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DESCRIPTION

[0001] This application claims the benefit of U.S. Provisional Application Nos. 61/661,615 and 61/661,623, each filed June 19,
2012.

FIELD OF THE INVENTION

[0002] This invention is in the field of biotechnology. More specifically, this invention pertains to over-expression of both a
polynucleotide sequence encoding acyl-CoA:lysophosphatidylcholine acyltransferase and a polynucleotide sequence encoding
phospholipid:diacylglycerol acyltransferase as a means to improve production of long-chain polyunsaturated fatty acids ["PUFAs"] in
a recombinant microbial cell.

BACKGROUND OF THE INVENTION

[0003] Glycerophospholipids, the main component of biological membranes, contain a glycerol core with fatty acids attached as R
groups at the sn-1 position and sn-2 position, and a polar head group joined at the sn-3 position via a phosphodiester bond. The
specific polar head group determines the name given to a particular glycerophospholipid (e.g., a chloline head group results in a
phosphatidylcholine). Glycerophospholipids possess tremendous diversity, not only resulting from variable phosphoryl head groups,
but also as a result of differing chain lengths and degrees of saturation of their fatty acids. Generally, saturated and
monounsaturated fatty acids are esterified at the sn-1 position, while polyunsaturated fatty acids are esterified at the sn-2 position.

[0004] Glycerophospholipid biosynthesis, summarized in U.S. Pat. Appl. Publ. No. 2010-0317882-A1, requires a variety of
acyltransferases, including glycerol-3-phosphate acyltransferase (GPAT) [E.C. 2.3.1.15], acyl-CoA:lysophosphatidic acid
acyltransferase (LPAAT) [E.C. 2.3.1.51], diacylglycerol acyltransferase (DGAT) [E.C. 2.3.1.20] and phospholipid:diacylglycerol
acyltransferase (PDAT) [E.C.2.3.1.158].

[0005] Following their de novo synthesis, glycerophospholipids can undergo rapid turnover of the fatty acyl composition at the sn-2
position. This "remodeling", or "acyl editing”, is important for membrane structure and function, biological response to stress
conditions, and manipulation of fatty acid composition and quantity in biotechnological applications. Specifically, the remodeling has
been attributed to a combination of deacylation and reacylation of glycerophospholipid. For example, in the Lands' cycle (Lands, J.
Biol. Chem., 231:883-888 (1958)), remodeling occurs through the concerted action of: 1) a phospholipase, such as phospholipase
Ao, that releases fatty acids from the sn-2 position of phosphatidylcholine; and 2) acyl-CoA:lysophospholipid acyltransferases
["LPLATs"], such as acyl-CoA:lysophosphatidylcholine acyltransferase ['LPCAT"] that reacylates the lysophosphatidylcholine ["LPC"]
at the sn-2 position (thereby removing acyl-CoA fatty acids from the cellular acyl-CoA pool and acylating lysophospholipid substrates
at the sn-2 position in the phospholipid pool). Remodeling has also been attributed to reversible LPCAT activity (Stymne and Stobart
(Biochem J., 223(2):305-314(1984))

[0006] The effect of LPCATs (and other LPLATs that have LPCAT activity) on polyunsaturated fatty acid ['PUFA"] production has
been contemplated, since fatty acid biosynthesis requires rapid exchange of acyl groups between the acyl-CoA pool and the
phospholipid pool. Specifically, desaturations occur mainly at the sn-2 position of phospholipids, while elongation occurs in the acyl-
CoA pool. More specifically, U.S. Pat. No. 7,932,077 hypothesized that acyltransferases, including PDAT and LPCAT, could be
important in the accumulation of PUFAs (e.g., eicosapentaenoic acid ["EPA"], 20:5 omega-3) in the TAG fraction of Yarrowia
lipolytica. As described therein, this was based on the following studies: 1) Stymne and Stobart (Biochem J., 223(2):305-314(1984)),
who hypothesized that the exchange between the acyl-CoA pool and PC pool may be attributed to the forward and backward
reaction of LPCAT; 2) Domergue et al. (J. Biol. Chem., 278:35115-35126 (2003)), who suggested that accumulation of gamma-
linolenic acid ["GLA"] at the sn-2 position of phosphatidylcholine ['PC"] and the inability to efficiently synthesize arachidonic acid
["ARA" (20:4 omega-6) in yeast was a result of the elongation step involved in PUFA biosynthesis occurring within the acyl-CoA
pool, while delta-5 and delta-6 desaturation steps occurred predominantly at the sn-2 position of PC; 3) Abbadi et al. (The Plant Cell,
16:2734-2748 (2004)), who suggested that LPCAT plays a critical role in the successful reconstitution of a delta-6 desaturase/delta-
6 elongase pathway, based on analysis of the constraints of PUFA accumulation in transgenic oilseed plants; and 4) Intl. Appl. Publ.
No. WO 2004/076617 A2 (Renz et al.), who provided a gene encoding LPCAT from Caenorhabditis elegans (TO6E8.1) that
substantially improved the efficiency of elongation in a genetically introduced delta-6 desaturase/delta-6 elongase pathway in S.
cerevisiae fed with exogenous fatty acid substrates suitable for delta-6 elongation. Renz et al. concluded that LPCAT allowed
efficient and continuous exchange of the newly synthesized fatty acids between phospholipids and the acyl-CoA pool, since
desaturases catalyze the introduction of double bonds in PC-coupled fatty acids while elongases exclusively catalyze the elongation
of CoA-esterified fatty acids (acyl-CoA).

[0007] U.S. Pat. Appl. Publ. No. 2010-0317882-A1 provided further support that LPCAT is indeed important in the accumulation of
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EPA and docosahexaenoic acid ['DHA"] (22:6 omega-3) in the TAG fraction of Yarrowia lipolytica. It was found that over-expression
of LPCATs can result in an improvement in the delta-9 elongase conversion efficiency and/or delta-4 desaturase conversion
efficiency (wherein conversion efficiency is a term that refers to the efficiency by which a particular enzyme can convert substrate to
product). Thus, in a strain engineered to produce EPA, improvement in delta-9 elongase conversion efficiency was demonstrated to
result in increased EPA % TFAs or EPA % DCW. Similarly, improvement in delta-9 elongase and/or delta-4 desaturase conversion
efficiency in a strain engineered to produce DHA was demonstrated to result in increased DHA % TFAs or DHA % DCW.

[0008] Numerous other references generally describe benefits of co-expressing LPLATs with PUFA biosynthetic genes to increase
the amount of a desired fatty acid in the oil of a transgenic organism, increase total oil content, or selectively increase the content of
desired fatty acids (e.g., Intl. Appl. Publication Nos. WO 2004/087902, WO 2006/069936, WO 2006/052870, WO 2009/001315, WO
2009/014140). However, none of these references describe the benefits achieved in an organism engineered for high-level
production of LC-PUFAs when an LPCAT and a phospholipid:diacylglycerol acyltransferase (PDAT) are both over-expressed. PDAT
is an enzyme responsible for transferring a fatty acyl-group from the sn-2 position of a phospholipid (e.g., phosphatidylcholine) to
the sn-3 position of 1,2-diacylglycerol to produce a lysophospholipid and TAG via an acyl-CoA-independent mechanism.

[0009] Furthermore, despite reports of a variety of conserved membrane bound O-acyltransferase ["MBOAT"] family protein motif
sequences within LPCATs in both public and patent literature, a detailed investigation concerning specific mutations within these
motifs has not been previously conducted.

SUMMARY OF THE INVENTION

[0010] In one embodiment, the invention concerns a recombinant Yarrowia cell for the production of at least one long-chain
polyunsaturated fatty acid (PUFA) having a chain length of C20 or greater, wherein said recombinant cell has been genetically
engineered to comprise a polyunsaturated fatty acid biosynthetic pathway capable of producing at least one said long-chain
polyunsaturated fatty acid, and has been further modified to introduce:

1. (a) a chimeric gene encoding at least one polypeptide having acyl CoA:lysophosphatidylcholine acyltransferase (LPCAT)
activity wherein said polypeptide has at least 90% amino acid identity, based on the Clustal W method of alignment, when
compared to the amino acid sequence set forth in SEQ ID NO: 4 (YILPCAT); and

2. (b) a chimeric gene encoding at least one polypeptide having phospholipid:diacylglycerol acyltransferase (PDAT) activity
wherein said polypeptide has at least 90% amino acid identity, based on the Clustal W method of alignment, when compared
to the amino acid sequence of SEQ ID NO: 32 (YIPDAT); and

wherein said chimeric genes each comprise a promoter which is heterologous to the coding sequence encoding the polypeptides of
(a) and (b), and wherein the recombinant cell comprises an increased amount of a said PUFA measured as a weight percent of total
fatty acids, when compared to a control cell which corresponds to the recombinant Yarrowia cell for production but which has not
been modified to introduce the chimeric genes encoding the LPCAT or PDAT polypeptides of (a) or (b).

[0011] In a second embodiment, the recombinant Yarrowia cell further comprises at least one of the following, when compared to
the control cell:

1. (i) an increased C1g to Cop elongation conversion efficiency, or

2. (ii) an increased amount of total fatty acids measured as a weight percent of dry cell weight.

Preferably, the increased C1gto Cog elongation conversion efficiency is an effect of increased delta-9 elongase conversion efficiency
or increased delta-6 elongase conversion efficiency in the recombinant microbial cell. In a third embodiment, the polypeptide having
PDAT activity has at least 95% amino acid identity, based on the Clustal W method of alignment, when compared to an amino acid
sequence selected from the group consisting of SEQ ID NO:32 (YIPDAT), and/or wherein the polypeptide having acyl
CoA:lysophosphatidylcholine acyltransferase activity has at least 95% amino acid identity, based on the Clustal W method of
alignment, when compared to the amino acid sequence set forth in SEQ ID NO:4 (YILPCAT).

[0012] In a fourth embodiment, the polypeptide having LPCAT activity is selected from the group consisting of:

1. (a) a polypeptide comprising at least one membrane-bound O-acyltransferase protein family motif selected from the group
consisting of: SEQ ID NO:5 (WHG-X3-GY-X3-F), SEQ ID NO:6 (Y-X4-F), SEQ ID NO:7 (Y-X3-YF-Xo-H), SEQ ID NO:8 (M-[V/I]-
[L/1]-Xo-K-[L/V/1]-Xg-DG), SEQ ID NO:9 (RxKYY-Xo-W-X3-[E/D]-[A/G]-X5-GxG-[F/Y]-xG), SEQ ID NO:10 (EX1{WN-Xo-[T/V]-Xo-
W), SEQ ID NO:11 (SAXWHG-X2-PGY-X2-[T/F]-F), SEQ ID NO:12 (M-[V/]-[L/UVV]-[VIC/AT]-IM/L/Q]-K-[L/VII/MI-[S/T/Y/]-
[SIT/IAIM/G]-[F/LIC/Y]-[C/A/G/S]-[W/Y/M/I/F/C]-IN/S/E/Q/D]-[V/Y/LNI-[H/Y/A/N/S/T]-DG), SEQ ID NO:13 (R-[L/M/F/W/P/Y]-KYY-
[G/AFIH/S]-[VIAICT-W-[Y/E/T/M/S/L]-[L/I/N]-[T/S/A]-[E/D]-[G/A]-[A/S/IV]-[C/S/IN/H/LT- [V/IN]-[L/I/N/A/CI-[S/C/WIA/I]-G-
[M/VL/IAF]-G-[Y/FFINE/SITIRIK]-G), SEQ ID NO:14  (E-[T/F/LIM]-[A/S]-[Q/D/P/K/TI-[N/SI-[S/I/T/LIA/M/F]-[HIKIR/V]-
[G/C/E/TIQ/D/MI-[Y/A/M/L/I/F]-[L/S/P/I]-[G/E/A/L/N/D]-[S/A/V/F/MIN]-WN- [K/M/I/C]- [N/KIQ/G]-[T/V]- [N/A/S]- [H/IKIN/T/R/L]-W),
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SEQ ID NO:15 (SA-[F/M/NV/1]-WHG-[F/V/T/L]-[Y/S/R]-PGY-[Y/M/I]-[L/M/I/F]-[T/F]-F), SEQ ID NO:16 (M-[V/I]-L-X>-KL), SEQ ID
NO:17 (RxKYY-Xo-W), and SEQ ID NO:18 (SAXWHG); and

2. (b) a polypeptide comprising at least one mutant membrane-bound O-acyltransferase protein family motif selected from the
group consisting of:

1. (i) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:38, wherein SEQ ID NO:38 differs from
SEQ ID NO:16 (M-[V/I]-L-Xo-KL) by at least one amino acid mutation selected from the group consisting of: V2C, 12C,
L3A, L3C, L3G, K6H, K6G, K6N, K6Y, L7A, L7N, L7G, L7H, L71 and L7M;

2. (ii) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:39, wherein SEQ ID NO:39 differs
from SEQ ID NO:8 (M-[V/I]-[L/1]-Xo>-K-[L/V/1]-Xg-DG) by at least one amino acid mutation selected from the group
consisting of: V2C, 12C, L3A, L3C, L3G, I3A, I13C, I13G, K6H, K6G, K6N, K6Y, L7A, L7N, L7G, L7H, L7M, V7A, V7N, V7G,
V7H, VM, I7A, I7N, I7G, I7TH, I7TM, D16Q, D16N, D16H, G17A, G17V and G17N;

3. (iii) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:40 wherein SEQ ID NO:40 differs
from SEQ ID NO:5 (WHG-X3-GY-X3-F) by at least one amino acid mutation selected from the group consisting of: F12N,
F12C, F12G and F12T; and

4. (iv)a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:41, wherein SEQ ID NO:41 differs
from SEQ ID NO:11 (SAXWHG-Xo-PGY-Xo-[T/F]-F) by at least one amino acid mutation selected from the group
consisting of: T14A, T14C, T14S, F14A, F14C, F14S, F15N, F15C, F15G and F15T;

[0013] In a fifth embodiment, the long-chain PUFA is selected from the group consisting of: eicosadienoic acid, dihomo-gamma-
linolenic acid, arachidonic acid, docosatetraenoic acid, omega-6 docosapentaenoic acid, eicosatrienoic acid, eicosatetraenoic acid,
eicosapentaenoic acid, omega-3 docosapentaenoic acid and docosahexaenoic acid. Preferably, the PUFA is eicosapentaenoic acid.

[0014] The recombinant microbial cell may be selected from the group consisting of: algae, yeast, euglenoids, stramenopiles,
oomycetes and fungi. Preferably, the recombinant microbial cell is an oleaginous yeast. The oleaginous yeast may be of the genus
Yarrowia.

[0015] Another embodiment of the invention concerns a method for improving the production of at least one long-chain PUFA
having a chain length of C20 or greater. This method comprises:

1. (a) growing the recombinant microbial cell of the invention in the presence of a fermentable carbon source; and
2. (b) optionally, recovering the long-chain PUFA.

[0016] In one aspect of the method, the recombinant microbial cell is an oleaginous yeast and the long-chain PUFA is selected from
the group consisting of: eicosadienoic acid, dihomo-gamma-linolenic acid, arachidonic acid, docosatetraenoic acid, omega-6
docosapentaenoic acid, eicosatrienoic acid, eicosatetraenoic acid, eicosapentaenoic acid, omega-3 docosapentaenoic acid and
docosahexaenoic acid. Preferably, the PUFA is eicosapentaenoic acid. In another aspect of the method, the oleaginous yeast is of
the genus Yarrowia.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTING

[0017]

FIG. 1 illustrates the cycle of phosphatidylcholine (PC) substrate use by PDAT and regeneration by LPCAT. PC1 and PC»o may differ
in that the fatty acid removed from PC4 by PDAT to yield lysophosphatidylcholine (LPC) may differ from the fatty acid added to LPC
by LPCAT in yielding PCo.

FIG. 2 illustrates the omega-3/omega-6 fatty acid biosynthetic pathway, and should be viewed together when considering the
description of this pathway.

FIG. 3 provides plasmid maps for the following: (A) pY196 and (B) pY301.

FIG. 4 provides a plasmid map for pY306-N.

[0018] The invention can be more fully understood from the following detailed description and the accompanying sequence
descriptions (Table 1), which form a part of this application.
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Table 1. Summary of Gene and Protein SEQ ID NOs

Description Nucleic acid Protein
SEQ ID NO. SEQID
NO.
Saccharomyces cerevisiae Ale1 ("ScAle1" or "ScLPAAT"; also ORF "YOR175C") 1(1860 bp) {2 (619 AA)
Yarrowia lipolytica Ale1 ("Y1Ale1" or "YILPCAT") (YALIOF19514p) 3(1539bp) {4 (512 AA)
Shindou et al. WHG-X3-GY-X3-F motif - 5
Shindou et al. Y-X4-F motif - 6
Shindou et al. Y-X3-YF-X>-H motif - 7
U.S. Pat. Appl. Publ. No. 2008-0145867-A1 M-[V/I]-[L/1]-X-K-[L/V/I]-Xg-DG motif -- 8
U.S. Pat. Appl. Publ. No. 2008-0145867-A1 RxKYY-X,-W-X3-[E/D]-[A/G]-X5-GxG- -- 9
[F/Y]-xG motif
U.S. Pat. Appl. Publ. No. 2008-0145867-A1 EX{{WN-Xo-[T/V]-X>-W motif -- 10
U.S. Pat. Appl. Publ. No. 2008-0145867-A1 SAXWHG-X,-PGY-Xo-[T/F]-F motif -- 1
U.S. Patent No. 7,732,155 motif - 12
U.S. Patent No. 7,732,155 motif - 13
U.S. Patent No. 7,732,155 motif - 14
U.S. Patent No. 7,732,155 motif - 15
U.S. Pat. Appl. Publ. No. 2010-0317882-A1 M-[V/I]-L-X»-KL motif -- 16
U.S. Pat. Appl. Publ. No. 2010-0317882-A1 RxKYY-X,-W motif -- 17
U.S. Pat. Appl. Publ. No. 2010-0317882-A1 SAXWHG motif -- 18
Mutant YILPCAT, comprising a mutant Motif | motif and/or a mutant Motif || motif - 151\(:)12
Mortierella alpina LPAAT1 ("MaLPAAT1") 20 (945 bp) 21(314
AA)
Yarrowia lipolytica LPAAT1 ("YILPAAT1") 22 (1549 bp) 23 (282
AA)
Saccharomyces cerevisiae LPAAT ("ScLPAAT"; also ORF "YDL052C") - 24 A(A”a)O?:
1-acyl-sn-glycerol-3-phosphate acyltransferase motif NHxxxxD -- 25
1-acyl-sn-glycerol-3-phosphate acyltransferase motif EGTR -- 26
Lewin et al. and Yamashita et al. 1-acyl-sn-glycerol-3-phosphate acyltransferase motif -- 27
GxxFI-[D/R]-R
Yamashita et al. 1-acyl-sn-glycerol-3-phosphate acyltransferase motif [V/I]-[P/X]- -~ 28
[IV/LI-[IIV]-P-[V/1]
Yamashita et al. 1-acyl-sn-glycerol-3-phosphate acyltransferase motif IVPIVM -- 29
Saccharomyces cerevisiae PDAT (GenBank Accession No. P40345) -- 30 A(f\i;ﬂ
Yarrowia lipolytica phospholipid:diacylglycerol acyltransferase ("YIPDAT") 31 (1947 bp) 32A(£;18
Mutant M-[V/I]-L-X5-KL motif -- 33
Mutant M-[V/I]-[L/1]-X>-K-[L/V/1]-Xg-DG motif -- 34
Mutant WHG-X3-GY-X3-F motif - 35
Mutant SAXWHG-X,-PGY-X,-[T/F]-F motif -- 36
Mutant YILPCAT, comprising single mutations in Motif | and/or Motif || -- 37 (512
AA)
Mutant M-[V/I]-L-X5-KL motif -- 38
Mutant M-[V/I]-[L/1]-X>-K-[L/V/1]-Xg-DG motif -- 39
Mutant WHG-X3-GY-X3-F motif -- 40
Mutant SAXWHG-X,-PGY-X,-[T/F]-F motif -- 41
:\Illutant YILPCAT, comprising a single mutation in Motif | and a single mutation in Motif -- 42A(,£)12
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Description Nucleic acid Protein

SEQ ID NO. SEQID
NO.

Plasmid pY196 for co-expressing PDAT and LPAAT 43 (11017 bp)

Plasmid pY301 for co-expressing PDAT and LPCAT 44 (10575 bp)

"YILPCAT™*", YILPCAT lacking two internal Ncol restriction sites with respect to SEQ ID{ 45 (1549 bp) 46 (512

NO:3, but encoding wild type YILPCAT protein AA)

Plasmid pY306, containing YILPCAT 47 (8518 bp)

Plasmid pY306-N, containing YILPCAT* 48 (8518 bp)

YILPCAT_M132X, comprising M132A, M132N, M132C, M132G, M132Q, M132H, -- 49

M1321, M132L, M132F, M132P, M132S, M132T, M132W, M132Y or M132V mutation

in Motif |

YILPCAT_V133X, comprising V133A, V133N, V133C, V133G, V133Q, V133H, V133L, -- 50

V133M, V133F, V133P, V1338, V133T, V133W or V133Y mutation in Motif |

YILPCAT_L134X, comprising L134A, L134N, L134C, L134G, L134Q, L134H, L134M, - 51

L134F, L134P, L134S, L134T, L134W, L134Y or L134V mutation in Motif |

YILPCAT_C135X, comprising C135R, C135N, C135D, C135G, C135E, C135Q, - 52

C135H, C1351, C135L, C135K, C135M, C135F, C135P, C1358S, C135W or C135Y

mutation in Motif |

YILPCAT_M136X, comprising M136A, M136N, M136C, M136G, M136H, M136l, - 53

M136F, M136P, M136S, M136T, M136W, M136Y or M136V mutation in Motif |

YILPCAT_K137X, comprising K137A, K137R, K137N, K137G, K137H, K137P, K137S, - 54

K137T, or K137Y mutation in Motif |

YILPCAT_L138X, comprising L138A, L138N, L138C, L138G, L138Q, L138H, L138l, - 55

L138M, L138F, L138P, L138S, L138T, L138W, or L138Y mutation in Motif |

YILPCAT_S8139X, comprising S139A, S139N, S139C, S139G, S139H, S139L, - 56

S139M, S139F, S139P, S139W, or S139V mutation in Motif |

YILPCAT_S140X, comprising S140N, S140C, S140H, S1401, S140L, S140F, S140P, - 57

S140W, S140Y or S140V mutation in Motif |

YILPCAT_F141X, comprising F141A, F141N, F141G, F141H, F1411, F141M, F141P, - 58

F1418,

F141T, F141W, or F141V mutation in Motif |

YILPCAT_G142X, comprising G142N, G142H, G142, G142L, G142M, G142F, - 59

G142P, G142T, G142W, G142Y or G142V mutation in Motif |

YILPCAT_W143X, comprising W143A, W143G, W143H, W143L, W143K, W143P, - 60

W143S, W143T or W143V mutation in Motif |

YILPCAT_N144X, comprising N144A, N144R, N144G, N144H, N144K, N144F, - 61

N144P, N144T or N144V mutation in Motif |

YILPCAT_V145X, comprising V145A, VV145C, V145G, V145E, V145H, V145M, V145F, - 62

V145P, V1458, V145T, or V145W mutation in Motif |

YILPCAT_Y146X, comprising Y146R, Y146N, Y146D, Y146G, Y146E, Y146Q, Y146, -- 63

Y146L, Y146M, Y146F, Y146P, Y146W or Y146V mutation in Motif |

YILPCAT_D147X, comprising D147A, D147N, D147G, D147E, D147Q, D147H, -- 64

D147F, D1478S, or D147T mutation in Motif |

YILPCAT_G148X, comprising G148A, G148N, G148H, G148L, G148M, G148F, - 65

G1488S, G148T or G148V mutation in Motif |

YILPCAT_8376X, comprising S376A, S376G, S376H, S376L, S376F, S376P, S376T - 66

or S376V mutation in Motif ||

YILPCAT_A377X, comprising A377N, A377G, A377H, A377L, A377F, A377P, A377S, - 67

A377T or A377V mutation in Motif Il

YILPCAT_F378X, comprising F378A, F378N, F378C, F378G, F378H, F378L, F378P, - 68

F3788, F378T, F378W, or F378Y mutation in Motif Il

YILPCAT_T382X, comprising T382A, T382N, T382G, T382Q, T382H, T382I, T382M, - 69

T382P, T382S, T382W and or T382Y mutation in Motif Il

YILPCAT_R383X, comprising R383A, R383N, R383D, R383G, R383E, R383Q, - 70

R383H, R383l, R383L, R383K, R383M, R383F, R383P, R383T, R383W or R383V

mutation in Motif ||

YILPCAT_P384X, comprising P384A, P384R, P384G, P384H, P384I, P384L, P384K, - 71
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Description Nucleic acid Protein
SEQ ID NO. SEQID

NO.

P384M, P384F, P384S, P384T, P384W, P384Y or P384V mutation in Motif Il

YILPCAT_G385X, comprising G385A, G385N, G385C, G385G, G385H, G385, - 72

G385L, G385K, G385M, G385F, G385S, G385T, G385W, G385Y or G385V mutation

in Motif Il

YILPCAT_Y386X, comprising Y386A, Y386G, Y386H, Y386L, Y386F, Y386P, Y386S, - 73

Y386T or

Y386V mutation in Motif Il

YILPCAT_Y387X, comprising Y387A, Y387G, Y387H, Y387L, Y387F, Y387P, Y387S, - 74

Y387T, Y387W or Y387V mutation in Motif ||

YILPCAT_L388X, comprising L388A, L388G, L388H, L388P, L388S, L388T, L388W, - 75

L388Y or L388V mutation in Motif Il

YILPCAT_T389X, comprising T389A, T389C, T389G, T389H, T389l, T389L, T389M, - 76

T389F, T389P, T389S, T389W, T389Y or T389V mutation in Motif Il

YILPCAT_F390X, comprising F390A, F390N, F390C, F390G, F390H, F390L, F390M, - 77

F390P, F390S, F390T or F390V mutation in Motif Il

YILPCAT comprising M136S_T389A 78 79

YILPCAT comprising M136S_T389C 80 81

YILPCAT comprising M136S_T389S 82 83

YILPCAT comprising M136V_T389C 84 85

YILPCAT comprising N144A_F390S 86 87

YILPCAT comprising G148A_F390S 88 89

YILPCAT comprising G148N_T382I 20 91

YILPCAT comprising G148N_F390S 92 93

DETAILED DESCRIPTION OF THE INVENTION

[0019] When an amount, concentration, or other value or parameter is given as either a range, preferred range, or a list of upper
preferable values and lower preferable values, this is to be understood as specifically disclosing all ranges formed from any pair of
any upper range limit or preferred value and any lower range limit or preferred value, regardless of whether ranges are separately
disclosed. Where a range of numerical values is recited herein, unless otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions within the range. It is not intended that the scope of the invention be limited to the
specific values recited when defining a range.

[0020] As used herein the term "invention" or "present invention" is intended to refer to all aspects and embodiments of the
invention as described in the claims and specification herein and should not be read so as to be limited to any particular
embodiment or aspect.

[0021] In this disclosure, a number of terms and abbreviations are used. Amino acids are identified by either the one-letter code or
the three-letter codes for amino acids, in conformity with the IJUPAC-IYUB standards described in Nucleic Acids Research, 13:3021-
3030 (1985) and in the Biochemical Journal, 219 (2):345-373 (1984).

[0022] "Open reading frame" is abbreviated as "ORF".

[0023] "Polymerase chain reaction" is abbreviated as "PCR".

[0024] "American Type Culture Collection” is abbreviated as "ATCC".

[0025] "Polyunsaturated fatty acid(s)" is abbreviated as "PUFA(s)".

[0026] "Long-chain polyunsaturated fatty acid(s)" is abbreviated as "LC-PUFA(s)".

[0027] "Triacylglycerols" are abbreviated as "TAGs".
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[0028] "Total fatty acids" are abbreviated as "TFAs".

[0029] "Fatty acid methyl esters" are abbreviated as "FAMEs".

[0030] "Dry cell weight" is abbreviated as "DCW".

[0031] "Acyl-CoA:lysophospholipid acyltransferase(s)" or "lysophospholipid acyltransferase(s)" is abbreviated as "LPLAT(s)".
[0032] "Lysophosphatidylcholine acyltransferase(s)" is abbreviated as "LPCAT(s)".

[0033] "Membrane bound O-acyltransferase" is abbreviated as "MBOAT".

[0034] "Phospholipid:diacylglycerol acyltransferase(s)" is abbreviated as "PDAT(s)".

[0035] The term "glycerophospholipids” refers to a broad class of molecules, having a glycerol core with fatty acids at the sn-71
position and sn-2 position, and a polar head group (e.g., phosphate, choline, ethanolamine, glycerol, inositol, serine, cardiolipin)
joined at the sn-3 position via a phosphodiester bond. Glycerophospholipids thus include phosphatidylcholine ['PC"],
phosphatidylethanolamine ["PE"], phosphatidylglycerol ["PG"], phosphatidylinositol ['PI"], phosphatidylserine ["PS"] and cardiolipin
["CL".

[0036] "Lysophospholipids" are derived from glycerophospholipids by deacylation of the sn-2 position. Lysophospholipids include,
e.g., lysophosphatidic acid ["LPA"], lysophosphatidylcholine ['LPC"], lysophosphatidylethanolamine ['LPE"], lysophosphatidylserine
["LPS"], lysophosphatidylglycerol ['LPG"] and lysophosphatidylinositol ["LPI"].

[0037] The term "acyltransferase” refers to an enzyme responsible for transferring an acyl group from a donor lipid to an acceptor
lipid molecule.

[0038] The term "acyl-CoA:lysophospholipid acyltransferase” or "lysophospholipid acyltransferase” ['LPLAT"] refers to a broad class
of acyltransferases having the ability to acylate a variety of lysophospholipid substrates at the sn-2 position. A variety of LPLATs
have been identified, including LPAATs (catalyzing conversion of LPA to PA), LPEATs (catalyzing conversion of LPE to PE), LPSATs
(catalyzing conversion of LPS to PS), LPGATs (catalyzing conversion of LPG to PG), and LPIATs (catalyzing conversion of LPI to PlI).
LPC acyltransferases ['LPCATs"] are the focus of the present application, having the ability to catalyze conversion of LPC to PC.
Standardization of LPLAT nomenclature has not been formalized, so various other designations are used in the art (for example,
LPCATs are often referred to as acyl-CoA:1-acyl lysophosphatidyl-choline acyltransferases). Additionally, it is important to note that
some LPLATs, such as the Saccharomyces cerevisiae Ale1 (ORF YOR175C, SEQ ID NO:2), have broad specificity and thus a single
enzyme may be capable of catalyzing several LPLAT reactions, including LPAAT, LPCAT and LPEAT reactions (Tamaki et al., J. Biol.
Chem., 282:34288-34298 (2007); Stahl et al., FEBS Letters, 582:305-309 (2008); Chen et al., FEBS Letters, 581:5511-5516 (2007);
Benghezal et al., J. Biol. Chem., 282:30845-30855 (2007); Riekhof et al., J. Biol. Chem., 282:28344-28352 (2007)).

[0039] More specifically, the term "polypeptide having lysophosphatidylcholine acyltransferase ['LPCAT"] activity" will refer to those
enzymes capable of catalyzing the reaction: acyl-CoA + 1-acyl-sn-glycero-3-phosphocholine — CoA + 1,2-diacyl-sn-glycero-3-
phosphocholine (EC 2.3.1.23). LPCAT activity has been described in two structurally distinct protein families, i.e., the LPAAT protein
family (Hishikawa et al., Proc. Natl. Acad. Sci. U.S.A., 105:2830-2835 (2008); Intl. Appl. Publ. No. WO 2004/076617) and the ALE1
protein family (Tamaki et al., Stahl et al., Chen et al., Benghezal et al., Riekhof et al.).

[0040] The term "LPCAT" refers to a protein of the ALE1 protein family that: 1) has LPCAT activity (EC 2.3.1.23) and shares at least
about 45% amino acid identity, based on the Clustal W method of alignment, when compared to an amino acid sequence selected
from the group consisting of SEQ ID NO:2 (ScAle1) and SEQ ID NO:4 (YlAle1); and/or 2) has LPCAT activity (EC 2.3.1.23) and has
at least one membrane bound O-acyltransferase ["MBOAT"] protein family motif, described below. Examples of ALE1 polypeptides
include ScAle1 and YILPCAT.

[0041] The term "ScAle1" refers to an LPCAT isolated from Saccharomyces cerevisiae (ORF "YOR175C"). ScAle1 may have the
amino acid sequence of SEQ ID NO:2, encoded by the nucleotide sequence set forth as SEQ ID NO:1.

[0042] The term "YIAle1" or "YILPCAT" refers to a LPCAT isolated from Yarrowia lipolytica. YILPCAT may have the amino acid
sequence of SEQ ID NO:4, encoded by the nucleotide sequence set forth as SEQ ID NO:3.

[0043] 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 likely 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
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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.

[0044] A variety of membrane bound O-acyltransferase ["MBOAT"] family motifs have been proposed. These motifs are
summarized in Table 2 below and discussed further in U.S. Pat. Appl. Publ. No. 2010-0317882-A1.
Table 2. Membrane Bound O-Acyltransferase ["MBOAT"] Family Motifs

Reference Organisms Analyzed {Motif (X represents any amino acid) SEQ
ID NO
Shindou et al. (Biochem. Homo sapiens, Gallus ;WD -
Biophys. Res. Comm., gallus, Danio rerio B
383:320-325 (2009)) Caenorhabditis WHG-Xg GY-Xs P °
elegans Y-X4-F 6
Y-X3-YF-X>-H 7
U.S. Pat. Appl. Publ. No. Non-plants M-[V/1]-[L/1]-X-K-[L/V/1]-Xg-DG 8
2008-0145867-A1 5
RXKYY-Xo-W-Xa-[E/DHA/G]-Xs-Gx G-
[F/Y1-xG
EX14WN-Xo-[T/V]-Xo-W 10
SAXWHG-X-PGY-X,-[T/F]-F 1
U.S. Pat. No. 7,732,155 Non-plants 12

M-VAT-LANHVICA THMILIQIK-
LAVUMIS/ TS TIAIMIGHELICIY T
[C/AIG/S]IWIYMIFICTN/SIE/Q/D]-
VIYILAT-HAY/AINISIT]-DG

13
R-IL/MEM/PIY KYY-[GHAFHIST-
V/ATVCIWAY/E/TM/SILIFILANT-T/S/AT
[E/DI-{GATAISINV-{C/SINH/LIVAN]-
[LAN/AIG]-[SICIVIAYI-G-IMAILIAIF}-G-
[Y/FH-INEIS/TIRIK]-G

14
E-[T/FLMI-ASHQ/DIPIKITHNIS]-
[S//TILIAMIFI-HIK/RN-
[G/C/ErT/QDIMILY IAMILIF LIS P/
[G/E/ALIN/DHSIANIFMINEWN-
[KMIHCHN/KIQIGHTAHINIA/ST-
[HAK/NTIRILI-W

15
SA[FIMNITANHG-FNVITALY/SIRFPGY-
DYMVIHILIMI L T/FT-F

U.S. Pat. Appl. Publ. No. Yeast and Fungi M-[V/1]-L-X>-KL 16
2010-0317882-A1 RAKYY Xy W e

E-X11-WN-Xo-[T/V]-Xp-W 10
SAXWHG 18

[0045] The term "mutant polypeptide having LPCAT activity comprising at least one mutant membrane bound O-acyltransferase
["MBOAT"] protein family motif* or "mutant polypeptide having LPCAT activity comprising at least one mutant MBOAT motif" refers to
a polypeptide of the present invention comprising at least one amino acid mutation with respect to SEQ ID NOs:5-18.

[0046] For each amino acid substitution in an MBOAT motif disclosed herein, the first letter corresponds to the amino acid in the
wild type MBOAT motif and the second letter corresponds to the amino acid found in the same position in the mutant MBOAT motif,
e.g., an L3A mutation in SEQ ID NO:16 [M-[V/I]-L-X»>-KL] indicates a change from Leu [L] in SEQ ID NO:16 at position 3 to Ala [A] in
the MBOAT mutant. This nomenclature is used throughout the specification to refer to mutations within the LPCAT motifs and
proteins described herein; similar notation is used to describe substitutions within nucleotide sequences (e.g., A9G indicates a
change from adenine [A] at base position 9 in the nucleotide sequence encoding an MBOAT motif to guanine [G]).

[0047] Preferably, a mutant polypeptide having at least LPCAT activity comprising at least one mutant MBOAT motif (e.g., a
mutated form of one of SEQ ID NQOs:5-8) will have equivalent or improved LPCAT activity when compared to a control polypeptide
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having LPCAT activity comprising at least one MBOAT motif (e.g., one of SEQ ID NOs:5-18) that is the wild type version of the
mutated MBOAT motif in the mutant polypeptide.

[0048] Although "mutations" may include any deletions, insertions and point mutations (or combinations thereof), in a preferred
embodiment, a mutant LPCAT having lysophosphatidylcholine acyltransferase ['LPCAT"] activity comprising at least one mutant
MBOAT motif is set forth in SEQ ID NO:19, wherein SEQ ID NO:19 differs from SEQ ID NO:4 [YILPCAT] by at least one amino acid
mutation, wherein:

1. (a) one of the at least one amino acid mutations is in an amino acid residue selected from the group consisting of: residue
133, residue 134, residue 135, residue 136, residue 137, residue 138, residue 139, residue 140, residue 141, residue 142,
residue 143, residue 144, residue 145, residue 146, residue 147, residue 148;

2. (b) one of the at least one amino acid mutations is in an amino acid residue selected from the group consisting of: residue
378, residue 382, residue 383, residue 385, residue 388, residue 389 and residue 390; and/or

3. (c) said at least one amino acid mutation comprises at least two amino acid mutations, wherein:

1. (i) the first amino acid mutation is in an amino acid residue selected from the group set forth in part (a), and
2. (i) the second amino acid mutation is in an amino acid residue selected from the group set forth in part (b).

[0049] The term "LPCAT" also refers to a protein that has LPCAT activity (EC 2.3.1.23) and which may also have an alternate acyl-
CoA:lysophospholipid acyltransferase activity (e.g., LPAAT activity, LPEAT activity, LPSAT activity, LPGAT activity, LPIAT activity). For
example, a polypeptide may have both LPCAT and LPAAT activity and should thus be considered as an LPCAT herein, despite being
classified in previous literature as an LPAAT polypeptide. These LPCATs may possess structural characteristics of LPAAT proteins.

[0050] The term "polypeptide having lysophosphatidic acid acyltransferase ["LPAAT"] activity"” will refer to those enzymes capable of
catalyzing the reaction: acyl-CoA + 1-acyl-sn-glycerol 3-phosphate — CoA + 1,2-diacyl-sn-glycerol 3-phosphate (EC 2.3.1.51).

[0051] The term "LPAAT" refers to a protein that: 1) has LPAAT activity and shares at least about 43.9% amino acid identity, based
on the Clustal W method of alignment, when compared to an amino acid sequence selected from the group consisting of SEQ ID
NO:21 (MaLPAAT1), SEQ ID NO:23 (YILPAAT1) and SEQ ID NO:24 (ScLPAAT1); and/or 2) has LPAAT activity and has at least one
1-acyl-sn-glycerol-3-phosphate acyltransferase family motif selected from the group consisting of: NHxxxxD (SEQ ID NO:25) and
EGTR (SEQ ID NO:26). More specifically, Lewin et al. (Biochemistry, 38:5764-5771 (1999)) and Yamashita et al. (Biochim, Biophys.
Acta, 1771:1202-1215 (2007)) proposed the following 1-acyl-sn-glycerol-3-phosphate acyltransferase ["LPAAT"] family motifs to be
important for "acyl-CoA:lysophospholipid acyltransferase" or "lysophospholipid acyltransferase" ['LPLAT"] activity, based on
alignment of sequences from bacteria, yeast, nematodes and mammals: NHxxxxD (SEQ ID NO:25), GxxFI-[D/R]-R (SEQ ID NO:27),
EGTR (SEQ ID NO:26) and either [V/I]-[P/X]-[I/V/L]-[I/V]-P-[V/I] (SEQ ID NO:28) or IVPIVM (SEQ ID NO:29). Examples of LPAAT
polypeptides include SCLPAAT, MaLPAAT1 and YILPAAT1.

[0052] The term "ScLPAAT" refers to an LPAAT isolated from Saccharomyces cerevisiae (e.g., ORF "YDL0O52C", SEQ ID NO:24).

[0053] The term "MaLPAAT1" refers to an LPAAT isolated from Mortierella alpina. MaLPAAT1 may have the amino acid sequence of
SEQ ID NO:21, encoded by the nucleotide sequence set forth as SEQ ID NO:20. The NHxxxxD (SEQ ID NO:25) and EGTR (SEQ ID
NO:26) motifs are present in MaLPAAT1, but the other LPAAT motifs are not.

[0054] The terms "YILPAAT1" and "YILPAAT2" refer to LPAATs isolated from Yarrowia lipolytica. An YILPAAT may have the amino
acid sequence of SEQ ID NO:23, encoded by the nucleotide sequence set forth as SEQ ID NO:22. The NHxxxxD (SEQ ID NO:25)
and EGTR (SEQ ID NO:26) motifs are present in YILPAAT1, but the other LPAAT motifs are not.

