatgcactec
tceectgact
gctgcgagac
caagaccctg
ctggtacctg
gcacgacatt
gctcttegga
tcatcactcc
ggcgtggtec
ccaacagtat
cattcatact
gaaggagtcc
catgececteg
cggaattgec
gtgggatggt
cctcgtcaca

tactcttccc

gcagctecccg
‘tcagggcegeg
gcagattgta
aaaataccgc
ggtgegggec
aagttgggta
cgagcteggt
accgtggacg
gacattatcg
gagaacgccg
ccaacacctc
gagctcattg
tcgactctcg
gttggtgcta
tgccatcacc
aacgtgcttc
gccaccaacg
aaggaggacg
tacttctttt
gccacgggtce
gtcggtetgg
tttetcaccg
atcgttgtct
catggcttct
gactggtttt

agacacaacc

gagacggtca
tcagcgggty
ctgagagtge
atcaggcgec
tcttcgetat
acgccagggt
acctcgcgaa
gtgtcaccta
agaactaccg
tgtccaaact
ccaagccaaa
ctgcaggeat
gactgggtgt
tcgtcctcgg
agctgttcaa
agggcttttc
tgcagggtca
tcgagegage
tcatctgtge
tcaaggatcg
cactccactg
gactcatggt
tcatgaacca
gtgctggaca
tcggtggect

tcaccgctge
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ctccatcaaa
gctcgaaggt
ggcagacaag
tgcaagctty
aattccacac
gagctaactc
gtgccagctyg
ctcttccget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggeg
ctccaagety
taactategt
tggtaacagy
gcctaactac
taccttegga
tggttttttt
tttgatettt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgty
atcaaggcga
tccgatcgtt
gcataattct
aaccaagtca
acgggataat

ttcggggcga

tcgtgeaccee
aacaggaagg
catactctte
atacatattt
aaaagtgcca

gcgtatcacg

<210> 101
<211> 37

<212> DNA

gtggagcagc
gtcggcattc
gcctaagegg
gcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcctegectca
tcaaaggcgy
gcaaaaggcc
aggetecgee
ccgacaggac
gttccgacce
ctttctcata
ggetgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagtty
gtttgcaage
tetacgggyt
ttatcaaaaa
taaagtatat
atctcagecga
actacgatac
cgcteaccgg
agtggtcctyg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgecac

aaactctcaa

aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacgtct

aggeccttte

tgtgcaagaa
ttatctccta
ccgeatcgga
ggtcatagct
ccggaageat
cgttgcgetc
tcggecaacyg
ctgactcgct
taatacggtt
agcaaaaggc
ccectgacga
tataaagata
tgccgettac
gctcacgety
acgaaccece
acccggtaag
cgaggtatgt
gaagaacagt
gtagetetty
agcagattac
ctgacgetea
ggatcttcac
atgagtaaac
tctgtctatt
gggagggett
cteccagattt
caactttatc
cgccagttaa
cgtcgtttgy
ccececcatgtt
agttggccge
tgccatcegt
agtgtatgcg
atagcagaac

ggatcttacc

cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa
aagaaaccat

gtc

<213> Artificial Sequence

<220>

<223> Primer A10A.HaGG

<400> 101

gcacaacctg
cctgggecacc
tecccgggecc
gtttcctgtg
aaagtgtaaa
actgcceget
cgcggggaga
gcgctcggtc
atccacagaa
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatcte
cgttcagece
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tegtteatec
accatctggc
atcagcaata
cgcctccate
tagtttgcge
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg

gctgttgaga

tactttcacc
aataagggcy
catttatcag
acaaataggg

tattatcatg

gtctggcecaa ggtgcatgee ggaggcaacc tcatcga

<210> 102
<211> 37

<212> DNA

<213> Artificial Sequence

ccctaccgat
ttcgctcgaa
gtcgactgca
tgaaattgtt
gcctggggtg
ttccagtcgg
ggeggtttge
gttcggctge
tcaggggata
aaaaaggccg
aatcgacgct
ccecctggaa
tcegecttic
agttcggtgt
gaccgetgeg
tegecactgg
acagagttct
tgcgetetge
caaaccaccqg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgect
cccagtgetg
aaccagccag
cagtctatta
aacgttgttg
ttcagctecy
gcggttaget
ctcatggtta
tctgtgacty
tgctcttgec
ctcatcattg

tccagttega

37

ctcctcccat
tggttgccaa
gaggcctgea
atccgctcac
cctaatgagt
gaaacctgtc
gtattgggcg
ggcgagcggt
acgcaggaaa
cgttgctgge
caagtcagag
gcteectegt
tceetteggg
aggtegttceg
ccttateecgg
cagcagecac
tygaagtyggty
tgaagccagt
ctggtagegg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc
ccggaagggce
attgttgccg
ccattgctac
gttcccaacg
cctteggtec
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc

tgtaacccac

agcgtrtcty ggtgagcaaa
acacggaaat gttgaatact
ggttattgte tcatgagedg
gttcecgegea catttecccg

acattaacct ataaaaatag
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1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
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2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720
3780
3840
3900
3960
3983

DK/EP 2324119 T3



<220>
<223> Primer A10B.HaGG

<400> 102
tcgatgaggt tgccteecggce atgeaccttg geccagac

<210> 103

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A11A HGG

<400> 103
gtctggcecaa ggtgcatcga ggaggceaacc tcatcga

<210> 104

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A11B.HGG

<400> 104
tcgatgaggt tgccteccacg atgeaccttg gccagac

<210> 105

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A12A.HnGG

<400> 105
gtctggccaa ggtgcataac ggaggcaacc tcatcga

<210> 106

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A12B.HnGG

<400> 106
tcgatgaggt tgccteegtt atgcaccttg geccagac

<210> 107

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A33A HIGG

<400> 107
gtctggccaa ggtgcatgac ggaggcaacc tcatcga

<210> 108
<211> 37

37

37

37

37

37

37
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer A33B.HJGG

<400> 108
tcgatgaggt tgccteegte atgcaccttg gccagac

<210> 109

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A34A.HcGG

<400> 109
gtctggcecaa ggtgceattge ggaggcaacc tcatcga

<210> 110

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A34B.HcGG

<400> 110
tcgatgaggt tgcctecgea atgeaccttg geccagac

<210> 111

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A35A.HqGG

<400> 111
gtctggcecaa ggtgcatcag ggaggceaacc tcatcga

<210> 112

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A35B.HqGG

<400> 112
tcgatgaggt tgccteectg atgcaccttg gccagac

<210> 113

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A36A HeGG

<400> 113
gtctggccaa ggtgcatgag ggaggcaacc tcatcga

37

37

37

37

37

37
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<210> 114

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A36B.HeGG

<400> 114
tcgatgaggt tgccteecte atgcaccttg gccagac

<210> 115

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A13A.HgGG

<400> 115
gtctggcecaa ggtgeatggt ggaggcaacc tcatcga

<210> 116

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A13B.HgGG

<400> 116
tcgatgaggt tgcctccacc atgcaccttg geccagac

<210> 117

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A14A.HhGG

<400> 117
gtctggcecaa ggtgcatcac ggaggcaacc tcatcga

<210> 118

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A14B.HhGG

<400> 118
tcgatgaggt tgccteegtg atgcaccttg gecagac

<210> 119

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A15A.HIGG

37

37

37

37

37
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<400> 119
gtctggccaa ggtgcatatc ggaggcaacc tcatcga