[0055] The term "polypeptide having phospholipid:diacylglycerol acyltransferase ['PDAT"] activity" will refer to those enzymes
capable of transferring a fatty acyl group from the sn-2 position of a phospholipid (e.g., phosphatidylcholine) to the sn-3 position of
1,2-diacylglycerol [E.C.2.3.1.158], thus resulting in a lysophospholipid and TAG. Although both PDATs and acyl-CoA:diacylglycerol
acyltransferases (DGATs) [E.C. 2.3.1.20] are involved in the terminal step of TAG biosynthesis, only PDAT may synthesize TAGs via
an acyl-CoA-independent mechanism. A representative PDAT enzyme, as set forth in SEQ ID NO:30, is encoded by the LRO1 gene
in Saccharomyces cerevisiae (Dahlqvist et al., Proc. Natl. Acad. Sci. U.S.A., 97:6487 (2000)).

[0056] The term "YIPDAT" refers to a PDAT isolated from Yarrowia lipolytica. YIPDAT may have the amino acid sequence of SEQ ID
NO:32, encoded by the nucleotide sequence set forth as SEQ ID NO:31 (U.S. Pat. 7,901,928).

[0057] The term "ortholog" refers to a homologous protein from a different species that evolved from a common ancestor protein as
evidenced by being in one clade of a phylogenetic tree analysis and that catalyzes the same enzymatic reaction.

[0058] The term "oil" refers to a lipid substance that is liquid at 25 °C and usually polyunsaturated. In oleaginous organisms, oil
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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.

[0059] "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.

[0060] The term "triacylglycerols” ["TAGs"] refers to neutral lipids composed of three fatty acyl residues esterified to a glycerol
molecule. TAGs can contain LC-PUFAs and saturated fatty acids, as well as shorter chain saturated and unsaturated fatty acids.

[0061] The term "total fatty acids" ["TFAs"] herein refers to the sum of all cellular fatty acids that can be derivatized to fatty acid
methyl esters ['FAMEs"] by the base transesterification method (as known in the art) in a given sample, which may be the biomass
or 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 PC and the PE fractions), but not free fatty acids.

[0062] The term "total lipid content” of cells is a measure of TFAs as a percent of the dry cell weight ['DCW"], although total lipid
content can be approximated as a measure of FAMEs as a percent of the DCW ["FAMEs % DCW"]. Thus, total lipid content ['"TFAs
% DCW"] is equivalent to, e.g., milligrams of total fatty acids per 100 milligrams of DCW. The total lipid content can also refer to the
oil content.

[0063] 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 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).

[0064] In some cases, it is useful to express the content of a given fatty acid(s) in a cell as its weight percent of the dry cell weight
["% DCW"]. Thus, for example, EPA % DCW would be determined according to the following formula: (EPA % TFAs) * (TFAs %
DCW)J/100. The content of a given fatty acid(s) in a cell as its weight percent of the dry cell weight ["% DCW"] can be approximated,
however, as: (EPA % TFAs) * (FAMEs % DCW)]/100.

[0065] 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 lipids 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.

[0066] The term “fatty acids" refers to long chain aliphatic acids (alkanoic acids) of varying chain lengths, from about Cq2 to Coo,
although both longer and shorter chain-length acids are known. The predominant chain lengths are between C4g and Coo. The
structure of a fatty acid is represented by a simple notation system of "X:Y", where X s 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" ["'n-6"] versus "omega-3 fatty acids" ['n-3"] are provided in U.S. Patent 7,238,482.

[0067] Nomenclature used to describe PUFAs herein is given in Table 3. In the column titled "Shorthand Notation”, the omega-
reference system is used to indicate the number of carbons, the number of double bonds and the position of the double bond
closest to the omega carbon, counting from the omega carbon, which is numbered 1 for this purpose. The remainder of Table 3
summarizes the common names of omega-3 and omega-6 fatty acids and their precursors, the abbreviations that will be used
throughout the specification and the chemical name of each compound.

Table 3. Nomenclature of Polyunsaturated Fatty Acids and Precursors

Common Name Abbreviation Chemical Name Shorthand Notation
Myristic -- tetradecanoic 14:0
Palmitic Palmitate hexadecanoic 16:0

Palmitoleic -- 9-hexadecenoic 16:1

Stearic -- octadecanoic 18:0

Oleic -- cis-9-octadecenoic 18:1
Linoleic LA ¢is-9,12-octadecadienoic 18:2 omega-6
Gamma-Linolenic GLA cis-6, 9, 12-octadecatrienoic 18:3 omega-6
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Common Name Abbreviation Chemical Name Shorthand Notation
Eicosadienoic EDA cis-11, 14-eicosadienoic 20:2 omega-6
Dihomo-Gamma-Linolenic DGLA cis-8, 11, 14-eicosatrienoic 20:3 omega-6
Arachidonic ARA cis-5, 8, 11, 14-eicosatetraenoic 20:4 omega-6
Alpha-Linolenic ALA ¢is-9, 12, 15-octadecatrienoic 18:3 omega-3
Stearidonic STA cis-6, 9, 12, 15-octadecatetraenoic 18:4 omega-3
Eicosatrienoic ETrA cis-11, 14, 17-eicosatrienoic 20:3 omega-3
Eicosatetraenoic ETA cis-8, 11, 14, 17-eicosatetraenoic 20:4 omega-3
Eicosapentaenoic EPA cis-5, 8, 11, 14, 17-eicosapentaenoic 20:5 omega-3
Docosa-tetraenoic DTA cis-7, 10, 13, 16-docosatetraenoic 22:4 omega-6
Docosapentaenoic DPAN-6 cis-4, 7, 10, 13, 16-docosapentaenoic 22:5 omega-6
Docosapentaenoic DPA cis-7, 10, 13, 16, 19-docosapentaenoic 22:5 omega-3
Docosahexaenoic DHA cis-4,7,10, 13, 16, 19-docosahexaenoic 22:6 omega-3

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

[0068] The term "long-chain polyunsaturated fatty acid" ["LC-PUFA"] refers to those PUFAs that have chain lengths of Cog or
greater. Thus, the term LC-PUFA includes at least EDA, DGLA, ARA, ETrA, ETA, EPA, DTA, DPANn-6, DPA and DHA.

[0069] The term "PUFA biosynthetic pathway" refers to a metabolic process that converts oleic acid to omega-6 fatty acids such as
LA, EDA, GLA, DGLA, ARA, DTA and DPANn-6 and omega-3 fatty acids such as ALA, STA, ETrA, ETA, EPA, DPA and DHA. This
process is well described in the literature (e.g., see U.S. Patent 7,7932,077). Briefly, this process involves elongation of the carbon
chain through the addition of carbon atoms and desaturation of the molecule through the addition of double bonds, via a series of
special elongation and desaturation enzymes termed "PUFA biosynthetic pathway enzymes"” that are present in the endoplasmic
reticulum membrane. More specifically, "PUFA biosynthetic pathway enzymes" refer to any of the following enzymes (and genes
which encode said enzymes) associated with the biosynthesis of a PUFA, including: delta-4 desaturases, delta-5 desaturases, delta-
6 desaturases, delta-12 desaturases, delta-15 desaturases, delta-17 desaturases, delta-9 desaturases, delta-8 desaturases, delta-9
elongases, C14/16 elongases, C1g/18 elongases, Cqgog elongases and/or Cogioo elongases.

[0070] The term "PUFA biosynthetic pathway capable of producing at least one long-chain polyunsaturated product fatty acid”
refers to a PUFA biosynthetic pathway comprising PUFA biosynthetic pathway enzymes that enables production of at least one long-
chain polyunsaturated product fatty acid. FIG 2. depicts examples of PUFA biosynthetic pathways.

[0071] The terms "conversion efficiency” and "percent substrate conversion” refer to the efficiency by which a particular enzyme,
such as a desaturase or elongase, can convert substrate to product. The conversion efficiency is measured according to the
following formula: ([product]/[substrate+product]) “100, where 'product’ includes the immediate product and all products derived from
it. More specifically, since each PUFA biosynthetic pathway 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 omega-3/omega-6 fatty acid, as well as various upstream intermediary PUFAs. Thus, each enzyme's conversion efficiency is
often considered, when optimizing biosynthesis of a desired fatty acid in a specific host organism.

[0072] The term "Cqg to Cog elongation conversion efficiency” refers to the efficiency by which Cqgpg elongases can convert Cqg
substrates (i.e., LA, ALA, GLA, STA, etc.) to Cop products (i.e., EDA, ETrA, DGLA, ETA, EPA, etc.). These Cqgjog elongases can be

either delta-9 elongases or delta-6 elongases.

[0073] The terms "delta-9 elongation conversion efficiency” and "delta-9 elongase conversion efficiency" refer to the efficiency by
which delta-9 elongase can convert Cqg substrates (i.e., LA, ALA) to Cyg products (such as EDA, ETrA, DGLA, ETA, ARA, EPA).

Delta-9 elongase conversion efficiency is referred to herein as "% Conv." or "d9e CE(%)".

[0074] The terms "delta-6 elongation conversion efficiency” and "delta-6 elongase conversion efficiency" refer to the efficiency by
which delta-6 elongase can convert C4g substrates (such as GLA, STA) to Cog products (such as DGLA, ETA, ARA, EPA, etc.).

[0075] The term "increased" herein means having a greater quantity or activity, for example a quantity or activity only slightly
greater than the original quantity or activity, or for example a quantity or activity in large excess compared to the original quantity or
activity, and including all quantities or activities in between. Alternatively, "increased” may refer to a quantity or activity that is at least
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11 %, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19% or 20% more than the quantity or
activity for which the increased quantity or activity is being compared.
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[0076] The terms "microbial cell" and "microbial organism" are used interchangeably herein and refer to a microorganism capable
of receiving foreign or heterologous genes and capable of expressing those genes. A "recombinant microbial cell" refers to a
microbial host cell that has been recombinantly engineered.

[0077] Generally, 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). For the purposes of the present application, the term "oleaginous” refers to
those microorganisms that can accumulate at least about 25% of their dry cell weight ['DCW"] as oil.

[0078] The term "oleaginous yeast" refers to those oleaginous microorganisms classified as yeasts that can make oil, i.e., wherein
the oil can accumulate in excess of about 25% of their DCW. Examples of oleaginous yeast include the following genera: Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon and Lipomyces. The ability to accumulate oil in excess of
about 25% of the DCW of the yeast may be through efforts of recombinant engineering or through the natural abilities of the
organism.

[0079] 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. 1. Small aliphatic, nonpolar or slightly polar residues: Ala [A], Ser [S], Thr [T] (Pro [P], Gly [G]);
2. 2. Polar, negatively charged residues and their amides: Asp [D], Asn [N], Glu [E], Gin [Q];

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

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

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

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 used to produce a functionally equivalent product. As such, conservative amino acid
substitutions generally maintain: 1) the structure of the polypeptide backbone in the area of the substitution; 2) the charge or
hydrophobicity of the molecule at the target site; or, 3) 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.

[0080] The term "non-conservative amino acid substitution” refers to an amino acid substitution that is used 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.

[0081] The term "silent mutation" refers to a mutation in a DNA sequence that does not result in an amino acid change in the
encoded polypeptide. These mutations often occur as a result of the degeneracy of the genetic code, wherein more than one codon
may specify an amino acid. For example, TCT, TCA, TCG and TCC all encode the amino acid Ser; thus, a TCT to TCA mutation in
the DNA sequence will only be detected by sequencing the gene (or its mMRNA), since there is no alteration in the amino acid in the
synthesized protein.

[0082] The terms "polynucleotide”, "polynucleotide sequence”, "nucleic acid sequence”, "nucleic acid molecule”, "
fragment" and "isolated nucleic acid fragment” are used interchangeably herein. As used herein, an "isolated nucleic acid fragment”
is a polymer of RNA or DNA that is single- or double-stranded, optionally containing synthetic, non-natural or altered nucleotide
bases. An isolated nucleic acid fragment in the form of a polymer of DNA may be comprised of one or more segments of cDNA,
genomic DNA or synthetic DNA.

nucleic acid

[0083] As used herein, 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.

[0084] 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
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algorithms such as BLAST (Basic Local Alignment Search Tool; Altschul, S. F., et al., J. Mol. Biol., 215:403-410 (1993)). In general, a
sequence of ten or more contiguous amino acids or thirty or more nucleotides is necessary in order to identify putatively 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, such as 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 sequences encoding particular LPCATs and PDATs. 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.

[0085] 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.
[0086] The terms "homology", "homologous”, "substantially similar" and "corresponding substantially" are used interchangeably
herein. They refer to nucleic acid fragments or polypeptides that have similar, but not identical sequences These terms sometimes
also refer to modifications of the nucleic acid fragments (e.g., via 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.

[0087] "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

[0088] 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.

[0089] 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.,
Eds.) Humana: NJ (1994); 4) Sequence Analysis in Molecular Biology (von Heinje, G., Ed.) Academic (1987); and, 5) Sequence
Analysis Primer (Gribskov, M. and Devereux, J., Eds.) Stockton: NY (1991).

[0090] 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 of the LASERGENE bioinformatics computing suite
(DNASTAR Inc.). Default parameters for multiple protein 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 with the 'slow-accurate' option. 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.

[0091] 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 amino acid sequence percent
identities include any integer percentage from 45% to 100%, such as 45%, 46%, 47%, 48%, 49%, 50%, 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.
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[0092] 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.

[0093] "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. The skilled artisan is well aware of the "codon-bias" exhibited by a
specific host cell in usage of nucleotide codons to specify a given amino acid. Therefore, when synthesizing a gene for improved
expression in a host cell, it is desirable to design the gene such that its frequency of codon usage approaches the frequency of
preferred codon usage of the host cell.

[0094] "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. Patent 7,125,672.

[0095] "Gene" refers to a nucleic acid sequence that expresses a specific protein, and that may refer to the coding region alone or
may include regulatory sequences upstream and/or downstream to the coding region (e.g., 5'-untranslated regions upstream of the
transcription start site of the coding region, 3' non-coding regions). "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 (i.e., heterologous with respect to each other). Accordingly, a chimeric gene may comprise
regulatory sequences and coding sequences that are derived from different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged in a manner different than that found in nature. "Endogenous gene" refers
to a native gene in its natural location in the genome of an organism. A "foreign" gene refers to a gene that is introduced into the
host organism by gene transfer. Foreign genes can comprise native genes inserted into a non-native organism, native genes
introduced into a new location within the native host, or chimeric genes. A "transgene” is a gene that has been introduced into the
genome by a transformation procedure. A "codon-optimized gene" is a gene having its frequency of codon usage designed to mimic
the frequency of preferred codon usage of the host cell.

[0096] "Coding sequence" refers to a DNA sequence that codes for a specific amino acid sequence. "Regulatory sequences" refer
to nucleotide sequences located upstream of the coding sequence's transcription start site, 5'-untranslated regions and 3' non-
coding regions, and which may 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, introns, polyadenylation recognition sequences, RNA processing sites, effector binding sites, stem-loop structures and
terminators.

[0097] "Promoter" refers to a DNA sequence capable of controlling the expression of a coding sequence or functional RNA. In
general, a coding sequence is located 3' to a promoter sequence. Promoters may be derived in their entirety from a native gene, or
be composed of different elements derived from different promoters found in nature, or even comprise synthetic DNA segments. It is
understood by those skilled in the art that different promoters may direct the expression of a gene in different tissues or cell types, or
at different stages of development, or in response to different environmental or physiological conditions. Promoters that cause a
gene to be expressed in most cell types at most times are commonly referred to as "constitutive promoters”. It is further recognized
that since in most cases the exact boundaries of regulatory sequences (especially at their 5' end) have not been completely defined,
DNA fragments of different lengths may have identical promoter activity.

[0098] The terms "3' non-coding sequences”, "transcription terminator”, "terminator" and "termination sequences” refer to DNA
sequences located 3' 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.

[0099] "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 or it may be a RNA
sequence derived from post-transcriptional processing of the primary transcript and is referred to as the mature RNA. "Messenger
RNA" or "mRNA" refers to the RNA that is without introns and which can be translated into protein by the cell. "cDNA" refers to a
double-stranded DNA that is complementary to, and derived from, mRNA.

[0100] 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
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affecting the expression of that coding sequence. That is, the coding sequence is under the transcriptional control of the promoter.
Regulatory sequences can be operably linked to coding sequences in sense or antisense orientation.

[0101] The term "recombinant" or "heterologous" refers to an artificial combination of two otherwise separated segments of
sequence, e.d., by chemical synthesis or by the manipulation of isolated segments of nucleic acids by genetic engineering
techniques.

[0102] 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).

[0103] "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” or
"recombinant” or "transformed" or "transformant” organisms.

[0104] The terms "plasmid” and "vector” refer to an extrachromosomal element often carrying genes that are not part of the central
metabolism of the cell, and usually in the form of circular double-stranded DNA fragments. Such elements may have autonomously
replicating sequences, genome integrating sequences, phage or nucleotide sequences, and may be linear or circular, of a single- or
double-stranded DNA or RNA, derived from any source, in which a number of nucleotide sequences have been joined or
recombined into a unique construction that is capable of introducing an expression cassette(s) into a cell.

[0105] 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 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 (i.e., ORF); and 3) a terminator that usually contains a
polyadenylation site in eukaryotes. 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.

[0106] 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. 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 or lines displaying the desired expression level and pattern. Such screening may be
accomplished by Southern analysis of DNA, northern analysis of mRNA expression, western and/or ELISA analyses of protein
expression, formation of a specific product, phenotypic analysis or GC analysis of the PUFA products, among others.

[0107] The terms "host cell" and "host organism” are used interchangeably herein and refer to any organism such as a
microorganism or a plant (e.g., an oilseed plant) that is capable of receiving foreign or heterologous genes and capable of
expressing those genes. A "recombinant host cell" refers to a host cell that has been recombinantly engineered.

[0108] 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).

[0109] In a first embodiment, described herein is a recombinant Yarrowia cell for the production of at least one long-chain (LC)
polyunsaturated fatty acid (PUFA) having a chain length of C20 or greater, wherein said recombinant cell has been genetically
engineered to comprise a polyunsaturated fatty acid biosynthetic pathway capable of producing at least one long-chain
polyunsaturated fatty acid, and has been further modified to introduce:

1. (a) a chimeric gene encoding at least one polypeptide having LPCAT activity wherein said polypeptide has at least 90% amino
acid identity, based on the Clustal W method of alignment, when compared to the amino acid sequence set forth in SEQ ID
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NO: 4 (YILPCAT); and

2. (b) a chimeric gene encoding at least one polypeptide having PDAT activity wherein said polypeptide has at least 90% amino
acid identity, based on the Clustal W method of alignment, when compared to the amino acid sequence of SEQ ID NO: 32
(YIPDAT); and

wherein said chimeric genes each comprise a promoter which is heterologous to the coding sequence encoding the polypeptides of
(a) and (b), and wherein the recombinant cell comprises an increased amount of a said polyunsaturated fatty acid measured as a
weight percent of total fatty acids ["wt. % TFAs"], when compared to a control cell which corresponds to the recombinant Yarrowia
cell for production but which has not been modified to introduce the chimeric genes encoding the LPCAT or PDAT polypeptides of
(a) and (b).

[0110] Over-expression of PDAT and LPCAT can be achieved, for example, by introducing polynucleotides encoding these
enzymes (i.e., transgenes) to cells. Preferably, such polynucleotides are operably linked to a regulatory sequence such as a
promoter that allows gene expression in the cells modified to contain the polynucleotides. Over-expression of PDAT and LPCAT is
with respect to the expression of PDAT and LPCAT in a control cell.

[0111] An increase in the amount of the at least one long-chain PUFA (e.g., EPA) measured as a weight percent of total fatty acids
["wt. % TFAs"] of the recombinant microbial cell over-expressing PDAT and LPCAT may be at least about 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9%, 10%, 11 %, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20% over the amount of the at least one long-chain PUFA
measured as a weight percent of total fatty acids of a control cell.

[0112] With respect to over-expressing PDAT and LPCAT, a control cell, corresponding control cell, or suitable control cell may be a
wild type or recombinant cell that corresponds to the recombinant microbial cell, but does not comprise the over-expressed PDAT
and LPCAT polypeptides. For example, the control cell does not over-express the PDAT and LPCAT polypeptides by virtue of not
comprising recombinant polynucleotide sequences encoding the PDAT and LPCAT polypeptides. Also for example, the control cell
does not over-express the PDAT and LPCAT polypeptides by virtue of comprising, but not expressing, recombinant polynucleotide
sequences encoding the PDAT and LPCAT polypeptides. The control cell may be the recombinant microbial cell as it existed before
it was modified to over-express the PDAT and LPCAT polypeptides (i.e., a parent cell), or may be a recombinant microbial cell that
has been modified to contain the recombinant polynucleotides encoding PDAT and LPCAT, but does not over-express the
recombinant PDAT and LPCAT polypeptides (e.g., a cell prepared in parallel with the recombinant microbial cell that over-expresses
the PDAT and LPCAT polypeptides).

[0113] PDAT catalyzes TAG biosynthesis by transferring an acyl group from the sn-2 position of phospholipids such as
phosphatidylcholine ["PC"], phosphatidylethanolamine ["PE"], and phosphatidic acid ["PA"] to the sn-3 position of 1,2-diacylglycerol
["DAG"]. This reaction results in lysophospholipids such as lysophosphatidylcholine ['LPC"], lysophosphatidylethanolamine ["LPE"],
lysophosphatidic acid ['LPA"] and lysophosphatidylglycerol ['LPG"]. LPCAT can regenerate PC by transferring an acyl group from
acyl-CoA to the sn-2 position of its substrate LPC. Fatty acid remodeling may occur in this manner, since PC4 (FIG. 1) may not be
equivalent to PC,, depending on which fatty acid from the acyl-CoA pool is used to replace the fatty acid that was removed by PDAT.

This cycle of PC substrate use (PC4) by PDAT and regeneration (PC») by LPCAT is diagrammed in FIG. 1.

[0114] While the recombinant microbial cell over-expressing LPCAT and PDAT produces an increased amount of long-chain
polyunsaturated fatty acid measured as a wt. % TFAs when compared to a control cell, the recombinant microbial cell may also
have: (i) an increased C1g to Cog elongation conversion efficiency; and/or (ii) an increased total lipid content (i.e., the amount of total

fatty acids, measured as a weight percent of the dry cell weight ["TFAs % DCW"]), compared to a control cell.

[0115] The increased C4g to Cop elongation conversion efficiency may be either the effect of increased delta-9 elongase conversion
efficiency, i.e., when the recombinant microbial cell's PUFA biosynthetic pathway comprises a delta-9 elongase, and/or the effect of
increased delta-6 elongase conversion efficiency, i.e., when the recombinant microbial cell's PUFA biosynthetic pathway comprises a
delta-6 elongase. The increase in the C4g to Cyg elongation conversion efficiency, delta-9 elongase conversion efficiency, and/or
delta-6 elongase conversion efficiency of the recombinant microbial cell over-expressing PDAT and LPCAT may be at least about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or 10% over the C4g to Coy elongation conversion efficiency, delta-9 elongase conversion

efficiency, and/or delta-6 elongase conversion efficiency, respectively, of a control cell.

[0116] Total lipid content ["TFAs % DCW"] may be increased in the recombinant microbial cell over-expressing LPCAT and PDAT.
As is well known to one of skill in the art, economical commercial production of a LC polyunsaturated fatty acid in a recombinant
microbial host cell requires consideration of a variety of variables, including the LC polyunsaturated fatty acid concentration ['LC
polyunsaturated fatty acid % TFAs"], total lipid content ["TFAs % DCW"] and LC polyunsaturated fatty acid productivity ['LC
polyunsaturated fatty acid % DCW"]. Selection of a preferred strain for commercial purposes will consider both the LC
polyunsaturated fatty acid % TFAs) and TFAs % DCW, as both factors affect the cellular content of the LC polyunsaturated fatty acid
as a percent of the dry cell weight.
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[0117] The increase in the total lipid content (TFAs % DCW) of the recombinant microbial cell over-expressing PDAT and LPCAT
may be at least about 1%, 2%, 3%, 4%, or 5% over the total lipid content of a control cell. The increase in total lipid content can
coincide with an increase in EPA % TFAs.

[0118] The recombinant microbial cells of the present invention over-express at least one polypeptide having PDAT activity.
Dahlqvist et al. (Proc. Natl. Acad. Sci. U.S.A., 97:6487-6492 (2000)) and Oelkers et al. (J. Biol. Chem., 275:15609-15612 (2000))
were the first to appreciate that TAG synthesis can occur in the absence of acyl-CoA, via the acyl-CoA-independent PDAT enzyme
(structurally related to the lecithin:cholesterol acyltransferase family of proteins). More specifically, Dahlqvist et al. and Oelkers et al.
demonstrated that overexpression of the Saccharomyces cerevisiae LRO1 gene encoding PDAT (SEQ ID NO:30; "ScPDAT")
resulted in an increased TAG content, while deletion of ScCPDAT caused significant reduction of TAG synthesis. Following this work,
U.S. Pat. No. 7,267,976 described the cloning, overexpression and knockout of the Yarrowia lipolytica ATCC #90812 gene encoding
PDAT (SEQ ID NOs:31 and 32 herein), which was determined to share 47.1% amino acid sequence identity with ScCPDAT. Y.
lipolytica strains having disrupted PDAT were found to have lower oil content ["TFAs % DCW"] as compared to the wild type strain
(ca. 29-38%), while strains having a disruption in both PDAT2 and DGAT2 were determined to have only 17-27% oil content when
compared to the control. The Y. lipolytica PDAT was then expressed in an S. cerevisiae strain having a disruption in its native PDAT
and DGAT2 genes; TFAs % DCW was doubled in the transformant strains as compared to the control.

[0119] For purposes herein, a polypeptide having PDAT activity may be selected from the group consisting of: (a) a sequence
consisting essentially of a sequence selected from the group consisting of SEQ ID NO:32; and (b) a polypeptide having at least 90%
or 95% amino acid identity, based on the Clustal W method of alignment, when compared to an amino acid sequence of SEQ ID
NO:32. In this sense, the polypeptide having PDAT activity may be derived from a yeast for example; preferably the yeast PDAT
polypeptide is derived from Yarrowia lipolytica.

[0120] One of skill in the art will appreciate that either of the sequences set forth as SEQ ID NOs:30 and 32, or portions thereof,
may be used to search for PDAT homologs in the same or other algal, fungal, oomycete, euglenoid, stramenopiles, yeast or plant
species using sequence analysis software. In general, such computer software matches similar sequences by assigning degrees of
homology to various substitutions, deletions, and other modifications. Use of software algorithms, such as the BLASTP method of
alignment with a low complexity filter and the following parameters: Expect value = 10, matrix = Blosum 62 (Altschul, et al., Nucleic
Acids Res., 25:3389-3402 (1997)), is well-known for comparing any PDAT protein against a database of nucleic or protein
sequences and thereby identifying similar known sequences within a preferred host organism.

[0121] Alternatively, publicly available PDAT sequences or their motifs may be hybridization reagents for the identification of
homologs. Hybridization methods are well known to those of ordinary skill in the art as noted above.

[0122] Isolation of homologous genes using sequence-dependent protocols is well known in the art. Examples of sequence-
dependent protocols include, but are not limited to: 1) methods of nucleic acid hybridization; 2) methods of DNA and RNA
amplification, as exemplified by various uses of nucleic acid amplification technologies, such as polymerase chain reaction ['PCR"]
(U.S. Pat. No. 4,683,202); ligase chain reaction ['LCR"] (Tabor et al., Proc. Natl. Acad. Sci. U.S.A., 82:1074 (1985)); or strand
displacement amplification ["SDA"] (Walker et al., Proc. Natl. Acad. Sci. U.S.A,, 89:392 (1992)); and 3) methods of library
construction and screening by complementation.

[0123] Based on well-known methods available to one of skill in the art, it would be possible to identify and/or isolate PDAT gene
homologs in any preferred eukaryotic organism of choice. The activity of any putative PDAT gene can readily be confirmed by
expression of the gene within a LC-PUFA-producing host organism, since the LC-polyunsaturated fatty acids measured as a wt. %
of TFAs are increased (when co-expressed with a suitable PDAT) relative to those within a control not over-expressing the LPCAT
and PDAT transgenes.

[0124] The recombinant microbial cells of the present invention over-express at least one polypeptide having LPCAT activity,
wherein the polypeptide can be a wild type protein or a mutant protein that is synthetically created (i.e., not naturally occurring). This
polypeptide has at least 90% amino acid identity, based on the Clustal W method of alignment, when compared to the amino acid
sequence SEQ ID NO:4 (YILPCAT). The polypeptide may further be selected from the group consisting of:

1. (a) a polypeptide comprising at least one membrane bound O-acyltransferase protein family motif selected from the group
consisting of: SEQ ID NO:5 (WHG-X3-GY-X3-F), SEQ ID NO:6 (Y-X4-F), SEQ ID NO:7 (Y-X3-YF-Xo-H), SEQ ID NO:8 (M-[V/I]-
[L/1]-Xo-K-[L/V/1]-Xg-DG), SEQ ID NO:9 (RxKYY-Xo-W-X3-[E/D]-[A/G]-X5-GxG-[F/Y]-xG), SEQ ID NO:10 (EX11WN-Xo-[T/V]-Xo-
W), SEQ ID NO:11 (SAXWHG-X2-PGY-X2-[T/F]-F), SEQ ID NO:12 (M-[V/]-[L/UVV]-[VIC/AT]-IM/L/Q]-K-[L/VII/MI-[S/T/Y/]-
[SIT/A/M/G]-[F/LIC/Y]-[C/A/G/S]-[W/Y/M/I/F/C]-IN/S/E/Q/D]-[V/Y/LNI-[H/Y/A/N/SIT]-DG), SEQ ID NO:13 (R-[L/M/F/W/P/Y]-KYY-
[G/AIFIH/S]-[VIA/ICI-W-[Y/E/T/M/S/L]-[L/I/N]-[T/S/A]-[E/D]-[G/A]-[A/S/IV]-[C/S/I/N/H/LT- [V/IN]-[L/I/N/A/CI-[S/C/WIA/I]-G-
[M/VL/IAF]-G-[Y/FIFINVE/SITIRIK]-G), SEQ ID  NO:14  (E-[T/F/LIM]-[A/S]-[Q/D/P/K/TI-[N/SI-[S//T/LIAIM/F]-[HIKIR/V]-
[G/C/E/TIQ/D/MI-[Y/A/M/L/I/F]-[L/S/P/I]-[G/E/A/L/N/D]-[S/A/V/F/MIN]-WN- [K/M/I/C]- [N/KIQ/G]-[T/V]- [N/A/S]- [H/K/IN/T/R/L]-W),
SEQ ID NO:15 (SA-[F/M/NV/1]-WHG-[F/V/T/L]-[Y/S/R]-PGY-[Y/M/I]-[L/M/I/F]-[T/F]-F), SEQ ID NO:16 (M-[V/I]-L-Xo>-KL), SEQ ID
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NO:17 (RxKYY-Xo-W), and SEQ ID NO:18 (SAXWHG);
2. (b) a polypeptide comprising at least one mutant membrane bound O-acyltransferase protein family motif.

[0125] The polypeptide having LPCAT activity may be derived from a yeast for example; preferably the yeast LPCAT polypeptide is
derived from Saccharomyces cerevisiae or Yarrowia lipolytica.

[0126] Either the LPCAT sequences set forth herein as SEQ ID NO:2 [ScLPCAT] and SEQ ID NO:4 [YILPCAT], or portions thereof,
or the LPAATSs set forth herein as SEQ ID NO:24 [ScLPAAT], SEQ ID NO:21 [MaLPAAT1] and SEQ ID NO:23 [YILPAAT 1], or portions
of them, may be used to search for LPCAT homologs in the same or other species using sequence analysis software, as described
above with respect to PDATSs.

[0127] Use of a software algorithm to comb through databases of known sequences is particularly suitable for the isolation of
homologs having a relatively low percent identity to publicly available LPCAT sequences, such as those described in SEQ ID NOs:2
and 4. It is predictable that isolation would be relatively easier for LPCAT homologs of at least about 70%-85% identity to publicly
available LPCAT sequences. Further, those sequences that are at least about 85%-90% identical would be particularly suitable for
isolation and those sequences that are at least about 90%-95% identical would be the most facilely isolated.

[0128] LPCAT homologs can also be identified by the use of motifs unique to the LPCAT enzymes, e.g., membrane bound O-
acyltransferase ["MBOAT"] family motifs such as described in Table 2. LPCATs that have both LPCAT and LPAAT activity may also
be identified by the use of motifs unique to the LPAAT enzymes, e.g., 1-acyl-sn-glycerol-3-phosphate acyltransferase family motifs
selected from the group consisting of: NHxxxxD (SEQ ID NO:25) and EGTR (SEQ ID NO:26).

[0129] Based on well-known methods available to one of skill in the art, it would be possible to identify and/or isolate LPCAT gene
homologs in any preferred eukaryotic organism of choice. The activity of any putative LPCAT gene can readily be confirmed by
expression of the gene within a LC-PUFA-producing host organism, since the LC-PUFAs, measured as a wt. % of TFAs, are
increased (when co-expressed with a suitable PDAT) relative to those within an organism not over-expressing both the LPCAT and
PDAT transgenes (above).

[0130] Considerable effort was invested toward the identification of an isolated polynucleotide encoding a non-naturally occurring
mutant polypeptide having LPCAT activity, wherein said mutant polypeptide comprises at least one mutant membrane-bound O-
acyltransferase protein motif, said mutant motif selected from the group consisting of:

1. (a) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:33, wherein SEQ ID NO:33 differs from SEQ
ID NO:16 (M-[V/1]-L-Xo-KL) by at least one amino acid mutation, said mutation selected from the group consisting of: M1A,
M1N, M1C, M1G, M1Q, M1H, M11, M1L, M1F, M1P, M1S, M1T, M1W, M1Y, M1V, V2A, V2N, V2C, V2G, V2Q, V2H, V2L, V2M,
V2F, V2P, V28, V2T, V2W, V2Y, I12A, I12N, 12C, 12G, 12Q, I12H, 12L, 12M, I12F, I12P, 12S, 12T, 12W, 12Y, L3A, L3N, L3C, L3G, L3Q,
L3H, L3M, L3F, L3P, L3S, L3T, L3W, L3Y, L3V, K6A, K6R, K6N, K6G, K6H, K6P, K6S, K6T, K6Y, L7A, L7N, L7C, L7G, L7Q,
L7H, L71, L7M, L7F, L7P, L7S, L7T, L7W and L7Y;

2. (b) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:34, wherein SEQ ID NO:34 differs from SEQ
ID NO:8 (M-[V/1]-[L/1]-Xo-K-[L/V/I]-Xg-DG) by at least amino acid mutation, said mutation selected from the group consisting of:
M1A, M1 N, M1C, M1G, M1Q, M1H, M11, M1L, M1F, M1P, M1S, M1T, M1W, M1Y, M1V, V2A, V2N, V2C, V2G, V2Q, V2H, V2L,
V2M, V2F, V2P, V28, V2T, V2W, V2Y, I12A, 12N, 12C, 12G, 12Q, 12H, I12L, 12M, 12F, 12P, 128, 12T, 12W, 12Y, L3A, L3N, L3C, L3G,
L3Q, L3H, L3M, L3F, L3P, L3S, L3T, L3W, L3Y, L3V, I3A, I3N, I3C, I3G, 13Q, I3H, I3M, I3F, I3P, I13S, I3T, I3W, I3Y, I3V, K6A,
K6R, K6N, K6G, K6H, K6P, K6S, K6T, K6Y, L7A, L7N, L7C, L7G, L7Q, L7H, L71, L7M, L7F, L7P, L7S, L7T, L7W, L7Y, V7A,
V7N, V7C, V7G, V7Q, V7H, V71, VIM, VTF, V7P, V7S, V7T, VIW, V7Y, ITA, I7N, I7C, I7G, I7Q, I7TH, I7M, I7F, I7TR, I7S, I7T, I7W,
17Y, D16A, D16N, D16G, D16E, D16Q, D16H, D16F, D16S, D16T, G17A, G17N, G17H, G17L, G17M, G17F, G17S, G17T and
G17V;

3. (c) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:35, wherein SEQ ID NO:35 differs from SEQ
ID NO:5 (WHG-X3-GY-X3-F) by at least one amino acid mutation, said mutation selected from the group consisting of: G7A,
G7N, G7C, G7H, G71, G7L, G7K, G7M, G7F, G7S, G7T, G7W, G7Y, G7V, Y8A, Y8G, Y8H, Y8L, Y8F, Y8P, Y8S, Y8T, Y8V,
F12A, F12N, F12C, F12G, F12H, F12L, F12M, F12P, F12S, F12T and F12V;

4. (d) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:36, wherein SEQ ID NO:36 differs from SEQ
ID NO:11 (SAXWHG-Xo-PGY-Xo-[T/F]-F) by at least one amino acid mutation, said mutation selected from the group consisting
of: S1A, S$1G, S1H, S1L, S1F, S1P, S1T, S1V, A2N, A2G, A2H, A2L, A2F, A2P, A2S, A2T, A2V, P9A, PIR, P9G, P9H, P9I, PIL,
PIK, POM, PIOF, P9S, PIT, POW, PIY, P9V, G10A, G10N, G10C, G10H, G101, G10L, G10K, G10M, G10F, G108, G10T, G10W,
G10Y, G10V, YA, YI1G, Y11H, Y1IL, YI1F, YIP, Y11S, YT, Y11V, T14A, T14C, T14G, T14H, T141, T14L, T14M, T14F,
T14P, T14S, T14W, T14Y, T14V, F14A, F14C, F14G, F14H, F141, F14L, F14M, F14P, F14S, F14W, F14Y, F14V, F15A, F15N,
F15C, F15G, F15H, F15L, F15M, F15P, F15S, F15T and F15V; and

5. (e) a complement of the nucleotide sequence of part (a), (b), (c) or (d), wherein the complement and the nucleotide sequence
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consist of the same number of nucleotides and are 100% complementary.

[0131] Therefore, disclosed herein is an isolated polynucleotide encoding a mutant polypeptide having acyl-
CoA:lysophosphatidylcholine acyltransferase (LPCAT) activity, wherein the mutant polypeptide comprises at least one mutant
membrane-bound O-acyltransferase protein motif, and the polynucleotide is operably linked to at least one regulatory sequence.

[0132] For example, the polynucleotide may encode a mutant yeast (e.g., Yarrowia) LPCAT polypeptide having a mutation in Motif |
and/or Motif 1l. Alternatively, the polynucleotide may encode an amino acid sequence that has LPCAT activity and that is at least
90%, or 95%, identical to SEQ ID NO:4 (wild type YILPCAT) based on the Clustal W method of alignment, and that has one or more
mutations (e.g., amino acid substitution, deletion, and/or insertion) in Motif | (SEQ ID NO:4 residues 132, 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148) and/or Motif || (SEQ ID NO:4 residues 376, 377, 378, 382, 383, 384, 385,
386, 387, 389, 390). Substitution mutations may be any of those described herein, for example. Preferably, the activity of a mutant
LPCAT polypeptide encoded by a polynucleotide is equal to or greater than the activity of wild type YILPCAT (e.g., SEQ ID NO:4).
Such activity can be determined by comparing the EPA % TFAs and/or d9e CE(%) in recombinant cells (e.g., microbial cells) over-
expressing a mutant LPCAT with the EPA % TFAs and/or d9e CE(%) in a control cell.

[0133] As another example, the polynucleotide may encode a polypeptide that has LPCAT activity and that is at least 90% or 95%
identical to: SEQ ID NO:79, where the polypeptide has a serine at position 136 and an alanine at position 389; SEQ ID NO:81, where
the polypeptide has a serine at position 136 and a cysteine at position 389; SEQ ID NO:83, where the polypeptide has a serine at
position 136 and a serine at position 389; SEQ ID NO:85, where the polypeptide has a valine at position 136 and a cysteine at
position 389; SEQ ID NO:87, where the polypeptide has an alanine at position 144 and a serine at position 390; SEQ ID NO:89,
where the polypeptide has an alanine at position 148 and a serine at position 390; SEQ ID NO:91, where the polypeptide has an
asparagine at position 148 and an isoleucine at position 382; or SEQ ID NO:93, where the polypeptide has an asparagine at position
148 and a serine at position 390.

[0134] Methods for synthesizing sequences and bringing sequences together are well established in the literature. Many
techniques are commonly employed to obtain mutations of naturally occurring genes (wherein such mutations may include
deletions, insertions and point mutations, or combinations thereof). The present work was conducted with the goal of identifying
suitable mutation(s) within an LPCAT (e.g., YILPCAT [e.g., SEQ ID NO:4]) that would be tolerated within the enzyme when it was
expressed in a microbial cell engineered to produce at least one LC-polyunsaturated fatty acid. More preferably, identification of
mutations that increased the amount of LC-polyunsaturated fatty acid, measured as a wt. % of TFAs, and/or the Cqg to Cop

elongation conversion efficiency was especially desirable as a means to increase the overall rate and quantity of PUFA biosynthesis.

[0135] A variety of LPCAT mutations are described herein within two specific conserved motifs within the Yarrowia lipolytica LPCAT
polypeptide. Specifically, a suite of site-saturation libraries were created within the 17 amino acid residues within Motif I,
corresponding to SEQ ID NO:8 (M-[V/1]-[L/I]-Xo-K-[L/V//1]-Xg-DG) and within 12 of the 15 amino acid residues of Motif I,
corresponding to SEQ ID NO:11 (SAXWHG-X2-PGY-X2-[T/F]-F), using YILPCAT (SEQ ID NO:4) as a template, wherein YILPCAT
was contained within a plasmid construct comprising a chimeric YAT1:YILPCAT::Lip1 gene. The site-saturation libraries, each
comprising a single amino acid change with respect to the YILPCAT polypeptide, were then transformed into Yarrowia lipolytica, and
screened for improved delta-9 elongase conversion efficiency ["% Conv."] (i.e., based on conversion of C18 PUFAs to C20 PUFAs)
and/or improved production of EPA as a weight percent of TFAs ["EPA % TFAs"] based on GC analyses. These indirect means were
utilized to analyze LPCAT activity, as opposed to a direct method.

[0136] More specifically, amino acid residues 132 to 148 (Motif 1) and amino acid residues 376 to 378 and 382 to 390 (Motif II)
within YILPCAT were individually mutated. All 329 of the mutants performed such that the EPA % TFAs was at least 75% of that of
the control YILPCAT polypeptide; and all of the mutants performed with a % Conv. that was at least 87.6% of that of the control
YILPCAT polypeptide. Fifty-six (56) YILPCAT mutants were found to exhibit equivalent or improved EPA % TFAs and equivalent or
improved % Conv. An additional 14 YILPCAT* mutants were determined to have an equivalent or improved EPA % TFAs when
compared to the control (but did not have an equivalent or improved % Conv.); an additional 12 YILPCAT mutants were determined
to have an equivalent or improved % Conv., when compared to the control (but did not have an equivalent or improved EPA %
TFAs). Thus, this work demonstrated that the LPCAT activity of YILPCAT could indeed be modified without negative implications and
even improved by protein engineering.

[0137] Mutants resulting in equivalent or improved LPCAT activity were generated at amino acid residues 133, 134, 135, 136, 137,
138, 139, 140, 141, 142, 143, 144, 145, 146, 147 and 148 within Motif |, thereby demonstrating that only the methionine [M] residue
of SEQ ID NO:8 (M-[V/I]-[L/I]-Xo-K-[L/V/I]-Xg-DG) appears unable to tolerate variation. Similarly, mutants resulting in equivalent or
improved LPCAT activity were generated at amino acid residues 378, 382, 383, 385, 388, 389 and 390 within Motif II, thereby
demonstrating that the serine [S], alanine [A], proline [P] and tyrosine [Y] of SEQ ID NO:11 (SAXWHG-X2-PGY-X2-[T/F]-F) appear
unable to tolerate variation. The amino acids at residues 379-381, (i.e., WHG) were not subjected to mutation, since the histidine of
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other LPCATs corresponding to H380 of YILPCAT has been reported to be a likely active site residue (Lee et al., 2008, Mol. Biol. Cell
19:1174-1184).

[0138] Thus, disclosed herein is an isolated polynucleotide encoding a non-naturally occurring mutant polypeptide having
lysophosphatidylcholine acyltransferase ['LPCAT"] activity comprising at least one mutant membrane bound O-acyltransferase
protein motif, wherein:

1. (a) the mutant polypeptide comprises an amino acid sequence as set forth in SEQ ID NO:19, wherein SEQ ID NO:19 differs
from SEQ ID NO:4 (YILPCAT) by at least one amino acid mutation, wherein:

1. (i) the amino acid mutation is an amino acid substitution at a residue selected from the group consisting of: residue 133,
residue 134, residue 135, residue 136, residue 137, residue 138, residue 139, residue 140, residue 141, residue 142,
residue 143, residue 144, residue 145, residue 146, residue 147 and residue 148;

2. (ii) the amino acid mutation is in an amino acid substitution at a residue selected from the group consisting of: residue
378, residue 382, residue 383, residue 385, residue 388, residue 389 and residue 390; or

3. (iii) there are at least two amino acid mutations, wherein:

1. (1) a first amino acid mutation is an amino acid substitution selected from the group set forth in part (i), and
2. (2) the second amino acid mutation is an amino acid substitution selected from the group set forth in part (ii);

2. (b) overexpression of the mutant polypeptide in a recombinant Yarrowia cell comprising a polyunsaturated fatty acid
biosynthetic pathway that is capable of producing at least one long-chain polyunsaturated fatty acid produces a result selected
from the group consisting of:

1. (i) an amount of at least one long-chain polyunsaturated fatty acid, measured as a weight percent of total fatty acids
that is at least the same as or greater than the amount produced by a control Yarrowia cell; and

2. (ii) a C4gto Cog elongation conversion efficiency that is at least the same as or greater than the conversion efficiency of

a control Yarrowia cell.

[0139] Mutant polypeptides having LPCAT activity encoded by the isolated polynucleotide described above are also disclosed
herein.

[0140] The amino acid sequence of a mutant YILPCAT polypeptide may comprise an amino acid sequence as set forth in SEQ ID
NO:37, wherein SEQ ID NO:37 differs from SEQ ID NO:4 (YILPCAT) and wherein said difference is an amino acid mutation selected
from the group consisting of: L134A, L134C, L134G, C135D, C135l, M136G, M136P, M136S, M136V, K137N, K137G, K137H,
K137Y, L138A, L138H, L138M, S139L, S139W, S140N, S140H, S140P, S140W, F141A, F141M, F141W, G142H, W143L, N144A,
N144K, N144F, N144T, N144V, V145A, V145G, V145E, V145M, V145F, V145W, Y146G, Y146L, Y146M, D147N, D147Q, D147H,
G148A, G148N, T382I, T382P, R383M, L388G, L388Y, T389A, T389C, T389S, F390C, V133C, M136N, L138G, L138I, L138N,
S139G, S139N, W143H, G148V, L388H, L388T, F390G, F390N, F390T, C135F, M136T, S140Y, S1401, F141V, G142], G142V,
D147E, F378Y, T382Y, R383A and F390S.

[0141] More specifically, and of applicability for use in any recombinant microbial cell (e.g., wherein said LC-polyunsaturated
product fatty acid-producing cell is over-expressing both a PDAT and LPCAT), also described herein is a polypeptide having LPCAT
activity comprising at least one mutant membrane bound O-acyltransferase protein motif, wherein the mutant motif is selected from
the group consisting of:

1. (a) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:38, wherein SEQ ID NO:38 differs from SEQ
ID NO:16 (M-[V/1]-L-Xo-KL) by at least one amino acid mutationselected from the group consisting of: V2C, 12C, L3A, L3C,
L3G, K6H, K6G, K6N, KBY, L7A, L7N, L7G, L7H, L7l and L7M;

2. (b) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:39, wherein SEQ ID NO:39 differs from SEQ
ID NO:8 (M-[V/1]-[L/1]-Xo-K-[L/V/I]-Xg-DG) by at least one amino acid mutation selected from the group consisting of: V2C, 12C,
L3A, L3C, L3G, I3A, I3C, 13G, K6H, K6G, KBN, K6Y, L7A, L7N, L7G, L7H, L71, LM, V7A, V7N, V7G, V7H, VIM, I7A, I7N, I7G,
I7H, I7M, D16Q, D16N, D16H, G17A, G17V and G17N;

3. (c) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:40 wherein SEQ ID NO:40 differs from SEQ
ID NO:5 (WHG-X3-GY-X3-F) by at least one amino acid mutation selected from the group consisting of: F12N, F12C, F12G,
and F12T; and

4. (d) a mutant motif comprising an amino acid sequence as set forth in SEQ ID NO:41, wherein SEQ ID NO:41 differs from SEQ
ID NO:11 (SAXWHG-Xo-PGY-Xo-[T/F]-F) by at least one amino acid mutation selected from the group consisting of: T14A,
T14C, T14S, F15N, F15C, F15G and F15T.

[0142] The specific mutations set forth above correspond to mutations identified within YILPCAT according to the methodologies
described above, and that were demonstrated to result in mutants having equivalent or improved EPA % TFAs and/or equivalent or
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improved % Conv.

[0143] Following the work set forth above, wherein single amino acid mutations were created within either Motif | or Motif Il of
YILPCAT (SEQ ID NO:4), 18 different single Motif | mutations were then combined with one of 16 preferred single Motif || mutations,
resulting in the generation of 167 double mutants (i.e., wherein the LPCAT comprises both a single mutation within Motif | and a
single mutation within Motif Il). These double mutants were transformed into Yarrowia lipolytica strain Y8406U2, and then the lipid
profiles of the double mutants were compared to that of the parent YILPCAT.

[0144] Again, the effect of each double mutation on the LPCAT activity of the resulting mutant YILPCAT protein was screened,
based on EPA % TFAs and % delta-9 conversion efficiency. Most of the 167 YILPCAT mutants functioned with approximately equal
or improved activity when compared to YILPCAT. More specifically, 106 of the double mutants exhibited equivalent or improved EPA
% TFAs and equivalent or improved % Conv., 15 of the double mutants had an equivalent or improved EPA % TFAs when compared
to the control, while an additional 6 of the double mutants were determined to have an equivalent or improved % Conv. when
compared to the control.

[0145] Twenty-five (25) of these double mutants were then subjected to flask assays for a detailed analysis of the total lipid content
and composition. Seventeen (17) of these double mutants were observed to have equivalent or improved EPA % TFAs and
equivalent or improved % Conv., while the remaining 8 had equivalent or improved % Conv. Furthermore, 22 of these 25 mutants
were demonstrated to have improved EPA productivity ["EPA % DCW"] when compared to the control strain that was not expressing
a mutant YILPCAT comprising a single mutation within Motif | and a single mutation within Motif II.

[0146] Thus, disclosed herein is the amino acid sequence of a mutant YILPCAT polypeptide comprising an amino acid sequence as
set forth in SEQ ID NO:42, wherein SEQ ID NO:42 differs from SEQ ID NO:4 (YILPCAT) and wherein said difference is any one of
the pairs of mutations set forth in Table 4 (e.g., an L134A mutation in Motif | may be combined with either a T382] mutation, an
L388G mutation, an F390G mutation or an F390T mutation in Motif 1, thereby generating mutants L134A_T382I, L134A_L388G,
L134A_F390G and L134A_F390T).

Table 4. YILPCAT Double Mutations Demonstrating Equivalent or Improved EPA % TFAs and/or Equivalent or Improved % Delta-9
Conversion

Amino Acid Mutation in Motif | Amino Acid Mutation in Motif Il

L134A T3821P, L388G, F390G?, F390T

L134G L388GY, F390G?, F390T2

M136S F378Y, T382l, T382P, T382Y, R383M, P384A, L388Y, T389A,
T389C, T389S

M136V T382P, T382Y, P384A, L388Y, T389A, T389C, T389S

K137H T38212, P384G, L388GP, L388T, F390G2, F390S, F390T

K137N F378Y, T382P, R383M, P384G, L388G, L388T, T389A,
T389CP, T389S, F390GP, F390S, F390T

S140H T382I°, P384G, L388GP, L388T, F390G, F390S

S140W T382I, T382P, T382Y, R383M, P384A, L388Y, T389A, T389C,
T38954

F141M F378Y, T382Pb, T382Y, R383M, P384A, T389A2, T389C

F141W F378Y, T382I°, T382P, T382Y, R383M, P384A, L388YP,
T389A, T389C, T389S

N144A T38213, P384G, L388G, L388T, F390G, F390S, F390T

N144T F378Y, T382P, T382Y, R383M, P384A, L388Y, T389A,
T389C, T389S

V145M F378Yb, T382YP, T382I, R383M, T389A, T389C

V145W F378YP, T382l, T389A8, 738952

D147H T382I°, L388G, L388T, F390S, F390T2

D147Q T382I, L388G?, L388T4, F390S

G148A F378Y, T382I, T382Y, R383M, P384AP, P384G, L388G,
L388Y, T389A, T389C, F390S, F390T

G148N T3821, P384G?, L388T, F390G, F390S

Notes: Pairs ot mutations comprising a first mutation in Motif | and a second mutation in Motif Il lacking a superscript

(a or b) resulted in equivalent or improved EPA % TFAs and equivalent or improved % Conv.
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4 |ndicates a pair of mutations comprising a first mutation in Motif | and a second mutation in Motif Il that resulted in
equivalent or improved EPA % TFAs (but not equivalent or improved % Conv.).
b Indicates a pair of mutations comprising a first mutation in Motif | and a second mutation in Motif Il that resulted in
equivalent or improved % Conv. (but not equivalent or improved EPA % TFAs).

[0147] Based on the above, it will be understood by one of skill in the art that a variety of other double mutations could be
generated by combining alternate single mutations within Motif | and single mutations within Motif Il, wherein the single mutations
are preferably selected from those that existed within the 14 YILPCAT mutants found to exhibit equivalent or improved EPA % TFAs
with respect to the control or from those that existed within the 12 YILPCAT mutants found to exhibit equivalent or improved % Conv.
when compared to the control. More preferably, the single mutations are those that existed within the 56 YILPCAT mutants found to
exhibit equivalent or improved EPA % TFAs and equivalent or improved % Conv.

[0148] Also disclosed herein is a mutant LPCAT polypeptide encoded by the isolated polynucleotide comprising a sequence
selected from the group consisting of: SEQ ID NOs:79, 81, 83, 85, 87, 89, 91 and 93.

[0149] Although certain combinations of LPCAT amino acid mutations are disclosed herein, one of skill in the art would readily
recognize that other combinations of the Motif | and Motif Il mutations disclosed herein may be combined as well. Accordingly, one
or more of the disclosed Motif | mutations may be used in combination with one or more of the disclosed Motif Il mutations in
preparing a polynucleotide encoding a mutant LPCAT polypeptide.

[0150] The mutant polypeptides described herein (i.e., having at least LPCAT activity) are useful for over-expression along with
over-expression of a polypeptide having PDAT activity in a recombinant microbial cell for the improved production of at least one
long-chain ["LC"] polyunsaturated fatty acid, wherein over-expression of PDAT and a mutant LPCAT results in an increase in the at
least one long-chain polyunsaturated fatty acid, measured as a wt. % TFAs, when compared to a control cell. It should also be noted
that these results are also achieved upon over-expression of mutant LPCAT polypeptides described herein without over-expression
of PDAT.

[0151] Specifically, disclosed herein is a recombinant cell comprising any one of the isolated polynucleotides described herein,
encoding a non-naturally occurring mutant polypeptide having LPCAT activity, wherein said recombinant cell further comprises a
PUFA biosynthetic pathway capable of producing at least one long-chain polyunsaturated fatty acid, and wherein the isolated
polynucleotide is over-expressed, and wherein the recombinant cell comprises at least one of the following:

1. (a) an amount of at least one long-chain polyunsaturated fatty acid measured as a weight percent of total fatty acids that is at
least the same as or greater than the amount produced by a control cell, or
2. (b) a C4g to Cyy elongation conversion efficiency (e.g., delta-9 elongase conversion efficiency or delta-6 elongase conversion

efficiency) that is at least the same as or greater than the conversion efficiency of a control cell.

[0152] With respect to over-expressing a mutant LPCAT (containing a mutation in Motif | and/or Motif Il) in a recombinant cell, over-
expression of a mutant LPCAT can be achieved, for example, by introducing a polynucleotide encoding mutant LPCAT (i.e.,
transgene) to cells. Preferably, such a polynucleotide is operably linked to a regulatory sequence such as a promoter that allows
gene expression in the cells (e.g., microbial cells) modified to contain the polynucleotides. Over-expression of mutant LPCAT is with
respect to the expression of LPCAT in a control cell.

[0153] An increase in the amount of the at least one long-chain PUFA (e.g., EPA) measured as a weight percent of total fatty acids
["wt. % TFAs"] of the recombinant cell over-expressing a mutant LPCAT (containing a mutation in Motif | and/or Motif 1I) may be at
least about 1 %, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11 %, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20% over the
amount of the at least one long-chain PUFA measured as a weight percent of total fatty acids of a control cell.

[0154] An increase in the Cqg to Cop elongation conversion efficiency, delta-9 elongase conversion efficiency, and/or delta-6
elongase conversion efficiency of the recombinant cell over-expressing a mutant LPCAT (containing a mutation in Motif |1 and/or
Motif 1) may be at least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, or 15% over the C4g to Cog
elongation conversion efficiency, delta-9 elongase conversion efficiency, and/or delta-6 elongase conversion efficiency, respectively,
of a control cell.

[0155] Total lipid content (TFAs % DCW) may be increased in the recombinant cell over-expressing mutant LPCAT. The increase in
the total lipid content of the recombinant cell may be at least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11 %, or 12% over

the total lipid content of a control cell. The increase in total lipid content can coincide with an increase in EPA % TFAs.

[0156] With respect to over-expressing a mutant LPCAT, a control cell, corresponding control cell, or suitable control cell may be a
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wild type or recombinant cell that corresponds to the recombinant cell, but does not comprise the over-expressed mutant LPCAT
polypeptide. For example, the control cell does not over-express a mutant LPCAT polypeptide by virtue of not comprising
recombinant polynucleotide sequences encoding mutant LPCAT. Also for example, the control cell does not over-express mutant
LPCAT polypeptides by virtue of comprising, but not expressing, a recombinant polynucleotide sequence encoding mutant LPCAT.
The control cell may be the recombinant cell as it existed before it was modified to over-express a mutant LPCAT polypeptide (i.e., a
parent cell), or may be a recombinant cell that has been modified to contain a recombinant polynucleotide encoding mutant LPCAT,
but does not over-express the mutant LPCAT polypeptide (e.g., a cell prepared in parallel with the recombinant cell that over-
expresses a mutant LPCAT).

[0157] One of ordinary 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, Maniatis,
Silhavy, and Ausubel, as cited above.

[0158] In general, the choice of sequences included in a recombinant expression 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.
Typically, a vector contains at least one expression cassette, a selectable marker and sequences allowing autonomous replication or
chromosomal integration. Suitable expression cassettes typically comprise a promoter, the coding sequence of a selected gene
(e.g., encoding a polypeptide having at least LPCAT or PDAT activity), and a terminator (i.e., a chimeric gene). Preferably, both
control regions are derived from genes from the transformed host cell.

[0159] Virtually any promoter (i.e., native, synthetic, or chimeric) capable of directing expression of an ORF encoding a polypeptide
of the invention herein will be suitable, although transcriptional and translational regions from the host species are particularly useful.
Expression in a host cell can occur in an induced or constitutive fashion. Induced expression occurs by inducing the activity of a
regulatable promoter operably linked to the LPCAT and/or PDAT gene(s) of interest, while constitutive expression occurs by the use
of a constitutive promoter operably linked to the gene(s) of interest.

[0160] A terminator can be derived from the 3' region of a gene from which the promoter 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 in both the same and
different genera and species from which they were derived. The terminator usually is selected more as a matter of convenience
rather than because of any particular property. Preferably, the terminator is derived from a yeast gene. The terminator can also be
synthetic, as one of skill in the art can utilize available information to design and synthesize a terminator. A terminator may be
unnecessary, but it is highly preferred.

[0161] Many specialized expression vectors have been created to obtain a high expression rate. Such vectors are made by
adjusting certain properties that govern transcription, RNA stability, translation, protein stability and location, and secretion from the
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
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.

[0162] Once a DNA cassette (e.g., comprising a chimeric gene comprising a promoter, an ORF encoding a polypeptide having
LPCAT activity or PDAT activity, and a terminator) suitable for expression in an appropriate cell has been obtained, it is placed in a
plasmid vector capable of autonomous replication in the 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 with the host locus. Where constructs are
targeted to an endogenous locus, all or some of the transcriptional and translational regulatory regions can be provided by the
endogenous locus.

[0163] Constructs comprising a chimeric gene(s) of interest may be introduced into e.g., oleaginous yeast by any standard
technique. These techniques include transformation (e.g., lithium acetate transformation [Methods in Enzymology, 194:186-187
(1991)]), biolistic impact, electroporation, microinjection, or any other method that introduces the gene(s) of interest into the host
cell. More specific teachings applicable for Y. lipolytica include U.S. Pat. No. 4,880,741 and U.S. Pat. No. 5,071,764 and Chen et al.
(Appl. Microbiol. Biotechnol., 48(2):232-235 (1997)). Integration of a linear DNA fragment into the genome of the host is favored in
transformation of Y. lipolytica host cells. Integration into multiple locations within the genome can be particularly useful when high
level expression of genes are desired. Preferred loci include those taught in U.S. Pat. Appl. Publ. No. 2009-0093543-A1.

[0164] The transformed host cell can be identified by selection for a marker contained on the introduced construct. Alternatively, a
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separate marker construct may be co-transformed with the desired construct, as many transformation techniques introduce many
DNA molecules into host cells.

[0165] Stability of an integrated DNA fragment in a microbial host cell is often dependent on the individual transformants, the
recipient strain and the targeting platform used. Thus, multiple transformants of a particular recombinant microbial host should be
screened in order to obtain a strain displaying the desired expression level and pattern. 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 analysis of protein expression, phenotypic analysis or GC analysis are suitable screening methods.

[0166] Disclosed herein are recombinant constructs that comprise the isolated polynucleotides of the invention. For example, a
recombinant construct may comprise an isolated polynucleotide encoding a non-naturally occurring mutant polypeptide having
LPCAT activity, wherein the mutant polypeptide comprises at least one mutant membrane MBOAT protein motif, operably linked to at
least one regulatory sequence.

[0167] Disclosed herein are recombinant cells that comprise the recombinant constructs of the invention. The recombinant cells
described herein all comprise a PUFA biosynthetic pathway capable of producing at least one LC polyunsaturated fatty acid.
Preferably, the long-chain polyunsaturated fatty acid is selected from the group consisting of: eicosadienoic acid, dihomo-gamma-
linolenic acid, arachidonic acid, docosatetraenoic acid, omega-6 docosapentaenoic acid, eicosatrienoic acid, eicosatetraenoic acid,
eicosapentaenoic acid, omega-3 docosapentaenoic acid and docosahexaenoic acid.

[0168] The metabolic process wherein oleic acid is converted to LC-PUFAs involves elongation of the carbon chain through the
addition of carbon atoms and desaturation of the molecule through the addition of double bonds. This requires a series of special
desaturation and elongation enzymes present in the endoplasmic reticulum membrane. However, as seen in FIG. 2 and as
described below, multiple alternate pathways exist for LC-PUFA production.

[0169] Specifically, FIG. 2 depicts the pathways described below. All pathways require the initial conversion of oleic acid to linoleic
acid ['LA"], the first of the omega-6 fatty acids, by a delta-12 desaturase. Then, using the "delta-9 elongase/ delta-8 desaturase
pathway" and LA as substrate, long-chain omega-6 fatty acids are formed as follows: 1) LA is converted to eicosadienoic acid
['EDA" by a delta-9 elongase; 2) EDA is converted to dihomo-gamma-linolenic acid ['DGLA"] by a delta-8 desaturase; 3) DGLA is
converted to arachidonic acid ["ARA"] by a delta-5 desaturase; 4) ARA is converted to docosatetraenoic acid ['DTA"] by a Cogo

elongase; and 5) DTA is converted to docosapentaenoic acid ["DPAN-6"] by a delta-4 desaturase.

[0170] The "delta-9 elongase/delta-8 desaturase pathway" can also use alpha-linolenic acid ["'ALA"] as substrate to produce long-
chain omega-3 fatty acids as follows: 1) LA is converted to ALA by a delta-15 desaturase; 2) ALA is converted to eicosatrienoic acid
['ETrA"] by a delta-9 elongase; 3) ETrAis converted to eicosatetraenoic acid ['ETA"] by a delta-8 desaturase; 4) ETAis converted to
eicosapentaenoic acid ["EPA"] by a delta-5 desaturase; 5) EPA is converted to docosapentaenoic acid ["DPA"] by a Cogpo elongase;
and 6) DPA is converted to docosahexaenoic acid ['DHA"] by a delta-4 desaturase. Optionally, omega-6 fatty acids may be
converted to omega-3 fatty acids. For example, ETA and EPA are produced from DGLA and ARA, respectively, by delta-17
desaturase activity.

[0171] Alternate pathways for the biosynthesis of omega-3/omega-6 fatty acids utilize a delta-6 desaturase and Cigpg elongase,

that is, the "delta-6 desaturase/delta-6 elongase pathway". More specifically, LA and ALA may be converted to GLA and stearidonic
acid ["STA"], respectively, by a delta-6 desaturase; then, a C4gjog elongase converts GLA to DGLA and/or STA to ETA.

[0172] A LC-PUFA-producing recombinant cell will possess at least one of the biosynthetic pathways described above, whether this
pathway is native to the cell or is genetically engineered. Preferably, the recombinant cell will be capable of producing at least about
2-5% LC-PUFAs in the total lipids of the recombinant cell, more preferably at least about 5-15% LC-PUFAs in the total lipids, more
preferably at least about 15-35% LC-PUFAs in the total lipids, more preferably at least about 35-50% LC-PUFAs in the total lipids,
more preferably at least about 50-65% LC-PUFAs in the total lipids and most preferably at least about 65-75% LC-PUFAs in the total
lipids. The structural form of the LC-PUFAs is not limiting; thus, for example, the EPA or DHA may exist in the total lipids as free fatty
acids or in esterified forms such as acylglycerols, phospholipids, sulfolipids or glycolipids.

[0173] An "LC polyunsaturated fatty acid" refers to the PUFA that the PUFA biosynthetic pathway is designed to produce. Thus, for
example, in the present examples, a Yarrowia lipolytica strain engineered to express a PUFA biosynthetic pathway comprising delta-
12 desaturase, delta-9 elongase, delta-8 desaturase, delta-5 desaturase and delta-17 desaturase genes produced a variety of fatty
acids in the lipids including palmitate, palmitoleic acid, stearic acid, oleic acid, LA, ALA, EDA, DGLA, ARA, ETrA, ETA, EPA. However,
since the strain was designed to primarily produce EPA as the product of the PUFA biosynthetic pathway, this fatty acid should be
considered as the LC polyunsaturated product fatty acid.

[0174] A variety of eukaryotes such as plants, fungi and microbial organisms, including yeast, algae, stramenopiles, oomycetes and
euglenoids can be used herein to produce (or can be engineered to produce) LC-PUFAs. These may include cells that grow on a
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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. Thus, any of these organisms are suitable host cells for
transformation with the polynucleotides of the invention.

[0175] Preferred microbes 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. Within this broad group of microbes, of
particular interest are those organisms that naturally produce omega-3/omega-6 fatty acids. For example, ARA, EPA and/or DHA is
produced by Cyclotella sp., Crypthecodinium sp., Mortierella sp., Nitzschia sp., Pythium, Thraustochytrium sp. and Schizochytrium
sp. Thus, for example, transformation of Mortierella alpina, which is commercially used for production of ARA, with any of the
present LPCAT genes (optionally with co-expression of PDAT) under the control of inducible or regulated promoters could yield a
transformant organism capable of synthesizing 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. No. 7,001,772. In alternate embodiments, a
non-oleaginous organism can be genetically modified to become oleaginous, e.g., yeast such as Saccharomyces cerevisiae (U.S.
Pat. Appl. Publ. No. 2007/0015237-A1).

[0176] In more preferred embodiments, the microbial 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 yeast 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). Most preferred is the oleaginous yeast Yarrowia lipolytica; and in a further embodiment,
most preferred are the Y. lipolytica strains designated as ATCC #76982, ATCC #20362, ATCC #8862, ATCC #18944 and/or LGAM
S(7)1 (Papanikolaou S., and Aggelis G., Bioresour. Technol., 82(1):43-9 (2002)).

[0177] Specific teachings applicable for engineering ARA, EPA and DHA production in Y. lipolytica are provided in U.S. Pat.
7,588,931, U.S. Pat. 7,932,077, U.S. Pat. Appl. Publications No. 2009-0993543-A1, No. 2010-0317072-A1 and No. 2012-0052537-
A1, and U.S. Pat. 7,550,286, respectively. These references also describe the preferred method of expressing genes in Yarrowia
lipolytica by integration of linear DNA fragments into the genome of the host, preferred promoters, termination regions, integration
loci and disruptions, and preferred selection methods when using this particular host species.

[0178] Similarly, a variety of plants may produce (or be engineered to produce) at least one LC polyunsaturated fatty acid (see,
e.g., PCT Publ. No. WO 1998/46764, U.S. Pat. Appl. Publ. No. 2004-0172682-A1) and thus are suitable host cells for transformation
with the polynucleotides described herein. For example, U.S. Pat. Appl. Publ. No. 2008-0254191-A1 provides a detailed discussion
concerning oleaginous plants, which are commonly referred to as "oilseed” plants (which include, e.g., soybean [Glycine and Soja
sp.], rapeseed [Brassica sp.], sunflower [Helianthus sp.], maize, cotton, flax [Linum sp.] and safflower [Carthamus sp.]), as well as
means to engineer suitable recombinant constructs for these species and enable transformations and regeneration of the
transformed plant tissue and cells.

[0179] The transformed recombinant cell is grown under conditions that optimize expression of chimeric genes of the invention and
produce the greatest and the most economical yield of the LC polyunsaturated fatty acid(s). In general, media conditions may be
optimized by modifying the type and amount of carbon source, the type and amount of nitrogen source, the carbon-to-nitrogen ratio,
the amount of different mineral ions, the oxygen level, growth temperature, pH, length of the biomass production phase, length of
the oil accumulation phase and the time and method of cell harvest.

[0180] Yarrowia lipolytica is generally grown in a complex media 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)).

[0181] Fermentation media for the methods and host cells described herein must contain a suitable carbon source, such as are
taught in U.S. Pat. No. 7,238,482 and U.S. Pat. Appl. Publ. No. 2011-0059204-A1. Although it is contemplated that the source of
carbon utilized may encompass a wide variety of carbon-containing sources, preferred carbon sources are sugars, glycerol and/or
fatty acids. Most preferred is glucose, sucrose, invert sucrose, fructose and/or fatty acids containing between 10-22 carbons. For
example, the fermentable carbon source can be selected from the group consisting of invert sucrose, glucose, fructose and
combinations of these, provided that glucose is used in combination with invert sucrose and/or fructose.

[0182] Nitrogen may be supplied from an inorganic (e.g., (NH4)2S0Qy4) 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/or other components known to those skilled in the art suitable for the growth of the host cells and the promotion of the

enzymatic pathways for LC polyunsaturated fatty acid production. Particular attention is given to several metal ions, such as Fe*2,
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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 and R. Colin, eds. pp 61-97 (1992)).

[0183] 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 Yarrowia lipolytica 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.

[0184] 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 LC polyunsaturated fatty acid(s) in Yarrowia lipolytica. This approach is described in U.S. Pat. No.
7,238,482, as are various suitable fermentation process designs (i.e., batch, fed-batch and continuous) and considerations during
growth.

[0185] Thus, in one aspect, the present invention is directed toward a method for improving the production of at least one LC
polyunsaturated fatty acid having a chain length of C20 or greater, said method comprising:

1. (a) growing the recombinant microbial cell of the invention in the presence of a fermentable carbon source; and
2. (b) optionally recovering the LC polyunsaturated fatty acid.

Preferably, the recombinant microbial cell grown in this method is an oleaginous yeast such as one of the genus Yarrowia (e.g., Y.
lipolytica). The LC PUFA produced by the method is preferably selected from the group consisting of: eicosadienoic acid, dihomo-
gamma-linolenic acid, arachidonic acid, docosatetraenoic acid, omega-6 docosapentaenoic acid, eicosatrienoic acid,
eicosatetraenoic acid, eicosapentaenoic acid, omega-3 docosapentaenoic acid and docosahexaenoic acid.

EXAMPLES

[0186] 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

[0187] 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); 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).

[0188] 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, 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), New England Biolabs,
Inc. (Beverly, MA), 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.

[0189] General molecular cloning was performed according to standard methods (Sambrook et al., above). DNA sequence was
generated on an ABI Automatic sequencer using dye terminator technology using a combination of vector and insert-specific
primers. Sequence editing was performed in Sequencher (Gene Codes Corporation, Ann Arbor, MI).

[0190] Yarrowia lipolytica strain ATCC #20362 was purchased from the American Type Culture Collection (Manassas, VA). Y.
lipolytica strains were routinely grown at 28-30 °C in several media (e.g., Basic Minimal Media ['"MM"], Minimal Media + 5-
Fluoroorotic Acid ['"MM + 5-FOA"], High Glucose Media ["HGM"] and Fermentation medium ["FM"]), as described in U.S. Pat. Appl.
Publ. No. 2009-0093543-A1.

[0191] Transformation of Y. lipolytica was performed as described in U.S. Pat. Appl. Publ. No. 2009-0093543-A1.
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[0192] For fatty acid ["FA"] analysis, cells were collected by centrifugation and lipids were extracted as described by Bligh and Dyer
(Can. J. Biochem. Physiol., 37:911-917 (1959)). Fatty acid methyl esters ["FAMESs"] were prepared by transesterification of the lipid
extract with sodium methoxide (Roughan 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.

[0193] For direct base transesterification, Yarrowia cells (0.5 mL culture) were harvested, washed once in distilled water, and dried
under vacuum in a Speed-Vac for 5-10 min. Sodium methoxide (100 pl of 1%) and a known amount of C15:0 triacylglycerol (C15:0
TAG; Cat. No. T-145, Nu-Check Prep, Elysian, MN) was added to the sample, and then the sample was vortexed and rocked for 30
min at 50 °C. 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.

[0194] Alternately, a modification of the base-catalyzed transesterification method described in Lipid Analysis, William W. Christie,
2003 was used for routine analysis of the broth samples from either fermentation or flask samples. Specifically, broth samples were
rapidly thawed in room temperature water, then weighed to 0.1 mg into a tarred 2-mL microcentrifuge tube with a 0.22-ym Corning®
Costar® Spin-X® centrifuge tube filter (Cat. No. 8161). Sample (75-800 pl) was used, depending on the previously determined
DCW. Using an Eppendorf 5430 centrifuge, samples are centrifuged for 5-7 min at 14,000 rpm or as long as necessary to remove
the broth. The filter was removed, liquid was drained, and ~500 pl of deionized water was added to the filter to wash the sample.
After centrifugation to remove the water, the filter was again removed, the liquid drained and the filter re-inserted. The tube was then
re-inserted into the centrifuge, this time with the top open, for ~3-5 min to dry. The filter was then cut approximately half-way up the
tube and inserted into a fresh 2-mL round bottom Eppendorf tube (Cat. No. 22 36 335-2).

[0195] The filter was pressed to the bottom of the tube with an appropriate tool that only touches the rim of the cut filter container
and not the sample or filter material. A known amount of C15:0 TAG (above) in toluene was added and 500 pl of freshly made 1%
sodium methoxide in methanol solution. The sample pellet was firmly broken up and the tubes were closed and placed in a 50 °C
heat block (VWR Cat. No. 12621-088) for 30 min. The tubes were then allowed to cool for at least 5 min. Then, 400 pl of hexane
and 500 pl of a 1 M NaCl in water solution were added, the tubes were vortexed for 2 x 6 sec and centrifuged for 1 min.
Approximately 150 pl of the top (organic) layer was placed into a GC vial with an insert and analyzed by GC.

[0196] FAME peaks recorded via GC analysis were identified by their retention times, when compared to that of known fatty acids,
and quantitated by comparing the FAME peak areas with that of the internal standard (C15:0 TAG) of known amount. Thus, the
approximate amount (ug) of any fatty acid FAME ["ug FAME"] is calculated according to the formula: (area of the FAME peak for the
specified fatty acid / area of the standard FAME peak) * (ug of the standard C15:0 TAG), while the amount (ug) of any fatty acid ["ug
FA"] is calculated according to the formula: (area of the FAME peak for the specified fatty acid / area of the standard FAME peak) *
(ug of the standard C15:0 TAG) * 0.9503, since 1 pg of C15:0 TAG is equal to 0.9503 pg fatty acids. Note that the 0.9503 conversion
factor is an approximation of the value determined for most fatty acids, which range between 0.95 and 0.96.

[0197] The lipid profile, summarizing the amount of each individual fatty acid as a weight percent of TFAs (i.e., FA % TFAs), was
determined by dividing the individual FAME peak area by the sum of all FAME peak areas and multiplying by 100.

[0198] For quantitating the amount of an individual fatty acid or the total fatty acids as a weight percent of the dry cell weight ["%
DCW"], cells from 10 mL of the culture were collected by centrifugation, washed once with 10 mL water and collected by
centrifugation again. Cells were resuspended in 1-2 mL water, poured into a pre-weighed aluminum weighing pan, and rinsed with
1-2 mL water that was also added to the same weighing pan. The pan was placed under vacuum at 80 °C overnight. The pan was
weighed and the DCW calculated by subtracting the weight of the empty pan. Determination of the fatty acid as a % DCW can then
be calculated based on either uyg FAME or pg FA as a fraction of the pg DCW (for example, FAME % DCW was calculated as pg
FAME/ug DCW*100).

[0199] For a detailed analysis of the total lipid content and composition in a particular strain of Y. lipolytica, flask assays were
conducted as followed. Specifically, one loop of freshly streaked cells was inoculated into 3 mL FM medium and grown overnight at
250 rpm and 30 °C. The ODgyonm Wwas measured and an aliquot of the cells were added to a final ODgggnm of 0.3 in 25 mL FM
medium in a 125 mL flask. After 2 days in a shaking incubator at 250 rpm and at 30 °C, 6 mL of the culture was harvested by
centrifugation and resuspended in 25 mL HGM in a 125 mL flask. After 5 days in a shaking incubator at 250 rpm and at 30 °C, a 1
mL aliquot was used for fatty acid analysis and 10 mL dried for dry cell weight determination.

EXAMPLE 1

Isolation of Yarrowia lipolytica LPCAT
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[0200] U.S. Pat. Appl. Publ. No. 2010-0317882-A1 describes the identification of a Y. lipolytica homolog to the Saccharomyces
cerevisiae Ale1 (i.e., "ScAlel"; SEQ ID NO:2; GenBank Accession No. NP_014818; U.S. Pat. No. 7,732,155; Intl. Appl. Publ. No. WO
2009/001315). This homolog, designated therein as either YlAlel or YILPCAT (SEQ ID NO:4) and corresponding to ORF
YALIOF19514p (GenBank Accession No. XP_505624; Intl. Appl. Publ. No. WO 2009/001315) was found to be 45% identical to
ScAlel.

[0201] YILPCAT was analyzed to determine the presence or absence of non-plant motifs present in Ale1 homologs, as identified in
U.S. Pat. No. 7,732,155 and U.S. Pat. Appl. Publ. No. 2008-0145867-A1. Specifically, these motifs are SEQ ID NOs:8-15 (Table 2).
The His residue in SEQ ID NO:11 (SAXWHG-X2-PGY-X2-[T/F]-F) may be an active site residue within the protein, given studies of
other LPCATSs (Lee et al., 2008, Mol. Biol. Cell 19:1174-1184). It was determined that YILPCAT comprises at least the motifs SEQ ID
NOs:8-11. It is hypothesized herein that these conserved motifs are likely involved in catalysis.

[0202] Overexpression of YILPLAT in a strain of Y. lipolytica that had been engineered to produce EPA resulted in a significant
reduction of the concentration of LA (18:2) as a weight % of TFAs ['LA % TFAs"], an increase in the concentration of EPA as a
weight % of TFAs ["EPA % TFAs"], and an increase in the conversion efficiency of delta-9 elongase (U.S. Pat. Appl. Publ. No. 2010-
0317882-A1).

EXAMPLE 2

Co-Expression of PDAT with LPCAT or LPAAT in Yarrowia lipolytica

[0203] The present Example describes overexpression of a Y. lipolytica PDAT (phospholipid:diacylglycerol acyltransferase [EC
2.3.1.158]) with either a Y. lipolytica LPCAT (acyl-CoA:lysophosphatidylcholine acyltransferase [EC 2.3.1.23]) or a Y. lipolytica LPAAT
(acyl CoA:lysophosphatidic acid acyltransferase [EC 2.3.1.51]) in a Y. lipolytica strain that had been engineered to produce a high
level of lipids containing eicosapentaenoic acid ["EPA"]. Compared to Yarrowia transformants co-expressing PDAT and LPAAT,
transformants co-expressing PDAT and LPCAT produced an increased amount of EPA, measured as a weight percent of total fatty
acids (EPA % TFAs). Furthermore, PDAT and LPCAT co-expression resulted in an increased C4g to Cop elongation conversion
efficiency, measured as increased delta-9 elongase percent conversion efficiency, and an increased amount of total fatty acids,
measured as a weight percent of the dry cell weight (TFAs % DCW).

Construction of Vectors for Overexpression of PDAT with LPAAT or LPCAT

[0204] To test if the enzymatic activities of PDAT and LPCAT could function synergistically to improve oil and EPA production in
Yarrowia, the effects of co-expressing PDAT with LPAAT were compared to the effects of co-expressing PDAT with LPCAT.

[0205] Plasmids pY196 (FIG. 3A, SEQ ID NO:43) and pY301 (FIG. 3B, SEQ ID NO:44) were constructed to co-express these
enzyme pairs in Y. lipolytica. As listed in Tables 5 and 6, respectively, both of these plasmids contained a chimeric
YAT1::YIPDAT::Pex16 gene for expressing wild type Y. lipolytica PDAT (SEQ ID NO:32). pY196 also contained a chimeric
FBAINm::YILPAAT1::Lip1 gene for expressing wild type Y. lipolytica LPAAT1 (SEQ ID NO:23), while pY301 also contained a chimeric
YAT1::YILPCAT:.Lip1 gene for expressing wild type Y. lipolytica LPCAT (SEQ ID NO:4).