<210> 120

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A15B.HIGG

<400> 120
tcgatgaggt tgcctecgat atgcaccttg geccagac

<210> 121

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A16A.H1GG

<400> 121
gtctggccaa ggtgceatctg ggaggcaacc tcatcga

<210> 122

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A16B.H1GG

<400> 122
tcgatgaggt tgccteccag atgeaccttg geccagac

<210> 123

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A17A.HkGG

<400> 123
gtctggccaa ggtgcataag ggaggcaacc tcatcga

<210> 124

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A17B.HKGG

<400> 124
tcgatgaggt tgccteectt atgcaccttg gccagac

<210> 125

<211> 37

<212> DNA

<213> Artificial Sequence

37

37

37

37

37

37
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<220>
<223> Primer A18A.HMGG

<400> 125
gtctggccaa ggtgcatatg ggaggcaacc tcatcga

<210> 126

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A18B.HMGG

<400> 126
tcgatgaggt tgccteccat atgcaccttg gccagac

<210> 127

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A19A HIGG

<400> 127
gtctggcecaa ggtgceatttc ggaggcaacc tcatcga

<210> 128

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A19B.HIGG

<400> 128
tcgatgaggt tgcctecgaa atgcaccttg geccagac

<210> 129

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A20A.HsGG

<400> 129
gtctggccaa ggtgceattce ggaggceaacc tcatcga

<210> 130

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A20B.HsGG

<400> 130
tcgatgaggt tgcctecgga atgcaccttg geccagac

<210> 131
<211> 37

37

37

37

37

37

37
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer A37A HIGG

<400> 131
gtctggcecaa ggtgcatace ggaggcaacc tcatcga

<210> 132

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A37B.HIGG

<400> 132
tcgatgaggt tgcctecggt atgcaccttg gecagac

<210> 133

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A38A.HWGG

<400> 133
gtctggcecaa ggtgcattgg ggaggcaacc tcatcga

<210> 134

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A38B.HWGG

<400> 134
tcgatgaggt tgccteccca atgcaccttg geccagac

<210> 135

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A21A.HyGG

<400> 135
gtctggcecaa ggtgcattac ggaggcaacc tcatcga

<210> 136

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A21B.HyGG

<400> 136
tcgatgaggt tgcctecgta atgcaccttg geccagac

37

37

37

37

37

37
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<210> 137

<211>37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A22A.HVGG

<400> 137
gtctggcecaa ggtgcatgtc ggaggcaacc tcatcga 37

<210> 138

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer A22B.HVGG

<400> 138
tcgatgaggt tgcctecgac atgeaccttg geccagac 37

<210> 139
<211> 454
<212> PRT
<213> Euglena anabaena UTEX 373

<400> 139

Met Ala Thr Ile Ser Leu Thr Thr Glu Gln Leu Leu Glu His Pro Glu
1 5 10

Leu val Ala Ile Asp Gly val Leu Tyr Asp Leu Phe Gly Leu Ala Lys
20 25 30

val His Cys Gly Gly Ash Leu Ile Glu Ala Ala Gly Ala Ser Asp Gly
35 40 45

Thr Ala Leu Phe Tyr Ser Met His Pro Gly val Lys Pro Glu Asn Ser
55 60

92
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Lys Leu

65

Asp Pro

ser val

Phe Trp

Trp Tyr
130

Tyr Phe

145

Gly Ala

ITle Asp

Met Arg

Ala Ser

210

Ala ser

val Leu

Phe Thr

Pro Gly

Leu Leu

290

Ala Ser

305

Phe Leu

Arg Thr

Glu val

Ala Glu

370

ser Trp

Arg His

Met Ser

GIn Asp
450

Leu

val

Arg

Leu

115

Trp

His

Ile

Ala

His

195

Ala

Arg

Gly

Met

ser

275

Phe

Pro

Thr

Pro

Arg

Thr

Leu

His

Gly

Thr

435

Ala

<210> 140

<211> 8480
<212> DNA
<213> Artificial Sequence

Gln

Tyr

Glu

100

Arg

Ile

Ser

ser

Ile

180

His

Glu

Lys

Met

Gln

260

Phe

Ile

Leu

Phe

Glu

340

Asp

Ala

Asn

Tyr

val

420

Leu

Gln

Gln

Thr

85

val

Thr

Thr

Gln

Lys

165

Gly

Thr

Pro

Trp

TYyr

245

His

Phe

Phe

Leu

val

325

Lys

val

Ala

Leu

Pro

405

Arg

Arg

Glu

Phe

70

Phe

Met

Ala

Thr

Ile

150

Lys

Ser

Tyr

Phe

TYr

230

Gly

Asn

Asn

Arg

Thr

310

Phe

Asn

Glu

Thr

Gln

390

Phe

Tyr

Tyr

Phe

Ala

Asp

Lys

Leu

Gly

135

Pro

ser

Thr

Ile

215

val

Asp

Arg

Asn

295

val

cys

Glu

Tyr

375

Ile

Thr

Met

Arg

ser

Gly

Ile

120

Ala

Leu

Tl‘p

Arg

Asn

200

Leu

Arg

Ser

Thr

Gln

280

Ala

Leu

Leu

Lys

Asp

360

Gly

Glu

Gln

Tyr

Gln
440

Gly

Pro

val

Ala

val

Trp

Gln

Phe

Phe

Met

Ile

265

Arg

Phe

Leu

Ser

Ala

345

Arg

Gly

His

Asp

Tyr

425

Lys

Lys

Phe

90

Asn

Ala

Met

Ile

Asn

170

Ile

His

His

Gln

val

250

Pro

Ala

Leu

val

His

330

Lys

val

Ser

His

Thr

410

Pro

val

His

75

Ala

Trp

cys

Trp

Gln

155

Ala

Trp

Gly

ser

Ala

235

Tyr

Glu

Phe

Pro

Pro

315

Asn

Arg

Asp

val

Leu

395

val

Thr

Gly

Glu

Gln

Tyr

Thr

Gly

140

Phe

Leu

Leu

Tyr

220

Trp

Asn

Ala

Ala

Trp

300

Thr

Phe

Ala

Trp

Gly

380

Phe

Arg

Ile

val

Arg

Asp

Ala

Ala

125

Ile

Asp

Phe

Gln

Asp

205

Pro

Tyr

Pro

Thr

val

285

Tyr

val

Glu

Lys

Tyr

365

Met

Pro

Glu

Leu

Ala
445

ser

val

Thr

110

Phe

Ala

Ala

ser

190

Leu

Ala

Met

Met

ser

270

Ile

Thr

Gly

Glu

350

Arg

Met

Arg

cys

Glu

430

His

Lys

95

Pro

Gly

Thr

ser

TYyr

175

His

AsSp

Thr

Tyr

TYyr

255

Leu

Ala

Gly

Ala

335

Ala

Leu

MetT

cys

415

Asn

Thr

93

Lys

GIn

Gly

Glu

Gly

His

160

Gly

Ile

Ala