Table 5. Components of Plasmid pY196 (SEQ ID NO:43)

RE Sites and Nucleotides within {Description of Fragment and Chimeric Gene Components

SEQ ID NO:43

Sphl/Avrl Fragment of Y. lipolytica URA3 gene (GenBank Accession No. AJ306421; |labeled
1-875 as "U3 repeat” in Figure 3A)

Avrll/Pacl * ColE1 plasmid origin of replication

875-3078 » Ampicillin-resistance gene

Pacl/Sall 3078-4570 Y. lipolytica URA3 gene (GenBank Accession No. AJ306421)
Sall/lPmel YAT1::YIPDAT::PEX16, comprising:
4570-7624 * YAT1: Y. lipolytica YAT1 promoter (U.S. Pat. Appl. Publ. No. 2010/0068789);

* YIPDAT: Y. lipolytica phospholipid:diacylglycerol acyltransferase gene (SEQ ID
NO:32; U.S. Pat. No. 7,901,928; GenBank Accession No. XM_504038);

* PEX16 terminator sequence from Yarrowia PEX16 gene (GenBank Accession
No. YLU75433)

Pmel/Swal 7624-8919 Kanamycin-resistance gene from plasmid pBHR1 (GenBank Accession No.
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RE Sites and Nucleotides within {Description of Fragment and Chimeric Gene Components

SEQ ID NO:43
Y14439)
Swal/Sphl FBAINmM::YILPAAT1::Lip1 (complementary), comprising:
8919-1 * FBAINm: Y. lipolytica FBAINm promoter (U.S. Pat. No. 7,202,356);

* YILPAAT1: Y. lipolytica acyl-CoA:lysophosphatidic acid acyltransferase gene
(SEQ ID NO:23; U.S. Pat. No. 7,189,559; GenBank Accession No. XP_504127);

* Lip1: terminator sequence from Yarrowia Lip1 gene (GenBank Accession No.
Z50020)

Table 6. Components of Plasmid pY301 (SEQ ID NO:44)

RE Sites and Nucleotides within  {Description of Fragment and Chimeric Gene Components
SEQ ID NO:44
Sphl/Avrl Fragment of Y. lipolytica URA3 gene (GenBank Accession No. AJ306421;
1-875 labeled as "U3 repeat” in Figure)
Avrll/Pacl ColE1 plasmid origin of replication
875-2079
Pacl/Sall Y. lipolytica URA3 gene (GenBank Accession No. AJ306421)
2079-3571
Sall/lPmel YAT1::YIPDAT::PEX16 (as described in Table 5 for pY196)
3571-6625
Pmel/Swal Kanamycin-resistance gene from plasmid pBHR1 (GenBank Accession No.
6625-7920 Y14439)
Swal/Sphl YAT1::YILPCAT::Lip1 (complementary), comprising:
79201 * YAT1: Y. lipolytica YAT1 promoter (U.S. Pat. Appl. Publ. No. 2010-0068789-A1);
* YILPCAT: Y. lipolytica lysophosphatidylcholine acyltransferase gene (SEQ ID
NO:4; U.S. Pat. Appl. Publ. No. 2010/0317882);
* Lip1: terminator sequence from Yarrowia Lip1 gene (GenBank Accession No.
Z50020)

Lipid Production in Y. lipolytics Strain Z5567U19 Transformed with pY196 or pY301

[0206] Plasmids pY196 and pY301 were digested with Pmel and Swal. The larger fragment in each digestion was agarose-purified
away from the kanamycin-resistance gene fragment and used to transform Yarrowia strain Z5567U19 by chromosomal integration.

Z5567U19 is a Ura™ strain of 25567 and produces an increased amount of lipids containing long-chain polyunsaturated fatty acids.
Details regarding the development of strains Z5567 and Z5567U19 are provided in U.S. Pat. Appl. Publ. No. 2012-0052537 A1. A
control transformation was also performed in which no plasmid DNA was included.

[0207] The transformed cells were plated onto MM plates and maintained at 30 °C for 5 days (MM comprises per liter: 20 g
glucose, 1.7 g yeast nitrogen base without amino acids, 1.0 g proline, pH 6.1 (do not need to adjust)). Eleven colonies for each
experimental transformation (i.e., either PDAT+LPCAT [pY301] or PDAT+LPAAT [pY196]) were then re-streaked onto MM plates and
subsequently analyzed for lipid content.

[0208] Table 7 summarizes the total dry cell weight ['DCW"], TFAs % DCW, the concentration of EPA as a weight percent of TFAs
["EPA % TFAs"], EPA % DCW, and the total delta-9 elongase percent conversion efficiency ["d9E CE"] of LA and ALA to EPA in each
transformant and the control. Calculation of d9e CE was made following the formula: (EDA + HGLA + ARA + ERA + ETA + EPA) /
(C18:2 + C18:3 + EDA + HGLA + ARA + ERA + ETA + EPA) * 100.

Table 7. Lipid Analysis of pY196 and pY301 Transformants of Yarrowia Strain Z5667U19, by Flask Assay

ZoooT19 ;r ansfomation Zﬁj’)\” TFAs % DCW {EPA % TFAs {EPA % DCW {d9 CE (%)
1313 5.9 46.1 45 21 76
1313 Control 5.7 48.9 46 23 77
Average 5.8 47.5 46 22 76
Standard deviation 0.1 2.0 0.4 1.1 0.6
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Zooeru19 glr ansformation %%V’ TFAs % DCW {EPA % TFAs {EPA % DCW {d9 CE (%)
3.1 39.7 49 19 79
3.2 41.9 51 21 81
L314 4.1 48.4 49 24 79
3.7 47.0 50 23 79
3.4 39.5 46 18 77
5.1 42.9 46 20 77
pY196 (PDAT+LPAAT)
3.6 46.8 48 22 78
4.3 43.7 49 22 78
4.2 46.6 49 23 79
3.8 45.9 49 22 78
4.7 46.4 47 22 79
Average 3.9 44.5 48 22 79
Standard deviation 0.6 3.1 1.6 1.8 1.2
4.3 37.7 45 17 78
4.9 48.2 51 25 83
L317 4.7 49.0 51 25 82
46 48.1 51 24 82
4.2 446 50 22 81
pY301 55 43.6 51 22 82
(PDAT+LPCAT) 4.8 44.8 50 22 80
4.7 46.0 49 23 81
4.1 412 46 19 79
4.3 46.5 49 23 81
5.2 47.4 51 24 81
Average 4.7 45.2 49 22 81
Standard deviation 0.4 3.4 2.0 2.4 1.5

[0209] Both the pY196 and pY301 transformants had improved EPA % TFAs and d9e CE compared to the control. Specifically
regarding the pY301 transformants (PDAT+LPCAT), they exhibited an average increase in EPA % TFAs and d9e CE of about 6.5%
and 6.6%, respectively, over the control. Furthermore, the pY301 transformants had average DCW, TFAs % DCW, EPA % TFAs and
d9E CE values that, respectively, were 20.5%, 1.6%, 2.1% and 2.5% greater than the respective average values measured for the
pY196 transformants.

[0210] Differences in the lipids of certain individual transformants were also compared. Specifically, the lipid profiles of the pY196
transformant L314 and the pY301 transformant L317 were further analyzed (Table 8) in comparison to each other and the control,
strain L313.

Table 8. Comparison of Lipid Production in Transformants L314 and L317

Z5567U19 transformant DCW, (g/L) TFAs % DCW EPA % TFAs EPA % DCW {d9e CE (%)

L313 control, average 5.8 47.5 45.8 21.7 76.2
L314 (pY196, PDAT+LPAAT) 41 48.4 49.3 23.9 78.6
L314, % change over control: -30 1.9 7.7 9.7 3.2
L317 (pY301, PDAT+LPCAT) 4.7 49.0 51.0 25.0 81.9
L317, % change over control: -19 3.2 11.4 15.2 7.5
L317, % change over L314: 14.6 1.2 3.4 4.6 4.2

[0211] Transformant L317 had improved TFAs % DCW, EPA % TFAs, EPA % DCW and d9e CE compared to both the control and
transformant L314.

[0212] Previous attempts to enhance lipids in Yarrowia by other strategies have mostly yielded increased total lipid content [TFAs %
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DCW], but with a decrease in the EPA concentration as a weight percent of TFAs [EPA % TFAs], or vice versa (i.e., lower TFAs %
DCW with higher EPA % TFAs). In transformant L317, however, both of these factors increased with respect to the control and L314.
Therefore, the concomitant overexpression of PDAT and LPCAT in transformant L317 may allow a balanced movement of EPA from
acyl-CoA stores (i.e., EPA-CoA) to TAG by increasing the rate at which EPA contained in phosphatidylcholine ["PC"] is transferred to
DAG while also increasing the rate at which PC is restored from lysophosphatidylcholine using EPA-CoA.

[0213] Overexpression of PDAT and LPCAT (strain L317) appears to have advantages when compared to overexpression of PDAT
and LPAAT (strain L314). This may point to a greater synergy between PDAT and LPCAT than between PDAT and LPAAT in the
synthesis of TAG using phospholipid-derived fatty acids. In both overexpression systems, PDAT transferred fatty acids from PC and
phosphatidic acid ["PA"] stores to DAG. The higher level of lipid production observed using PDAT and LPCAT, as compared to PDAT
and LPAAT, may reflect a heretofore unappreciated difference in the rate of renewal of PC and PA by LPCAT and LPAAT,
respectively, as fatty acid sources for continued PDAT activity.

EXAMPLE 3

Synthesis of Plasmid pY306-N Comprising Variant YILPCAT

[0214] The present example describes the construction of a Yarrowia autonomously replicating vector comprising a variant
YILPCAT sequence (plasmid pY306-N, SEQ ID NO:48). The variant YILPCAT polynucleotide sequence, designated herein as
YILPCAT* (SEQ ID NOs:45), lacks two Ncol restriction enzyme sites that are present in the wild type YILPCAT coding region.
Removal of these internal Ncol sites facilitated subsequent cloning procedures.

[0215] As a control, the wild type YILPCAT ORF (SEQ ID NO:3; Example 1) was cloned into a Yarrowia autonomously replicating
vector to result in plasmid pY306 (SEQ ID NO:47), comprising a ColE1 plasmid origin of replication, an ampicillin-resistance gene, an
1 origin of replication and the Y. lipolytica Ura3 gene (GenBank Accession No. AJ306421).

[0216] The variant YILPCAT sequence was synthesized by GenScript Corporation (Piscataway, NJ). Two internal Ncol restriction
sites were removed by creation of silent mutations, while Ncol and Notl sites were added, respectively, at the 5' and 3' ends of the
YILPCAT open reading frame to facilitate cloning. Specifically, an A12T mutation (i.e., a change from adenosine [A] in YILPCAT (SEQ
ID NO:3) at position 12 to thymine [T] in the YILPCAT variant) and a T918C mutation (i.e., a change from thymine [T] in YILPCAT
(SEQ ID NO:3) at position 918 to cytosine [C] in the YILPCAT variant) were introduced into the YILPCAT coding sequence. These
two nucleotide substitutions were silent with respect to the amino acids encoded by the variant sequence. The nucleotide sequence
encoding the variant YILPCAT lacking its internal Ncol sites (i.e., YILPCAT”) is represented by SEQ ID NO:45, while the amino acid
sequence encoded thereby is represented by SEQ ID NO:46, which is identical to SEQ ID NO:4 (wild type YILPCAT).

[0217] YILPCAT* was subsequently cloned into plasmid pY306, thereby producing pY306-N (SEQ ID NO:48; FIG. 4). Thus,
construct pY306-N contained the following components:

Table 9. Components of Plasmid pY306-N (SEQ ID NO:48)

RE Sites and Nucleotides within Description of Fragment and Chimeric Gene Components
SEQ ID NO:48
BsiWl/BsiWl YAT1::YILPCAT*::Lip1 (complementary), comprising:
1-2809 * YAT1: Y. lipolytica YAT1 promoter (U.S. Pat. Appl. Publ. No. 2010/0068789);

* YILPCAT*: variant Y. lipolytica acyl-CoA:lysophosphatidylcholine
acyltransferase, lacking two internal Ncol sites (SEQ ID NO:45);

* Lip1: Lip1 terminator sequence from Yarrowia Lip1 gene (GenBank Accession

No. Z50020)
BsiWl/EcoRI * ColE1 plasmid origin of replication
2809-5605 » Ampicillin-resistance gene
* f1 origin of replication
EcoRI/Pacl Y. lipolytica URA3 gene (GenBank Accession No. AJ306421)
5605-7021

[0218] Plasmid pY306-N was used to prepare single- and double-mutants of YILPCAT protein, as described below in Examples 4
and 6, respectively.

EXAMPLE 4
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Designing and Synthesizing Mutant YILPCAT Enzymes with Modified Motifs

[0219] Based on the premise that conserved amino acid motifs within YILPCAT are likely involved in catalysis, it was concluded that
generation of mutants having variant motifs could result in the identification of an LPCAT enzyme having improved functional activity.

[0220] A series of single amino acid substitutions were designed within the conserved sequence spanning amino acid residues 132
to 148 of SEQ ID NO:4 (i.e., Motif ) and the conserved sequence spanning amino acid residues 376 to 390 of SEQ ID NO:4 (i.e.,
Motif 11). Within Motif I, a total of 195 amino acid substitutions were designed, as shown in Table 10, by creating various substitutions
at each of the 17 amino acid residues within the motif.

Table 10. Single Amino Acid Substitutions within Motif | of YILPCAT Protein

Wild type residue {Single Amino Acid Substitutions SEQ ID NO

M132A, M132N, M132C, M132G, M132Q, M132H, M132], M132L, M132F,

M132 M132P, M132S, M132T, M132W, M132Y and M132V 49

V133 VA33A, V133N, V133C, V133G, V133Q, V133H, V133L, V133M, V133F, o
V133P, V1338, V133T, V133W and V133Y

U124 L134A, L134N, L134C, L134G, L134Q, L134H, L134M, L134F, L134P, L1348, |,
L134T, L134W. L134Y and L134V

138 C135R. C135N. C135D, G135G, C135E, C135Q, C135H, G1351, C135L., o
C135K. C135M. C135F, C135P, C135S, C135W and C135Y

126 M136A, M136N, M136C, M136G, M136H, M1361, M136F, M136P, M1368, |~

M136T, M136W, M136Y and M136V
K137 K137A, K137R, K137N, K137G, K137H, K137P, K137S, K137T, K137Y 54
L138A, L138N, L138C, L138G, L138Q, L138H, L138I, L138M, L138F, L138P,

L138 L138S, L138T, L138W. L138Y 55

190 S139A. 139N, S139C. 139G, S130H. S130L. S130M. S139F, S139P, o
S139W, and S139V
S140N. S140C. S140H, S1401, S140L. S140F, S140P, S140W. S140Y and

S140 57
S140V
F141A F141N, F141G. F141H. F1411. F141M. F141P, F141S, F141T, F141W,

F141 58
and F141V

o142 G142N, G142H, G142, G142L. G142M. G142F, G142P, G142T, G142W, o
G142Y ‘and G142V
WI43A. W143G. W143H, W143L. W143K. W143P, W143S, W143T and

W143 60
W143V

N144 N144A, N144R. N144G, N144H, N144K. N144F, N144P, N144T and N144V 161

Vias VA4BA. VA45C. V145G, VA45E. VA45H, VA45M. VA45F, V145P, V1458, o
V145T, V145W

146 Y146R, V146N, Y146D, Y1460, Y146E. Y146Q, Y1461, Y146L. Y146M. o
Y146F, Y146P, Y146W and Y146V

D147 D147A, D147N. D147G, D147E, D147Q, D147H, D147F, D147, D147T 64

G148 G148A, G148N. G148H, G148L. G148M. GI148F, G148S, G148T and G148V 165

[0221] Similarly, a total of 134 amino acid substitutions were designed within Motif I, as shown in Table 11, by creating various
substitutions within 12 of the 15 amino acid residues within the motif. No substitutions were made at W379, H380 and G381, since
the histidine of other LPCATs corresponding to H380 of YILPCAT has been reported to be a likely active site residue (Lee et al,,
2008, Mol. Biol. Cell 19:1174-1184).

Table 11. Single Amino Acid Substitutions within Motif Il of YILPCAT Protein

Wild type residue §Single Amino Acid Substitutions SEQ ID NO
S376 S376A, S376G, S376H, S376L, S376F, S376P, S376T and S376V 66
A377 A377N, A377G, A377H, A377L, A377F, A377P, A377S, A377T and A377V 67
F378 F378A, F378N, F378C, F378G, F378H, F378L, F378P, F378S, F378T, 68
F378W, F378Y
T382 T382A, T382N, T382G, T382Q, T382H, T382l, T382M, T382P, T3828S, 69




DK/EP 2861728 T3

Wild type residue §{Single Amino Acid Substitutions SEQ ID NO
T382W, T382Y

R383 R383A, R383N, R383D, R383G, R383E, R383Q, R383H, R383I, R383L, 70
R383K, R383M, R383F, R383P, R383T, R383W and R383V

P384 P384A, P384R, P384G, P384H, P384I, P384L, P384K, P384M, P384F, 71
P384S, P384T, P384W, P384Y and P384V

G385 G385A, G385N, G385C, G385G, G385H, G385, G385L, G385K, G385M, 72
G385F, G385S, G385T, G385W, G385Y and G385V

Y386 Y386A, Y386G, Y386H, Y386L, Y386F, Y386P, Y386S, Y386T and Y386V 73

Y387 Y387A, Y387G, Y387H, Y387L, Y387F, Y387P, Y387S, Y387T, Y387W and 74
Y387V

L388 L388A, L388G, L388H, L388P, L388S, L388T, L388W, L388Y and L388V 75

T389 T389A, T389C, T389G, T389H, T389l, T389L, T389M, T389F, T389P, T389S, {76
T389W, T389Y and T389V

F390 F390A, F390N, F390C, F390G, F390H, F390L, F390M, F390P, F390S, F390T {77
and F390V

[0222] Each of the 329 YILPCAT mutants set forth above in Tables 10 and 11 were individually synthesized and cloned into
Ncol/Notl-cut pY306-N vector by GenScript Corporation (Piscataway, NJ).

EXAMPLE 5

Identifying Single Amino Acid Substitutions in YILPCAT Having Improved LPCAT Activity

[0223] The present example describes the transformation of each of the 329 pY306-N vectors comprising a YILPCAT mutant
polynucleotide sequence (Example 4) into Y. lipolytica strain Y8406U2, followed by analysis of the lipid profiles of the transformants.

[0224] Improved LPCAT activity was indirectly evaluated, based on the observations set forth in U.S. Pat. Appl. Publ. No. 2010-
0317882-A1 and summarized in Example 1 (above). Specifically, improved LPCAT activity within Y. lipolytica strain Y8406U2
transformants comprising a mutated YILPCAT was concluded based on an increase in the concentration of EPA as a weight % of
TFAs ["EPA % TFAs"] and/or an increase in the conversion efficiency of the delta-9 elongase, when either factor was compared to
the EPA % TFAs or the conversion efficiency of the delta-9 elongase, respectively, in Y. lipolytica strain Y8406U2 expressing the
parent wild type YILPCAT protein.

Transformation of Y. lipolytica Strain Y8406U2

[0225] Strain Y8406U2 was transformed to individually express one of each of the pY306-N vectors containing a mutant YILPCAT

prepared in Example 4. Y8406U2 is a Ura strain of Y8406. Details regarding the development of strains Y8406 and Y8406U2 are
provided in U.S. Pat. Appl. Publ. No. 2010-0317882-A1. Following transformation, cells were placed onto MM plates and then three
individual transformants of each transformation were streaked on fresh MM plates and kept in a 30 °C incubator for two days. Cells
from streaked plates were cultivated in 24-well blocks with 3 mL MM, and incubated for 2 days at 30 °C with shaking at 250 rpm.
The cells were then collected by centrifugation and resuspended in 3 mL High Glucose Media ["HGM"] (High Glucose Media
comprises per liter: 80 g glucose, 2.58 g KHoPO4 and 5.36 g KoHPQOy4, pH 7.5 (do not need to adjust)). The cells were incubated
another 5 days at 30 °C with shaking at 200 rpm. After 5 days growth in HGM, cells were collected by centrifugation, lipids were
extracted, and FAMEs were prepared by transesterification of the lipid extract with sodium methoxide (Roughan, G., and Nishida I.,
Arch. Biochem. Biophys., 276(1):38-46 (1990)) and subsequently analyzed by gas chromatography (GC).

Analysis of Lipid Profiles within Yarrowia Transformed for Expression of Single Mutants of YILPCAT

[0226] Tables 12 (Batch 1), 13 (Batch 2), 14 (Batch 3), 15 (Batch 4) and 16 (Batch 5) below show the fatty acid profiles and delta-9
elongase conversion efficiencies of individual Y8406U2 transformants comprising a plasmid for expressing a particular single-
mutated YILPCAT (single amino acid substitution in Motif | or Motif 11). These measurements were also made for certain controls:
transformants comprising an empty vector ["EV"] (i.e., a replicating plasmid with no LPCAT gene [Batch #1 only]) or pY306-N (wild
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type YILPCAT protein expression ["WT"]).

[0227] More specifically, each table summarizes the number of replicates analyzed for each particular transformant ["#"], the
average concentration of each fatty acid as a weight percent of TFAs ["% TFAs"], the standard deviation for EPA % TFAs ["EPA SD"],
and the delta-9 elongase conversion efficiency [*% Conv"]. The % Conv. was calculated for each transformant according to the
following formula.: (EDA + HGLA + ARA + ERA + ETA + EPA) / (C18:2 + C18:3 + EDA + HGLA + ARA + ERA + ETA + EPA) * 100.

[0228] The measured fatty acids were 16:0 (palmitate), 16:1 (palmitoleic acid), 18:0 (stearic acid), 18:1 (oleic acid), 18:2 (linoleic
acid), ALA (alpha-linolenic acid), EDA (eicosadienoic acid), DGLA (dihomo-gamma-linolenic acid), ARA (arachidonic acid), ETrA
(eicosatrienoic acid), ETA (eicosatetraenoic acid) and EPA (eicosapentaenoic acid).

[0229] Comparison of each mutant's performance relative to the wild type YILPCAT control should only be made within the
particular batch in which each mutant was analyzed (i.e., comparisons should not be made between Batch #1 and Batch #2, for
example). Mutants shown in bold-face font and followed by a "+" were selected for further studies, as discussed below.

Table 12. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #1 Transformants Comprising a Vector Encoding
YILPCAT Having a Single Amino Acid Substitution

% TFAs EPA | %
Mutant] # |16:0116:1118:0,18:11] LA |ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
EV 6] 28] 05] 26] 46| 1921 18] 28] 26f 06! 14] 26] 487] 02] 74
control

WT 15] 2.81 05{ 271 45] 17.9] 18] 271 271 06] 14] 24] 504] 11 75
M132A 1 3] 2.8 04] 29| 48] 19.7] 221 251 231 06{ 14] 20] 49.3] 04] 73
M132I 3] 27 05] 28] 48] 194] 20] 271 25] 06{ 15| 23] 486] 03] 73
V133M 3] 26! 05] 29] 54] 193] 211 281 241 06f 15| 22| 49.0f o07] 73
C135| 31 300 05] 28] 461 17.5] 171 26] 261 07} 15] 22| 50.7{ 25] 176
C135M 3] 25 05| 29] 56] 201] 25] 307 23] 06f 151 20] 4781 17] 72
M136A | 3] 271 04] 29] 48] 194] 22] 25 167 06} 14] 21| 49.6] 01 73
L138A 3] 2.9 05] 29] 31] 18.0] 1.8] 261 267 07} 14] 21] 505 19] 75
L138C 3] 3.0f 05] 28] 48] 198] 217 261 23] 07i 14] 20] 486 09 72
L138M 3] 27 06] 29] 52| 16.8] 15 281 307 07% 15 24] 51.0f 30| 77
S139A 3] 270 04] 28] 48] 195] 23] 261 221 06F 14] 20] 488 12| 73
S139C 3] 321 05| 28] 46] 196] 20] 251 23] 06! 14] 20] 488 06] 73
S139L 3] 27 05] 28] 50] 17.9] 18] 277 267 07} 151 22] 5071 22] 15
S139M 3] 25! 04] 30] 54 19.7] 23] 28] 247 06F 15 21] 486] 02 72
S140 3] 311 05] 28] 46 17.7] 177 271 277 07} 15 23] 501 27| 76
F141M 3] 28! 07] 27] 49] 148] 09] 28 34} 08 16] 26] 531 05/ 80
+

G142 31 311 06] 2.7] 50 183] 1.8] 291 267 07} 15 23] 49.0] 34 75
G142L 3] 25! 05] 28] 55] 19.2] 20 301 25] 06f 16] 23] 487 11 73
W143L 3] 27 05] 28] 511 17.9] 181 281 161 06} 15] 23] 50.4] 20] 175
N144H 3] 27 06] 26] 47| 189] 1.8 281 271 06{ 16] 28] 481 16] 74
N144K 3] 270 05] 28] 53] 17.7] 181 28] 277 06} 15] 22] 505 32] 76
V145C 3] 300 04] 28] 471 196] 211 251 23] 06F 14] 20] 49.4] 05] 73
V145M 3] 29! 07] 27] 501 16.2] 13] 28] 317 07} 151 24] 5141 21 78
M

Y146D 31 3.00 05] 28] 33| 196] 20] 25] 247 07% 14] 21] 49.0{ 06] 73
Y146E 3] 32 05] 29] 49] 19.7] 20] 25 257 07} 13] 21| 488 03] 73
Y146l 3] 3.0% 05] 28] 54] 200] 23] 281 23] 06f 15 21] 476 23] 72
Y1461 31 26! 05] 271 50} 17.71 161 271 287 06{ 15| 24] 508 22| 76
Y146M 3] 26! 05] 27] 521 181] 191 271 277 07} 15| 21] 50.7{ 18] 175
D147E 3] 321 05] 28] 47 1831 1.71 271 271 07} 15] 22| 495 02| 15
F378A 3] 26! 04] 29| 48] 195] 23] 251 221 06{ 14] 20] 499] 03] 73
T382A 3] 270 05| 28] 51] 19.8] 221 281 241 06f 14] 22| 483 17| 72
R383A 3] 291 06] 28] 36] 17.8] 15] 29] 287 07} 14] 23] 50.2i 15] 76
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% TFAs EPA | %
Mutant] # |16:0]16:1,18:018:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
R383D 3] 3.3] 05| 29] 50] 196] 20{ 257 247 07 141 241] 487] o08] 73
R383I 3] 341 05| 2.8] 46] 186] 1.7] 267 267 07] 15] 23] 492] 05| 74
R383K 3] 25{ 05] 2.7] 54] 2011 241 341 231 06] 15| 241] 4771 26] 72
R383L 31 25{ 04] 28] 50] 196] 211 271 247 06] 15] 21] 49.4] o04] 73
R383M | 3] 3.0f 06i 28] 50] 1651 15 27]  3.0f 07} 15] 22] 5221 28] 78
:

R383N 3] 3.0{ 05] 28] 48] 193] 20{ 25] 247 06] 14] 21] 492] 05] 73
P384l 3] 2.8] 05] 29] 48] 193] 211 26] 23] 06 14] 21] 493] o04] 73
P384L 3] 25{ 05| 28] 52| 18.8] 1.9] 28]  26{ 06] 15] 23] 496] 06| 74
G385 3] 241 04] 29] 52| 194] 211 277 247 06| 151 241] 4921 03] 73
G385L 31 25{ 05] 30] 55] 19.7] 23] 291 237 06] 15 21] 484] 01 72
Y387A 31 271 0.4] 29] 45] 1961 241 251 247 07 13] 20] 498 02] 73
L388A 3] 26! 05| 28] 48] 19.9] 211 257 257 071 13] 23] 489] 14] 73
T389l 3] 25{ 05] 28] 51] 19.7] 241 271 247 06] 15| 22| 489] o08] 73
T389L 3] 25] 04] 29] 52| 19.9] 23] 271 23] 06 15| 20| 489] 03] 72
F390L 3] 25{ 04] 29] 53] 19.7 23] 271 23] 06] 15] 241] 489] 04] 72
Mutant AVG | 2.8 05] 2.8] 49] 189] 20 271 25 06} 15| 22| 495 74
Mutant SD 021 0] 04] 05] 121 03] 021 03F 007 04 02/ 11 56

Table 13. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #2 Transformants Comprising a Vector Encoding
YILPCAT Having a Single Amino Acid Substitution

% TFAs EPA | %
Mutant{ # §16:0116:1]18:0118:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
WT 5{ 3.01] 06] 2.9] 491 15.0f 121 28] 321 071 15! 25} 5291 111 797
M132F 31 26] 06] 28] 56] 192] 191 28] 271 061 15| 25 487] 13i 736
M132W | 3] 26] 06] 2.7] 55] 185] 171 291 271 05% 16f 2.7] 48.6] 04 744
M132Y 31 261 06] 271 23] 18.9] 181 28] 271 051 161 28} 481] 10f 738
V133F 31 26] 05] 3.0f 56f 195 231 28] 251 05| 15i 23] 486] 041 727
VI33W | 31 251 051 2.8] 421 197] 211 29] 25] 05| 15| 24i 478] 11} 726
L134F 31 3.0] 06] 311 5.8] 16.7] 141 33] 301 06! 161 26} 50.0] 221 772
L134V 31 341 06] 28] 50] 1541 111 28] 317 07 161 25} 523] 03{ 792
L134W 31 26] 07] 251 541 16.2] 091 3.0]  34] 08, 15 27} 51.0{ 19i 785
L1347 31 2.9] 06] 28] 211 1681 131 271  1.9] 06! 17 26} 508] 02f 769
C135F 31 3.0] 0.7] 271 521 1511 101 28] 331 071 15 26} 525/ 05f 797
C135W | 3] 25] 05] 2.8f 511 1811 15i 28] 271 061 15i 26] 49.9] 02 754
C135Y 31 251 06] 2.9] 541 1811 151 3.0] 271 06! 161 28] 49.0] 04i 752
M136F 31 2.8] 06] 28] 511 166] 121 28] 311 070 161 25} 51.8] 03i 778
M136S 31 331 0.7] 25] 491 126] 091 27] 32] 07, 16] 23f 550] 05! 829
N

M136T 31 271 06] 2.8] 541 1471 111 3.0] 32] 06! 15| 26 527] 26! 804
M136V 31 36] 0.7] 271 52] 13.0] 091 271 331 07, 151 25} 541] 07} 823
N

M136W | 3] 2.8] 0.6] 271 49] 15.3] 11% 28] 32] 06! 16{ 26} 527] 02| 794
L138F 31 24] 06] 291 53] 164} 131 3.0] 301 06] 161 28} 509] 20% 777
L138W 31 2.8] 06] 2.8] 511 1621 121 28] 311 06] 15i 25} 51.7] 04} 782
L138Y 31 26] 06] 26] 35f 16.9] 151 271 18] 06] 15 26} 5121 19i 767
S139F 31 341 0.7] 271 3.81 16.0f 131 2.8] 341 07! 16] 26 509] 27% 784
S130W | 3] 29] 06] 2.8] 491 14.8] 111 28] 321 07 15} 25] 53.2] 03 801
S140F 31 28] 06] 271 511 156] 131 28] 311 06] 151 25} 522] 23i 787
S140W | 3] 321 06] 271 53] 12.8] 091 271  33] 07 161 24} 546] 04i 827
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% TFAs EPA | %
Mutant{ # §16:016:1]18:0]18:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
;

S140Y 31 341 08] 241 471 142] 09] 28] 34] 07, 171 28f 525] 191 809
F141V 31 3.3] 0.7] 2.8] 36] 14.0] 101 3.0] 321 06] 17 26} 528 13F 81.0
F141W | 3] 341 0.7] 2.8] 51] 14.1] 1.0F 28] 331 07f 16{ 25] 53.6] 03] 81.0
.

G142F 31 271 071 251 35] 1671 121 29 341 071 16] 2.7} 507] 14% 775
G142V 31 341 07] 271 5.0} 150] 111 2.8]  33] 071 16] 26 526] 02i 799
G142W | 3] 29] 07] 25 471 153] 1.0f 301 331 07 17{ 29} 515 11} 795
G142Y 31 2.9] 06] 26] 49] 175, 151 28] 297 06! 16] 26} 501] 16f 764
V145F 31 2.9] 06] 261 50i 14.9] 1.0f 28] 331 07, 15] 26} 529] 01i 80.0
V145W | 31 3.0} 10} 3.0] 50] 150] 1.07 3.0{ 3.0{ 1.0{ 20] 30! 534] 041! 801
M

F378S 31 28] 06] 26] 49] 162 121 28] 301 06! 151 25} 522] 02f 783
F378T 31 271 0.7] 26] 491 158] 121 3.0]  30] 06] 161 28} 51.6] 01i 787
F378Y 31 3.0] 0.7] 261 351 144] 10 271 34] 07, 16] 27 527] 10f 806
.

T382P 31 2.9] 06] 28] 50} 150] 101 28]  33] 07, 15 25} 53.0] 02f 799
N

T3825 31 271 06] 271 511 163] 15i 29] 29] 06, 16] 26f 513] 171 776
T382W | 31 271 0.7] 261 53] 16.3] 131 28] 311 061 16] 28F 511] 261 779
T382Y 20 311 071 271 5.0] 146] 10] 271  33] 071 16] 27} 528 80.3
N

R383F 31 271 06] 261 50} 16.9] 151 271 291 06] 15] 25} 514] 1.7t 774
R383P 31 26] 06] 271 541 17.7] 141 28] 28] 06 16] 25! 504] 05% 764
R383T 31 25] 06] 291 531 1581 121 30] 301 06 16 27} 51.9] 07% 787
R383V 31 341 06] 28] 211 17.9] 141 28] 29] 06! 15 2.7} 492] 13} 755
R383W | 3] 2.7] 06] 2.9] 53] 17.2] 1.4f 28] 28] 06f 16i 25] 50.8] 05| 767
P384F 31 26] 06] 2.8] 53] 176] 141 29] 297 06! 151 26} 50.0] 04} 762
P384M 31 2.8] 06] 28] 53] 172 141 28] 291 06! 151 25} 511] 04 768
P384T 31 271 06] 28] 35] 166] 131 28] 29] 06, 15| 26f 516] 01f 776
P384W | 3] 2.8] 06] 2.7] 21] 17.0] 15} 271 28] 06f 16f 25] 509] 16] 768
P384Y 31 28] 07] 26] 371 176] 141 29] 301 06 17 28} 492] 07i 764
G385F 31 25] 05] 3.0f 55§ 185] 181 28] 26] 06] 15 25} 489 0417 743
G385M | 3] 271 05] 321 58] 1921 241 29 251 061 16i 23] 481] 02 731
G385W | 3] 29] 06] 28] 511 18.9] 20f 28] 241 05! 17} 24] 479] 04 735
G385Y 31 28] 05] 291 3.9] 190] 20f 28] 26] 05! 16] 25} 484] 02f 736
Y387V 31 2.9] 05] 2.9] 541 17.8] 151 271 271 06] 16] 24 499] 02! 756
Y387W | 31 28] 061 2.8] 35| 17.0] 157 26] 271 06{ 15| 241 51.3] 17, 768
L388V 31 3.0] 06] 3.0] 3.7] 184] 171 28] 271 06 17 25} 488] 01i 745
L388W 31 3.0] 06] 2.8] 2.0] 166] 131 271 28] 06 16] 25} 51.2] 05! 775
L388Y 31 28] 0.7] 251 48] 1531 101 271 331 07, 15 26} 529 15i 797
;

T389M 31 341 06] 291 521 1561 1411 29 321 071 15 25} 520] 03f 789
T38OW | 3i 26§ 0.7] 26§ 23] 192] 191 28] 26] 05/ 16i 28} 4737 07F 732
T389Y 31 271 05] 28] 3.9] 1871 181 29] 261 05| 161 26} 485, 02i 742
Mutant AVG | 2.8] 0.6] 2.71 46 16.5] 131 28] 291 06! 161 26} 51.0 775
Mutant SD 021 011 0.2f 1.0} 1.7} 03} 01 03] 041 041} 01} 1.8

Table 14. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #3 Transformants Comprising a Vector Encoding
YILPCAT Having a Single Amino Acid Substitution
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% TFAs EPA | %
Mutant] # |16:0]16:1,18:018:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
WT 3 | 20| 06] 27] 46] 144] 10] 26] 307 06] 15] 25| 542] 05] 806
M132C {1 3 | 2.8f 06i 26| 46] 1801 15 26] 2.8 05} 16] 27] 50.4] 02{ 757
M132L 1 3 1 291 06i 28] 50| 1871 18] 26§  25f 05% 16| 24| 49.7] 05| 743
M132Q] 3 | 2.9 04] 28] 47| 194] 221 24 247 05{ 13] 21] 5011 00] 731
VI33L | 3 | 29 05| 27| 53] 204} 28] 28] 207 04] 15| 21] 484] 22| 711
L134A | 3 | 341 077 25] 46] 1421 101 261 32i 06{ 15| 25| 544} 071 811
;

L134M | 3 1 3.2} 06F 271 46] 159] 15] 241 28F 06} 14| 23] 533} 29| 783
C135L 1 3 ] 331 06) 30| 49] 159] 15 241 271 06% 15] 22| 526] 44] 780
M1361 1 3 1 341 06F 271 47] 1621 171 25]  26% 05{ 15| 22| 524} 32| 715
M136Y | 3 | 271 06f 26] 45] 1761 141 27{ 28 05} 15| 25| 511] 06] 763
KI37N | 3 1 341 077 26] 47] 1321 10{ 271 321 06} 15] 24] 55.2] 08] 822
.