Asn

Ile

240

Arg

Arg

Gly

Ile

320

Lys

Gln

Thr

ser

400

Lys

Ile

Ile

DK/EP 2324119 T3



DK/EP 2324119 T3

<220>
<223> Plasmid pZURD5s

<400> 140
catggctcce gacgccgaca agetgcgaca gcgaaaggct cagtccatce aggacactgce 60
cgattctcag gctaccgagc tcaagattgg caccctgaag ggtctccaag gcaccgagat 120
cgtcattgat ggcgacatct acgacatcaa agacttcgat caccctggag gcgaatccat 180
catgaccttt ggtggcaacg acgttactgc cacctacaag atgattcatc cctaccactc 240
gaagcatcac ctggagaaga tgaaaaaggt cggtcgagtg cccgactaca cctccgagta 300
caagttcgat actcccttcg aacgagagat caaacaggag gtcttcaaga ttgtgcgaag 360
aggtcgagag tttggaacac ctggctactt ctttcgagcc ttctgctaca tcggtctctt 420
cttttacctg cagtatctct gggttaccac tcctaccact ttcgcccttg ctatcttcta 480
cggtgtgtct caggccttca ttggecctgaa cgtccagcac gacgccaacc acggagetge 540
ctccaaaaag ccctggatca acaatttget cggectgggt gecgacttta tcggaggetce 600
caagtggctc tggatgaacc agcactggac ccatcacact tacaccaacc atcacgagaa 660
ggatcccgac geccctgggtg cagagcctat gotgctcttc aacgactatc ccttgggtca 720
ccccaagega accctcattc atcacttcca agecttctac tatctgtttg tccttgctgg 780
ctactgggtg tcttcggtgt tcaaccctca gatcctggac ctccagecace gaggtgccca 840
ggctgtcgge atgaagatgg agaacgacta cattgccaag tctcgaaagt acgctatctt 900
cctgcgacte ctgtacatct acaccaacat tgtggctccc atccagaacc aaggcetttte 960
gctcaccgte gttgctcaca ttcettactat gggtgtcgee tccagectga cectegetac 1020
tctgttecgee cteteccaca acttcgagaa cgcagatcgg gatcccacct acgaggcteg 1080
aaagggaggc gagectgtcet gttggttcaa gtcgcaggtg gaaacctcect ctacttacgg 1140
tggcttcatt tccggttgee ttacaggcgg actcaacttt caggtcgage atcacctgtt 1200
tcetecgaaty tectctgect ggtaccccta catcgetect accgttcgag aggtctgcaa 1260
aaagcacggc gtcaagtacg cctactatcc ctgggtgtgg cagaacctca tctcgaccgt 1320
caagtacctg catcagtccg gaactggctc gaactggaag aacggtgcca atccctactce 1380
tggcaagctg taagcggccg caagtgtgga tggggaagtg agtgcccggt tctgtgtgeca 1440
caattggcaa tccaagatgg atggattcaa cacagggata tagcgagcta cgtggtggtg 1500
cgaggatata gcaacggata tttatgtttg acacttgaga atgtacgata caagcactgt 1560
ccaagtacaa tactaaacat actgtacata ctcatactcg tacccgggca acggtttcac 1620
ttgagtgcag tggctagtgc tcttactcgt acagtgtgca atactgcgta tcatagtctt 1680
tgatgtatat cgtattcatt catgttagtt gcgtacgagc cggaagcata aagtgtaaag 1740
cctggggtge ctaatgagtg agctaactca cattaattgc gttgcgctca ctgceccgett 1800
tccagtcggg aaacctgtcg tgccagctgc attaatgaat cggccaacgc gcggggagag 1860
gcggtttgeg tattgggege tcttcegett cctegetcac tgactcegetg cgeteggteg 1920
ttcggctgcg gcgagcggta tcagctcact caaaggcggt aatacggtta tccacagaat 1980
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggec aggaaccgta 2040
aaaaggccgce gttgcetggeg tttttccata ggctccgeccce ccctgacgag catcacaaaa 2100
atcgacgctc aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttc 2160
cccctggaag cteectegtg cgetctectyg ttecgaccet gecdcttace ggatacctgt 2220
ccgectttct cecctteggga agegtggege tttotcatag ctcacgetgt aggtatctca 2280
gttcggtgta ggtcgttcge tccaagetgg gcetgtgtgca cgaaccccce gttcageccg 2340
accgetgege cttatceggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 2400
cgccactggc agcagcecact ggtaacagga tragcagagc gaggtatgta ggeggtgcta 2460
cagagttctt gaagtggtgg cctaactacyg gctacactag aaggacagta tttggtatct 2520
gcgetetget gaagecagtt acctteggaa aaagagttgg tagetettga tecggcaaac 2580
aaaccaccge tggtageggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 2640
aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa 2700
actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt 2760
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca 2820
gttaccaatyg cttaatcagt gaggcaccta tctcagegat ctgtctattt cgttcatcca 2880
tagttgcctyg actccccgte gtgtagataa ctacgatacg ggagggctta ccatctggec 2940
ccagtgctge aatgataccg cgagacccac gctcaccggce tccagattta tcagcaataa 3000

94



accagccage
agtctattaa
acgttgttge
tcagctcegg
cggttagctc
tcatggttat
ctgtgactgg
gctcttgecc
tcatcattgg
ccagttcgat
gcgtttctgg
cacggaaatyg
gttattgtct
ttcegegeac
€ggcgggtgt
ctectttege
taaatcgggy
aacttgatta
ctttgacgtt
tcaaccctat
gyttaaaaaa
tTtacaatttc
ctecttegeta
aacgccaggy
ctcactatag
tgatatcgaa
cgagagactyg
tcgtgttata
tcccattget
ggggtcatct
ctcaaaatat
tttatgaaaa
atttatgtag
tgatatctgc

aaatagtcat

cggaagggec
ttgttgccgy
cattgctaca
ttcccaacga
cttcggtcect
ggcagcactg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
atttccccga
ggtggttacg
tttcttecet
gcteccttta
gggtgatggt
ggagtccacy
cteggtetat
tgagetgatt
cattcgeccat
ttacgccage
ttttcccagt
ggcgaattgg
ttcatgtcac
ccgagatcca
taatattata
aaatagacag
cgcattgttt
attgtatgaa
acacttccta
aataaatgtt
attgcctaat

cgagaaatat

gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgatcgttg
cataattctc
accaagtcat
cgggataata
tcggggcgaa
cgtgcaccca
acaggaaggc
atactcttee
tacatatttg
aaagtgccac
cgcagegtyga
tectttcteg
gggttccgat
tcacgtagty
Ttctttaata
tcttttgatt
taacaaaaat
tcaggctgeg
tggcgaaaqq
cacgacgtty
gtaccgggcc
acaaaccgat
gtctacactg
tgtattatat
actccatcty
aataataaac
cttattttta
tttaggaaac
ataaatgcgt
tcgaaatcaa

caactatcaa

gtggtcctge
taagtagttc
tgtcacgete
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgegecaca
aactctcaag
actgatcttc
aaaatgccge
tttttcaata
aatgtattta
ctgacgegec
ccgetacact
ccacgttege
ttagtgcttt
ggccategec
gtggactett
tataagggat
ttaacgcgaa
caactgttgg
gggatgtget
taaaacgacg
ccccctegag
cttegectea
attaattttc
atatacatca
ccgcctecaa
agactccatc
ttacttagta
aatttataat
atgggaaatc
cagcaacgaa

agaacagcta

aactttatcc
gccagttaat
gtegtttggt
ccccatgttg
gttggccgca
gccatccgta
gtgtatgcgg
tagcagaact
gatcttaccg
agcatctttt
aaaaaaggga
ttattgaagc
gaaaaataaa
ctgtagegge
tgccagegec
cggctttece
acggcaccte
ctgatagacg
gttccaaact
tttgccgatt
ttttaacaaa
gaagggcgat
gcaaggcgat
gccagtgaat
gtcgatggtg
aggaaaccta
gggccaataa
tgatgatact
ctgatgttct
taccgectee
ttattagaca
ggcagttcgt
ttaaatatgg
aaaaatccct

ttcacacgtt

gectecatec
agtttgcgca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgctttt
cgaccgagtt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggg
gcattaagceg
ctagcgeccg
cgtcaagetc
gaccccaaaa
gtttttcgec
ggaacaacac
tcggectatt
atattaacgc
cggtgeggge
taagttgggt
tygtaatacga
tcgataaget
attctacatc
tttaaaaaaa
gacagtcatg
caatatttaa
aaatgatgtt
acttacttgc
tcatttaaca
atagcataaa
tgtacaacat

actattgaga

95

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100

DK/EP 2324119 T3



ttattattgg
aagtatgtac
tttctctcca
aagtagcggt
ttctaatgat
catgggetgg
cgttcagtgt
daagaaaaaa
cggtacatty

ttacaagtac

acgagaatca
tattctcatt
atgaatgaca
atagtggcaa
ccattaaagg
atacataaag
caactgtaat
aaaatcgtat
ttcttegaac

aagtacatcg

cacactcaac
gttcatactt
ttctatcttg
tcaaaaagct
tatatattta
gtattttgat
ggtaggaaat
ttccaggtta
gtaaaagtty

Tacaactatg

TTttgttttt
gtacttgtag
gtgtgegetg
ttcggaaatc
cagctttett
atctccgtat
ttgtgcagta
agcgetecat
ctctaacagt
tcaataggat
gtagacatga
agacccaccc
gcaatgaagc
tactcgecag
gccagcettet
gagacgtcct
atgattccgg
tgacaccggt
aggaagaaac
aagtcgtcaa
gcaagctcaa
ttggctgcca
gcttcgtagg
ctttttatcg

agttgaactt

trttgttttt
taagcegggt
cgagttactt
aacggatgct
cgagccteat
cgagaaacac
tcatacatac
acttgcacgce
taatcttctg
ctecggttctyg
catcctcaac
cgggggtcag
Caaccacaaa
tggccagaga
cgttgggaga
ccttcttetg
ttccgggtac
actggtgett
cgtgcttaag
tgatgtcgat
tgagctcctt
cgagcttgag
agggcatttt
gaaccttatc

atagatagac

LTtttttcta
tattggegtt
ttagcttaty
caatcgattt
ataagtataa
aacaacatgc
tcgatcagac
Tctctatata
gtaagcctece
gccgtacaga
agttcggtac
aataagccag
cteggggtey
gcecttgeaa
ggggactagg
ttcagagaca
accgtgggeg
gacagtgttg
agcaagttcc
atgggtttty
ggtggtggta
cactcgageg
ggtggtgaag
tggggcagtg
tggactatac

tgtctttcte
ctagtcattt
caaattcaac
tctctggtgt
trtettgtta
ttaatttttt
Taccatactt
gacgttccgce
cgcteectga
tactactgtt
atgattcatt
caattaatca
catgctactt
cgacagtaat
gtagttcaac
cccattggac
aggtcgtetg
cacagttaaa
cagccagect
ccteggecga
tgctgtccga
tcctcagagt
gatcgggeaa
gacagctegg
aactccttgt
gtttectegg
ttggtgatat
ccaatatctg
ttgaggggga
atcatgcaca
acatccagag
gcaaaggcgg
aggagactga
aagtatatgt

ggctatcggt

tcttctagaa
catcccacat
aattataata
gcttctcgta
Ttataatcctt
gcttaaattc
ttgaagaagc
agaatctaga
gatattgtac
gatgcatcca
accgctatgt
tagacttatg
gggtgtaata
taattaagtc
gtattagcac
agatcatgceg
accatcatac
ttacatatcc
tetggtatey
caattatgat
gagcgtetee
cgcccttagyg
gctcaatggt
ccagcatgag
actgggagtt
caccagcteg
cggaccactc
cgaactttct
gcacagtgec
cataaggtcc
aagcacacag
acttgtggac
aataaattta
tatggtaata

ccaaattaga

atacaggtac
attccttgga
agatatacca
tttattttta
ttgtttatta
aatccccect
aaaaaaaatg
atgcggtatg
atttttgctt
caacagtttg
atacctactt
aatctgcacg
ttgggatctg
atacacaagt
tgtacccage
gatacacagg
aagctgaaca
atagtctaac
cttggectee
atccgttccg
cttgtcgtca
tcggttetgg
ctgcttggag
cagacctctg
ctcgtagtca
caggccagca
ggcgattcgg
gtcctcgaac
ggcgtaggtg
gaccttatcg
gttggttttc
gttagctcga
gtctgcagaa
gttacgagtt

aagaacgtca

96

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
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atggctctct gggegtegec tttgecgaca aaaatgtgat catgatgaaa

acgttgcagc tgatattgtt gtcggccaac cgcgccgaaa acgcagctgt

gcectecaacy aagaatgtat cygtcaaagtg atccaageac actcatagtt

tccaaaggey geaatgacga gtcagacaga tactcgtcga ctcaggegac

ctgcageeca tetgeagaat tceaggagaga ccgggttgge ggegtatttg

aacagcccca attgccccgg agaagacgge caggccgoect agatgacaaa

cacagctgac tttctgccat tgccactagg ggggggectt tttatatgge

tctecacgte ggttgggetg cacccaacaa taaatgggta gggttgeacc

tgggatggyg ggtagaagat acgaggataa cggggctcaa tggcacaaat

actgccatta agactcgtga tccagegact gacaccattg catcatctaa

actacctecgg aactgetgeg ctgatctgga caccacagag gttccgagea

caccaaatgt cccaccaggt gcaggcagaa aacgctggaa cagcgtgtac

aacaaaaagt gagggcgctg aggtcgagca gggtggtgtg acttgttata

ctgcgaaage gegtatggat ttggetcatc aggecagatt gagggtctgt

catgttagtyg tacttcaatc gecccctgga tatagecccg acaataggec

ttttttgect tccgecacatt tccattgete ggtacccaca cettgettet

ccaaccttaa tactggttta cattgaccaa catcttacaa gcgggggget

atatataaac agtggetctc ccaatcggtt gecagtctet trtttecttt

agattcgaaa tctaaactac acatcacaca atgcctgtta ctgacgtcct

tceggtgtea tegtceggega cgatgteccga gecgtgagta tocacgacaa

gagacgacge gttttgtgta atgacacaat ccgaaagtcg ctagcaacac

cacaaactaa cccagctctc

<210> 141

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-10A.HaGG

<400> 141
caaagacttc gatcacgccg gaggcgaate catcat

<210> 142

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-10B.HaGG

<400> 142
atgatggatt cgcctecgge gtgatcgaag tetttg

<210> 143

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-11A-HGG

<400> 143
caaagacttc gatcaccgag gaggcgaatc catcat

<210> 144

<211> 36

<212> DNA

<213> Artificial Sequence

36

36

36

gccageaatg
cagacccaca
ggagtcgtac
gacggaattc
Tgtcccaaaa
ttcaacaact
caagccaagc
aacaaaggga
aagaacgaat
gggcctcaaa
ctttaggtty
agtttgtectt
gcctttagag
ggacacatgt
gtggcctcat
cctgcacttyg
tgtctagggt
ctttccccac
taagcgaaag
gatcagtgtc

acactctcta

97

7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8480
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<220>
<223> Primer R5-11B.H'GG