K137R 1 3 1 3.0f 06i 26] 46] 1711 131 271  28f 06} 16] 26] 51.4] 03] 77.0
L138Q | 3 | 3.0i 05 28] 46] 182] 18] 241 261 06{ 14] 23] 51.0f 16] 750
S130V 1 3 1 311 071 26] 47} 158] 11] 261  30i 06} 15] 24{ 531f 05| 789
S140L § 3 ] 331 061 2.7] 48] 151] 15] 24] 281 05{ 15] 23] 538] 38] 792
S140V | 3 | 32! 061 28] 48] 158] 14] 25 281 06{ 14] 23] 5321 29| 784
F1411 1 3 1 341 06F 27] 48] 16.0] 16] 25{ 27i 06{ 15| 22| 53.0f 33| 78.0
G142T 1 3 ] 321 06% 271 50] 159] 14] 251 271 06% 15] 23] 5271 23] 783
W143A1 3 | 3.0 05 271 53] 193] 24] 271 217 05| 15] 22| 488] 3.8 727
W143V | 3 | 32| 06] 271 441 164] 15] 257 281 06) A15] 24] 525 22| 776
N144R | 3 1 3.0 06i 26] 46] 1521 12] 28] 291 06f 15| 24| 535 01} 795
N144T | 3 | 3.3f 071 26] 47] 1361 09] 26] 321 06} 15| 24 552f 01] 81.9
A

VA45E | 3 | 341 0.7 26] 46] 143] 1.0] 25] 327 06 15 25| 542] 07] 808
Y146F | 3 | 3.3] 06] 28] 46] 1611 151 247 287 06] 14] 23] 5291 27| 784
Y146Q | 3 | 3.3F 06f 27] 46] 147] 11| 25{ 301 06 15{ 23] 54417 03] 803
Y146R | 3 | 321 05 271 46] 164] 16] 241 267 05 15] 22| 53.0] 32| 776
Y146V ] 2 | 341 06] 271 48] 17.6] 1.9] 261 251 05) 15| 22| 507 75.5
G148A1 3 | 32! 07. 26] 46f 134] 09] 251 321 06% 16] 25| 549 03] 820
:

G148L 1 3 1 301 061 2.7] 48] 16.8] 1.7] 251 261 05% 15| 23] 522] 25| 77.0
S376L 1 3 | 2.7 05{ 28] 49] 1921 21] 26] 24 05} 16] 23] 4921 03] 734
F378L 1 3 1 3.0f 05i 28] 45] 1691 131 251 271 06} 15| 23] 523] 041] 772
F378W 1 3 | 3.0f 0.7i 25| 49] 1491 10i 3.0]  3.4i 06} 15| 27] 53.0f 1.0] 80.2
T3821+] 3 | 3.3 07] 26] 47] 12.9] 09] 24] 321 06! 14] 24] 5581 05| 826
T382M | 3 | 2.9 051 271 45| 16.9] 1.7] 261 261 05% 15| 23] 51.9] 28] 768
R383E | 3 | 311 04] 29| 47] 197 24] 231 22% 05{ 13| 21| 495{ 05| 724
R383H 1 3 | 2.9] 06i 26] 48] 1651 121 271 29i 06} 16] 25| 524i 04] 778
R383Q ] 3 | 3.3 06] 28] 47 16.9] 131 251  29i 06{ 14] 24] 515 12| 771
P384A | 3 | 3.2f 07F 26] 44] 1501 111 26] 291 06F 16] 24] 535 07] 798
i

P384S 1 3 | 331 06i 271 46] 1591 121 271 29 06{ 15| 24] 525 09] 786
P384T | 3 | 291 05{ 28] 51] 1941 231 25] 22f 05} 15| 23] 49.2] 04] 7238
P384V 1 3 1 28] 06f 271 48] 1741 15 261 271 05% 15| 24] 514} 02| 765
G385A 1 3 ] 28! 05i 29] 50{ 192] 221 271 231 05} 16] 23] 48.6f 08] 731
G385C 1 3 | 301 051 29] 521 1991 24] 25 221 05! 16] 22| 485 08] 720
G385V 1 3 1 301 051 29] 53] 197] 231 261 221 05% 15| 22| 484] 07] 723
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% TFAs EPA %

Mutant] # |16:0116:1]18:0]181] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
Y387F 3 3.1 057 2.8] 4.8} 183 1.8 2.4 2.4 0.5 1.5 2.2y 50.8 1.5 74.8
Y387L 3 3.2y 0.6y 2.7{ 4.4% 173 14 2.6 2.6 0.5 1.6 2.3 51.0 1.2 76.5
T389A 3 3.2f 057 29§ 4.8f{ 136 1.0 2.4 2.9 0.6 1.5 2.2y 554 0.1 81.6
-

T389C 3 3.2f 0.6y 27§ 4.4%{ 136 1.0 2.5 3.1 0.6 1.5 24§ 55.3 0.3 81.8
-

T389S 3 3.2y 0.6y 2.8f§ 5.0f 133 1.0 2.4 3.1 0.6 1.5 2.3] 55.2 0.3 82.0
-

T389V 3 2.9 0.6y 28§ 4.6} 16.0 1.2 2.7 2.9 0.6 1.5 24§ 52.8 0.4 78.6
Mutant AVG 3.1 0.6y 27§ 4.7{ 16.3 1.5 2.6 2.7 0.6 1.5 2.3] 52.3 1.3 77.7
Mutant SD 0.2{ 0.1y 01§ 0.2 1.9 0.4 0.1 0.3 0.0 0.1 0.1 2.0 3.0
Table 15. Lipid Composition and Delta-9 Elongase Conversion Efficiency in Batch #4 Transformants Comprising a Vector Encoding
YILPCAT Having a Single Amino Acid Substitution

% TFAs EPA %
Mutant| # 116:0]16:1]18:0118:1} LA | ALA | EDA | DGLA | ARA | ETrA EPA | SD | Conv.
ETA

WT 6 3006327 {453144 4% 1.0 2.5 3.1 0.6 1.5 2.3 { 54.6 0.8 82.0
M132G 3 26 06§27 {55196 1% 1.9 2.6 2.4 0.4 1.5 2.3 { 491 1.8 74.4
M132H 3 26 105329 {513§194 4 24 2.5 2.3 0.4 1.5 2.2 { 50.5 0.1 74.5
M132N 3 24 105326 491861 1.8 2.6 2.7 0.5 1.5 2.7 { 50.0 1.6 75.9
V133A 3 28 {05428 §46 {1704 1.3 2.5 2.8 0.6 1.5 2.2 { 529 0.5 78.7
V133C 3 26 106 §27 {44 {1554 1.1 2.5 3.0 0.5 1.6 2.3 { 54.7 0.1 80.8
V133G 3 294107 §29 {56 §{1784% 1.5 3.3 2.8 0.5 1.6 2.3 { 49.8 3.2 77.0
V133H 3 26 05§29 {48 {1841 1.8 2.5 2.4 0.4 1.5 2.2 { 51.8 0.1 76.4
V133N 3 26 06§27 {46 {1804 14 2.4 2.8 0.5 14 24 { 52.2 2.0 77.3
V133Q 3 27 1053291491192 4% 2.1 2.4 2.3 0.4 1.5 2.0 { 51.0 7.9 75.0
L134C 3 27 107 § 25 {46 {13.7 1 0.9 2.6 3.4 0.6 1.6 2.6 { 55.0 1.5 83.2
L134G 3 30§07 4§27 {44 {141 1.0 2.5 3.0 0.5 1.7 2.1 { 55.3 0.6 82.6
-

L134H 3 25 106 §26 {45 §16.7§ 1.3 2.5 2.8 0.5 1.6 2.6 { 53.6 0.3 79.2
L134N 3 28 05§27 {46 {166 1.4 2.4 2.7 0.5 1.5 2.2 { 53.5 2.8 79.0
L134Q 3 28 06§27 {45 {1591% 1.1 2.5 3.0 0.5 1.5 2.5 { 54.3 1.5 804
C135D 3 29 106 § 27 {45 {13.741 1.1 2.3 3.0 0.5 1.5 2.2 { 56.5 0.2 83.1
C135E 3 25 106 §28 {48 {1744 1.5 2.7 2.7 0.4 1.6 2.3 { 52.2 1.7 78.0
C135G 3 27 {06 § 27 { 45 {161 1.2 2.4 2.9 0.5 1.5 2.3 { 54.0 0.2 80.0
C135H 2 27 {08 §33§{76§{2081%{ 1.3 55 3.1 0.5 2.0 2.7 { 421 10.8 72.7
C135K 3 26 06§26 {513§1764 1.5 2.7 2.9 0.5 1.6 2.6 { 51.8 2.8 77.7
C135N 3 29 106 § 27 {48 {15013 1.3 2.5 3.0 0.6 1.5 2.2 { 543 4.4 81.0
C135Q 3 28 {06 {28 §45§16.21% 1.2 2.5 2.8 0.5 1.6 2.3 | 54.2 0.5 79.9
C135R 3 25 31054327 §51§19.21% 2.0 2.6 2.6 0.5 1.5 2.3 { 499 0.2 75.0
M136C 3 3007126 {48 {1461} 1.0 2.9 3.3 0.6 1.5 2.3 { 54.2 1.3 81.9
M136G 2 31106 3§27 {45 {1254 0.9 2.4 3.1 0.6 1.5 2.3 { 57.0 84.7
M136H 3 28 {06 § 27 {47 {173 { 1.5 2.6 2.6 0.5 1.6 2.3 { 529 0.7 78.2
M136N 3 30{05§28 {46 {156 1% 15 2.4 2.8 0.5 14 2.1 { 54.6 4.1 80.2
K137A 3 29105329 {44 {15813 14 2.4 2.8 0.6 14 2.2 { 54.2 3.5 79.8
K137G 3 29106 {27 §45 {14341 1.0 2.5 3.1 0.5 14 2.2 { 55.8 0.5 824
K137H 3 32106 3§26 {44 31204 0.9 2.3 3.2 0.5 1.5 2.2 { 58.6 0.2 85.6
"

L138G 3 27 {06 §27 §45 {1521 1.0 2.5 3.1 0.5 1.5 2.4 { 54.8 0.1 81.3
L138H 3 29106 §27 {143 {1434 1.1 2.5 3.1 0.5 1.5 2.4 } 55.8 0.2 824
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% TFAs EPA | %
Mutant | # {16:0)116:1]18:0]18:1] LA | ALA | EDA | DGLA | ARA | ETrA EPA | SD | Conv.
ETA

(7381 12 30 V06 126 1420150 144 {23 7729 1705 1715 124 561 817
L138N | 3 129106 ]261443153] 11 1 24 | 30 1 06 | 15 1231546] 09] 811
S139G | 3 12710612714531501 10 1 26 § 34 ] 05 1 15 12415481 16] 814
S130H | 3 128106126147 1155] 14 ] 25 1 29 | 05 1 15 124 |544] 39| 805
S139N | 3 12910627144 1541 11 ] 24 | 30 | 06 | 15 123 547 01} 81.0
S140C | 3 12910612814901149]1 131 26 ] 30 ] 05 1 15 1211544 23] 811
S140H | 3 13110612614311211 09§ 24 1 32 051 15 {23586 05f 855
N

S140N | 3 13010612714311351 091 23 1 31 106 § 15 12215661 01] 835
F141A | 3 130106128 1421143 101 24 § 34 106 | 14 1221559] 02] 825
F141G | 3 127105126 14711691 13 | 26 | 28 | 05 | 15 1221533 09| 788
F141H | 3 124 105126 1481180 1.7 1 26 1 26 ] 04 | 15 12515231 22 772
F141N | 3 128106 12614813167 14 § 26 | 27 1 05 | 16 1221532] 09] 789
Gl42H | 2 (28107 1261421143109 1 24 § 32 | 05 ] 15 1271559 82.7
G14oN | 3 124107 12314611551 101 26 | 34 ] 05 1 16 1301530 09] 809
W143G | 3 127106127 1481165] 14 | 26 | 28 | 05 | 15 12215331 311 794
W143H | 3 120106127 14411521 11 1 25 1 30 ] 05 1 16 12515541 04f 813
W143K | 3 128106126 ,4811651 131 26 | 27 | 05 § 16 1231540 03f 794
N144A | 3 132106127 44 3125] 090§ 23 | 32 1 06 | 14 1221575] 01] 8438
A

N144G | 3 120107 12514531471 111 25 1 32 1 05 ] 14 1261545 25 818
VI45A | 3 128107125144 11311 08 1 23 § 34 | 06 | 15 1261560 03] 84.1
V145G | 2 129106126145 11411 101 25 1 31 105 1 16 124 555 82.7
VI45H | 3 131106127 1461155] 121 25 1 29 1 05 1 16 124 1545% 12f 807
Y146G | 2 128106127146 1441 101 26 | 32 | 06 | 15 {25549 82.2
D147A | 3 128106126 46351561 14 § 25 ] 20 ] 05 1 16 1231539 40] 802
D147G | 3 124 106 ]321653205] 1.9 1 42 | 27 | 04 | 18 1241452 727 729
DI147H | 3 134 1061261421133 101 24 ] 30 ] 05 1 15 1221575] 09] 839
:

D147N | 3 129106127 4431451 10 § 25 ] 34 ] 06 | 16 12315511 32 821
D147Q | 3 132106127 14331401 101 25 | 30 | 05 | 16 1231566 02§ 83.0
:

G148H | 3 132106127 1461154]1 151 25 1 28 |1 05 | 16 124 |543] 43] 805
G148N | 3 130107 1271471134110 ] 25 | 32 | 06 | 16 123 1558] 08] 835
:

S376A | 3 129106128 14611691 13 ] 25 1 28 | 06 § 15 1231528 19] 788
S376G | 3 12610512715111781 151 28 | 27 | 05 1 14 1231517] 19 774
S376H | 3 128106 12714911901 221 25§ 24 ] 04 | 16 12515031 05] 751
A377G | 3 126107127 1501173] 13 1 28 § 29 1 05 1 16 125i51.4F 18] 781
A377H | 3 130105128 1501195] 24 | 25 | 22 ] 04 | 16 1231499 0411 742
A37T7L | 3 126105128 15711961 24 1 27 1 22 104 ] 15 12214971 101 744
A37TTN | 3 12710612715311911 214 1 27 1 23 1 04 § 17 1221494 02f 747
F378C | 3 128 1061281481164 13§ 27 | 28 | 05 | 16 12215301 1.0] 794
F378G | 3 128106 ,281461156] 11§ 25 1 290 1 05 ] 15 123.542] 01] 805
F378H | 3 |28 105128 4731731 17 | 26 | 25 | 04 | 15 1221530 31] 78.0
F378N | 3 126 106128 473170 13 1 25 1 28 ] 05 | 16 1231529 04] 787
T382G | 3 12510529148 1821 17 1 25 1 25 1 04 | 14 (231519 15{ 766
T382H | 3 128106 2814611731 15 ] 25 1 26 | 04 | 15 (24 534 05| 783
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% TFAs EPA | %
Mutant | # {16:0)116:1]18:0]18:1] LA | ALA | EDA | DGLA | ARA | ETrA EPA | SD | Conv.
ETA

KL R YR R R VR RS R B B A A PO R PR O Y
T382Q | 2 129107 131157]168] 10 ] 39 § 32 | 05 1 1.8 1271500 78.8
R383G | 3 123107 13417682111 13§ 57 | 33 1 05 ] 21 1311412 74] 723
P384G | 3 12510626 14548155] 11 1 25 1 34 1 05 | 15 12515421 02] 80.8
i

P384H | 3 127106127 14531631 12§ 25 | 28 | 05 | 15 |24 540! 05| 798
P384K | 3 127 1061251493177 171 25 1 25 ] 04 | 16 12315261 23] 774
P384R | 3 127106 1271453816411 11 1 24 | 30 | 06 | 14 124 .541] 09] 801
G385G | 3 12810612714531411 10 26§ 31 ] 05 1 16 124 .552! 01] 825
G385H | 3 12610512815311911 221 26 1 24 | 04 | 16 124498 06 748
G385K | 3 126105]2815411931 21 1 26 | 24 | 04 | 16 |24 501 04] 747
G385N | 3 12510512715311951 201 27 1 26 1 04 | 15 1241497] 12] 746
Y386A | 3 12710512914911921 201 25 1 25 {05 { 15 12215041 03f 749
Y386G | 3 12510513015211931 22 1 26 1 23 1 04 | 16 1201500] 04f 746
Y386H | 3 12810512915211931 221 25 1 23 | 04 § 16 124 1500] 05i 746
Y386L | 3 126105129154 311911 22 1 27 1 23 104 1 16 1221504 02f 748
Y387G | 3 125106126151 1179] 151 28 | 28 ] 05 1 16 125 151.0F 21F 772
Y387H | 3 12910612614511651 12 | 25 | 28 | 05 | 15 125|537 21f 795
388G | 3 128106127 443146] 1031 26 1 314 1 05 1 16 1251555, 08] 822
;

L388H | 3 120106127 4531591 12 1 25 ] 28 ] 05 | 15 12415471 09] 803
T389G | 3 125105 ]2915211791 19 ] 28 1 26 | 04 { 16 1231512 07} 768
T389H | 3 127105 12715011871 191 26 1 24 104 | 16 1241513 06] 758
F390A | 3 1251051311601 148] 13 § 22 | 26 | 05 | 15 120544 41] 813
F390C | 3 120106120152 1138] 09 1 25 1 30 ] 05 ] 16 12115551 04] 83.0
F390G | 3 126104 1331573146 121 22 1 25 1 04 | 14 11815591 03] 818
.

F390H | 3 127105127 14731831 1.8 1 25 § 24 | 04 | 15 12215231 07] 766
F390N | 2 128106126 1443152] 101 24 | 31 ] 06 | 15 12315511 02] 814
Mutant AVG | 2.81 06] 2.7] 48] 16.4] 14] 26 28] 05 15 2.3 53] 15| 793
Mutant SD 021 01] 02] 06% 21 04] 05 03] 04 0.1} 0.2f 2.9 3.0

Table 16. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #5 Transformants Comprising a Vector Encoding
YILPCAT Having a Single Amino Acid Substitution

% TFAs EPA | %
Mutant] # |16:0]16:1,18:0{18:1] LA |ALA | EDA | DGLA| ARA | ETrA | ETA | EPA | SD | Conv.
WT 6 1 291 06] 24] 40] 136] 10] 20]  29f 051 16] 23] 583] 15] 82.2
M132P | 3 | 271 05i 23] 48] 195 27] 22{ 20f 04} 15| 19] 5241 1.1] 73.0
M132S | 3 1 271 05{ 27] 52| 193] 24] 25{ 241 02f 16] 22| 510} 041] 733
M132T 1 3 1 26f 0.7F 24 55] 1961 241 271 231 04} 16] 24] 5017 14] 73.0
VI33P | 3 | 271 05] 25| 501 194] 221 231 227 05 15] 19] 51.3] 04] 734
Vi33S | 3 | 2.8 06] 271 501 17.7] 171 1.77 261 03] 16] 24] 524] 01] 759
VA33T | 3 1 20 06] 25] 50] 1871 23] 28] 221 04] 151 21] 5201 2.6] 743
VA33Y | 3 | 25 05] 251 48] 19.0] 23] 221 221 04] 14] 22| 525] 02] 74.0
L134P | 3 | 25! 05i 23] 44] 18.9] 24] 20f 21F 04} 15| 21] 5321 04] 742
L1345 | 3 1 281 06f 27] 56] 199] 26] 261 221 02f 16| 21| 49.6] 60| 721
L134T § 3 1 28! 05{ 26] 53] 200} 28] 251 191 03} 15| 19] 50.6f 05{ 72.0
C135P | 3 1 25 05{ 23] 421 1821 201 191 231 04} 15| 23] 541} 06] 755
C135S 1 3 1 301 06] 26] 461 154] 13] 25] 281 05{ 16] 24| 55.0{ 07] 795
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% TFAs EPA | %
Mutant] # |16:0]16:1,18:018:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
VERTIZIE T YO O 203 R W B -3 O} B I B SO -1 B I-1 B 111 B W4 B
K137P § 3 1 261 05{ 24] 43 17.8] 21] 241 231 04} 14] 21] 545 35{ 76.0
K137S 1 3 1 3.0f 071 25] 44] 140 111 251 341 05{ 17| 25| 56.6] 05] 816
K137T | 3 1 2.9} 06F 24] 47 18.0] 23] 231  22i 04} 16| 21| 534} 4.4] 753
K137Y 1 3 1 27% 07i 20] 40] 1201 09 18] 3.0% 05{ 14] 24] 60.7{ 28] 844
L138P 1 3 1 25! 04i 22] 45] 1911 26] 1.9] 1.91 04} 14] 20] 53.71 09] 739
L1385 1 3 | 301 06f 25] 44] 1471 121 25] 29 05} 17| 23] 562 09] 806
L138T § 3 1 341 071 24] 44] 1441 111 23] 28F 05} 17| 23] 56.7] 06] 81.0
S139P 1 3 ] 261 05] 25] 431 17.3] 20] 201 231 04} 14] 21| 549] 32| 765
S140P | 3 | 301 06] 24] 391 1301 10] 1.9 291 05{ 15| 23] 59.71 07| 831
F141P | 3 1 2.5i 06{ 20] 46] 18.8] 24] 2411 1.9i 03{ 15| 21| 534} 21] 74.2
F141S 1 3 1 2.8f 07F 241 44] 1511 171 221  25% 04} 17] 22| 56.6] 54| 796
F141T 1 3 1 341 071 241 44] 1391 111 231  3.0f 03} 16| 24| 5711 01] 816
G142M1 3 | 301 06} 24] 46] 16.0] 16] 231 261 05} 15| 22| 553] 32| 785
G142P | 3 1 2.8 051 25] 44] 157 16] 24] 261 04} 14] 22| 5571 361 790
W143P | 3 | 251 05] 211 411 17.5] 16] 20] 231 04] 15| 22| 555] 03] 77.0
W143S ] 3 | 3.0 07 25| 45] 154] 1.3] 257 281 04] 16] 23] 555 02| 796
W143T ] 3 | 28] 06] 25] 53] 194] 261 261 217 03] 16] 22| 504} 08] 729
N144F | 3 1 341 0.7{ 23] 43] 122} 09 2411  3.0f 05} 16] 23] 59.4] 06] 84.0
N144P | 3 1 271 05i 24] 42] 1631 131 23] 271 05} 15| 23] 5571 03] 1787
N144V | 3 1 2.8} 06f 20] 38, 116] 09 17{ 27i 05{ 15| 22| 619} 1.0] 850
V145P | 3 | 271 05] 23] 43] 1761 15] 211 247 04] 14] 22| 547, 1.0] 768
V145S | 3 | 3.01 0.7] 221 45] 154] 171 23] 261 05 16] 23] 559]  4.0] 793
VA45T | 3 | 321 0.7] 26] 45] 1411 121 26] 301 051 16] 24| 56.0] 06] 813
Y146N | 3 | 271 06] 21] 40| 154] 15] 1.8] 241 04] 14] 22{ 5781 36| 796
Y146P | 3 | 26! 0.7 23] 49] 164] 15{ 25] 291 051 161 26] 5371 45| 78.0
D147F § 3 | 321 06i 24] 45| 1501 16] 211 26f 05% 16] 21| 5621 4.3] 798
D147S | 3 1 291 06{ 22] 46] 161} 18] 24i 26f 05{ 16| 22| 554} 3.3] 78.2
D147T 1 3 1 2.7% 05{ 22] 50] 2001 291 221 1.8 03F 15] 1.9] 51.5] 04] 721
G148F | 3 | 291 06] 24] 46] 153] 16] 231 261 04} 17] 23] 556] 44] 794
G148M1 3 | 2.9 06] 24] 45] 16.0] 16] 22i 261 04} 16] 22 5521 18] 785
G148S 1 3 1 28] 051 25] 52] 199 28] 24] 191 03} 15{ 1.9] 51.0{ 06] 722
G148T 1 3 ] 26! 05] 22| 48f 196] 271 20] 18 03} 14] 19| 5271 02| 730
G148V 1 3 | 2.7 051 221 391 147] 15 171 24% 04} 15| 21] 58.8] 3.9] 805
S376F 1 3 ] 261 051 24] 49] 188] 23] 231 231 04} 16] 22| 51.8] 04] 741
S376P 1 3 | 26! 05] 25] 511 192] 25 241 241 04} 16] 20{ 51.7{ 15| 735
S376V 1 3 ] 250 05{ 23] 417 17.6] 19 201 231 04} 14] 21] 554} 18] 765
A37T7F | 3 1 26] 05] 261 501 1921 241 247 221 04} 16] 22| 51.2] 09] 735
A377P | 3 | 20 06] 26] 49] 1721 16] 251 247 04 17] 241] 527] 08] 768
A377S | 3 | 2.8] 06] 241 431 1621 14] 23] 261 04] 16] 23] 555] 14| 786
A377T 1 3 1 271 05] 23] 46] 18.9] 24] 227 207 03] 161 21] 526] 18] 740
A37T7V ] 3 | 24 04] 24] 441 19.0] 251 197 197 04] 13] 19| 5407 09] 74
F378P § 3 1 26f 05{ 27] 52] 188] 22] 261 231 04} 16] 22| 509] 03] 74.0
G385S 1 3 ] 251 05{ 25] 50| 1871 221 241 231 04} 16] 24] 51.8] 08] 744
G385T |1 3 | 26] 061 24] 48] 188] 24 171 211 02% 16] 23] 5221 19] 740
Y386F | 3 | 209 0.9] 21] 47] 165] 13| 23] 267 04] 16] 24| 54.0] 27| 784
Y386P | 3 | 231 06] 24] 50] 17.9] 1.8] 26] 271 04] 17] 29] 51.3] 1.0{ 758
Y386S | 3 | 271 06] 26] 53] 1921 23] 251 221 04 16] 22| 51.0] 02| 735
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% TFAs EPA | %
Mutanti # 116:0)16:1,18:018:1] LA | ALA | EDA | DGLA | ARA | ETrA | ETA | EPA | SD | Conv.
Y386T | 3 | 26! 061 26] 55| 195] 221 2771 231 04] 17] 24] 4971 16 734
Y386V 1 3 1 241 04} 251 45] 1891 241 241 201 03] 141 20] 5337 13] 744
Y387P | 3 | 2.8 06{ 271 47] 1711 16] 25{ 251 041 17] 23] 53.4] 01] 77.0
Y387S 1 3 1 261 071 251 49] 1711 16] 261 261 041 16| 24] 53.4] 1.9] 772
Y387T 1 3 1 271 06] 241 47] 17.01 151 241 261 041 15| 23] 540] 04] 773
L388P | 3 | 25! 06] 25| 50] 183] 191 251 251 03F 171 25] 51.7] 08] 1752
1388S 1 3 1 281 06] 25] 48] 17.9] 1.9] 241 237 04} 151 22| 53.0{ 15] 757
L388T | 3 | 25! 06] 22] 38] 148] 111 1.9] 271 04} 14] 24] 5861 04] 80.8
;

T389F | 3 1 3.01 0.6F 271 451 15.91 1.3] 251 271 04 16| 24] 5491 011 790
T389P | 3 | 2.81 0.6{ 271 511 17.91 21] 26] 241 041] 16] 22| 5241 16| 754
F390M | 3 | 25% 07] 22] 461 1617 15] 231 287 04} 161 27| 5431 21| 785
F300P | 3 1 270 05] 25| 51] 19.8] 2.8] 161 191 02% 15] 20! 5131 06] 722
F390S | 3 | 28! 05] 29] 591 1291 1411 211 247 04} 15] 18] 58.0] 05] 826
.

F390T | 3 | 261 05] 251 441 1417 141 181 241 04} 14] 21] 59.21 03] 816
.

F300V | 3 1 241 05] 221 42| 17.2] 161 201 231 04} 15] 23] 556] 15| 773
Mutant AVG | 2.71 06] 241 46] 17.01 1.8] 221 241 04% 15] 2.2] 5431  15{ 77.0
Mutant SD 021 011 021 05] 23] 06] 03 031 04} 01] 02] 28 3.4

[0230] Based on the above data, it was clear that several of the YILPCAT single-amino acid mutants functioned with approximately
equal or improved activity when compared to the parent wild type YILPCAT enzyme (SEQ ID NO:46). This conclusion was made
based on measuring LPCAT activity as a function of EPA % TFAs and/or % Conv. In fact, all of the mutant YILPCAT transformants
had an EPA % TFAs of at least 75% of the EPA % TFAs measured in the control (transformants with wild type YILPCAT). Also, all of
the mutant YILPCAT transformants had a % Conv. that was at least 87.6% of the % Conv. measured in the control.

[0231] Fifty-six (56) YILPCAT mutants (comprising one of the following mutations with respect to SEQ ID NO:46: L134A, L134C,
L134G, C135D, C1351, M136G, M136P, M136S, M136V, K137N, K137G, K137H, K137Y, L138A, L138H, L138M, S139L, S139W,
S140N, S140H, S140P, S140W, F141A, F141M, F141W, G142H, W143L, N144A, N144K, N144F, N144T, N144V, V145A, V145G,
V145E, V145M, V145F, V145W, Y146G, Y146L, Y146M, D147N, D147Q, D147H, G148A, G148N, T382l, T382P, R383M, L388G,
L388Y, T389A, T389C, T389S and F390C) were found to exhibit equivalent or improved EPA % TFAs and equivalent or improved %
Conv. An additional 14 YILPCAT mutants were determined to have equivalent or improved EPA % TFAs when compared to the
control (but did not have an equivalent or improved % Conv.), including mutants V133C, M136N, L138G, L138I, L138N, S139G,
S139N, W143H, G148V, L388H, L388T, F390G, F390N and F390T. An additional 12 YILPCAT mutants were determined to have
equivalent or improved % Conv. when compared to the control (but did not have an equivalent or improved EPA % TFAs), including
mutants C135F, M136T, S140Y, S1401, F141V, G142, G142V, D147E, F378Y, T382Y, R383A and F390S.

[0232] A total of 26 YILPCAT mutants, each comprising a single mutation within either Motif | or Motif 1l and having equivalent or
improved EPA % TFAs and/or equivalent or improved % Conv. were selected for further evaluation (below, Example 6): L134A
(100.4%, 100.6%), L134G (101.3%, 100.7%), M136S (104.0%, 104.0%), M136V (102.2%, 103.3%), K137H (107.3%, 104.4%),
K137N (101.8%, 102.0%), S140H (107.3%, 104.3%), S140W (103.2%, 103.8%), F141M (105.4%, 106.7%), F141W (101.2%,
101.6%), N144A (105.3%, 103.4%), N144T (101.8%, 101.6%), V145M (102.0%, 104.0%), V145W (100.4%, 100.5%), D147H
(105.3%, 102.3%), D147Q (103.6%, 101.2%), G148A (101.3%, 101.8%), G148N (102.2%, 101.8%), T382l (102.9%, 102.5%),
T382P (100.2%, 100.2%), R383M (103.6%, 104.0%), L388G (101.6%, 100.2%), L388Y (100.0%, 99.9%), T389A (102.2%, 101.2%),
T389C (102.1%, 101.5%), T389S (101.9%, 101.7%), where the first and second percentages in each parenthetical set correspond
to the percentage ratio of EPA % TFAs and % Conv., respectively, in the mutant YILPCAT transformants relative to the EPA % TFAs
and % Conv. in the wild type YILPCAT control transformants. An additional 8 YILPCAT mutants, each comprising a single mutation
within either Motif | or Motif I, also were selected for further evaluation (below, Example 6): F378Y (99.6%, 101.1%), T382Y (99.8%,
100.8%), P384A (98.7%, 99.0%), P384G (99.2%, 98.6%), L388T (100.5%, 98.3%), F390G (102.4%, 99.8%), F390S (99.4%,
100.5%) and F390T (101.6%, 99.3%), where the parenthetical sets are as above.

EXAMPLE 6
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Identifying Double Amino Acid Substitutions in YILPCAT Having Improved LPCAT Activity

[0233] The present example describes the synthesis of double YILPCAT mutants, wherein the double mutants comprise both a
single mutation within Motif | and a single mutation within Motif 1l. These double mutants were transformed into Y. lipolytica strain
Y8406U2, followed by analysis of the lipid profiles of the transformants. As in Example 5, improved LPCAT activity was indirectly
evaluated based on EPA % TFAs and % Conv.

Generation of Double YILPCAT Mutants

[0234] Preferred single mutations within Motif | (L134A, L134G, M136S, M136V, K137H, K137N, S140H, S140W, F141M, F141W,
N144A, N144T, V145W, V145M, D147H, D147Q, G148A and G148N) were combined with preferred single mutations within Motif Il
(F378Y, T382l, T382P, T382Y, R383M, P384A, P384G, L388G, L388T, L388Y, T389A, T389C, T389S, F390G, F390S, F390T) to
generate various combinations of double-mutant YILPCAT sequences. Thus, for example, a YILPCAT mutant comprising an S140W
mutation within Motif | and a T382l mutation within Motif Il is referred to herein as a YILPCAT mutant S140W_T382I. These double
mutants were individually synthesized and cloned into Ncol-Notl cut pY306-N vector by GenScript Corporation (Piscataway, NJ);
SEQ ID NO:42 represents the mutant YILPCAT proteins encoded by the cloned sequences.

Transformation of Y. lipolytica Strain Y8406U2 and Analysis of Lipid Profiles within pY306-N Transformants

[0235] The plasmids were transformed into Y. lipolytica strain Y8406U2 and transformants were subsequently grown and subjected
to lipid analysis, as described in Example 5. Tables 17 (Batch 6), 18 (Batch 7), 19 (Batch 8) and 20 (Batch 10) show the fatty acid
profiles and delta-9 elongase conversion efficiencies of individual transformants of Y8406U2. These measurements were also made
for control transformants comprising pY306-N (wild type YILPCAT protein expression ['WT"]). The Tables are formatted as
described in Example 5.

[0236] Comparison of each mutant's performance relative to the wild type YILPCAT control should only be made within the
particular batch in which each mutant was analyzed (i.e., comparisons should not be made between Batch #6 and Batch #7, for
example). Mutants shown in bold-face font and followed by a "+" were selected for further studies including flask assays, as
discussed below.

Table 17. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #6 Transformants Comprising a Vector Encoding
YILPCAT Having Double Amino Acid Substitutions

% TFAs EPA} %
Mutant # {16:0{16:1{18:0{18:1; LA { ALA {EDA {DGLA} ARA{ETrA | ETA { EPA{ SD { Conv.
WT 6y 2.7{ 0.7§ 2.3} 56§ 1447 0.9]y 3.0 313 07 1.5y 2.74 529§ 0.2§ 80.6

S140W_T382| 3] 29§ 0.8§ 22§ 5.8} 13.0f 0.8} 29 3.2 07 1.5y 2.74 53.7{ 1.2} 824

S$140W_T382P 3] 29§ 0.8§ 2.2 57; 12.6§ 0.8y 2.9 3.3§ 0.7 1.5y 2.8; 543{ 0.6{ 83.0
+

S5140W_T382Y 3] 2.7y 0.7y 2.2 56§ 13.6f 0.9{ 2.8 3.2 0.7 1.5y 2.8; 53.8{ 0.6} 81.8
S5140W_R383M{ 3§ 2.9{ 0.7§ 2.3} 5.8} 12.6§ 0.8] 2.9 3.3§ 0.8 1.5y 2.6{ 54.8{ 0.6{ 83.1
S140W_P384A 3] 2.8§ 07§ 23§ 57§ 13.9f 0.9} 2.9 313 0.7 1.5y 2.7¢{ 531{ 1.3} 81.2
S140W_L388Y 3] 2.5 09§ 21§ 6.5§ 12.7{ 0.8{ 3.0 3.2 06 1.6y 3.2¢{ 529{ 1.9} 827
S$140W_T389A 3] 24f 07§ 2.2{ 6.5 11.6f 0.7{ 25 313 0.7 1.5y 2.6§ 55.8{ 0.4} 843
+

5140W_T389C 3] 2.7 0.7y 2.3; 6.0f 12.6f 0.8{ 2.8 34; 0.8 1.5y 2.7} 541{ 0.4} 83.0

S$140W_T389S 3§ 2.6y 0.6§ 25§ 6.3§ 14.6f 1.3} 27 27y 07 1.5y 2.2§ 53.3}y 4.1} 79.9

M136V_F378Y 3§ 2.5] 0.7§ 22§ 4.0§ 147§ 13} 2.8 297 07 1.5y 2.6f 52.8{ 4.37 79.8
+

M136V_T382I 3§ 2.5] 0.7y 23§ 6.1§ 145§ 1.2{ 29 29y 07 1.6y 2.8§ 521§ 4.5; 80.0
M136V_T382P 3§ 2.7y 0.8§ 22§ 56§ 12.8f 0.8j 29 33§ 0.8 1.6y 2.8f 543} 04f{ 828
M136V_T382Y 3§ 267 0.8§ 22§ 55§ 13.1f 0.8} 2.8 33§ 07 1.5y 3.0 54.3y 03§ 825
M136V_R383M§{ 3§ 2.6 0.8§ 2.1} 59; 13.8f 1.0f 28 3.2 07 1.6y 3.14 5237 2.3} 81.2
M136V_P384A 3§ 2.8§ 0.8y 2.2¢ 57§ 13.3f 08§ 3.1 33§ 07 1.4y 2.8f 53.2{ 11§ 82.0
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% TFAs EPA{ %

Mutant # 16:0{16:1}18:0;18:1; LA ; ALA { EDA {DGLA; ARAETrA { ETA { EPA{ SD | Conv.
WT 6y 2.7{ 0.7{ 2.3} 56§ 144} 0.9y 3.0 31} 07 1.5y 2.74 529} 0.2} 80.6
M136V_L388Y 3§ 2.7y 0.8§ 23§ 55§ 14.0f 0.9{ 3.0 3.3} 07 1.6y 2.9§ 53.0§ 15§ 813
M136V_T389A 3§ 27y 07§ 243 61§ 11.8f 0.8 26 3.0§ 0.7 1.4y 2.3§ 56.2§ 04§ 84.0
+
M136V_T389S 3§ 27y 07§ 243 61§ 11.7f 0.8} 26 3.0 0.7 1.4y 2.3f 56.5{ 0.8§ 84.2
+
K137N_F378Y 3§ 2.8] 0.8 22§ 55§ 13.6f 09{ 29 3.3} 07 1.5y 2.8§ 534}y 1.1} 817
K137N_T382I 3§ 24} 0.8§ 2.2y 6.0§ 15.0f§ 1.3} 2.8 3.0f 06 1.6y 2.9§ 516§ 4.7 793
K137N_T382P 3§ 24y 09§ 20§ 3.6§ 13.1f 0.8} 2.8 34 07 1.5y 3.44 53.5{ 17§ 825
K137N_T382Y 3y 23] 0.7§ 2.2} 2.2} 15.6f 1.3{ 27 29 06 1.5y 2.8§ 51.5{ 26} 786
K137N_L388Y 3§ 2.2y 0.8f 213 3.7§ 1491 11§y 29 3.0 06 1.6y 3.1 514} 3.0 796
K137N_T389C 3§ 267 0.8 213 54§ 12.5{ 0.8} 27 3.5 0.8 1.5y 2.8 551y 0.9§ 834
+
K137N_T389S 3§ 2.5] 0.7§ 23§ 6.0§ 11.8f 0.7{ 26 3.2{ 07 1.5§ 2.5§ 56.0§ 0.2§ 84.2
+
N144T_F378Y 3§ 2.8] 0.8f 23§ 55§ 12.8f 0.8; 29 33§ 0.8 1.5y 2.6f 544§ 0.3; 828
N144T_T382I 3§ 24y 0.8] 21§ 41§ 13.7f 1.0{ 29 3.0 0.7 1.7y 3.2§ 524} 4.3} 813
N144T_T382Y 3§ 2.5{ 0.8§ 23§ 3.7§ 13.8f 0.9} 29 3.2{ 07 1.5y 2.8§ 53.7{ 0.2{ 816
N144T_R383M 3§ 257 0.8 21§ 52§ 12.7{ 0.8{ 27 3.3} 07 15§ 2.8§ 54.2y 0.1j 829
N144T_T389A 2§y 24{ 0.7 24} 58§ 125; 0.8y 27 33§ 07 1.6y 2.7{ 545 83.2
N144T_T389C 2y 2.2¢ 0.8f 1.7 4.8; 119 0.8y 23 313 07 1.6y 2.8 56.1 84.0
N144T_T389S 3{ 2.5] 0.6§ 2.3} 5.9§ 12.0f 0.7{ 27 3.2 07 1.7y 2.5§ 54.7{ 0.7} 837
V145W_F378Y 3§ 25§ 0.8§ 22§ 56§ 13.5{ 09§ 29 33§ 07 1.5y 2.9§ 526§ 14; 817
V145W_T382P 3§ 2.5] 0.8] 22§ 22§ 144} 0.9} 3.2 3.2y 07 1.6y 2.8f 52.5{ 1.0 80.6
V145W_L388Y 2y 2.7{ 0.8} 2.3} 3.3} 16.1 1.3} 3.0 27 06 1.6y 2.6§{ 49.6 77.5
V145W_T389A 3§ 2.5] 0.7y 24f 6.1§ 13.5§ 1.0{ 29 31} 07 1.5y 2.74 534}y 1.3} 816
V145W_T389C 3§ 26y 0.7 24§ 3.9§ 1531 1.3}{ 29 29y 07 1.5y 2.6§ 51.7{ 3.5{ 79.0
V145W_T389S 3§ 2.7y 0.6§ 2.5§ 4.2§ 141 1.0{ 2.8 313 07 1.5y 2.5§ 53.2{ 0.7§ 80.9
Mutant AVG 26§ 0.7f 2.2f{ 52§ 134} 09y 28 3.2 07 1.5y 2.8§ 536 1.6} 81.8
Mutant SD 0.2{ 01§ 01§ 11§ 113 0.2y 0.2 0.2 0.0 01§ 02§ 15y 14 1.7

Table 18. Lipid Composition and Delta-9 Elongase Conversion Efficiency in Batch #7 Transformants Comprising a Vector Encoding
YILPCAT Having Double Amino Acid Substitutions

% TFAs EPA{ %

Mutant # 116:0{16:1{18:0{18:1; LA { ALA{ EDA {DGLA{ARA{ETrA; ETA {EPA§{ SD {Conv.
WT 12y 3.2y 0.7y 26 42§ 1427 09} 23 3.0 16§ 2.7{ 541§ 0.7y 81.0
M136S_F378Y { 3 34¢ 0.7 26§ 4.7%{ 12.0§ 0.8} 2.1 3.0{ 0.7 1.6§ 2.5{ 56.4] 1.3} 84.0
M136S_T382I 3 34{ 0.8} 26§ 52§ 11.2; 08} 22 29§ 06 1.6§ 2.6y 56.37 1.2] 85.0
M136S_T382P § 3 29y 0.8y 23{ 45} 1M1.5f 0.7{ 21 33§ 06 1.5§ 3.1y 56.2y 1.6y 85.0
M136S_T382Y § 3 3.3{ 0.7y 25§ 43§ 121y 0.8 2.1 3.2y 06 16§ 2.8{ 558§ 0.5] 84.0
M136S_R383M§ 3 34{ 0.7y 26} 4.8§ 1197 0.8} 2.2 31 06 1.6§ 2.5{ 56.1§ 0.2 84.0
M136S_P384A { 3 3.5) 0.7{ 26§ 46§ 122y 08§ 2.2 31y 07 1.6§ 26§ 56.1§ 0.8] 84.0
M136S_L388Y § 3 3.3y 0.7y 257 43§ 122y 0.8} 23 3.2y 06 16§ 26§ 56.1]§ 1.57 84.0
M136S_T389A { 3 3.2{ 0.6} 26§ 4.6} 11.0§ 0.8} 2.0 27 06 1.6§ 2.1y 579y 0.6§ 85.0
+
M136S_T389C { 3 3.3 0.6y 27§ 4.8; 11.2y 08§ 2.1 3.0 07 1.6§ 23] 57.3] 0.2y 85.0
+
M136S_T389S | 3 2.8y 0.6y 2.7{ 53} 11.2{ 0.7{ 20 29y 06 1.6y 2.2y 57.7§ 0.87 85.0
+
F141M_F378Y { 3 3.0{ 0.7{ 25§ 3.9} 135§ 09§ 24 31 06 1.6§ 2.6y 55.3] 04§ 82.0
F141M_T382I 3 31y 07§ 27§ 44§ 16.2y 22§ 22 23§ 05 1.7§ 2.8§ 51.0§ 4.6y 77.0
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% TFAs EPA{ %

16:0{16:1{18:0{18:1§ LA { ALA { EDA {DGLA;{ ARA{ETrAj{ ETA { EPA§ SD jConv.
29y 0.7y 26{ 4.2} 145{ 11} 23 3.0{ 06 1.6§ 26§ 54.0§ 0.7y 81.0

3.0y 0.7y 25} 41§ 141}y 09} 23 3.0 0.7 1.6§ 2.7{ 54.2y 0.3] 81.0
34{ 0.7y 25§ 3.9§ 134} 09§ 23 31y 07 1.5§ 26§ 553y 0.1 82.0
34{ 0.7y 25§ 3.8§ 143} 09§ 23 3.2y 06 1.6§ 2.8{ 545§ 1.0y 81.0
3.0{ 0.6}y 25} 42§ 1737 16} 24 25§ 06 1.6§ 2.5{ 50.8§ 3.7y 76.0
3.2y 06§ 28§ 43§ 1457 13§ 23 27y 06 16§ 22§ 541y 2.1y 80.0
29y 0.7y 25{ 4.0 13.3f 0.9} 23 31 07 1.5§ 2.7{ 5537y 0.17 82.0
2.8 0.6y 2.7{ 4.8} 15.8{ 1.4} 25 28; 06 16§ 24§ 521] 44§ 78.0
3.2y 0.7y 26§ 4.7§ 128; 09} 23 31 06 1.6§ 2.5{ 555§ 1.2] 83.0
3.0y 0.7{ 25§ 46§ 11.7{ 0.8} 2.1 3.2y 07 1.5§ 2.5y 571y 0.5 84.0

Mutant
F141M_T382P

F141M_T382Y
F141M_R383M
F141M_P384A
F141M_L388Y
F141M_T389A
F141M_T389C
F141M_T389S
F141W_F378Y

F141W_T382I
+

F141W_T382P
F141W_T382Y
F141W_R383M
F141W_P384A
F141W_L388Y
F141W_T389A
F141W_T389C
F141W_T389S
V145M_F378Y
V145M_T382I
V145M_T382P
V145M_T382Y
V145M_R383M
V145M_P384A
V145M_L388Y
V145M_T389A
V145M_T389C
V145M_T389S
G148A_F378Y
G148A_T382I
G148A_T382P
G148A_T382Y
G148A_R383M
G148A_P384A
G148A_L388Y
G148A_T389A

WIWIWIWIWEWEWE WE W W 3

3.3{ 0.8f 26§ 4.2§ 135y 09§ 23 3.2y 07 1.5§ 2.7{ 54.8]§ 1.6y 82.0
29y 0.7y 25f 41} 12.7{ 0.8} 23 33 06 1.5§ 2.7{ 56.0§ 0.5] 83.0
3.5 0.7{ 25§ 4.0§ 123y 09§ 23 31y 06 1.6§ 2.5{ 56.1§ 0.2] 83.0
3.5{ 0.7{ 26§ 4.0§ 13.9§ 1.0y 24 3.0 06 1.6§ 26§ 54.3] 04§ 81.0
3.2y 0.7y 27§ 43} 142y 1.0} 24 3.0{ 06 1.5§ 2.6§ 53.9§ 0.8y 81.0
3.3y 0.6] 2.8{ 4.6 12.3{ 0.9{ 21 29§ 06 1.6§ 22§ 56.3] 04§ 83.0
3.3y 0.7y 2.8} 4.4} 125{ 1.0{ 24 3.0 06 143 24§ 55.7§ 0.87 83.0
3.1y 0.6)y 2.7{ 4.4} 125{ 0.9} 22 3.0{ 06 1.5§ 24§ 56.0§ 1.2y 83.0
3.3y 0.7y 26§ 4.3} 13.7{ 1.0{ 24 3.0f 06 16§ 26§ 54.0§ 04§ 81.0
347 0.8y 25{ 41§ 13.0f 0.9{ 23 3.2y 07 1.5§ 2.7{ 549y 1.6y 82.0
31§ 0.7y 2.7{ 42§ 14.7{ 1.0{ 24 3.0 0.7 1.5§ 26§ 53.5§ 1.0y 80.0
3.6y 0.7y 2.7{ 4.3} 144 1.0}{ 23 3.0{ 06 1.6§ 26§ 53.6§ 2.7y 81.0
3.4y 0.7y 25{ 4.0 13.3f{ 0.9{ 23 29§ 06 1.6§ 24§ 549y 0.6] 82.0
3.2y 0.8y 24{ 3.9; 154} 1.0{ 24 28y 06 1.7§ 28§ 5147y 3.67 79.0
3.3y 0.7y 2.7{ 43} 154{ 11} 24 27 06 1.5§ 25§ 52.2] 0.6y 79.0
3.6 06§ 28§ 45§ 1367y 1.0f§ 23 27y 06 1.6§ 23] 541§ 0.0y 81.0
3.0{ 0.7y 26§ 41§ 13.3} 09} 24 31 06 1.5§ 2.5{ 554y 0.2y 82.0
41§ 1.0y 22§ 3.9y 145] 137 21 247 06 1.7§ 21§ 51.5§ 53§ 79.0
3.3y 0.7y 26§ 43§ 1257 09} 23 31 06 1.5§ 2.5{ 5597 0.3] 83.0
3.3{ 0.7y 26§ 4.7§ 11.8] 08§ 23 31y 06 1.6§ 2.5{ 56.4y 0.5] 84.0
297 0.6y 26§ 4.4} 151} 1.2} 24 29y 06 16§ 2.7{ 53.0§ 3.7y 79.0
29y 0.7y 2.5f 3.9} 12.9{ 0.8} 20 3.0{ 0.7 1.5§ 2.6y 56.1§ 1.2y 83.0
34y 0.7{ 26§ 4.2§ 125§ 0.8} 23 31y 06 1.6§ 2.6§ 55.5§ 0.9] 83.0
2.9y 0.8y 24{ 43§ 13.7{ 0.8{ 23 32§ 06 1.7§ 3.1y 53.7y 0.57 82.0
27§ 0.8y 2.3{ 4.0} 13.8{ 0.9{ 24 3.2 06 1.6§ 3.0{ 54.2] 0.5§ 82.0
3.0{ 0.6y 2.7f{ 4.8§ 125§ 0.8} 2.2 3.0f 06 1.5§ 24§ 5617y 0.2] 83.0
G148A_T389C 3.5{ 0.7{ 26§ 4.2§ 126y 09§ 23 3.0y 06 1.5§ 24§ 55.8§ 0.1 83.0
G148A_T389S 3.3{ 0.6y 28§ 47§ 148} 13} 24 27 06 1.6§ 2.3] 529§ 5.0§ 80.0
Mutant AVG 31{ 0.7y 2.6}] 443 132y 1.0y 23 3.0{ 06 1.6§ 2.6§ 549y 147 80.0
Mutant SD 0.3y 01§ 01§ 03§ 137 02§ 0.1 0.2y 0.0 01§ 02{ 16 2.0

Table 19. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #8 Transformants Comprising a Vector Encoding
YILPCAT Having Double Amino Acid Substitutions

WIWIEWIWIWIEWIWIWIWWEWEWIWIWIWIWEWEWIWEWIWIWEWEWIWIWEWEW

% TFAs EPA{ %
Mutant 16:0;16:1;18:0{18:1{ LA { ALA{ EDA {DGLA{ ARA{ETrA{ ETA { EPA{ SD |Conv.
WT 264 0.7{ 2.6f 4.3} 144y 1.0{ 26 32§ 06 17§ 2.8{ 53.8§ 0.8y 81.0

M136V_T389C+
K137N_R383M

2.8 0.6 2.6} 4.8} 121§ 0.9} 23 33} 06 1.5§ 2.6y 56.6§ 0.5] 84.0
2.8} 0.7f 2.5f{ 4.4} 129§ 0.9} 24 33 06 1.5§ 2.8y 55.8§ 0.4] 83.0

WiWpWE
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% TFAs EPA %
Mutant # §16:0$16:1318:0{18:1} LA § ALA} EDA {DGLA{ ARA{ETrA§{ ETA { EPA{ SD {Conv.