<400> 144
atgatggatt cgccteeteg gtgatcgaag tetttg

<210> 145

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-12A.HhGG

<400> 145
caaagacttc gatcacaacg gaggcgaatc catcat

<210> 146

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-12B.HhGG

<400> 146
atgatggatt cgccteegtt gtgatcgaag tetttg

<210> 147

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-33A.HIGG

<400> 147
caaagacttc gatcacgacg gaggcgaatc catcat

<210> 148

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-33B.HIGG

<400> 148
atgatggatt cgcctecgtc gtgatcgaag tetttg

<210> 149

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-34A HcGG

<400> 149
caaagacttc gatcactgcg gaggcgaatc catcat

<210> 150

36

36

36

36

36

36
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<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer R5-34B.HcGG

<400> 150
atgatggatt cgcctecgea gtgatcgaag tetttg

<210> 151

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-35A.HQGG

<400> 151
caaagacttc gatcaccagg gaggcgaatc catcat

<210> 152

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-35B.HQGG

<400> 152
atgatggatt cgccteectg gtgatcgaag tetttg

<210> 153

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-36A.HeGG

<400> 153
caaagacttc gatcacgagg gaggcgaatc catcat

<210> 154

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-36B.HeGG

<400> 154
atgatggatt cgccteecte gtgatcgaag tetttg

<210> 155

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-13A.HQGG

<400> 155

36

36

36

36

36
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caaagacttc gatcacggcg gaggcgaatc catcat

<210> 156

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-13B.HgGG

<400> 156
atgatggatt cgcctecgece gtgatcgaag tetttg

<210> 157

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-14A.HhGG

<400> 157
caaagacttc gatcaccacg gaggcgaatc catcat

<210> 158

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-14B.HhGG

<400> 158
atgatggatt cgccteegtg gtgatcgaag tetttg

<210> 159

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-15A.HIGG

<400> 159
caaagacttc gatcacatcg gaggcgaatc catcat

<210> 160

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-15B.HGG

<400> 160
atgatggatt cgcctecgat gtgatcgaag tetttg

<210> 161

<211> 36

<212> DNA

<213> Artificial Sequence

<220>

36

36

36

36

36
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<223> Primer R5-16A.H1GG

<400> 161
caaagacttc gatcacctcg gaggcgaatc catcat

<210> 162

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-16B.H1GG

<400> 162
atgatggatt cgcctccgag gtgatcgaag tetttg

<210> 163

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-17A.HkGG

<400> 163
caaagacttc gatcacaagg gaggcgaatc catcat

<210> 164

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-17B.HkGG

<400> 164
atgatggatt cgcctecctt gtgatcgaag tctttg

<210> 165

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-18A.HMGG

<400> 165
caaagacttc gatcacatgg gaggcgaatc catcat

<210> 166

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-18B.HMGG

<400> 166
atgatggatt cgccteecat gtgatcgaag tctttg

<210> 167
<211> 36
<212> DNA

36

36

36

36

36

36
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<213> Artificial Sequence

<220>
<223> Primer R5-19A HIGG

<400> 167
caaagacttc gatcacttcg gaggcgaatc catcat

<210> 168

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-19B.HIGG

<400> 168
atgatggatt cgcctccgaa gtgatcgaag tetttg

<210> 169

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-20A.HsGG

<400> 169
caaagacttc gatcactccg gaggcgaate catcat

<210> 170

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-20B.HsGG

<400> 170
atgatggatt cgcctecgga gtgatcgaag tetttg

<210> 171

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-37A HIGG

<400> 171
caaagacttc gatcacaccg gaggcgaatc catcat

<210> 172

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-37B.HIGG

<400> 172
atgatggatt cgccteeggt gtgatcgaag tetttg

<210> 173

3

36

6

36

36

36

36
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<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer R5-38A HWGG

<400> 173
caaagacttc gatcactggg gaggcgaatc catcat

<210> 174

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-38B.HWGG

<400> 174
atgatggatt cgccteccca gtgatcgaag tetttg

<210> 175

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-21A HyGG

<400> 175
caaagacttc gatcactacg gaggcgaatc catcat

<210> 176

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-21B.HyGG

<400> 176
atgatggatt cgccteegta gtgatcgaag tetttg

<210> 177

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-22A. HVGG

<400> 177
caaagacttc gatcacgtcg gaggcgaatc catcat

<210> 178

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer R5-22B.HVGG

<400> 178

36

36

36

36

36
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atgatggatt cgcctecgac gtgatcgaag tetttg

<210> 179
<211> 463
<212> PRT
<213> Peridinium sp. CCMP626

<220>

<221> MISC_FEATURE
<222> (55)..(55)
<223> Xaa = Cys (C) or Trp (W)