K137N_P384A 3 263§ 0.6f 2.7}y 4.9y 17.7{y 1.9} 28 26§ 06 1.6y 2.5{ 49.8y 4.2§ 75.0
K137N_T389A | 3 263§ 0.5 2.7}y 4.9 124y 0.9} 2.2 3.1 0.7 1.6f§ 2.3] 56.8f 0.6} 83.0
+

N144T_T382P 3 274 0.6f 2.6} 4.3y 141 1.0f 2.6 33§ 07 1.6y 2.7{ 544y 06§ 81.0
N144T_P384A 3 26§ 0.6 25} 4.2y 144}y 1.0f 25 3.2y 07 1.6y 2.7{ 54.3y 0.6} 81.0
N144T_L388Y 3 25§ 0.7f 24} 3.9] 14.0{ 0.9} 24 347 07 1.5{ 3.0y 54.7{ 0.7y 82.0
V145W_T382I 3 293§ 0.6f 26} 4.7y 13.0f 0.9} 25 33§ 07 1.5{ 2.6§ 55.5{ 0.3}{ 83.0
V145W _T382Y | 3 26§ 0.6 26} 44§ 165§ 1.6} 2.5 28} 06 1.5§ 2.6y 521 3.3] 77.0
V145W_R383M | 3 2.8§ 0.6{ 2.6} 4.7y 16.1 1.5y 2.6 28} 06 1.6y 24§ 523§ 3.9{ 78.0
V145W _P384A | 3 2.6] 0.6 26} 4.2y 156y 1.1} 27 3.1 0.7 1.6y 2.7y 52.7{ 0.3} 79.0
Mutant AVG 274 0.6 26} 4.5y 144} 11} 25 3.1 0.7 1.6§ 2.6} 54.1 1.3{ 79.0
Mutant SD 0.1 013 0.1y 0.3y 1.7§ 0.3} 0.2 0.3§ 04 0.1 0.2y 21 2.8
Table 20. Lipid Composition and Delta-9 Elongate Conversion Efficiency in Batch #10 Transformants Comprising a Vector Encoding
YILPCAT Having Double Amino Acid Substitutions

% TFAs EPA %
Mutant #:16:0§16:1318:0318:1; LA j ALA{ EDA; DGLA{ ARA {ETrA{ ETA i EPA{ SD § Conv.

WT 29§ 0.7f{ 27} 4.2} 146 1.1 26 3.0 0.6 1.5{ 2.6§ 53.1 1.7 80.1
L134A_T382I 3.0§ 0.7y 2.6y 4.6§ 125§ 0.9y 2.2 3.1 0.6 1.5{ 2.5§ 559§ 0.6{ 83.0
+

L134A_P384G 27§ 06§ 28y 4.2§ 15.9f 1.2y 24 2.8 0.6 15§ 2.4% 52,7y 0.2{ 785
L134A_L388G 2.8§ 06§ 2.7} 4.4} 146 1.1 24 29 0.6 1.5{ 2.5§ 53.9§ 0.3{ 80.3
L134A_L388T 27§ 06§ 28y 4.5} 17.3 1.7{ 24 25 0.5 1.6y 23§ 51.0§ 2.7{ 76.0
L134A_F390G 2.7% 04§ 34§ 54 147 1.2y 241 24 0.5 1.5{ 2.0{ 53.6§ 0.3} 796
L134A_F390S 27§ 05} 3.2y 56} 156 1.7{ 2.2 2.3 0.5 1.5 1.9§ 52,5y 4.4; 77.9
L134A_F390T 2.7§ 05§ 3.0y 4.74{ 144 1.1 2.3 2.8 0.5 1.5{ 2.4} 54.2y 0.5{ 80.5
L134G_T382I 26§ 06§ 28§ 4.7§ 18.2f 2.0y 25 25 0.5 1.5{ 2.4} 49.6f 3.1 74.5
L134G_P384G 263§ 06§ 2.7y 4.2§ 16.3 1.3{ 24 2.7 0.6 15§ 25§ 5247 0.7{ 78.0
L134G_L388G 27§ 06§ 28§ 4.1} 15.0 1.1 25 29 0.6 1.6y 2.6f 5347 0.2¢{ 79.8
L134G_L388T 27§ 0.7{ 26y 4.1} 155 1.2y 25 2.8 0.6 1.6y 2.6f 524§y 0.5;{ 789
L134G_F390G 27§ 04§ 3.2y 5.31 151 1.3y 2.1 24 0.5 1.5y 2.14 53.37 0.0§ 791
L134G_F390S 2.8§ 05§ 3.1} 54i 157 1.7{ 24 2.3 0.5 1.6y 2.2{ 52.0§ 3.6f 77.8
L134G_F390T 26§ 05§ 28} 4.5§ 147 1.1 24 2.8 0.6 1.6y 2.6f 53.5§ 1.0{ 80.0
K137N_P384G 29§ 06§ 27§ 4.1i 144 1.0 24 3.0 0.6 15§ 2.6f 54.2y 0.3} 80.7
K137N_L388G 3.1§ 0.7y 2.6y 4.4 135 1.0{ 2.6 3.2 0.6 15§ 2.6f 54.5§ 1.0{ 81.7
K137N_L388T 3.1§ 0.6 27§y 4.2§ 139§ 1.0f 23 3.0 0.6 1.5{ 2.5{ 54.8] 0.4}{ 81.3
K137N_F390G 24% 05§ 3.0y 5.5 13.1 0.9y 19 2.7 0.5 1.5{ 244 55.2f§ 0.9{ 821
+

K137N_F390S 2.8 05§ 3.2y 55§ 13.9f 1.1 21 26 0.5 15§ 2.1§ 54.5§ 1.2} 809
K137N_F390T 2.8§ 06§ 29y 4.61 141 1.0f 2.2 2.7 0.6 1.6y 2.3{ 54.2y 0.4{ 809
K137H_T382I 3.1§ 0.6] 2.8y 4.7{ 14.8 1.5{ 2.2 2.7 0.5 1.5{ 2.3} 53.7y 4.7{ 794
K137H_P384G 27§ 08§ 24y 4.1% 13.3f 0.9y 23 3.3 0.6 1.6y 3.0f 54.7y 0.3} 82.2
K137H_L388G 3.2§ 0.7{ 25§ 4.3} 125§ 0.9§ 2.2 3.1 0.6 1.5{ 2.5{ 56.2§ 0.6f 831
+

K137H_L388T 3.1§ 0.7y 2.7y 4.3; 13.0§ 0.9y 2.2 3.0 0.6 1.5{ 2.5} 55.6§ 0.1 82.5
+

K137H_F390G 2.8§ 05§ 3.3}y 5.7i{ 146 1.2y 2.0 25 0.5 15§ 2.1f{ 53.6§ 1.2{ 797
K137H_F390S 26§ 06§ 3.1y 6.0§ 12.9f 1.0y 21 26 0.5 1.6y 244 54.5§ 0.8{ 821
K137H_F390T 2.8§ 05§ 29§ 4.9i 14.0 1.0{ 2.2 2.8 0.5 1.5{ 2.5{ 5447 0.6{ 81.0
S140H_T382I 3.3§ 0.7y 2.7y 49; 119y 0.9y 24 3.0 0.6 1.6y 2.6{ 554§ 1.9{ 83.6
+
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% TFAs EPA{ %

Mutant #116:0§16:1{18:0318:1; LA { ALA{EDA | DGLA{ ARA {ETrA { ETA { EPA{ SD jConv.
S140H_P384G 3.0§ 0.7y 2.7y 3.8§ 141 1.0y 22 3.0 0.6 1.6y 2.7 545§ 07§ 81.1
S140H_L388G 3.0f 0.7y 2.5) 42§ 12.7y 087 23 3.2 0.6 1.5y 2.74 55.7{ 0.1§ 83.0
+
S140H_L388T 3.2§ 0.7y 2.5) 41§ 13.2} 09y 24 3.0 0.6 1.7y 2.6f 54.7{ 04} 82.1
S140H_F390G 26§ 05§ 2.8y 55} 13.9¢ 1.0y 20 27 0.5 1.6y 2.6§ 541} 12§ 81.0
S140H_F390S 28§ 05§ 3.1y 5.2; 141 1.1y 22 26 0.5 1.5y 2.2§{ 541§y 04; 806
S140H_F390T 3.0§ 06§ 2.9y 4.7§ 16.0§ 1.3} 25 27 0.5 1.6y 25§ 51.8f 14§ 78.1
N144A_T382I 3.1% 06§ 2.7y 48§ 145; 157 22 27 0.5 1.6y 2.4; 53.8f{ 53 798
N144A P384G 3.0f 0.7y 2.7y 4.0§ 142} 1.0y 24 3.1 0.6 1.6y 2.6f 541}y 0.2§ 80.9
N144A L388G 34f 08§ 2.7y 423§ 132y 1.0y 22 3.1 0.6 1.6y 2.5i 54.7{ 0.2 82.1
N144A L388T 3.2f 0.7y 2.8y 42§ 136; 1.0y 23 3.0 0.6 1.6y 2.5{ 546y 04f 815
N144A_F390G 2.8§ 05§ 3.4y 59; 135} 11 1.9 24 0.5 1.5y 1.9{ 546} 04§ 812
N144A_F390S 27§ 05§ 3.2y 6.0§ 12.8; 1.0y 1.9 25 0.6 1.5y 2.0} 55.6§ 1.2§ 823
+
N144A_F390T 28§ 06§ 2.9y 4.7§ 13.9§ 1.0y 22 2.8 0.6 1.5y 2.5{ 54.5{ 1.1} 81.1
D147Q_T382l 3.2y 0.7y 2.6y 443 12.7; 09y 22 3.1 0.6 1.6y 2.5i 55.6f{ 04; 827
D147Q_P384G 29 06§ 2.7y 413 1643 137 25 27 0.6 1.7y 2.5f 52.0{ 0.2y 77.8
D147Q_L388G 31§ 07§ 2.6y 4.0§ 15.0§ 11{ 25 29y 06 1.7y 2.5{ 534} 04§ 798
D147Q_L388T 27§ 0.7{ 2.6y 4.0 151 1.1y 23 29y 06 1.6y 2.74 6831}y 01§ 797
D147Q_F390G 28§ 05§ 3.1y 5.2} 161 1.5y 23 24 0.5 1.7y 2.2{ 51.7y 16} 777
D147Q_F390S 27§ 05§ 3.1y 51§ 1405 11y 22 25 0.6 1.5y 2.1 54.7{ 0.7§ 80.9
D147Q_F390T 28§ 05§ 2.9y 4.5} 155} 127 24 27 0.6 1.6y 2.4{ 528} 0.5} 79.0
D147H_T382I 3.2§ 07§ 2.6y 46§ 1247y 09§ 23 3.1 0.6 1.6y 2.4{ 558} 0.1§ 83.2
+
D147H_P384G 27§ 07§ 2.5y 3.9{ 150§ 1.0y 24 3.1 0.6 1.8y 2.8§ 52.9{ 0.5§ 79.9
D147H_L388G 29% 0.7{ 2.6y 4.3} 141 1.0y 24 3.0 0.6 1.6y 2.6f 54.3} 0.3} 81.1
D147H_L388T 28§ 06§ 2.6y 4.2; 144; 1.0y 24 3.0 0.6 1.6y 2.6f 54.0{ 0.2; 807
D147H_F390G 28§ 05§ 3.1y 54§ 1547 137 22 25 0.5 1.5y 2.2{ 524} 22} 786
D147H_F390S 28§ 05§ 3.1y 56§ 13.7§ 117 21 26 0.5 1.5y 2.1{ 545§ 0.5 81.1
D147H_F390T 28§ 05§ 2.9) 46; 148; 11y 24 2.8 0.5 1.6y 2.5§ 53.5{ 04j 79.9
G148A_P384G 27§ 0.8§ 2.5y 413 146} 09y 24 3.3 0.6 1.7y 3.1f 631}y 04§ 806
G148A 1 388G 31F 0.7y 2.7y 4.1% 141 1.1y 25 3.0 0.6 1.6y 2.6f 54.3{ 04; 81.0
G148A_L388T 32§ 0.7y 2.9y 4.7 16.7f 197 28 24 0.5 1.7y 2.5{ 50.2y 3.4} 763
+
G148A_F390G 29§ 05§ 3.2y 53} 164} 18] 22 2.2 0.4 1.5y 2.0f 51.7{ 4.4%{ 76.8
G148A_F390S 263 05§ 3.3y 5.8 123} 1.0y 2.1 26 0.5 1.5y 2.0 56.1§ 0.3§] 829
+
G148A_F390T 3.0f 05§ 3.0y 4.6 14.0§ 11y 22 26 0.5 1.6y 2.3f 54.7{ 0.2} 80.9
G148N_T382I 3.6 0.7y 2.7y 433§ 106; 0.7y 22 3.2 0.6 1.4y 2.5i 58.5{ 3.2§ 858
+
G148N_P384G 27§ 06§ 2.7y 4.0;§ 150§ 11§ 25 29y 06 1.5y 2.6f 53.5{ 0.3] 79.8
G148N_L388G 29% 0.7{ 2.6y 4.5§ 150§ 11y 27 3.2 0.6 1.6y 2.9{ 52.2f§ 3.3} 797
G148N L388T 28§ 06§ 2.7y 413 1447 11y 25 3.0 0.6 1.6y 2.7 54.0{ 0.7 80.6
G148N_F390G 25§ 04§ 3.2y 57§ 136} 117 20 25 0.5 1.4y 2.0f{ 55.3fy 0.3} 813
G148N_F390S 25§ 04§ 3.2y 6.0§ 124} 1.0y 2.0 26 0.5 1.4y 2.0f 56.2{ 0.2§ 828
+
G148N_F390T 27§ 05§ 3.0y 4.8; 16.2; 1.7y 24 26 0.5 1.5y 2.5f 52.0§ 3.8f 774
Mutant AVG 29 06§ 2.8y 4.7 143} 11y 23 2.8 0.6 1.6y 2.4f 539§ 1.1{ 804
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[0237] Based on the data set forth above, it is clear that most of the 167 YILPCAT double mutants analyzed above functioned with
approximately equal or improved activity when compared to the parent wild type enzyme (SEQ ID NO:46). This conclusion was
made based on measuring LPCAT activity as a function of EPA % TFAs and/or % Conv.

[0238] More specifically, 106 YILPCAT mutants comprising a single amino acid mutation within Motif | and a single amino acid
mutation within Motif Il were found to exhibit equivalent or improved EPA % TFAs and equivalent or improved % Conv. These
mutants were L134A_T382l, L134A_L388G, L134A_F390T M136S_F378Y, M136S-T382I, M136S_T382P, M136S_T382Y,
M136S_R383M, M136S_P384A, M136S_L388Y, M136S_T389A, M136S_T389C, M136S_T389S, M136V_T382P, M136V_T382Y,
M136V_P384A, M136V_L388Y, M136V_T389A, M136V_T389C, M136V-T389S, K137H_P384G, K137H_L388G, K137H_L388T,
K137H_F390S, K137H_F390T, K137N_T382P, K137N_R383M, K137N_P384G, K137N_F378Y, K137N_L388G, K137N_L388T,
K137N_T389A, K137N_T389C, K137N_T389S, K137N_F390G, K137N_F390S, K137N_F390T, S140H_T382l, S140H_P384G,
S140H_L388G, S140H_L388T, S140H_F390G, S140H_F390S, S140W-T382l, S140W-T382P, S140W-T382Y, S140W_R383M,
S140W_P384A, S140W_L388Y, S140W_T389A, S140W_T389C, F141M_F378Y, F141M_T382Y, F141M_R383M, F141M_P384A,
F141M_T389C, F141W_F378Y, F141W_T382I, F141W_T382P, F141W_T382Y, F141W_R383M, F141W_P384A, F141W_T389A,
F141W_T389C, F141W_T389S, N144A P384G, N144A_L388G, N144A_L388T, N144A_F390G, N144A_F390S, N144A_F390T,
N144T_F378Y, N144T_T382P, N144T_T382Y, N144T_R383M, N144T_P384A, N144T_L388Y, N144T_T389A, N144T_T389C,
N144T_T389S, V145M_T382I, V145M_R383M, V145M_T389A, V145M_T389C, V145W_T382I, D147H_T382I, D147H_L388G,
D147H_L388T, D147H_F390S, D147Q_T382l, D147Q_F390S, G148A_F378Y, G148A_T382I, G148A_T382Y, G148A_R383M,
G148A_P384G, G148A_L388G, G148A_L388Y, G148A T389A, G148A_T389C, G148A_F390S, G148A F390T, G148N_T382I,
G148N_L388T, G148N_F390G and G148N_F390S).

[0239] An additional 15 YILPCAT double mutants (of the 167 analyzed) had equivalent or improved EPA % TFAs when compared to
the control, while an additional 6 YILPCAT double mutants (of the 167 analyzed) were determined to have equivalent or improved %
Conv. when compared to the control.

Confirmation of Improved LPCAT Activity by Flask Assay

[0240] A total of 23 YILPCAT double mutants, each comprising a single amino acid mutation within Motif | and a single amino acid
mutation within Motif 1, and having equivalent or improved EPA % TFAs and/or equivalent or improved % Conv., were selected for
further evaluation (these mutants are noted in bold and with a "+" in Tables 17-20). These mutants were: S140W_T382P,
S140W_T389A, M136V_T389A, M136V_T389C, M136V_T389S, K137N_T389A, K137N_T389C, K137N_T389S, M136S_T389A,
M136S_T389C, M136S_T389S, F141W_T382l, L134A_T382l, K137N_F390G, K137H_L388G, K137H_L388T, S140H_T382I,
S140H_L388G, N144A_F390S, D147H_T382I, G148A F390S, G148N_T382I and G148N_F390S. Additionally, mutants
M136V_F378Y and G148A_L388T, each having slightly diminished EPA % TFAs and slightly diminished % Conv. in comparison to
the control, were selected for further evaluation.

[0241] Transformants expressing these double mutant YILPCAT proteins were subjected to flask assays for a detailed analysis of
the total lipid content and composition. Specifically, the double mutant strains were individually inoculated into 3 mL FM in 15-mL
Falcon™ tubes and grown overnight at 30 °C and 250 rpm. The ODggonm Was measured and an aliquot of the cells was added to a
final ODgponm ©f 0.3 in 25 mL FM medium in a 125-mL flask. After 2 days in a Multitron shaking incubator at 250 rpm and at 30 °C, 6
mL of the culture was harvested by centrifugation and resuspended in 25 mL HGM in the original 125-mL flask. After 5 days in a
shaking incubator at 250 rpm and at 30 °C, water was added to flasks to bring the total volume back to 25 mL (thereby accounting
for evaporation). An aliquot was used for fatty acid analysis (above) and 10 mL of the culture was dried for dry cell weight
determination.

[0242] For DCW determination, 10 mL culture was harvested by centrifugation for 5 min at 4000 rpm in a Beckman GH-3.8 rotor in
a Beckman GS-6R centrifuge. The pellet was resuspended in 25 mL of water and re-harvested as above. The washed pellet was re-
suspended in 20 mL of water and transferred to a pre-weighed aluminum pan. The cell suspension was dried overnight in a vacuum
oven at 80 °C. The weight of the cells was determined.

[0243] The flask assay results are shown below in Tables 21 (Group I) and 22 (Group Il). The Tables summarize the number of
replicates analyzed for each particular transformant ["#"], the average total dry cell weight of the cells ['DCW"], the average total lipid
content of the cells ['TFAs % DCW"], the average concentration of each fatty acid as a weight percent of TFAs ["% TFAs"], the delta-
9 elongase conversion efficiency ['% Conv."] and the average EPA content as a percent of the dry cell weight ["EPA % DCW"].

Table 21. Total Lipid Content, Composition and Delta-9 Elongate Conversion Efficiency in Selected Transformants Comprising a
Vector Encoding YILPCAT Having Double Amino Acid Substitutions, by Flask Assay (Group |
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Mutant |#] DC | TFA % TFAs % | EPA
W | s% 6. 116: ] 18: | 18: | LA | AL | ED |DGL | AR | ETr| ET | EP {COnV{ %
@L){DCWE 5 1 110§ 1 AlAjAiAalAaiAa]Aa] - ibC
WT 21 371 26.0f 2.71 0.7] 2.6] 48! 13.7] 1.11 2.5] 3.5{ 1.0} 0.7 53.9] 81.3] 14.0
ST40W T382P1 2]  3.9] 286 2.71 0.7} 2.5] 5.2} 11.8] 0.9] 2.6] 4.0{ 1.1} 09! 3.3] 54.2] 83.8] 155
S140W _T389AL 2] 4.0] 28.2) 2.7} 0.6] 2.8] 6.1} 11.7] 0.9] 2.4] 3.4] 0.9] 06{ 2.5| 555] 83.7] 157
M136V F378Y | 2]  4.0] 27.71 2.9} 0.7] 2.5{ 5.4} 12.0] 0.9} 2.7] 3.7] 1.0} 0.7} 3.0{ 54.2] 83.4] 15.0
M136V T389A 1 2] 4.1] 2711 2.8] 0.6] 2.8] 5.91 12.01 1.0 2.5] 3.3] 1.0} 0.7} 2.6} 54.6] 83.3] 14.8
M136V_T389C 2] 4.0] 27.3] 3.0} 0.5] 2.71 5.0] 11.6] 1.0] 2.6] 3.3] 1.0] 06{ 2.6] 56.2 84.0] 154

+
M136V_T389S
K137N_T389A
K137N_T389C
K137N_T389S

M136S_T389A
+

M136S_T389C} 2§y 3.9{ 26.9{ 3.0§ 0.5§ 2.8§ 5.3{ 11.7{ 1.0§ 2.5§ 3.3} 0.9§ 0.7{ 2.6§ 56.0§ 83.9{ 15.1
+

M136S_T389S | 2; 3.7{ 27.7{ 2.8; 0.6] 2.9§ 5.8} 11.4; 1.0 2.3§ 3.1§ 1.0§ 0.7{ 2.4} 55.8] 84.1; 15.5
+

F141W_T382I { 2{ 3.8y 28.7{ 2.5§ 0.8} 2.5y 5.7} 11.9} 0.8y 267 4.2§ 1.0 0.7{ 3.4} 53.4] 83.7§ 15.3

Table 22. Total Lipid Content, Composition and Delta-9 Elongate Conversion Efficiency in Selected Transformants Comprising a
Vector Encoding YILPCAT Having Double Amino Acid Substitutions, by Flask Assay (Group Il

4.0y 28.2} 2.8§ 0.6f 2.8§ 5.8{ 11.74{ 1.0§ 2.5{ 3.3} 1.0} 0.7{ 2.6§ 54.8§ 83.7{ 155
3.8 25.8] 3.0 0.5 3.0} 5.6} 121§ 1.1} 2.4} 3.1y 0.9§ 0.6] 2.3} 55.8] 83.2] 144
4.0y 27.4} 2.8§ 0.8f 2.5§ 54§ 13.2{ 1.0y 2.8{ 3.8{ 1.0§ 0.6{ 3.1y 53.2§ 81.9{ 146
3.9{ 27.2} 2.7} 0.7 2.7§{ 6.0} 123§ 1.0§ 2.6 3.5y 0.9§ 0.6y 2.6§ 54.8] 83.0§ 14.9
3.9{ 27.7y 2.7} 0.6} 2.8} 59} 11.7{ 1.0§ 2.5{ 3.3y 0.9§ 0.6y 2.5] 55.8] 83.9{ 155

NEIENIENENEIN

Mutant #DCW|TFAs % TFAs % §{EPA
(g/L)i % Conv.y %

DCwi16:0§16:118:0§18:1] LA JALAJEDA{DGLA{ARA{ETrA{ETA{EPA DCW

WT 2.0 {26.0§ 3.0§ 0.7§ 2.5] 4.2413.7{ 0.9 24 34§ 0.7y 0.5§ 3.5{54.7 82§ 14.2

L134A_T382I 2.0 {2404 3.3§ 0.7§ 267 441126y 0.9] 2.2 3.5 0.8y 0.6} 3.5{53.3 83§ 12.9

K137N_F390G 21 32734§ 21} 04} 2.5; 6.2§124§ 0.9} 1.9 3.7{ 0.8} 0.8} 3.8{54.1 83] 14.8
K137H_L388G 20 §281 4 3.2§ 0.7f 24} 43126y 0.9}y 24 3.5} 0.8y 0.6} 3.5{54.6 83§ 154
K137H_L388T 20 12743 2.9f 0.7f 24; 44i13.2y 0.9} 24 3.6} 0.7y 0.6 3.5{54.8 82§ 15.0
S140H_T382I 21 12134 34§ 0.9{ 2.6} 4.8{12.6§ 0.9y 24 3.7¢ 0.7y 0.5§ 3.6{52.7 82y 11.3
S140H_L388G 20 §261 % 2.7 0.8} 2.2] 44i13.0y 0.9} 25 3.9} 0.7y 0.6§ 4.0i{54.3 83§ 14.2

N144A_F390S 21 126.2§ 263 04} 2.8; 6.7}{12.0y 0.8y 1.9 3.2y 0.7y 0.5} 3.1{55.9 84; 14.7
+

D147H_T382I 21 312664 3.0f 0.7{ 2.3} 4.6§12.4] 0.9} 24 36§ 0.8}y 0.5§ 3.7{54.3 83§ 144

G148A_F390S 21 12704 2.8§ 04§ 3.0f§ 6.5{12.0y 0.8y 2.1 2.9} 08§ 0.7{ 3.0{55.1 83§ 14.9
+

G148N_T382I 1.9 1265 3.3] 0.7} 2.3} 4.7{12.2y 0.8§ 2.3 3.5§ 0.8}y 0.6f 3.5}56.7 847 15.0
+

G148N_F3908 21 {26.7§ 2.8§ 04} 29§ 6.5{12.0y 0.8y 2.0 3.0§ 0.7y 0.6§ 2.9{55.9 84§ 14.9
+

G148A_1388T 20 3247 % 25§ 06§ 2.2] 54i11.7y 0.9} 2.2 3.6} 0.8}y 05§ 3.7i{55.1 84§ 13.6

[0244] Of the 25 YILPCAT double mutants analyzed, each comprising a single amino acid mutation within Motif | and a single amino
acid mutation within Motif 1l, 17 were observed to have both equivalent or improved EPA % TFAs and equivalent or improved %
Conv., while the remaining 8 had equivalent or improved % Conv.

[0245] Based on the data set forth above, 22 of the 25 YILPCAT double mutants analyzed above functioned with improved activity
when compared to the parent wild type enzyme (SEQ ID NO:46).

[0246] Also, the over-expression of certain double-mutant LPCAT polypeptides resulted in increased total lipid content (TFAs %
DCW) in the recombinant Yarrowia. For example, over-expression of mutant LPCAT polypeptides comprising the S140W_T382P,
S140W_T389A, M136V_T389S and F141W_T382I, or K137H_L388G mutation pairs resulted in total lipid contents that were 8% or
more increased relative to the total lipid content of the control (Tables 21 and 22). Interestingly, certain transformants had both
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increased total lipid content and EPA % TFAs. For example, transformants that over-expressed LPCATs with S140W_T389A,
M136V_T389C, M136S_T389A, or M136S_T389S mutation pairs had at least a 5% increase in total lipid content and at least a ~3%
increase in EPA % TFAs with respect to control (Tables 21 and 22). This is a significant observation since it had previously been
difficult to induce a simultaneous increase in both total lipid content and EPA % TFAs. Usually, an increase in total lipid content had
corresponded with a decrease in EPA % TFAs, and vice versa.

[0247] The double mutant YILPCAT polypeptides listed in bold and with a "+" in Tables 21 and 22, i.e., M136S_T389A,
M136S_T389C, M136S_T389S, M136V_T389C, N144A_F390S, G148A_F390S, G148N_T382l and G148N_F390S, are disclosed
herein as SEQ ID NOs:79, 81, 83, 85, 87, 89, 91 and 93, respectively.

EXAMPLE 7

Over-Expression of Yarrowia lipolytica PDAT along with Over-Expression of a Mutant Yarrowia lipolytica LPCAT for EPA
Production

[0248] The present Example describes over-expression of a Y. lipolytica PDAT in a Y. lipolytica strain engineered to produce high
levels of lipids containing eicosapentaenoic acid ["EPA"], wherein the strain also over-expresses a mutant Y. lipolytica LPCAT
comprising a single mutation within Motif | and/or a single mutation within Motif II.

[0249] More specifically, any of the preferred mutant YILPCAT polynucleotides described in Example 6 would be cloned into
expression plasmid pY301 (SEQ ID NO:44, Example 2), to replace the polynucleotide encoding wild type YILPCAT with a
polynucleotide encoding a mutant YILPCAT. This modified plasmid would then be used to transform any preferred strain of Y.
lipolytica that had been engineered to produce a PUFA, e.g., EPA. The transformed Yarrowia would be grown and analyzed for lipid
content and PUFA production as in Example 2.

SEQUENCE LISTING

[0250]

<110> E.I. du Pont de Nemours & Company, Inc.
Yadav, Narendra

Bostick, Michael

Zhang, Hongxiang

Zhu, Quinn

<120> IMPROVED PRODUCTION OF POLYUNSATURATED FATTY ACIDS BY COEXPRESSION OF ACYL-
CoALYSOPHOSPHATIDYLCHOLINE ACYLTRANSFERASES AND PHOSPHOLIPID:DIACYLGLYCEROL ACYLTRANSFERASES

<130> CL5558USNP

<150> US 61/661,615
<151> 2012-06-19

<160> 93
<170> PatentIn version 3.5

<210> 1

<211> 1860

<212> DNA

<213> Saccharomyces cerevisiae

<220>

<221> CDS

<222> (1)..(1860)

<223> GenBank Accession No. NP_014818; "YOR175C"

<300>
<302> Genes encoding a novel type of lysophophatidylcholine acyltransferases and their use to increase triacylglycerol production
and/or modify fatty acid composition



<310> US-2008-0145867-A1
<311> 2007-06-15
<312> 2008-06-19
<313> (1)..(1860)

<300>
<302> Genes encoding a novel type of lysophophatidylcholine acyltransferases and their use to increase triacylglycerol production
and/or modify fatty acid composition

<310> WO 2008/076377
<311> 2007-12-13
<312> 2008-06-26
<313> (1)..(1860)

<300>
<302> USE OF A CLASS OF GENES ENCODING LYSOPHOSPHOLIPID ACYL TRANSFERASES FOR APPLICATION IN
AGRICULTURE, BIOTECHNOLOGY AND MEDICINE

<310> WO 2009/001315
<311> 2008-06-25
<312> 2008-12-31
<313> (1)..(1860)

<400> 1

atg tad aat cot gty gac got gtt tta aca dag ata att ace dac tat
Asn Pro Val Asp Ala Val Leu Thr Lys Ile Ile Thr Asn Tyr
15

Met Tyr

1

g9
Gly

tte
Phe

tta

gty
Val
65

ttt
Phe

ttg
Leu

gee
Ala

tea
Ser

tat
Tyr
145

ctg
Leu

gat
Asp

ttg

aga
Arg
22%

g9t
Gly

gta
val

att
Tle

coa
Pro

aaa
Lys
50

ctyg
Leu

act
Thr

aat
Asn

caa
Gln

caa
Gl
130

gat
Asp

caa
Gln

gca
Ala

tat
Tyr

ect
Pro
210

cag
Gln

ctt
Leu

aaa
Lys

gat
Asp

ctg
Leu
35

tgt
Cys

aat
Asn

tac

tte
Phe

tte
Phe
115

atq
Met

ggt
Gly

Lys

tat
Tyr

goc
Ala
195

gaa

Glu

att
Ile

get
Ala

tac
Tyz

agt
Ser
20

aat
Asn

tgt
Cys

cta
Leu

ttg
Leu

atg
Met
100

Leu

gtt
Val

teca
Ser

tet
Ser

gea
Ala
180

gat
Asp

age
Ser

cca
Pro

tgyg
Trp

gtt
val

5

ttt
Phe

gat
Ala

ttt
Phe

gta
val

atc
Ile
85

ttt
Phe

aag
Asgrn

tta
Leu

tge
Cys

agt
Arg
165

ttt
Phe

ttt
Phe

aaa
Lys

aag
Lys

atg
Met
245

ttg
Leu

aca
Thr

att
Ile

atc
Ile

agt
Ser
70

tea
Ser

gtt
Val

gaa
Glu

gec
Ala

act
Thr
150

gct.
Ala

tte
Phe

gac
Asp

aag
Lys

aat
Asn
230

att
Ile

gag
Asgp

ctg
Leu

ttg
Leu

att
Ile
55

gga
Gly

aga
Arg

atg
Met

cag
Gln

atg
Met
135

age
Ser

gte
Val

tat
Tyr

age
Ser

[=1=1
Pro
215

gat
Gly

tta
Leu

aaa
Lys

ega
Arg

aag
Lys
40

tct

Ser

tte
Phe

ttt
Phe

ggt
Gly

act
Thr
120
aaa
Lys

gaa
Glu

aga.
Arg

tea
Ser

tgg
200
atg

Met

aaa
Lys

agt
Ser

gat
asp

tat
Tyr
25

aga
Arg

atg
Met

agg
Arg

tac
Tyr

cat
His
105

caa
Gln

cta
Leu

age
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235

gtg gac tct cga

Gln Val Asp Ser Arg

ace
Thr

250

265

ggt
Gly
280

gga

aag gag cac aac
Lys Glu His Asn

tte atyg tac cga
Phe Met Tyr Arg

gee tge ate ttg

Gly Ala Cys Ile Leu

act
Thr

tte
Phe

aac
Asn

aag
Lys
360

toe

300

ggc aag tac aag
Gly Lys Tyr Lys

315

330

gaa act ggt caa
Glu Thr Gly Gln

act aac aag tgyg
Thr Asn Lys Trp
345

ggce caa aag cct
Gly Gln Lys Pro

gee tte tgg cat

Ser Ala Phe Trp Hig

aco

380

got gee atg tac

Thr Ala Ala Met Tyr
395

cga
Arg

atec
Ile

tae

410

céee tte tte atg
Pro Phe Fhe Met

tac tac gac att
Tyr Tyr Asp Ile
425

gct ace cag tec

Tyr Ala Thr Gln Ser

440

tgt
Cys

ttt
Phe

aaa
Lys

gtg
val

tgg aag
Trp Lys

gca att
Ala Ile

aag cag
Lys Gln
430

aag aag

Lyg Lys
505

10

aac tce
Asn Ser

Phe Lys Glu Leu

205

aag
Lys

gec
Ala

ate
Ile

atc
Ile

cte
Leu
285

tet
Ser

tgg
Trp

aac
Asn

cta
Leu

gga
Gly
365

gga
Gly

cag
Gln

gag
Glu

gtg
Val

tEt
Phe
445

460

tct age
Ser Ser

475

get gga
Ala Gly

gac acc
Asp Thr

tgg
Trp

ccc
Fro

gee
Ala

ate
Ile

cga
Arg

get
Ala

tee
Ser

ttt
Phe
270

aag

Lys

gge
Gly

gad
Asp

aca
Thr
aga
350
tte

Phe

act
Thr

tet
Ser

tet
Ser

tgt
Cys
430

atg
Met

cac aag
His Lys

ggt ate
Gly Ile
240

acc gcc
Thr aAla

255

gga cga
Gly Arg

tac tac
Tyr Tyr

cte gga
Leu Gly

cegt gka
Arg Vval
320

aag gct
Lys ala

335

aae tat
Asn Tyr

cga gee
Arg Ala

cga act
Arg Pro

gtt ggt
val Gly
200

gat gga
Asp Gly

415

tgg ate
Trp ILle

att cta
Ile Leu

tte oty
Phe Leu

tac aag
Tyr Lys

gte act
Val Thr

495

aag acc
Lys Thr

510

15

tac
Tyr

gca
Ala
480

gaa

Asp

aag
Lys

576

624

672

720

768

818

864

912

960

1008

1056

1104

1152

1200

1248

129¢

1344

1332

1440

1488

1536

153%
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Thr

Ser

Gly

65

Met

val

Ser

Gly

val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Thr

Gly
385

Lys

Lys

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

290

His

Azn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

Leu

Pro

35

Lys

Phe

Thr

FPhe

Fhe

115

Gln

Asp

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

AXg

Phe

180

Phe

Lys

Ser

Val

Ser

260

Leu

Ser

Vval

Azp

Ala

340

Arg

The

Leu

Arg

Gly
420

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

Val

Trp

Ala

165

Tyr

His

Asp

Gly

Leu

245

Asp

Tyr

Asp

Pro
325

Trp

Vval

Phe

Thr

Arg
405

Pro

Asp

Ser

Tyr

Tyr

70

Ile

val

Glu

Leu

Gln

150

val

Phe

Asn

Fro

Ile

230

Ala

Met

Ser

Pro

310

Asn

Val

val

Fhe
390

Tyr

Tyr

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

2158

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

Val

375

val

Leu

Lys

Leu

Met

40

Gly

Gln

Thr

Tyr

120

Met

Gla

Lys

Sar

Leu

200

Arg

ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Lys

25

Lys

Ser

Ala

Trp

His

105

Asp

Lys

Lys

His

Ile

185

Asp

Ala

Ser

Vval

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr
425

Ile

Arg

val

Ala

Lys

90

Leu

Pro

Leu

Gly

Pro

170

Leu

Leu

Ala

asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe
410

Ala Phe Thr

Leu Pro Asp
45

Ser Ile Fhe
60

Thr Leu Lei
15

Ser Pro Tyr

Fhe val Asn

Asn Val Ile
125

Ser Ser Phe
140

Glu Gln Leu

155

Ser Leu Met

Thr Gly Pro

Ser Leu Phe
205

Arg Arg Lys
220

Lys Leu Ala
235

Ser Arg Ile

His Asn Ile

Tyr Arg Leu
285

Ile Leu Ser
300

Tyr Lys Trp
315

Gly Gln asn

Lys Trp Leu

Lyg Pro Gly
365

Trp Hig Gly
380

Met Tyr Gln
395

Leu

30

Asp

Tyxr

Phe

Met

His

110

Asp

Gly

Ser

Asp

Ser

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

val

Ala

Met

Ser

Pro

95

Leu

Ile

Tep

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leun

Arg

Lys

335

Asn

Arg

val

Met

Lys

val

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

asp

Leu

Lys

Ile

240

ala

Arg

Tyr

Gly

Val

320

Ala

Tyr

Ala

Pro

Gly
400

Phe Met Glu Ser Asp Gly

415

Tyr Asp Ile Val Cys Trp Ile

430
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Val Val Glu Thr Ala Phe Gly Tyr Ala Thr Gln Ser Phe Met Ile Leu
435 440 445