<400> 179

Met Ala
1
Gln Asp
Lys Gly
Ile Lys
50
Gly Asn
65
Lys His
Thr ser
Glu val
Tyr Phe

130

Tyr Leu
145

Gly val

His Gly

Pro

Thr

Leu

35

Asp

Asp

His

Glu

Phe

115

Phe

Trp

ser

Ala

Asp

Ala

20

Gln

Phe

val

Leu

TYr

100

Lys

Arg

val

Gln

Ala

Ala
5
Asp
Gly
Asp
Thr
Glu
85
Lys
Ile
Ala
Thr
Ala

165

Ser

Asp

ser

Thr

His

Ala

70

Lys

val

Phe

Thr

150

Lys

Lys

Gln

Glu

Xaa
55

ASp

Arg

cys

135

Pro

Ile

Lys

Leu

Ala

Ile

40

Gly

Tyr

Lys

Thr

Arg

Tyr

Thr

Gly

Pro

Arg

Thr

25

val

Gly

Lys

Lys

Pro

105

Gly

Ile

Thr

Leu

Trp

Gln

10

Ile

Glu

Met

val

90

Phe

Arg

Gly

Phe

Asn

170

Ile

36

Arg

Leu

Asp

Ser

Ile

75

Gly

Glu

Glu

Leu

Ala

155

val

Asn

Lys

Lys

Gly

Ile

60

His

Arg

Arg

Phe

Phe

140

Leu

Gln

Asn

Ala

Ile

Asp

45

Met

Pro

val

Glu

Gly

Phe

Ala

His

Leu

Gln

Gly

30

Ile

Thr

Tyr

Pro

Ile

110

Thr

Tyr

Ile

Asp

Leu

ser

15

Thr

Tyr

Phe

His

Asp

95

Lys

Pro

Leu

Phe

Ala

175

Gly

Ile

Leu

Asp

Gly

ser

80

Tyr

Gln

Gly

Gln

Tyr

160

Asn

Leu
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180 185 190

Gly Ala Asp Phe Ile Gly Gly Ser Lys Trp Leu Trp Met Asn Gln His
195 200 205

Trp Thr His His Thr Tyr Thr Asn His His Glu Lys Asp Pro Asp Ala
210 215 220

Leu Gly Ala Glu Pro Met Leu Leu Phe Asn Asp Tyr Pro Leu Gly His
225 230 235 240

Pro Lys Arg Thr Leu Ile His His Phe Gln Ala Phe Tyr Tyr Leu Phe
245 250 255

val Leu Ala Gly Tyr Trp val Ser Ser val Phe Asn Pro Gln Ile Leu
260 265 270

Asp Leu GIn His Arg Gly Ala Gln Ala val Gly Met Lys Met Glu Asn
275 280 285

Asp Tyr Ile Ala Lys Ser Arg Lys Tyr Ala Ile Phe Leu Arg Leu Leu
290 295 300

Tyr Ile Tyr Thr Asn Ile val Ala Pro Ile GIn Asn GIn Gly Phe Ser
305 310 315 320

Leu Thr val val Ala His ITe Leu Thr Met Gly val Ala Ser Ser Leu
325 330 335

Thr Leu Ala Thr Leu Phe Ala Leu Ser His Asn Phe Glu Asn Ala Asp
340 345 350

Arg Asp Pro Thr Tyr Glu Ala Arg Lys Gly Gly Glu Pro val Cys Trp
355 360 365

Phe Lys Ser Gln val Glu Thr Ser Ser Thr Tyr Gly Gly Phe Ile Ser
370 375 380

Gly Cys Leu Thr Gly Gly Leu Ash Phe GIn val Glu His His Leu Phe
385 390 395 400

Pro Arg Met Ser Ser Ala Trp Tyr Pro Tyr Ile Ala Pro Thr val Arg
405 410 415

Glu val Cys Lys Lys His Gly val Lys Tyr Ala Tyr Tyr Pro Trp Val
420 425 430

Trp GIn Asn Leu Ile Ser Thr val Lys Tyr Leu His GlIn Ser Gly Thr
435 440 445

Gly Ser Asn Trp Lys Asn Gly Ala Asn Pro Tyr Ser Gly Lys Leu
450 455 460

<210> 180

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HPGG motif

<400> 180
His Pro Gly Gly
1

<210> 181

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HXGG motif

<220>
<221> misc_feature
<222> (2)..(2)

105
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<223> Xaa can be any naturally occurring amino acid

<400> 181
His Xaa Gly Gly
1

<210> 182

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HPGX motif

<220>

<221> misc_feature

<222> (4)..(4)

<223> Xaa can be any naturally occurring amino acid

<400> 182
His Pro Gly Xaa
1

<210> 183

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HGGG motif

<400> 183
His Gly Gly Gly
1

<210> 184

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HHGG motif

<400> 184
His His Gly Gly
1

<210> 185

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HPGS motif

<400> 185
His Pro Gly Ser

1

<210> 186

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HCGG motif

106
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<400> 186
His Cys Gly Gly
1

<210> 187

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HNVGG motif

<400> 187
His Trp Gly Gly
1

<210> 188

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HAGG motif

<400> 188
His Ala Gly Gly
1

<210> 189

<211>4

<212> PRT

<213> Artificial Sequence

<220>
<223> HPGA motif

<400> 189
His Pro Gly Ala
1

<210> 190

<211> 1350

<212> DNA

<213> Euglena gracilis

<400> 190

107
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atggctctet
ggcattctct
gcttctggtg
gagaactcga
attgtctaca
atgaaaggtc
gctgtcaccy
ttgactggat
gccatcagea
tcgtccagat
catggtctcg
gctgccaaca
cttggagect
aacgacacca
cgaaccctty
tatctcacty
ttectcacct
aagaactgca
agagctcagg
ggtctcaact
ttegtgeage
cctaccatty

cactgtgtca

<210> 191
<211> 1350
<212> DNA

cccttactac
acgatctgga
cctccgatge
agctgettea
cctacgactc
ggaactggta
ccttttgega
tcatgcacat
aaaagccctg
ggatctgget
acctggatgc
ctgctcgaaa
acggegttte
ttcecgagte
cattcgttat
gaacctcect
Tctttttcat
aggtcaagag
tggagacctc
tccagatcga
aagctgtceg
tgggcaacat

aggacgctea

<213> Euglena gracilis

<400> 191
atggetetet

ggcattctct
gcttetggty
gagaactcga
attgtctaca
atgaaaggtc
gctgtcaccy
ttgactggat
gccatcagea
tcgtccagat
catggtctecg
gctgccaaca
cttggagect
aacgacacca
cgaacccttg
tatctcactg
ttectecacet
aagaactgca
agagctcagg
ggtctcaact
ttcgtgecagce
cctaccattg

cactgtgtca

<210> 192
<211> 1350

cccttactac
acgatctgga
cctecgatge
agctgcttca
cctacgactc
ggaactggta
ccttttgega
tcatgcacat
aaaagccctg
ggatctgget
acctggatge
ctgctcgaaa
acggcgtttc
ttcccgagtc
cattcgttat
gaacctccct
tctttttcat
aggtcaagag
tggagaccte
tcecagatega
aagctgtccg
tgggcaacat

aggacgctca

cgagcagetg
aggtcttgec
ttctcctctg
acagttegtg
teceetttgea
tgccacacct
gtggcactgg
gcagatcggce
ggtcaacget
gcagtctcac
cgagtccgca
gtggtttcac
getggtygtac
tytcacagec
gcgagetttc
gctcatcacc
cttgtctcac
ctccgagaag
ttccacctac
gcatcacctc
agagtgttge
catttccacc

ggattcctaa

cgagcagctg
aggtcttgec
Ttctcctctg
acagttcgtg
tccctttgea
tgccacacct
gtggcactgg
gcagatcgge
ggtcaacget
gcagtctcac
cgagtccgea
gtggtttcac
gctggtgtac
tgtcacagcc
gcgagettte
gctcatcacc
cttgtctcac
ctcegagaag
ttecacctac
gcatcaccte
agagtgttgc
catttccacc

ggattcctaa

ctcgagegac
aaggtccatg
ttctactcca
cgaggcaage
caggacgtca
ggattctgge
gctactaccqg
ctgtccattc
ctetttgect
atcatgcgac
gaaccattcc
cgattccagg
aaccetetet
atgcgagaga
Ttcatctttc
attcctctgy
aacttcgatg
gacgttgaag
ggtggaccca
tttcctcgaa
gaacgacacg

ctcaagtaca

ctcgagegac
aaggtccatc
ttctactcca
cgaggcaagc
caggacgtca
ggattctgge
gctactaccy
ctgtccattc
ctetttgect
atcatgcgac
gaaccattcc
cgattccagg
aaccctctct
atgcgagaga
ttcatcttte
attcctctgg
aacttcgatg
gacgttgaag
ggtggaccca
tttcctcgaa
gaacgacacg

ctcaagtaca

ccgacctggt
gtggaggcga
tgcaccctta
acgaccgaac
agcgaactat
tgcgaaccygt
gaatggtgct
agcacgatgc
acggcatcga
atcacaccta
ttgtgttcca
cctggtacat
acatctteeg
acggetttet
gaaccgcctt
tgcccactge
gcteggagey
ccgatcagat
ttgccatgtt
tgtcgtcttg
gagttcggta

tgcacaaagt

ccgacctggt
acggaggcga
tgcaccctta
acgaccgaac
agcgaactat
tgcgaaccgt
gaatggtgct
agcacgatgc
acggcatcga
atcacaccta
ttgtgttcca
cctggtacat
acatcttccg
acggctttct
gaaccgectt
tgcccactge
geteggageg
ccgatcagat
ttgccatgtt
tgtegtettyg
gagttcggta

tgcacaaagt

tgccatcgac
cttgatcctc
cgtcaagccc
ctccaaggac
gcgagaggtc
tggcatcatt
gtggggtcte
ctctcatggt
cgtcattgga
caccaatcag
caactaccct
gtacctcgtg
aatgcagcac
gcgacggtac
cttgccctgy
taccggtgec
aatccccgac
cgactggtac
ctttactggc
gcactatccc
cgtcttctac

cggtgtggtt

tgccatcgac
cttgatccte
cgtcaagecc
ctccaaggac
gcgagaggtc
tggcatcatt
gtggggtcte
ctcteatggt
cgtcattgga
caccaatcag
caactaccct
gtacctcgtg
aatgcagcac
gcgacggtac
cttgcectgg
taccggtgec
aatccccgac
cgactggtac
ctttactggce
gcactatcece
cgtcttctac

ngtgtggtt

108

60
120
180
240
300
360
420

540
600
660
720
780
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<212> DNA
<213> Euglena gracilis

<400> 192

QEEQEtcEéE cccttactac cgagcagctg ctcgagcgac ccgacctggt tgccatcgac 60
ggcattctct acgatctgga aggtcttgec aaggtccatc ccggatccga cttgatcctce 120
gcttctggtyg cctccgatge ttetcctetg ttctactcca tgcaccctta cgtcaagecc 180
gagaactcga agctgcttca acagttcgtg cgaggcaagc acgaccgaac ctccaaggac 240
attgtctaca cctacgactc tccctttgca caggacgtca agcgaactat gcgagaggtc 300
atgaaaggtc ggaactggta tyccacacct ggattctgge tygcgaaccgt tggcatcatt 360
gctgtcaccg ccttttgega gtggcactgg getactaccg gaatggtget gtggggtctc 420
ttgactggat tcatgcacat gcagatcggc ctgtccattc agcacgatge ctctcatggt 480
gccatcagca aaaagccctg ggtcaacgct ctctttgect acggcatcga cgtcattgga 540
tcgtecagat ggatctgget geagtctcac atcatgegac atcacaccta caccaatcag 600
catggtcteg acctggatge cgagtccgea gaaccattce ttgtgttcca caactaccct 660
gctgccaaca ctgctcgaaa gtggtttcac cgattccagg cctggtacat gtacctcgtg 720
cttggagect acggegtttc getggtgtac aaccctctet acatcttceg aatgcageac 780
aacgacacca ttcccgagtc tgtcacagecc atgcgagaga acggctttct gcgacggtac 840
cgaacccttg cattcgttat gcgagctttc ttcatctttc gaaccgcctt cttgccctgg 900
tatctcactg gaacctccct getcatcace attcetetgg tgcccactge taccggtgec 960
ttcctcacct tcetttttcat cttgtctcac aacttcgatg gectcggageg aatccccgac 1020
aagaactgca aggtcaagag ctccgagaag gacgttgaag ccgatcagat cgactggtac 1080
agagctcagg tggagacctc ttccacctac ggtggaccca ttgccatgtt ctttactgge 1140
ggtctcaact tccagatcga gecatcacctc tttcctcgaa tgtcgtcttg gecactatcce 1200
ttcgtgecage aagetgtccg agagtgttgc gaacgacacg gagttcggta cgtcttctac 1260
cctaccattg tgggcaacat catttccacc ctcaagtaca tgcacaaagt cggtgtggtt 1320
cactgtgtca aggacgctca ggattcctaa 1350
<210> 193

<211> 1365

<212> DNA

<213> Euglena anabaena

<400> 193
atggccacca tctccctgac taccgagcag ctcctggaac accccgaget cgttgecate 60
gacggagtcc tgtacgatct cttcggtctg gccaaggtge attgcggagg caacctcatc 120
gaagctgecg gtgcatccga cggaaccget ctgttctact ccatgcatcc tggagtcaag 180
ccagagaact cgaagcttct gcagcaattt gcccgaggca agcacgaacg aagctccaag 240
gatcccgtgt acaccttcga ctctcccttt getcaggacg tcaagcagtc cgttcgagag 300
gtcatgaagg gtcgaaactg gtacgccact cctggcttct ggctgagaac cgcactcatc 360
atcgcttgta ctgccattgg cgagtggtac tggatcacaa ccggagcagt gatgtggggt 420
atctttactg gatacttcca ctcgcagatt ggcttggcca ttcaacacga tgcttctcac 480
ggagccatca gcaaaaagcC ctgggtcaac gcctttttcg cttatggcat cgacgccatt 540
ggttcctcte gttggatctg gectgcagtcc cacattatge gacatcacac ttacaccaac 600
cagcatggcc tcgacctgga tgctgecteg gcagagecgt tecatcttgtt ccactectat 660
cctgctacca acgcctctcg aaagtggtac caccgattic aggcgtggta catgtacatc 720
gttctgggaa tgtatggtgt ctcgatggtg tacaatccca tgtacctctt cacaatgcag 780
cacaacgaca ccattcccga ggccacttct ctcagaccag gecagcttttt caatcggeag 840
cgagctttcg ccgtttcect tecgactygctce ttcatcttee gaaacgectt tettccctgg 900
tacattgctg gtgcctctee tetgctcace attcttetgyg tgcccacggt cacaggcatc 960
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ttcctcacct
aagaactgca
cgagtcgact
atgatgctta
tcttggeact
cgttacacat
aaggtgggtg
<210> 194

<211> 1392
<212> DNA

ttgtgttcgt
aggccaaacg
ggtaccgage
caggcggtct
atccctteat
actatcectac

ttgctcacac

tctgtcccat
agctaaggaa
acaggccgag
caacctgcag
tcaagacacc
cattctegag

cattcaggat

<213> Peridinium sp. CCMP626

<400> 194
atggcteceg

gattctcagy
gtcattgaty
atgaccttty
aagcatcacc
aagttcgata
ggtcgagagt
ttttacctge
ggtgtgtcte
tccaaaaage
aagtggctet
gatcccgacy
cccaagegaa
tactgggtgt
gctgtcggea
ctgcgactcc
ctcacegteg
ctgttcgece
aagggaggeyg
gygcttcattt
cctcgaatgt
aagcacggcg
aagtacctgc

ggcaagctgt

<210> 195
<211> 1392
<212> DNA

acgccgacaa
ctaccgaget
gcgacatcta
gtggcaacga
tggagaagat
ctcccttega
ttggaacacc
agtatctctg
aggccttceat
cctggatcaa
ggatgaacca
ccetgggtge
cccteattea
ctteggtgtt
tgaagatgga
tgtacatcta
ttgctcacat
tcteccacaa
agcctgtetg
ccggttgect
cctetgecty
tcaagtacgc
atcagtccgg

aa

getgegacag
caagattggc
cgacatcaaa
cgttactgec
gaaaaaggtc
acgagagatc
tggctacttc
ggttaccact
tggcctgaac
caatttyctc
gcactggacc
agagcctatg
tcacttccaa
caaccctcag
gaacgactac
caccaacatt
tcttactatg
cttcgagaac
ttggttcaag
tacaggcgga
gtacccctac
ctactatccc