Asp Phe Trp Leu Ser Leu Lys Cys Trp Lys Asn Ser Trp Phe Leu Tyr
450 455 460

Hig Ile Ala Leu Gly Ala Ile FPhe Ala Ile Ser Ser Pro Tyr Lys Ala
465 470 475 480

Trp Ala Ile Pro Lys Ile Lys Lys Lys Gln Ala Gly Ala val Thr Asp
485 490 495

Lys Lys Asp Ala Lys Glu Glu Val Lys Lys Asp Thr Ile Lys Thr Lys
500 505 510

<210> 5

<211>12

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (4)..(6)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (9)..(11)

<223> Xaa can be any naturally occurring amino acid

<300>

<301> Hideo Shindou, Miki Etoa, Ryo Morimotoa and Takao Shimizua
<302> Identification of membrane O-acyltransferase family motifs
<303> Biochemical and Biophysical Research Communications
<304> 383

<305> 3

<306> 320-325

<307> 2009-04-08

<313> (1) .. (12)

<400> 5

Trp His Gly Xaa Xaa Xaa Gly Tyr Xaa Xaa Xaa Phe
1 5 10

<210> 6

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (2)..(5)

<223> Xaa can be any naturally occurring amino acid

<300>

<301> Hideo Shindou, Miki Etoa, Ryo Morimotoa and Takao Shimizua
<302> Identification of membrane O-acyltransferase family motifs
<303> Biochemical and Biophysical Research Communications
<304> 383

<305> 3

<306> 320-325

DK/EP 2861728 T3



<307> 2009-04-08
<313> (1)..(6)

<400> 6

Tyr Xaa Xaa Xaa Xaa Phe
1 5
<210>7

<211>9

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (2)..(4)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(7)..(8)

<223> Xaa can be any naturally occurring amino acid

<300>

<301> Hideo Shindou, Miki Etoa, Ryo Morimotoa and Takao Shimizua
<302> Identification of membrane O-acyltransferase family motifs
<303> Biochemical and Biophysical Research Communications

<304> 383
<305> 3

<306> 320-325
<307> 2009-04-08
<313> (1)..(9)

<400> 7

Tyr Xaa Xaa Xaa Tyr Phe Xaa Xaa His
1 5

<210> 8

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE
<222>(2)..(2)

<223> Xaa = Val [V] or lle [I]

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Leu [L] or lle [1]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222>(7)..(7)

<223> Xaa = Leu [L] or lle [I] or Val [V]

DK/EP 2861728 T3
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<220>

<221> misc_feature

<222> (8)..(15)

<223> Xaa can be any naturally occurring amino acid

<300>
<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO
INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent Publication No. 2008-0145867-A1
<311> 2007-06-15

<312> 2008-06-19

<313> (1)..(15)

<400> 8
Met. Xaa Xaa Xaa Xaa Lys Xaa Xaa Xaa Xaa Xaa Xae Xaa Xaa Xaa Asp
1 5 10 15

Gly

<210>9

<211> 24

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222>(2)..(2)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (6)..(7)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (9)..(11)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa = Glu [E] or Asp [D]

<220>

<221> MISC_FEATURE
<222> (13)..(13)

<223> Xaa = Ala [A] or Gly [G]

<220>

<221> misc_feature

<222> (14)..(18)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (20)..(20)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222> (22)..(22)

<223> Xaa = Phe [F] or Tyr [Y]



<220>

<221> misc_feature

<222> (23)..(23)

<223> Xaa can be any naturally occurring amino acid

<300>

DK/EP 2861728 T3

<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO

INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent Publication No. 2008-0145867-A1
<311> 2007-06-15

<312> 2008-06-19

<313> (1)..(15)

<400>9

Arg Xaa Lys Tyr Tyr Xaa Xaa Trp Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5 10

Xaa Xaa Gly Xaa Gly Xaa Xaa Gly
20

<210>10

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (2)..(12)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (15)..(16)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222> (17)..(17)

<223> Xaa = Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (18)..(19)

<223> Xaa can be any naturally occurring amino acid

<300>

<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO

INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent Publication No. 2008-0145867-A1
<311> 2007-06-15

<312> 2008-06-19

<313> (1)..(15)

<400> 10

Glu Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp Asn Xaa Xaa

1 5 10

Xaa Xaa Xaa Trp
20

<210> 11
<211>15
<212> PRT



<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(7)..(8)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(12)..(13)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE
<222> (14)..(14)

<223> Xaa = Thr [T] or Phe [F]

<300>

DK/EP 2861728 T3

<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO

INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent Publication No. 2008-0145867-A1
<311> 2007-06-15

<312> 2008-06-19

<313> (1)..(15)

<400> 11

Ser Ala Xaa Trp His Gly Xaa Xaa Pro Gly Tyr Xaa Xaa Xaa Phe

1 5 10

<210>12

<211>17

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE
<222>(2)..(2)

<223> Xaa = Val [V] or lle [I]

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Leu [L] or lle [I] or Val [V]

<220>

<221> misc_feature

<222> (4)..(4)

<223> Xaa = Ala [A] or Cys [C] or Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa = GIn [Q] or Leu [L] or Met [M]

<220>



DK/EP 2861728 T3

<221> MISC_FEATURE
<222>(7)..(7)
<223> Xaa = Leu [L] or lle [I] or Met [M] or Val [V]

<220>

<221> misc_feature

<222> (8)..(8)

<223> Xaa = lle [I] or Ser [S] or Thr [T] or Tyr [Y]

<220>

<221> misc_feature

<222>(9)..(9)

<223> Xaa = Ala [A] or Gly [G] or Met [M] or Ser [S] or Thr [T]

<220>

<221> misc_feature

<222> (10)..(10)

<223> Xaa = Cys [C] or Leu [L] or Phe [F] or Tyr [Y]

<220>

<221> misc_feature

<222> (11)..(11)

<223> Xaa = Ala [A] or Cys [C] or Gly [G] or Ser [S]

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa = Cys [C] or lle [I] or Met [M] or Phe [F] or Trp [W] or Tyr [Y]

<220>

<221> misc_feature

<222> (13)..(13)

<223> Xaa = Asn [N] or Asp [D] or Glu [E] or GIn [Q] or Ser [S]

<220>

<221> misc_feature

<222> (14)..(14)

<223> Xaa = lle [I] or Leu [L] or Tyr [Y] or Val [V]

<220>

<221> misc_feature

<222> (15)..(15)

<223> Xaa = Ala [A] or Asn [N] or His [H] or Ser [S] or Thr [T] or Tyr [Y]

<300>
<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO
INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent 7,732,155
<311> 2007-06-15

<312> 2010-06-08

<313> (1)..(17)

<400> 12

Met. Xaa Xaa Xaa Xaa Lys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp
1 5 10 15

Gly

<210>13

<211> 24

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif
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<220>

<221> misc_feature

<222>(2)..(2)

<223> Xaa = Leu [L] or Met [M] or Phe [F] or Pro [P] or Trp [W] or Tyr [Y]

<220>

<221> misc_feature

<222> (6)..(6)

<223> Xaa = Ala [A] or Gly [G] or His [H] or Phe [F] or Ser [S]

<220>

<221> misc_feature

<222>(7)..(7)

<223> Xaa = Ala [A] or Cys [C] or lle [I] or Val [V]

<220>

<221> misc_feature

<222>(9)..(9)

<223> Xaa = Glu [E] or Leu [L] or Met [M] or Ser [S] or Thr [T] or Tyr [Y]

<220>

<221> misc_feature

<222> (10)..(10)

<223> Xaa = Asn [N] or lle [I] or Leu [L]

<220>

<221> misc_feature

<222> (11)..(11)

<223> Xaa = Ala [A] or Ser [S] or Thr [T]

<220>

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa = Glu [E] or Asp [D]

<220>

<221> MISC_FEATURE
<222> (13)..(13)

<223> Xaa = Ala [A] or Gly [G]

<220>

<221> misc_feature

<222> (14)..(14)

<223> Xaa = Ala [A] or lle [I] or Ser [S] or Val [V]

<220>

<221> misc_feature

<222> (15)..(15)

<223> Xaa = Asn [N] or Cys [C] or His [H] or lle [I] or Leu [L] or Ser [S]

<220>

<221> misc_feature

<222> (16)..(16)

<223> Xaa = Asn [N] or lle [I] or Val [V]

<220>

<221> misc_feature

<222> (17)..(17)

<223> Xaa = Ala [A] or Asn [N] or Cys [C] or lle [I] or Leu [L]

<220>

<221> misc_feature

<222> (18)..(18)

<223> Xaa = Ala [A] or Cys [C] or lle [I] or Ser [S] or Trp [W]

<220>
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<221> misc_feature
<222> (20)..(20)
<223> Xaa = Ala [A] or lle [I] or Leu [L] or Met [M] or Phe [F]

<220>

<221> MISC_FEATURE
<222> (22)..(22)

<223> Xaa = Phe [F] or Tyr [Y]

<220>

<221> misc_feature

<222> (23)..(23)

<223> Xaa = Arg [R] or Asn [N] or Glu [E] or Lys [K] or Ser [S] or Thr [T]

<300>
<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO
INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent 7,732,155
<311> 2007-06-15

<312> 2010-06-08

<313> (1)..(15)

<400> 13
Aryg Xaa Lys Tyr Tyr Xaa Xaa Trp Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10 15

Xaa Xaa Gly Xaa Gly Xaa Xaa Gly
20

<210> 14

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222>(2)..(2)

<223> Xaa = Leu [L] or Met [M] or Phe [F] or Thr [T]

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa = Ala [A] or Ser [S]

<220>

<221> misc_feature

<222> (4)..(4)

<223> Xaa = Asp [D] or GIn [Q] or Lys [K] or Pro [P] or Thr [T]

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa = Asn [N] or Ser [S]

<220>

<221> misc_feature

<222> (6)..(6)

<223> Xaa = Ala [A] or lle [I] or Leu [L] or Met [M] or Phe [F] or Ser [S]or Thr [T]

<220>

<221> misc_feature

<222>(7)..(7)

<223> Xaa = Arg [R] or His [H] or Lys [K] or Val [V]



<220>

<221> misc_feature

<222> (8)..(8)

<223> Xaa = Asp [D] or Cys [C] or Gly [G] or Glu [E] or GIn [Q] or Met [M] or Thr [T]

<220>

<221> misc_feature

<222>(9)..(9)

<223> Xaa = Ala [A] or lle [I] or Leu [L] or Met [M] or Phe [F] or Tyr [Y]

<220>

<221> misc_feature

<222> (10)..(10)

<223> Xaa = lle [I] or Leu [L] or Pro [P] or Ser [S]

<220>

<221> misc_feature

<222> (11)..(11)

<223> Xaa = Ala [A] or Asn [N] or Asp [D] or Gly [G] or Glu [E] or Leu [L]

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa = Ala [A] or Asn [N] or Met [M] or Phe [F] or Ser [S] or Val [V]

<220>

<221> misc_feature

<222> (15)..(15)

<223> Xaa = Cys [C] or lle [I] or Lys [K] or Met [M]

<220>

<221> misc_feature

<222> (16)..(16)

<223> Xaa = Asn [N] or Gly [G] or GIn [Q] or Lys [K]

<220>

<221> MISC_FEATURE
<222> (17)..(17)

<223> Xaa = Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (18)..(18)

<223> Xaa = Ala [A] or Asn [N] or Ser [S]

<220>

<221> misc_feature

<222>(19)..(19)

<223> Xaa = Arg [R] or Asn [N] or His [H] or Leu [L] or Lys [K] or Thr [T]

<300>

DK/EP 2861728 T3

<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO

INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent 7,732,155
<311> 2007-06-15

<312> 2010-06-08

<313> (1)..(15)

<400> 14
Glu Xaa Xaa Xaa Xaa Xaa Xaa Xaad Xaa Xaa Xaa Xaa Trp Asn Xaa Xaa
1 5 10 15

Xaa Xaa Xaa Trp
20

<210> 15



<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa = lle [I] or Met [M] or Phe [F] or Val [V]

<220>

<221> misc_feature

<222>(7)..(7)

<223> Xaa = Leu [L] or Phe [F] or Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (8)..(8)

<223> Xaa = Arg [R] or Ser [S] or Tyr [Y]

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa = lle [I] or Met [M] or Tyr [Y]

<220>

<221> misc_feature

<222> (13)..(13)

<223> Xaa = lle [I] or Leu [L] or Met [M] or Phe [F]

<220>

<221> MISC_FEATURE
<222> (14)..(14)

<223> Xaa = Thr [T] or Phe [F]

<300>

DK/EP 2861728 T3

<302> GENES ENCODING A NOVEL TYPE OF LYSOPHOPHATIDYLCHOLINE ACYLTRANSFERASES AND THEIR USE TO

INCREASE TRIACYLGLYCEROL PRODUCTION AND/OR MODIFY FATTY ACID COMPOSITION

<310> U.S. Patent 7,732,155
<311> 2007-06-15

<312> 2010-06-08

<313> (1)..(15)

<400> 15

Ser Ala Xaa Trp His Gly Xaa Xaa Pro Gly Tyr Xaa Xaa Xaa Phe

1 5 10

<210> 16

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE
<222>(2)..(2)

<223> Xaa = Val [V] or lle [I]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid



DK/EP 2861728 T3

<300>
<302> IMPROVEMENT OF LONG CHAIN OMEGA-3 AND OMEGA-6 POLYUNSATURATED FATTY ACID BIOSYNTHESIS BY
EXPRESSION OF ACYL-CoA LYSOPHOSPHOLIPID ACYLTRANSFERASES

<310> U.S. Pat. Pub. No. 2010-0317882-A1
<311> 2010-06-14

<312> 2010-12-16

<313> (1)..(7)

<400> 16

Met Xza Lew Xaa Xaa Lys Leu
1 5

<210> 17

<211>8

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222>(2)..(2)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (6)..(7)

<223> Xaa can be any naturally occurring amino acid

<300>
<302> IMPROVEMENT OF LONG CHAIN OMEGA-3 AND OMEGA-6 POLYUNSATURATED FATTY ACID BIOSYNTHESIS BY
EXPRESSION OF ACYL-CoA LYSOPHOSPHOLIPID ACYLTRANSFERASES

<310> U.S. Pat. Pub. No. 2010-0317882-A1
<311> 2010-06-14

<312> 2010-12-16

<313> (1)..(8)

<400> 17

Arg Xaa Lys Tyr Tyr Xaa Xaa Trp
1 5

<210>18

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa can be any naturally occurring amino acid

<300>
<302> IMPROVEMENT OF LONG CHAIN OMEGA-3 AND OMEGA-6 POLYUNSATURATED FATTY ACID BIOSYNTHESIS BY
EXPRESSION OF ACYL-CoA LYSOPHOSPHOLIPID ACYLTRANSFERASES

<310> U.S. Pat. Pub. No. 2010-0317882-A1
<311> 2010-06-14

<312> 2010-12-16

<313> (1)..(6)

<400> 18
Ser Ala Xaa Trp His Gly



<210> 19

<211> 512

<212> PRT

<213> Yarrowia lipolytica

<220>

<221> misc_feature

<222> (133)..(148)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (378)..(378)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (382)..(383)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (385)..(385)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (388)..(390)

<223> Xaa can be any naturally occurring amino acid

<400> 19

Met Ala Phe Pro Trp Ala &sp Lye Trp Als Ala Asp Ala Ser Ala Ser

1 5 10

15

Thr Gly Leu Pro Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu Val Met

20 25

30

Ser Tyr Pro Leu Ser Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys

35 40 45

Asn Leu Lys Ile Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr Met Vval

50 55 60

Gly Val Phe Ser Leu Tyr Gly Gly Ala Ala Thr Leu Leu Phe Ser Ser

65 70 75

80

Met Gly Thr Phe Phe Ile Thr Gln Trp Lys Ser Pro Tyr Met Pro Trp

85 90

95

Val Asn Phe Gly Phe Val Met Thr His Leu Phe Val Asn His Leu Arg

100 105

110

Ser Gln Phe Phe Pro Glu Thr Tyr Asp Pro Asn Val Ile Asp Ile Thr
115 120 125

Gly Ala Gln Met Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
130 135 140

Xaa Xaa Xaa Xsa Trp Gln Ile Glu Lys Gly Glu Gln Leu
145 150 155

Gln Thr Lys Arg Ala Val Leu Lys His Pro Ser Leu Met
165 170

Ala Phe Val Phe Tyr Phe Pro Ser Ile Leu Thr Gly Pro
180 185

Tyr Met Glu Phe His Asn Trp Leu Asp Leu Ser Leu Phe
195 200 205

Glu Lys Asp Lys Asp Fro Lys Arg Ala Ala Arg Arg Lys
210 215 220

Xaa Xaa

Ser Glu

Asp Phe
175

Ser Tyr
190

Lys Glu

Arg His

Xaa

Phe

160

Leu

Asp

Leu

Lys

DK/EP 2861728 T3



Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Val

Thr

Xaa

385

Lys

Lys

val

Asp

Hisg

465

Trp

Lys

Pro

Trp

Ala

Val

Ala

290

His

Asn

Leu

Tyr

Ile
370

Tyr

Phe

Thr

Val

Phe

450

Ala

Lys

Arg

Tyxr

Tyr

275

Gly

Val

Glu

Leu

355

Fhe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 20
<211> 945
<212> DNA
<213> Mortierella alpina

<220>
<221> CDS
<222> (1)..(945)
<223> LPAAT1

<300>

<302> High eicosapentaenoic acid producing strains of Yarrowia lipolytica

Ser

Val

Ser

260

Leuw

Ser

val

Asp

Ala

340

Arg

Thr

Xaa

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Gly Ile
230

Leu Trp
245

Asp Ala

Tyr Met

Ile ser

Asp Pro

310

Pro Trp

325

Trp Asn

val val

Phe val

ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val
375

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Sar

Vval

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

ala

Lys Lys

235

Asp Ser

250

Glu Hig

Met Tyr

Cys: Lle

Lys Tyr

Leu

Arg

Asn

Leu

Ala

Ile

Ile

Leu

ala

Ser

Phe

Gly

Thr

Ile

240

255

270

285

300

315

Thr Gly

330

Asn Lys

Gln Lys

Xaa Trp

Lys

Gln

Trp

Pro

His

Ser

Trp

Asn

Leu

Gly

Lys

Gly

Asp

Thr

Arg

Gly

Tyr

Leu

Arg

Lys

Ala

Arg

Tyr

Gly

val

320

335

350

365

380

Xaa Xaa Val Thr Ala Ala Met

390

Arg Tyr
405

Pro Tyr

Ala Phe

Ser Leu

Gly Ala
470

Lys Ile
485

Lys Glu

<310> U.S. 7,879,591
<311> 2009-06-19
<312> 2011-02-01
<313> (1)..(945)

<300>

<302> High eicosapentaenoic acid producing strains of Yarrowia lipolytica

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Arg

TIle

Tyr

440

Cys

Phe

Lys

Val

Pro Phe

410

Tyr Tyr
425

Ala Thr

Trp Lys

Ala Ile

Lys Gln

490

Lys Lys
505

395

Phe

Asp

Gln

Asn

Ser

475

Asp

Tyr

Met

Ile

Ser

Ser

460

Ser

Gly

Thr

Gly

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

Phe

Xaa

Ser

Ser

Cys&

430

Met

Fhe

Tyr

Val

Lys
510

Asn

Xaa

Vval

Asp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Leu

Tyr

Ala

480

Asp

Lys

DK/EP 2861728 T3



<310> WO 2006/052870
<311> 2005-11-03
<312> 2006-05-18
<313> (1)..(945)

<400> 20
atg tcec ata

Met
1

gte
val

gce
Ala

atg
Met

Lys
65

gct
Ala

cty
Leu

gac
Asp

geca
ala

by
Leu
145

gag
Glu

ate
Ile

tag
Ser
225

gaa
Glu

atyg
Met

tet
ser

gcc
Ala

get
Ala
305

Ser

tac
Tyr

cag
Gl

tco
Ser
50

cga
Arg

gca
Ala

gac
Asp

atg
Met

aag
Lys
130

agt
Ser.

tec
Ser

tgy
Trp

tty
Lew

ceg
Pro
210

tea
Ser.

cct
Pro

gac
Asp

caa
Gln

gat
Asp
230

ate
Ile

Ile

tte
Phe
35

gtc
val

tat

aga
Arg

aag
Lys

atg
Met
115

aag
Lys

Asn

aca
Thr

att
Ile

cce
Pro
195

atc
Ile

ate
Ila

aag
Lys

tac
Tyr
275

atc
Ile

aca
Thr

<210> 21

<211> 314
<212> PRT
<213> Mortierella alpina

<400> 21

Met Ser Ile Gly Ser Ser Asn Pro Val Leu Leu Ala Ala Ile Pro Phe

1

ggt tct tee aat cot gte ctg ctg gea gog ate cce tte

Gly Ser Ser Asn Pro Val

5

ttc gte
Phe Val
20

cte gea
Leu Ala

gca gge
ala Gly

gtg ate
val Ile

cee tge
Pro Cyg
85

tac cceo
Tyr Pro
100

gtc etg
Val Leu

gaa ctt
Glu Leu

gec ate
Ala Ile

ace gaa
Thr Gln
165

tte cee
Phe Pro
180

tte aag
Phe Lys

cte eec
Leu Pro

cgc tac
aArg Tyr

cae ace
Pre Thr
245

act ¢g¢
Thr Arg
260

tee tea
Ser Ser

gca aag
Ala Lys

aag agg
Lys Arg

5

cte
Leu

aaa
Lys

tgc
Cys

aac
Asn
70

ggt
Gly

gee
Ala

gga
Gly

ctt
Leu

tte
Phe
150

get
Ala

gaa
Glu

aag
Lys

ate
Ile

tte
Phe
230

acg
Thr

aac
Asn

teg
Ser

tca
Ser

agg
Arg
310

cct
Pro

tgo
Cys

tic
Phe
55

tac
Tyr

gta
val

att
Ile

dgo
Arg

tae
Tyr
135

att.
Ile

gte
val

gga
Gly

g9a
Gly

atc
Ile
215

ece
Pro

gga
Gly

ctg
Leu

ace
Thr

act
Thr
295

aca
Thr

cgt
Arg

ato
Ile
40

att
Ile

gta
val

ace
Thr

gte
Val

gtc
val
120

ttt
Phe

gac
Asp

g
Ala

aga
Thr

goo
Als
200

tcg

Ser

ggt
Gly

ttg
Leu

atg
Met

gct
Ala
280

gec
Ala

cca
Pro

gte
Val
25

gtg
val

teo
Ser

gte
val

tac
Tyr

gte
Val
105

tte
Phe

ceg
Pro

age
Arg

gac
Asp

ot
Arg
185

tte
Phe

caa
Gln

gga
Gly

agce
Thr

leu Leu Ala Ala Ile Pro Phe

10

cte gec tto
Leu Ala Phe

gte ttg atc
Val Leu Ile

atc gtc tgt
Ile val Cys

60

tea aga ctc
Ser Arg Leu
75

aag atc gte
Lys Ile Val

30

tge aac cac
Cys Asn His

¢ca aag cad
Pro Lys His

tte ctg ggc
Phe Leu Gly

140

aag aac cac
Lys Asn His
155

atg aag aag
Met Lys Lys

170

tae oge ttg
Ser Arg Leu

cac cte goo
Rig Leu Ala

gga tac tca
Gly Tyr Ser

220

gag ctc gag
Glu Leu Glu
235

aca gac gat
Thr Asp Asp

259

ctg Aag
Leu Lys
265

gaa aac
Glu Asn

aca tcg
Thr Ser

aaa gag
Lys Glu

10

cag cte
His Leu

gga tog
Gly Ser

atc gga
Ile Gly

cte
Leu

goec

45

geg
ala

tte
Phe

ggc
Ely

cag
Gln

tgt
Cys
125

atg
Met

aag
Lys

cag
Hig

gas
Asp

att
Ileée
205

cac

His

atc
Ile

gtg
val

aag
Lys

ace
Thr

cct
Pro
30

ace
Thr

cte
Leu

tca
Ser

gag
Glu

age
Ser
110

gte
val

ttt
Phe

aag
Lys

aac
Agn

aag
iys
190

caa

Gln

atc
Ile

aga
Arg

aac
Asn

gag
Glu

15

caa
Gln

att
Leu

ote
Leu

tte
Phe

gaa
Glu
95

tee
Ser

gte
val

atg
Met

geg
Ala

tet
Ser
175

gae
ala

gee
Ala

tac
Tyr

gte
Val

gac
aAsp
255

270

285

300

tag

aac
Asn

cat
His

acg
Thr

15

aag
Lys

ate
Ile

gat
Asp

cte
Leu
80

cat
Hig

atg
Met

atg
Met

aag
Lys

ate
Ile
160

gga
Gly

gat
Asp

caa
Gln

gat
Asp

ctg
Leu
240

ctg
Leu

atg gat
Met Asp

att gac
Ile Asp

gac gat
Asp Asp

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

945

DK/EP 2861728 T3



Val

Ala

Met

Lys

65

Ala

Leu

Asp

Ala

Leu
145

Glu

Ile

Leu

Leu

Ser

225

Glu

Met:

Ser

Ala

Ala
305

Tyr

Gln

Ser

50

Arg

Ala

Asp

Met

Lys

130

Ser

Ser

Trp

Leu

Pro

210

Ser

Pro

Asp

Gln

Asp

290

Ile

Leu

Phe

35

val

Tyr

Lys

Met

115

Lys

Asn

Thr

Ile

Pro

195

Ile

Lys

Ile

Lys

Tyr

275

Ile

Thr

<210> 22

<211> 1549
<212> DNA
<213> Yarrowia lipolytica

<220>
<221> CDS
<222> (501)..(1349)
<223> LPAAT1

<300>

<302> High eicosapentaenoic acid producing strains of Yarrowia lipolytica

<310> U.S. 7,932,077

Phe

20

Leu

Ala

val

Prc

Tyr

100

Val

Glu

Ala

Thr

Phe

180

Phe

Leu

arg

Pro

Thr

260

Ser

Ala

Lys

val

Ala

Gly

Ile

Cys

85

Pro

Len

Leu

Ile

Gln

165

Pro

Lys

Pro

Tyr

Thr

245

Arg

Ser

Lys

Arg

<311> 2005-11-02
<312> 2011-04-26

Leu

Lys

Cys

Asn

70

Gly

Ala

Gly

Leu

Phe
150

Ala

Glu

Lys

Ile

Phe

230

Thr

Asn

Ser

Ser

Arg
310

Pre

Cys

Phe

55

Tyr

Vval

Ile

Arg

Tyr

135

Ile

Val

Gly

Gly

Ile

215

Pro

Gly

Leu

Thr

Thr

295

Thr

Arg

Ile

40

Ile

Val

Thr

Val

Val

120

Phe

Asp

Ala

Thr

Ala

200

Ser

Gly

Leu

Met

Ala

280

Ala

Pro

val

25

val

Ser

val

Tyr

Val

105

Phe

Pre

Arg

Agp

arg

185

Phe

Gln

Gly

Thr

Leu

265

Gla

Thr

Lys

Leu

Val

Ile

Ser

Lys

90

Cys

Pro

Phe

Lys

Met

179

Ser

His

Gly

Glu

Thr

250

Lys

Asn

Ser

Glu

Ala

Leu

val

Arg

15

Ile

Asn

Lys

Leu

Asn
155

Lys

Arg

Leu

Tyr

Leu

235

Asp

His

Gly

Phe

Ile

Cys

60

Leu

Val

Hig

His

Gly

140

His

Lys

Leu

Ala

Ser

220

Glu

Asp

Leu

Ser

Gly
300

Leu

Ala

45

Ala

Phe

Gly

Gln

Cys

125

Met

Lys

His

Asp

Ile

205

His

Ile

Val

Lys

Thr

285

Asn

Pro

30

Thr

Leu

Ser

Glu

Ser

110

Val

Phe

Lys

Asrn

Lys

190

Gln

Ile

Arg

Asn

Glu

270

Hig

Thr

Gln

Leu

Leu

Phe

Glu

95

Ser

Val

Met

Ala

Ser

175

Ala

Ala

Tyr

Vval

Asp

255

Met

Ile

Agp

Lys

Ile

Asp

Leu

80

Hig

Met

Met

Lys

Il
160

Gly

Gln

Asp

Leu

240

Leu

Asp

DK/EP 2861728 T3



<313> (1)..(1549)

<300>

<302> High eicosapentaenoic acid producing strains of Yarrowia lipolytica

<310> WO 2
<311> 2005-

006/052870
11-03

<312> 2006-05-18
<313> (1)..(1549)

<400> 22

cacagcatas
tgcacaaggg
actttgatta
tgceaatgge
gtgtttttgt
attagtgtgg
acgacaagag
gtgtgactat

ctgecgttaot

cge gee gaoc
Arg Ala Ala

gty ctg geg
Val Leu Ala
30

caa tgg acc
Gln Trp Thr
45

ggt atc agc
Gly Ile Ser
60

ctg gat gco
Leu Asp 2Ala

gac atc acc
Asp Ile Thr

cag aac gaa
Gln Asn Glu
110

tge tce gtc
Cys Ser val
125

cag ttec atg
Gln Phe Met
140

ace aag tcco

Thr Lys Ser

ggc aac gga
Gly Asn Gly

aga tcee tac
Arg Ser Tyr
190

tta cac ctg
Phe His Leu
205

cag aac acc
Gln Agn Thr
220

gga gag atc
Gly Glu Ile

gac gcc age
Asp Ala Ser

taccacggca
acttcaagag
cacagacacy
cecetggace
geggagacac
gtagtttgtt
agagagaaaa
ccgaaaacca

cattgocaga

atc gee gt

t.gaccccgct
gggccaattt
taatzacgad
cccctgacaa
acgocaatta
tgraggaatc
agagagagag

aacatgaaca

gactceaacc
catgcggaca
gaagccgaga
agtttcccaa
ggcteatttg
aagtgggtgg
actccataaa

gttggatata

ttoatttegg cacatgtagg
catggcgcaa aaaacgoccg
tgageadacy tggcecaagto
caagocecage cgtgoatggt
agggtatgca gogaaaaaaa
ttgaaaaaca agaaagagcg
gcgtgcatca aaattaaggt

tgtcgetgtg attgcagttg

atg tee gtt gea tee aag cte gto tte tac gte

1

g gte ate

Ile Ala val val Ile

15

tcc ace at
Ser Thr Il

ttt geec gee
Phe Ala Ala

20

t ctc acc

gee ate ggc

e Leu Thr Ala Ile Gly

35

gtt gec aga gee tte
Val Ala Arg Ala Phe

atc aag cht
Ile Lys Le
65

tcc aag at.
Ser Lys Il
80

aaa tac ct
Lys His Le
95

atg gac at
Met Asp Il

50

g cgt age

tac tac teg
Tyr Tyr Ser

cgg cag gtg

u Arg Ser Arg Gln Val

¢ cag gtc

70

gcc aac acc

e Gln Val Ala Asn Thr

g ccg Ccga
u Pro Arg

85

céa tge att
Pro Cys Ile

100

t etg gtg
e Leu Val
115

ace gcoc aaa aag goc
Thr Ala Lys Lys Ala

130

geg ctg tee gge ace

Ala Leu Se
14

r Gly Thr
5

gtg cag ace cte gge

Val Gln Thr Leu Gly

160

ggc aag gge cag age
y Gln Ser Val Fhe Met

Gly Lys Gl
175

tee aag gae gte gge

Ser Lys As

p Val Gly
195

gcg gte cag teg gge
n Ser Gly Ala Pro Ile

Ala Val GL

tce cga at
Ser Arg Me
22

210

g ttt tet
t Phe Ser
5

ctt gtc gaec gtc ctg

Leu Val As
240

P Val Leu

aac gtc gac gct ctc
P Ala Leu Met Ala Thr
260

Asn Val As
255

cte ggt cge
Leu Gly Arg

ctc aag tgg
Leu Lys Trp

ate tte ctg
Ile Phe Leu

150

gge gee gto

Gly Ala Val

165

gtc ttc atg
180
ate atg ccc

Ile Met Pro

get coa att

ttc gge cga
Phe Gly arg

230

agc ccc att
Ser Pro Ile

245

atg gcc acc

Met Ser Val Ala Ser Lys Leu Val Phe Tyr Val
5

10

tgt gec ace tac gge
Cys Ala Thr Tyr Gly
25

aag cag ggc ctg gco
Lys Gln Gly Leu Ala
40

gtg cge atce tte ¢tg
Val Arg Ile Phe Leu
55

acc gga acc gce ggt
Thr Gly Thr Ala Gly
75

acc aag ccc att gac
Thr Lys Pro Ile Asp
90

otg att tec aag cac
Leu Ile Ser Asn His
105

atc tte cee cag tac
Ile Phe Pro Gln Tyr
120

tac cct ctg ctyg gge
Tyr Pro Leu Leu Gly
135

gac cga aag gac cga
Asp Arg Lyg Asp Arg
155

aag ace ate cag age

Lys Thr Ile Gln Ser
170

ttc ccc gag gga ace
Phe Pro Glu Gly Thr
185

tte aag aag ggc tgt
Phe Lys Lys Gly Cys
200

gte cac gty gtg gte
Vval Pro Val Val val
215

gge aag ctg gac gca
Gly lys Leu Asp Ala
235

gag acc aag ggt ctg
Glu Thr Lys Gly Leu
250

act tat aag gcc atg
Thr Tyr Lys Ala Met
265

60

120

180

240

300

360

420

480

533

581

629

677

725

773

821

869

917

965

1013

1061

1109

1157

1205

1253

1301
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tgc gag act gcc gac cag att ggec tac gct gge

Cys Glu Thr Ala Asp Gln Ile Gly Tyr Ala Gly
270 275

agactgcage acaagaagtg cttgtageta ctttaggaga

tttttocagat cgacacceocde ggogaaccat tggetgtgga

tatagcaacy aaatctacet egattaccaa cgcaaaacga

getatatcgt gtatacccea

<210> 23

<211> 282

<212> PRT

<213> Yarrowia lipolytica

<400> 23

Met Ser Val Ala Ser Lys Leu Val Phe Tyr Val
1

val val Ile Phe Ala Ala Cys Ala Thr Tyr Gly
20 25

Ile Leu Thr Ala Ile Gly Lys Gln Gly Leu Ala
35 40

Arg Ala Phe Tyr Tyr Ser Val Arg Ile Phe Leu
50 55

Leu Arg Ser Arg Gln Val Thr Gly Thr Ala Gly
65 70 75

Ile Gln Val Ala Asn Thr Thr Lys Pro Ile Asp
85 90

Leu Pro Arg Pro Cys Ile Leu Ile Ser Asn His
100 105

Ile Leu Val Leu Gly Arg Ile Phe Proc Gln Tyr
115 120

Lys Lys Ala Leu Lys Trp Tyr Pro Leu Leu Gly
130 135

Ser Gly Thr Ile Phe Leu Asp Arg Lys Asp Arg
145 150 155

Thr Leu Gly Gly &Ala Val Lys Thr Ile Gln Ser
165 170

Gly Gln Ser Val Phe Met Phe Pro Glu Gly Thr
180 185

Asp Val Gly Ile Met Pro Phe Lys Lys Gly Cys
195 200

Gln Ser Gly Ala Pro Ile Val Pro Val Val Val
210 215

Met Phe Ser Phe Gly Arg Gly Lys Leu Asp Ala
225 230 235

Asp Val Leu Ser Pro Ile Glu Thr Lys Gly Leu
245 250

Asp Ala Leuw Met Ala Thr Thr Tyr Lys Ala Met
260 265

Gln Ile Gly Tyr Ala Gly Gln Lys Th¥ Gln
275 280

<210> 24

<211> 303

<212> PRT

<213> Saccharomyces cerevisiae

<220>

cag aag act cag tag
Gln Lys Thr Gln

gagataggta atatgaaaca
getatgggty aatggattaa

goccacttte tetgtactgt

Arg

Val

Gln

Gly
&0

Leu

Asp

Gln

Cys

Gln

140

Thr

Gly

Phe

Gln

220

Gly

Asp

Cys

280

Ala

Leu

Trp

45

Ile

Asp

Ile

Asn

Ser

125

Phe

Lys

Asn

Ser

His

205

Asn

Glu

2ala

Glu

Ala

ala

30

Thr

Ser

Ala

Thr

Glu

110

val

Met

Ser

Gly

Tyr

190

Leu

Thr

Ile

Ser

Thr
270

Ile

15

Ser

Val

Ile

Ser

Lys

95

Met

Thr

Ala

val

Gly

175

Ser

Ala

Ser

Leu

Asn

255

Ala

Ala

Thi

Ala

Lys

Lysg

80

His

Asp

Ala

Leu

Gln

160

Lyse

Lys

Val

Arg

val

240

val

Asp

1349

1409
1469
1529

1549

DK/EP 2861728 T3



<221> MISC_FEATURE
<222> (1)..(303)
<223> Slc1p; GenBank Accession No. NP_010231

<400> 24

Met Ser Val

1

val

Lew

Arg

val

65

Pro

Leu

Lys

Lys

145

Tyr

Leu

Thr

Met

Asp

225

Thr

Pro

Asp

Leu

Cys

Cys

50

val

His

Gly

Gly

Arg

130

Lys

Thr

Ala

Ser

Ile

210

Ly§

Leun

Pro

Lys

Val
290

Ala

Thr

35

Phe

Gly

Gln

Cys

Trp

115

Gl

Asn

Ser

Gln

Thr

195

Val

Ile

Lys

Gln

Lys

275

Asn

<210> 25
<211>7

<212> PRT
<213> Artificial Sequence

<220>
<223> 1-acyl-sn-glycerol-3-phosphate acyltransferase motif

<220>
<221> misc_feature
<222> (3)..(6)