aactggctcg

<213> Peridinium sp. CCMP626

<400> 195

aacttcgagg
ggcaaggagg
actgctgeca
atcgagcatc
gttcgggagt
aacatcatgt

gcccaggagt

cgaaaggcte
accctgaagg
gacttcgatc
acctacaaga
ggtcgagtgce
aaacaggagg
tttcgagect
cctaccactt
gtccageacy
ggcctgggty
catcacactt
ctgctettea
gecttetact
atcctggacce
attgccaagt
gtggctccca
ggtgtegect
gcagatcggy
tcgeaggtgg
ctcaactttc
atcgctecta
tgggtgtgge

aactggaaga

gagccgaacy
tcagagacgt
cctacggtgy
acttgtttcc
gttgcaageg
ccactetteg

tctaa

agtccatcca
gtctecaagg
actgeggagg
tgattcatcc
ccgactacac
tcttcaagat
tctgctacat
tcgeccttge
acgccaacca
ccgactttat
acaccaacca
acgactatec
atcrgtrrgt
tccageaceg
ctcgaaagta
tccagaacca
ccagectgac
atcccaccta
aaacctecte
aggtcgagca
ccgttcgaga
agaacctcat

acggtgccaa

gaccccagag
ggaagaggat
cagcgtggga
ccgaatgtec
acatggegte

atacatgcag

ggacactgce
caccgagatc
cgaatccatc
ctaccactcg
ctccgagtac
tgtgcgaaga
cggtctctte
tatcttctac
cggagetgee
cggaggctee
tcacgagaag
cttgggtcac
ccttgetgge
aggtgcccag
cgctatcttc
aggcttttcg
cctegetact
cgaggctcga
tacttacggt
tcacctgttt
ggtctgcaaa
ctcgaccgte

tccctactct
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1020
1080
1140
1200
1260
1320
1365

60
120
180
240
300
360
420
480
540

660
720
780
840

960
1020
1080
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1392
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atggctcecg acgccgacaa getgegacag
gattctcagg ctaccgagct caagattggc
gtcattgatg gcgacatcta cgacatcaaa
atgaccttty gtggcaacga cgttactgec
aagcatcacc tggagaagat gaaaaaggtc
aagttcgata ctcccttega acgagagatc
ggtcgagagt ttggaacacc tggetacttc
ttttacctge agtatctetyg ggttaccact
ggtgtgtctc aggccttcat tggectgaac
tccaaaaagc cctggatcaa caatttgctc
aagtggctct ggatgaacca geactggacc
gatcccgacy ccctgggtge agagectatg
cccaagcgaa ccctcattca tcacttccaa
tactgggtgt cttecggtgtt caaccctcag
gctgtcggea tgaagatgga gaacgactac
ctgcgactce tgtacatcta caccaacatt
ctcaccgtcg ttgctcacat tcttactatg
ctgttcgecc tctcccacaa cttcgagaac
aagggaggcg agcctgtctg ttggttcaag
ggcttcattt ccggttgect tacaggcgga
cctcgaatgt cctetgectg gtacccctac
aagcacggcy tcaagtacge ctactatccc
aagtacctgc atcagtccgg aactggctceg

ggcaagctgt aa
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MUTANTE DELTAS-DESATURASER OG ANVENDELSE HERAF TIL FREMSTILLING AF
POLYUMATTEDE FEDTSYRER

PATENTKRAV

1. Mutant polypeptid, der har AS-desaturaseaktivitet, der omfatter mindst én mutation i HPGG-
menstret (SEQ ID NO: 180) af cytochrom bs-domanet, hvor polypeptidet har en aminosyresekvens, der er
mindst 95 % sekvensidentisk med en aminosyresekvens, der er udvalgt fra gruppen bestaende af:

1) SEQ ID NO: 58, der omfatter et mutant menster fra SEQ ID NO: 183 (HGGG) eller
SEQ ID NO: 184 (HHGG), (EgD5S-HGGG og EgD5S-HHGG);

(i1) SEQ ID NO: 97, der omfatter et mutant menster fra SEQ ID NO: 185 (HPGS),
(EgD5S-HPGS);

(iii) SEQ ID NO: 139, der omfatter et mutant menster fra SEQ ID NO: 186 (HCGG), (EaD5S-
HCGG); og

(iv) SEQ ID NO: 179, der omfatter et mutant menster fra SEQ ID NO: 186 (HCGG) eller
SEQ ID NO: 187 (HWGG), (RD5S-HCGG og RD5S-HWGG), hvor det mutante polypeptid har en dihomo-
y-linolensyre til arachidonsyreomdannelseseffektivitet, der er sterre end dihomo-y-linolensyre til
arachidonsyreomdannelseseffektivitet for moderpolypeptidet, hvoraf mutanten var afledt, hvilket
moderpolypeptid har en identisk aminosyresekvens, bortset fra at den omfatter et HPGG-menster (SEQ ID
NO: 180).
2. Mutant polypeptid ifelge krav 1, der har en aminosyresekvens, der er mindst 95 %
sekvensidentitisk med SEQ ID NO: 97 (EgD5S-HPGS).

3. Isoleret nukleinsyremolekyle, der koder for polypeptidet ifelge krav 1 eller krav 2.

4. Mikrobiel veartscelle, der udtrykker polypeptidet ifelge et hvilket som helst af krav 1 eller
krav 2.

S. Mikrobiel vertscelle ifelge krav 4, hvilken vertscelle er udvalgt fra gruppen bestdende af:

bakterier, gar, alger, euglenoider, stramenopiler, oomycetter og svampe.

6. Mikrobiel vertscelle ifolge krav 5, hvor den mikrobielle vartscelle er en olicholdig geer.

7. Mikrobiel vartscelle ifelge krav 6, hvor den olicholdige gaer er udvalgt fra gruppen bestaende
af: Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon og Lipomyces.

8. Fremgangsmade til fremstilling af arachidonsyre, der omfatter dyrkning af en mikrobiel vertscelle,
der udtrykker polypeptidet ifelge et hvilket som helst af krav 1 eller krav 2 i naerver af dihomo-y-
linolensyre, hvor dihomo-y-linolensyren er omdannet til arachidonsyre.

9. Fremgangsmade til fremstilling af eicosapentaensyre, hvilken fremgangsmade omfatter dyrkning af
en mikrobiel vartscelle, der udtrykker polypeptidet ifalge et hvilket som helst af krav 1 eller krav 2 1
naxrver af eicosatetracnsyre, hvor eicosatetraecnsyren er omdannet til eicosapentaensyre.

10. Mikrobiel vertscelle ifalge krav 4, hvor vertscellen fremstiller en polyumettet fedtsyre, der er
udvalgt fra gruppen bestéende af m-6-fedtsyrer og m-3-fedtsyrer.

11. Mikrobiel vartscelle ifalge krav 10, hvor vertscellen fremstiller en polyumettet fedtsyre, der er
udvalgt fra gruppen bestdende af arachidonsyre og m-3-fedtsyrer.
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desaturase
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Arachidonic
Acid
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ARA

Al7
desaturase

A5 desaturase

Eicosapentaenoic
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from (EPA)
Fig. 1A

.
A5 desacturase

ICZQ/QQ elongase
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Acid
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(DPA)

A4
desaturase
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Acid
[C22:6,w-3]
FIG. 1B (DHA)
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