Leu

20

Leu

TYyL

Glu

Ser

Thr

100

Phe

Glu

Lys

Glu

Gln

180

Leu

Arg

Gly

Glu

Ala

260

Ile

Thr

Gly

Ala

Ile

His

Glu

Thr

85

Vval

Met

ala

Arg

Leu

165

Gly

Val

Ile

Glu

Ile

245

Ile

Lys

Hig

Arg

Gly

Gly

val

Asn

70

Leu

Thr

Ala

Ile

Ala

150

Thr

Lys

Ser

Leu

Phe

230

Gly

Glu

Asn

Asn

Phe

Cys

Lys

Met

55

Leu

Asp

Ala

Leu

Asp

135

Leu

Met

Ile

Pro

Lys

215

Ala

Tyr

Tyr

Glu

Glu
295

Leu

Gly

Gln

40

Lys

Ala

Ile

Lys

Ser

120

Thr

Trp

Leu

Pro

Lys

200

Pro

Glu

Ser

Ala

Pro

280

Gly

Tyr

Phe

25

His

Leu

Lys

Phe

Lys

105

Gly

Leu

val

Pro

Ile

185

Tyr

Ile

Lys

Pro

Ala

265

Val

Ser

Tyr

10

Tyr

Leu

Met

Lys

Met

90

Ser

Thr

Asn

Phe

Phe

170

Val

Gly

Ser

val

Ala

250

Leu

Pro

Sex

Leu

Gly

Ala

Leu

Pro

75

Leu

Leu

Tyr

Lys

Pro

155

Lys

Pro

val

Thr

Arg

235

Ile

Gln

Ser

val

Arg

val

Gln

Gly

60

Tyr

Gly

Lys

Phe

Gly

140

Glu

Lys

Vval

Phe

Glu

220

ASP

Asn

His

Val

Lys
300

Ser

Ile

Trp

45

Lei

Ile

Arg

Tyr

Leu

125

Leu

Gly

Gly

Val

Asgn

205

Asn

Gln

Asp

Asp

Ser

285

Lys

val

Ala

30

Ile

Asp

Met

Ile

Val

110

Asp

Glu

Thr

&la

Vval

190

Arg

Leu

Met

Thr

Lys

270

Ile

Met

Leu

15

Ser

Thr

val

Ile

Phe

95

Pro

Arg

Asn

Arg

Phe

175

Ser

Gly

Thr

val

Thr

255

Lys

Ser

His

val

Ile

Ala

Lys

Ala

80

Prod

Phe

Ser

Val

Ser

160

Hig

Asn

Cys

Lys

Asp

240

Leu

Val

Asn

DK/EP 2861728 T3
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<223> Xaa can be any naturally occurring amino acid

<400> 25

Asn His Xaa Xaa Xaa Xaa Asp
1 5

<210> 26

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> 1-acyl-sn-glycerol-3-phosphate acyltransferase motif

<400> 26

Glu Gly Thr Arg

1

<210> 27

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> 1-acyl-sn-glycerol-3-phosphate acyltransferase motif

<220>

<221> misc_feature

<222>(2)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Asp [D] or Arg [R]

<300>

<301> Tal M. Lewin, Ping Wang, and Rosalind A. Coleman

<302> Analysis of Amino Acid Motifs Diagnostic for the sn-Glycerol-3-phosphate Acyltransferase Reaction
<303> Biochemistry

<304> 38

<305> 18

<306> 57645771

<307> 1999-04-15

<313> (1)..(7)

<300>

<301> Atsushi Yamashita, Hiroki Nakanishia, Hiroshi Suzukia, Ryo Kamataa, Ken Tanakaa, Keizo Wakua and Takayuki Sugiura
<302> Topology of acyltransferase motifs and substrate specificity and accessibility in 1-acyl-sn-glycero-3-phosphate
acyltransferase 1

<303> Biochimica et Biophysica Acta

<304> 1771

<305> 9

<306> 1202-1215

<307> 2007-07-17

<313> (1)..(7)

<400> 27

Gly Xaa Xaa Phe Ile Xaa Arg
1 5

<210> 28

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<223> 1-acyl-sn-glycerol-3-phosphate acyltransferase motif



<220>

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

<223> Xaa = Val [V] or lle [I]

<220>

<221> MISC_FEATURE
<222>(2)..(2)

<223> Xaa = Pro [P] or Xaa

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = lle [I] or Val [V] or Leu [L]

<220>

<221> MISC_FEATURE
<222> (4)..(4)

<223> Xaa = lle [I] or Val [V]

<220>

<221> MISC_FEATURE
<222> (6)..(6)

<223> Xaa = Val [V] or lle [I]

<300>

DK/EP 2861728 T3

<301> Atsushi Yamashita, Hiroki Nakanishia, Hiroshi Suzukia, Ryo Kamataa, Ken Tanakaa, Keizo Wakua and Takayuki Sugiura

<302> Topology of acyltransferase motifs and substrate specificity and accessibility

acyltransferase 1

<303> Biochimica et Biophysica Acta
<304> 1771

<305> 9

<306> 1202-1215

<307> 2007-07-17

<313> (1)..(6)

<400> 28

Xaa Xaa Xaa Xaa Pro Xaa
1

<210> 29

<211>6

<212> PRT

<213> Artificial Sequence

<220>

<223> 1-acyl-sn-glycerol-3-phosphate acyltransferase motif

<300>

1-acyl-sn-glycero-3-phosphate

<301> Atsushi Yamashita, Hiroki Nakanishia, Hiroshi Suzukia, Ryo Kamataa, Ken Tanakaa, Keizo Wakua and Takayuki Sugiura

<302> Topology of acyltransferase motifs and substrate specificity and accessibility

acyltransferase 1

<303> Biochimica et Biophysica Acta
<304> 1771

<305> 9

<306> 1202-1215

<307> 2007-07-17

<313> (1)..(6)

<400> 29

Ile val Pro Ile val Met
1 5
<210> 30

<211> 661

<212> PRT

1-acyl-sn-glycero-3-phosphate



DK/EP 2861728 T3

<213> Saccharomyces cerevisiae

<220>

<221> MISC_FEATURE

<222> (1)..(661)

<223> GenBank Accession No. P40345
<400> 30

Met Gly Thr Leu Phe Arg Arg Asn Val Gln Asn Gln Lys Ser Asp Ser
1 <3 10 15

Asgsp Glu Asn Asn Lys Gly Gly Ser Val His Asn Lys Arg Glu Ser Arg
20 25 30

Asn His Ile His His Glo Gln Gly Leu Gly His Lys Arg Arg Arg Gly
35 40 45

Ile Ser Gly Ser Ala Lys Arg Asn Glu Arg Gly Lys Asp Phe Asp Arg
50 55 60

Lys Arg Asp Gly Asn Gly Arg Lys Arg Trp Arg Asp Ser Arg Arg Leu
65 70 75 80

Ile Phe Ile Leu Gly Ala Phe Leu Gly Val Leu Leéu Pro Phe Ser Phe
85 90 95

Gly Ala Tyr His Val His Asn Ser Asp Ser Asp Leu Phe Asp Asn Phe
100 105 110

Val Asn Phe Asp Ser' Leu Lys Val Tyr Leu Asp Asp Trp Lys Asp Val
115 120 125

Leu Pro Gln Gly Ile Ser Ser Phe Ile Asp Asp Ile Gln Ala Gly Asn
130 135 140

Tyr Ser Thr Ser Ser Leu Asp Asp Leu Ser Glu Asn Phe Ala Val Gly
145 1506 155 160

Lys Gln Leu Leu Arg Asp Tyr Asn Ile Glu 2la Lys His Pro val val
165 170 175

Met Val Pro Gly Val Ile Ser Thr Gly Ile Glu Ser Trp Gly Val Ile
180 185 190

Gly Asp Asp Glu Cys Asp Ser Ser Ala His Phe Arg Lys Arg Leu Trp
195 200 205

Gly Ser Phe Tyr Met Leu Arg Thr Met Val Met Asp Lys Val Cys Trp
210 215 220

Leu Lys His Val Met Leu Asp Pro Glu Thr Gly Leu Asp Pro Pro Asn
225 230 235 240

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

Ala Gly Tyr Trp Ile Trp Asn Lys Val Phe Gln Asn Leu Gly Val Ile
260 265 270

Gly Tyr Glu Pro Asn Lys Met Thr Ser Ala Ala Tyr Asp Trp Arg Leu
27% 280 285

Ala Tyr Leu Asp Leu Glu Arg Arg Asp Arg Tyr Phe Thr Lys Leu Lys
290 295 300

Glu Gln Ile Glu Leu Phe Hig Gln Leu Ser Gly Glu Lysg Val Cys Leu
305 310 315 320

Ile Gly His Ser Met Gly Ser Gln Ile Ile Phe Tyr Phe Met Lys Trp
325 330 335

Val Glu Ala Glu Gly Pro Leu Tyr Gly Asn Gly Gly Arg Gly Trp Val
340 345 350

Asn Glu His Ile Asp Ser Phe Ile Asn Ala Ala Gly Thr Leu Leu Gly
355 360 365



Ala

Ile
385

Met

Lys
465

Glu

Glu

Gly

Asp

545

Met

Ile

Ile

Ala

625

Leu

Met

Pro

370

Gln

Ile

Leu

Glu

Phe

450

Asp

Arg

Leu

val

Val

530

Ser

Phe

Cys

Asn

Arg

610

Glu

val

Pro

Lys

Leu

Glu

Pro

Asp

435

Glu

ala

Val

Arg

Pro

515

Asn

Ser

Leu

His

val

595

Gly

Leu

Glu

Phe

<210> 31

<211> 1947
<212> DNA
<213> Yarrowia lipolytica

<220>
<221> CDS
<222> (1)..(1947)
<223> phospholipid:diacylglycerol acyltransferase

<300>
<302> ACYLTRANSFERASES FOR ALTERATION OF POLYUNSATURATED FATTY ACIDS AND OIL CONTENT IN OLEAGINOUS

YEASTS

Ala

Asn

Arg

Lys

420

Ala

Arg

Ile

His

Lys

500

Leu

Asn

Ala

Thr

Lys

580

Thr

Gly

Agn

Pro

Pro
660

Val Pro Ala
375

Thr Leu Ala
390

Val Lys Met
405

Gly Glu Glu

Leu Asn Asn

Asn Thr Ser
455

Asn Met Thr
470

Glu Gln Tyr
485

Asn Glu Leu

Pro Glu Ala

Pro Thr Glu
535

Leu Asn Leu
550

Glu Gly Asp
565

Trp Ala Gln

Ile Val Glu

Ala Lys Ser
615

Asp Tyr Ile
630

Arg Gln Leu
645

Met

<310> US 7,901,928
<311> 2009-03-11
<312> 2011-03-08

<313> (1)..(1947)

Leu

Met

Leu

val

Asn

440

Asp

Leu

Ser

His

Pro

520

Arg

Thr

Gly

Gly

Met

600

Ala

Leu

Ser

Tyr Gly Leu

Glu

380

385

Gln Thr Trp

410

Ile Trp Gly

425

Thr Asp Thr

Ala Phe Asn

Ser Ile Ser

Glu

Gly

Asp

Tyr

Lys

Met

Lys

Gly

Met

aly

Lys

Phe

Ile

Lys

Asp Thr

Phe Ser

400

Pro Ser

415

430

445

460

475

Phe Gly Tyr

490
His Lys

505

His Met

Ala Tyr

Ile Asp

Thr val

570

Ala Ser

585

Lys His

Glu His

Lys Ile

Asn Leu
650

His

Lys

val

Tyr

555

Pro

Pro

Gln

val

Ala

635

Ser

Pro

Ser

TEP

Ile

Tyr

540

Glu

Leu

Tyr

Pro

Asp

620

Ser

Gln

Asn

Glu

Lys

Ser

Tyr

525

Lys

Ser

Val

Asn

asp

605

Ile

Gly

Trp

Asn

Leu

Tep

Asn

Ser sSer

Phe Ile

Thr Met

Leu Gln

480

Glu Glu

495

Asn

510

Cys

Glu

Lys

Ala

Pro

590

Arg

Leu

Asn

Val

Pro Met

Ile Tyr

Glu Asp

Gln Pro
560

His Ser
575

Ala Gly

Phe Asp

Gly Ser

Gly Asp

640

Ser Gln
655
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<400> 31

atg
Met
1

gca

Ala

gtk
Val

att
Ile

gee

ttt
Phe

tet
Phe

geg
Ala

ttt
Phe
145

faleles

Pro

tee
Ser

cga
Arg

tac
Tyr

Pro
225

tte

Phe

get
Ala

tog

aag
Lys

aca
Thi
305

atg
Met

gte
Val

ggt
Gly

acc
Thr

tet
Ser
385

aca caa
Thr Gln

gty gag
val Glu

cac cac
Hig His
35

ctc aac
Leu Asn
50

gtg gtc
val val

age att
Ser Ile

gac get
Asp Ala

gta gaa
Val Gln
115

goc aag
Ala Lys
130

gct: gtg
Ala Val

gty gtg
val val

ctg gag
Leu Glu

atg tgg
Met Trp
185

tge tgg
Cys Trp
210

coe qat
Pro His

ttt atg

Phe Met

gtt. att
Val Ils

aga ctg
Arg Leu
275

cte aaa
Leu Lys
290

gtt ctg
val Leu

aag tgyg
Lys Trp

aat gac
Asn Asp

act. cco
Thr Pro
355

gtg cag
Val Gln
370

cga oga
Arg Arg

atg att

Bro

gtg
val
20

cat
Hig

tte
Phe

ggt
Gly

gat
Asp

cta
Leu
100

gac

Asp

atc
Ile

ggc
Gly

ctg
Leu

gga
Gly
180

gge
Gly

ctg
Leu

tte
Phe

goa

Ala

gga
Gly
260

tee

Sex

get
Ala

acyg
Thr

get
ala

cat
His
340

aeg
Lys

ctg
Leu

gag
Glu

[alolo)

gty
Val

got
Ala

cat
His

tte
‘Phe

gtg
val

atg
Ile
85

tet

Ser

atg
Met

gag
Glu

aag
Lys

gtg
Vval
165
ace
Thi

tec
Ser

cag
Gln

aag
Lys

ggc

Gly
245

tac
Tyr

tae
Tyr

tea
Ser

gge
Gly

gag
Glu
325
att
Ile

acc
Thr

Asn

cga
Arg

asg

aat
Asn

gac
Asp

cac
His

acc
Thr

ata
Ile
70

gat
Asp

cta
Leua

aaa
Lys

aag
Lys

gct
Ala
150

cece

Pro

gag
Glua

tag
Trp

aac
Asn

ctyg
Leu
230

tac

Tyr

gat
Asp

cet
Pro

ato
Ile

cat
His
310
gece

Ald

gaa
Glu

ctg
Leu

gcg
Ala

goa
Ala
390

ggt

cgg
Arg

tee
Ser

cac
Hig

cga
Aryg
55

gee
Ala

gct
Ala

gac
Asp

tag
Ser

cac
His
135
atg
Met

ggc
Gly

gag
Glu

tac
Tyr

ctg
Leu
215

oga

arg

tgg

Trp

aeg
Thr

gat
Asp

gaa
Glu
295

teoo

Ser

gag
Glu

tec
Ser

gtt
val

atg
Met
375

gat
Asp

ggt

aag
Lys

gag
Glu

cac
Hig
40

agt
Ser

gcg
Ala

[=1-24
Leu

aac
Asn

<99
Arg
120

cag

Gln

aag
Lys

gte
val

tgt
Cys

atg
Met
200

atg
Met

gee
Ala

ctg

Leu

gat
Asp

ttg
Leu
280

gag
Glu

atg
Met

gga
Gly

tEt
Phe

get
ala
360

gct
ala

atyg
Leu

aag

gog
Ala

tece
Ser
25

aag

Lys

cga
Arg

gga
Gly

cte
Leu

ttg
Leu
108

ttt
Phe

aaa
Lys

agec
Ser

atc
Ile

cce
Pro
185
atc
Ile

ctg
Leu

gec
Ala

tgg

Trp

aca
Thr
265

gag
Glu

act
Thr

gge
Gly

tat
Tyr

gt
Val
345

Leu

gtg
Val

oty
Leu

gt

act
Thr
10

gag
Glu

cga
Arg

cgt
Arg

tac
Tyr

ggc
Gly
20

teac

Ser

felaly)
Pro

aga
Ser

gag
Glu

tee
Ser
170

ace

Thr

cga
Arg

gac
Asp

cag
Gln

aac

Asgn
250

atg
Met.

cae
Bis

aag
Lys

tee
Ser

gga
Gly
330

gae
Asp

ctg
Leu

tat
Tyr

aga
Arg

ate

gte
val

gee
Ala

aaa
Lys

atc
Ile

tac
Ty
75

gac
Asp

atg
Met

ace
Thr

gaa
Glu

gga
Gly
155

acg

Thr

gag
Glu

gte
Val

aca
Thr

gga
Gly
235

aayg

Lysg

tet
Ser

cga
Arg

agt
Arg

cag
Gln
315

gg9a
Gly

att
Ile

tet
Ser

aga
Gly

aca
Thr
395

tgg

gag
Glu

aag
Lys

tee
Ser

ace
Thr
60

gct
Ala

ttyg
Len

gaa
Asp

aag
Lys

cag
Gln
140

cte

Len

gga
Gly

teg
Ser

atg
Met

gag
Glu
220

ttt
Phe

ctg

Len

get
Ala

gac
Asp

atg
Met
300

gt
val

gga
Gly

tee
Ser

gga
Gly

ctg
Leu
380

tgg
Trp

agt

cgg gtc gag cca
Arg Val Glu Pro
15

acc gac gte cac
Thr Asp Val His
30

ghke aag ggc aag
Val Lye Gly Lys
45

tte gtc cte gge
Phe Val Leu Gly

gcg cca ccg gag
Ala Pro Pro Glu
80

cod teg tte gac
Pro Ser Phe Asp
95

agt gtg teg gac
Ser Val Ser Asp
110

att ctg cag gag
Ile Leu Gln Glu
125

aag got geec oot
Lys Ala Ala Pro

aac goc aag tac
Asn Ala Lys Tyr
160

ctg gag agec tgg
Len @Glu Ser Trp
175

cac ttc aga aag
Hig Phe Arg Lys
190

ctg ctg gac aag
Leu Leu Asp Lys
205

ace ggt eta gac
Thr Gly Leu Asp

gee tce gee gae
Ala Ser Ala Asp
240

cte gag aac ctyg

Leu Glu Asn Leu
255

geg geg tac gac
Ala Ala Tyr Asp
270

gga tac tte tee
Gly Tyr Phe Ser
285

aca ggt gag aag
Thr Gly Glu Lys

atc tte tae tte
Ile Phe Tyr Phe
320

ggt cecc aac tgg
Gly Pro Asn Trp
335

gge tce atg ctg
Gly Ser Met Leu
350

gaa atg aag gat
Glu Met Lys Asp
365

gag cag tte ttc
Glu Gln Phe Phe

gga gga att get
Gly Gly Ile Ala
400

gat cat tet gga

48

96

144

132

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1L04

1152

1200

1248
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Ser

gee
Ala

aag
Lys

gat

aac
Asn
465

cag
Gln

gaa
Glu

gga
Gly

aat

gat
Asgp
545

cat

His

ggt
Gly

Leu

999
Gly

gga
Gly
625

tgg
Trp

Met

act
Pro

tte
Phe

gaa
Glu
450

cga.
Arg

gtt
Val

gct
Ala

gte
val

cee
Pro
530

ggt
Gly

agc
Thr

aac
Asn

gat
Asp

egt
Arg
610

aat

Asgn

aag
Lys

Ile Pro

gat gac
Asp Asp
420

aag gag
Lys Glu
435

acc gtt
Thr val

ace gag
Thr Glu

gag cag
Glu Gln

got ate
Ala Leu
500

gyt aag
Gly Lys
515

gag cag
Glu Gln

gtg ctt
Val Leu

atg tgt
Met Cys

geeo cag
Ala Gln
580

att cga
Ile Arg
595

tet gag
Ser Glu

gag att
Glu Ile

att gat
Tle Asp

<210> 32

<211> 648
<212> PRT
<213> Yarrowia lipolytica

<400> 32

Met Thr Gln Pro Val Asn

1

Ala

val

Ile

Ala
65

FPhe

Phe

Val

His

Leu
50

val

Asp

val

Glu Val
20

His His
35

Asn Phe

Val Gly Val Tle Ala Ala Gly Tyr Tyr Ala Ala
70 75

Lys Gly
405

gag ccc
Glu Pro

tee ttg
Sar Leu

gac ttc
Asp Phe

ggt gect
Gly Ala
470

aat gag
Asni Glu
485

¢ce aat
Pro Asn

gat acc
Asp Thr

acc aac
Thr Asn

atg ggt
Met Gly
550

cac cga
His Arg
565

gtc aag
Val Lys

gge ggt
Gly Gly

ttg aac
Leu Asn

gaa gag
Glu Glu
630

cte ggeo
Leu Gly
645

5

Ala Asp

His His

Phe Thr

Gly

gge
Gly

ace
Thr

cta
Leu
455

tac

Tyx

aag
Lys

gee
Ala

gag
Glu

ttyg
Leu
535
cag
Gln

tag
Trp

gtt
val

get
aAla

gag
Glu
615

aga
Arg

age
Ser

Arg

Ser

His

Arg
55

Lys

cag
Gln

gag
Glu
140

tat
Tyr

tec
Ser

cga
Arg

cec
Pro

cga
BArg
520

aac
Asn

gge
Gly

aag
Lys

gtg
val

cag
Gln
600

Ala

aat
Asn
425

tac

Tyr

tet
Ser

Tttt
Phe

=1=1+
Pro

Ile Trp

410

gte
Val

tat

cag tct
Ser

Gln

gga
Gly

ace
Thr

get
Ser Ala

att
Ile

Gly

ttt
Phe

aag
Lys

cce
Pro

Asp

ggc
Gly

aac

Hig

aac
Asn

Ser

415

430

445

460

475

tet

490

gat cte
Asp Leu
505

gco tac
Ala Tyr

gte agt

val

gat

Ser

gga

Asp Gly

gac gag
Asp Glu

570

gag atg
Glu Met

585

act gee
Thr Ala

atg gtt

Met

gtc
Val

aat
Asn

Lys

Glu

His

40

Ser

val

atg
Leu

atc tec
Ile Ser

tag

Ala Thr

10

Ser Glu

25

Lys Arg

Arg Arg

Ile Asp Ile Asp Ala Leu Leu

85

Ala Leu Ser Leu Asp Asn Leu

100

105

Gln Asp HMet Lys Ser Arg Phie

115

120

Gly Asp Leun Pro

90

Sexr Met Asp Ser

Pro Thr Lys Ile

acc
Ser Thr

aag
Lys

tac
Tyr

ate
Ile

acc
Thr
555

aat

Asn

ttg
Leu

gag
Glu

aag
Lys

aac
Asn
635

val

2la

Lys

Ile

gec
Ala

tgg
Trp

atc
Ile

tag
Tyr

got
ala
540
gtc
val

tee
Ser

cac
His

cat
His

gtg
val
620

att
Ile

Glu

Lys

Ser

Thr
60

gag
Glu

aag
Lys

age
Ser

tac
Tyr

cag
Gln
525
gga
Gly

tee
Ser

aag
Lys

cag
Gln

gtg
val
605

get
Ala

gat
Asp

Arg

Thr

Val

45

Phe

cte
Leu

tgg
Trp

act
Thr

aac
Asn

Pro

Ser

Val

tte
Phe

ace
Thx

ttt
Phe

cga

cct
Pro

Gly

ate
Tlie

atg
Met

gtg
val

aag
Lys

480

495

tge
Cys
510
gat
Asp

aac
Asn

ctt
Leu

tte
Phe

cct
Pro
590

gac

Asp

agt
Ser

gag
Glu

val

Asp

30

Lys

Val

tto
Phe

gag
Glu

gac
Asp

gtg
Val

aac
Asn
575

gat
Asp

att
Ile

gga
Gly

tgg
Trp

Glu

15

Val

Gly

Leu

ctg
Leu

tat
Tyr

[eleld
Pro

cet
Pro

acc
Thr
560

cet

Pro

cga
Arg

cty
Leu

aag
Lys

gtg
val
640

Pro

His

Lys

Gly

Pro Glu

80

95

110

125

Leu

Fhe Asp

Ser asp

Gln Glu

1296

1344

1392

1440

1488

1538

1584

1632

1680

1728

1776

1824

1872

1920

1947

DK/EP 2861728 T3



Phe
145

Ser

Tyr
Pro

225

Phe

Trp

Lys

Thr
305

Val

Gly

Thr

Ser

385

Ser

Ala

Lys

Asp

Asn:

465

Gln

Glu

Gly

Ala Lys
130

Ala Val

Val Val

Leu Glu

Met Trp
135

Cys Trp
210

Pro His

Phe Met

Val Ile

Arg Leu
275

Leu Lys
290

Val Leu

Lys Trp

Asn Asp

Thr Pro
355

Vval Gln
370

Arg Arg

Met Ile

Pro Asp

Fhe Lys
435

Glu Thr
450

Arg Thr

Val Glu

Ala Ala

Val Gly
515

Pro Glu
530

Mlv val

Ile

Gly

Leu

Gly

180

Gly

Leu

Phe

ala

Gly

260

Ser

Ala

Thr

Ala

His

340

Lys

Leu

Glu

Pro

Asp

420

Glu

Val

Glu

Gln

Leu

500

Lys

Gln

T.an

Glu

Lys

val

165

Thr

Ser

Gln

Lys

Gly

245

Tyr

Tyr

Serx

Gly

Glu

325

Thr

Asn

Arg

Lys

405

Glu

Ser

Asp

Gly

Asn

485

Pro

Asp

Thr

Mat

Lys

ala

150

Bro

Glu

Trp

Asn

Leu

230

Tyr

Asp

Pro

Ile

His

310

Ala

Glu

Leu

Ala

Ala

390

Gly

Pro

Leu

Phe

Ala

470

Glu

Asn

Thy

Asn

"l

His

135

Met

Gly

Glu

Tyr

Leu

215

Arg

Trp

Thr

Asp

Glu

295

Ser

Glu

Ser

Vval

Met

375

Asp

Gly

Gly

Thr

Lew

455

Tyr

Lys

Ala

Glu

Lau

535

"l

Gln

Lys

Val

Cys

Met

200

Met

Ala

Leu

Asp

Leu

280

Glu

Met

Gly

Phe

Ala

360

Ala

Leu

Lysg

Gln

Glu

440

Tyr

Ser

Pro

Arg

520

Asn

A

Lys

Ser

Ile

Pro

18%

Ile

Leu

Ala

Trp

Thr

265

Glu

Thr

Gly

Tyr

Val

345

Len

val

Leu

Ala

Asn

425

Tyr

Ser

Phe

Fro

Asp

505

Ala

val

Ban

ser

Glu

Ser

170

Thr

Asp

Gln

Agn

250

Met

His

Lys

Ser

Gly

330

Asp

Leu

Tyr

Arg

Ile

410

Val

Ser

Gln

Gly

Ser

490

Leu

Ty

Ser

e B

Glu

Gly

155

Thr

Glu

val

Thr

Gly

235

Lys

Ser

Arg

Aryg

Gln
315

Gly

Ile

Ser

Gly

Thr

395

Trp

Thr

Ala

Ser

Ile

475

Thr

Lys

Tyr

Ile

Thr

Glo

140

Leu

Gly

Ser

Met

Glu

220

Phe

Leu

Met
300

val

Gly

Ser

Gly

Leu
380

Trp

Gly

Phe

Lys

Pro

460

Ala

Trp

Ile

Tyr

Ala
540

Lys

Asn

Leu

His

Leu

205

Thr

Ala

Leu

Ala

Gly

285

Thr

Ile

Gly

Gly

Glu

365

Glu

Gly

Asp

Gly

Asn

445

Glu

Lys

Ser

Tyr

Gln

525

Gly

Ala

Ala

Glu

Phe

190

Leu

Gly

Ser

Glu

Ala

270

Tyr

Gly

Phe

Pro

Ser

350

Met:

Gln

Gly

Hig

Asn

430

Leu

Trp

Thr

Asn

Cys

510

Asp

Asn

Tan

Ala

Lys

Ser

175

Arg

Asgp

Leu

Ala

Agn

255

Tyr

Phe

Glu

TYyr

Asn

335

Met

Lys

Phe

Ile

Ser

415

Phe

Thr

Phe

Arg

Pro

495

Phe

Gli

Asp

IFal

Pro

Tyr
160

Asp

Asp

240

Leu

Asp

Ser

Lys

Phe
320

Trp

Leu

Asp

Phe

ala

400

Gly

Ile

Met

val

Lys

480

Leu

Tyr

Pro

Pro

T
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O WL e LS S WAy Ml Y Fempe Ay aaaa vea WS4 wrmw Sma saas

545 550 555 560

Hig Thr Met Cys Hig Arg Trp Lysg Asp Glu Asn Ser Lys Phe Asn Pro

565 570 575

Gly Asn Ala Gln Val Lys Val Val Glu Met Leu His Gln Pro Asp Arg
580 585 590

Leu Asp Ile Arg Gly Gly Ala Gln Thr Ala Glu His Val Asp Ile Leu
595 600 605

Gly Arg Ser Glu Leu Asn Glu Met Val Leu Lys Val Ala Ser Gly Lys
610 615 620

Gly Asn Glu Ile Glu Glu Arg Val Ile Ser Asn Ile Asp Glu Trp Val
625 €30 635 640

Trp Lys Ile Asp Leu Gly Ser Asn
645

<210> 33

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE

<222>(1)..(1)

<223> Xaa = Met [M] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or lle [I] or Leu [L] or Phe [F] or Pro [P] or Ser [S]
or Thr [T] or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> MISC_FEATURE

<222>(2)..(2)

<223> Xaa = Val [V] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or Leu [L] or Met [M] or Phe [F] or Pro [P] or Ser
[S] or Thr [T] or Trp [W] or Tyr [Y] or lle [I]

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Leu [L] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or Met [M] or Phe [F] or Pro [P] or Ser [S] or Thr
[T]or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Lys [K] or Ala [A] or Arg [R] or Asn [N] or Gly [G] or His [H] or Pro [P] or Ser [S] or Thr [T] or Tyr [Y]

<220>

<221> MISC_FEATURE

<222>(7)..(7)

<223> Xaa = Leu [L] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or lle [I] or Met [M] or Phe [F] or Pro [P] or Ser [S]
or Thr [T] or Trp [W] or Tyr [Y]

<400> 33

Xaa Xaa Xad Xaa Xaa Xaa Xaa
1 5

<210> 34

<211>17
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<212> PRT
<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE

<222>(1)..(1)

<223> Xaa = Met [M] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or lle [I] or Leu [L] or Phe [F] or Pro [P] or Ser [S]
or Thr [T] or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> MISC_FEATURE

<222>(2)..(2)

<223> Xaa = Val [V] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or Leu [L] or Met [M] or Phe [F] or Pro [P] or Ser
[S] or Thr [T] or Trp [W] or Tyr [Y] or lle [I]

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Leu [L] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or Met [M] or Phe [F] or Pro [P] or Ser [S] or Thr
[T] or Trp [W] or Tyr [Y] or Val [V] or lle [I]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Lys [K] or Ala [A] or Arg [R] or Asn [N] or Gly [G] or His [H] or Pro [P] or Ser [S] or Thr [T] or Tyr [Y]

<220>

<221> MISC_FEATURE

<222>(7)..(7)

<223> Xaa = Leu [L] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or GIn [Q] or His [H] or lle [I] or Met [M] or Phe [F] or Pro [P] or Ser [S]
or Thr [T] or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> misc_feature

<222> (8)..(13)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (14)..(15)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa = Asp [D] or Ala [A] or Asn [N] or Gly [G] or Glu [E] or GIn [Q] or His [H] or Phe [F] or Ser [S] or Thr [T]

<220>

<221> MISC_FEATURE

<222> (17)..(17)

<223> Xaa = Gly [G] or Ala [A] or Asnh [N] or His [H] or Leu [L] or Met [M] or Phe [F] or Ser [S] or Thr [T] or Val [V]

<400> 34
Met Xaa ¥aa Xaa Xaa Xaa Xaa Xaa Xsa Xaa Xaa Xaa Xaa Xaa Xas Xaa
1 5 10 15

Xaa

<210> 35
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<211>12
<212> PRT
<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (4)..(6)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(7)..(7)

<223> Xaa = Gly [G] or Ala [A] or Asn [N] or Cys [C] or His [H] or lle [I] or Leu [L] or Lys [K] or Met [M] or Phe [F] or Ser [S] or Thr [T]
or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> misc_feature

<222> (8)..(8)

<223> Xaa = Tyr [Y] or Ala [A] or Gly [G] or His [H] or Leu [L] or Phe [F] or Pro [P] or Ser [S] or Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (9)..(11)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa = Phe [F] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or His [H] or Leu [L] or Met [M] or Pro [P] or Ser [S] or Thr [T] or Val
V]

<400> 35

Trp His Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10

<210> 36

<211>15

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE

<222>(1)..(1)

<223> Xaa = Ser [S] or Ala [A] or Gly [G] or His [H] or Leu [L] or Phe [F] or Thr [T] or Val [V]

<220>

<221> MISC_FEATURE

<222>(2)..(2)

<223> Xaa = Ala [A] or Asn [N] or Gly [G] or His [H] or Leu [L] or Phe [F] or Pro [P] or Ser [S] or Thr [T] or Val [V]

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(7)..(8)

<223> Xaa can be any naturally occurring amino acid

<220>
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<221> MISC_FEATURE

<222>(9)..(9)

<223> Xaa = Pro [P] or Ala [A] or Arg [R] or Gly [G] or His [H] or lle [I] or Leu [L] or Lys [K] or Met [M] or Phe [F] or Pro [P] or Ser [S]
or Thr [T] or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> MISC_FEATURE

<222>(10)..(10)

<223> Xaa = Gly [G] or Ala [A] or Asn [N] or Cys [C] or His [H] or lle [I] or Leu [L] or Lys [K] or Met [M] or Phe [F] or Ser [S] or Thr [T]
or Trp [W] or Tyr [Y] or Val [V]

<220>

<221> MISC_FEATURE

<222> (11)..(11)

<223> Xaa = Tyr [Y] or Ala [A] or Gly [G] or His [H] or Leu [L] or Phe [F] or Pro [P] or Ser [S] or Thr [T] or Val [V]

<220>

<221> misc_feature

<222>(12)..(13)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa = Thr [T] or Phe [F] or Ala [A] or Cys [C] or Gly [G] or His [H[ or lle [I] or Leu [L] or Met [M] or Pro [P] or Ser [S] or Trp [W]
or Tyr [Y] or Val [V]

<220>

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Phe [F] or Ala [A] or Asn [N] or Cys [C] or Gly [G] or His [H] or Leu [L] or Met [M] or Pro [P] or Ser [S] or Thr [T] or Val
V]

<400> 36

Xaa Xaa Xaa Trp His Gly Xaa Xaa Xaa Xada Xaa Xaa Xaa Xaz Xaa
1 5 10 15
<210> 37

<211> 512

<212> PRT

<213> Yarrowia lipolytica

<220>

<221> MISC_FEATURE
<222>(133)..(133)

<223> Xaa = Val [V] or Cys [C]

<220>

<221> MISC_FEATURE

<222>(134)..(134)

<223> Xaa = Leu [L] or Ala [A] or Cys [C] or Gly [G]

<220>

<221> MISC_FEATURE

<222> (135)..(135)

<223> Xaa = Cys [C] or Asp [D] or lle [I] or Phe [F]

<220>

<221> MISC_FEATURE

<222> (136)..(136)

<223> Xaa = Met [M] or Gly [G] or Pro [P] or Ser [S] or Val [V] or Asnh [N] or Thr [T]

<220>

<221> MISC_FEATURE

<222> (137)..(137)

<223> Xaa = Lys [K] or Asnh [N] or Gly [G] or His [H] or Tyr [Y]



<220>

<221> MISC_FEATURE

<222>(138)..(138)

<223> Xaa = Leu [L] or Ala [A] or His [H] or Met [M] or Gly [G] or lle [I] or Asn [N]

<220>

<221> MISC_FEATURE

<222>(139)..(139)

<223> Xaa = Ser [S] or Leu [L] or Trp [W] or Gly [G] or Asn [N]

<220>

<221> MISC_FEATURE

<222> (140)..(140)

<223> Xaa = Ser [S] or Asn [N] or His [H] or Pro [P] or Trp [W] or Tyr [Y] or lle [I]

<220>

<221> MISC_FEATURE

<222> (141)..(141)

<223> Xaa = Phe [F] or Ala [A] or Met [M] or Trp [W] or Val [V]

<220>

<221> MISC_FEATURE

<222> (142)..(142)

<223> Xaa = Gly [G] or His [H] or lle [I] or Val [V]

<220>

<221> MISC_FEATURE

<222> (143)..(143)

<223> Xaa = Trp [W] or Leu [L] or His [H]

<220>

<221> MISC_FEATURE

<222> (144)..(144)

<223> Xaa = Asn [N] or Ala [A] or Lys [K] or Phe [F] or Thr [T] or Val [V]

<220>

<221> MISC_FEATURE

<222> (145)..(145)

<223> Xaa = Val [V] or Ala [A] or Gly [G] or Glu [E] or Met [M] or Phe [F] or Trp [W]

<220>

<221> MISC_FEATURE

<222> (146)..(146)

<223> Xaa = Tyr [Y] or Gly [G] or Leu [L] or Met [M]

<220>

<221> MISC_FEATURE

<222> (147)..(147)

<223> Xaa = Asp [D] or Asn [N] or GIn [Q] or His [H] or Glu [E]

<220>

<221> MISC_FEATURE

<222> (148)..(148)

<223> Xaa = Gly [G] or Ala [A] or Asn [N] or Val [V]

<220>

<221> MISC_FEATURE
<222> (378)..(378)

<223> Xaa = Phe [F] or Tyr [Y]

<220>

<221> MISC_FEATURE

<222> (382)..(382)

<223> Xaa =Thr [T] or lle [I] or Pro [P] or Tyr [Y]

<220>

DK/EP 2861728 T3



<221> MISC_FEATURE
<222> (383)..(383)
<223> Xaa = Arg [R] or Ala [A] or Met [M]

<220>

<221> MISC_FEATURE

<222> (388)..(388)

<223> Xaa = Leu [L] or Gly [G] or Tyr [Y] or His [H] or Thr [T]

<220>

<221> MISC_FEATURE

<222> (389)..(389)

<223> Xaa = Thr [T] or Ala [A] or Cys [C] or Ser [S]

<220>
<221> MISC_FEATURE
<222> (390)..(390)

<223> Xaa = Phe [F] or Cys [C] or Gly [G] or Asn [N] or Ser [S] or Thr [T]

<400> 37
Met Ala Phe Pro Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser
1 5 10

Thr Gly Leu Pré Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu
20 25 30

Ser Tyr Pro Leu Ser Ser Leu Met Lys Arg Leu Pro Asp Asp
35 40 45

Asn Leu Lys Ile Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr
50 55 60

Gly Val Pheé Ser Leu Tyr Gly Gly Ala Ala Thr Leu Leu Phe
65 70 75

Met Gly Thr Phe Phe Ile Thr Gln Trp Lys Ser Pro Tyr Met
85 90

Val Asn Phe Gly Phe Val Met Thr His Leu Phe Val Asn His
100 105 110

Ser Gln Phe Phe Pro Glu Thr Tyr Asp Pro Asn Val Ile Asp
115 120 125

Gly Ala Gln Met Xaa Xaa Xaa Xda Xaa Xaa Xaa Xaa Xaa Xaa
130 135 140

Xaa Xaa Xaa Xaa Trp Gln Ile Glu Lys Gly Glu Gln Leu Ser
145 150 155

Ala Ser
15

Val Met

Ala Lys

Met Val

Ser Ser

80

Pro Trp

35

Leu Arg

Ile Thr

Xaa Xaa

Glu Phe
160

Gln Thr Lys Arg Ala Val Leu Lys His Pro Ser Leu Met Asp Phe Leu
165 170 175

Ala Phe Val Phe Tyr Phe Pro Ser Ile Leu Thr Gly Pro 8er Tyr Asp

180 185 130

Tyr Met Glu Phe His Asn Trp Leu Asp Leu Ser Leu Phe Lys Glu Leu

195 200 205

Glu Lys Asp Lys Asp Pro Lys Arg Ala Ala Arg Arg Lys Arg His Lys

210 215 220

Ile Pro Arg Ser Gly Ile Ala Ala Ser Lys Lys Leu Ala Ala Gly Ils

225 230 235

240

Phe Trp Ile Val Leuw Txp Thr Gln Val Asp Ser Arg Ile Ser Thr Ala
245 250 255

Tyr Ala Tyr Ser Asp Ala Phe Thr Lys Glu His Asn Ile Phe Gly Arg

260 285 270

Ile Val Tyr Leu Tyr Met Leu Gly Phe Met Tyr Arg Leu Lys Tyr Tyr

275 280 285

Glv Ala Trp Ser Ilée Ser Glu Gly Ala Cvs Ile Leu Ser Gly Leu Gly

DK/EP 2861728 T3



290 295 300

Phe Hig Gly Val Asp Pro Lys Thr Gly Lys Tyr Lys Trp Asp Arg Val

305 310 315

320

Gln Asn Val Asp Pro Trp Gly Phe Glu Thr Gly Gln Asn Thr Lys Ala
325 330 335

Leu Leuw Glu Ala Trp Asn Gln Asn Thr Asn Lys Trp Leu Arg Asn Tyr

340 345 350

Val Tyr Leu Arg Val Val Pro Lys Gly Gln Lys Pro Gly Phe Arg Ala

358 360 365

Thr Ile Phe Thr Phe Val Val Ser Ala Xaa Trp His Gly Xaa Xaa Pro

370 375 380

Gly Tyr Tyr Xaa Xaa Xaa Val Thr Ala Ala Met Tyr Gln Ser Val Gly

385 330 395

400

Lys Phe Phe Arg Arg Tyr Leu Arg Pro Phe Phe Met Glu Ser asp Gly
405 410 415

Lys Thr Ala Gly Pro Tyr Lysg Ile Tyr Tyr Asp Ile Val Cys
420 425 430

Val val Gln Thr Ala Phe Gly Tyr Ala Thr Gln Ser Phe Met
435 440 445

Agp Phe Trp Léu Seér Leu Lys Cys Trp Lyg Agn Sér Trp Phe
450 455 460

His Ile Ala Leu Gly Ala Ile Phe Ala Ile Ser Ser Pro Tyr
465 470 475

Trp Ala Ile Pro Lys Ile Lys Lys Lys Gln Ala Gly Ala Val
485 490

Lys Lys Asp Ala Lys Glu Glu Val Lys Lys Asp Thr Ile Lys
500 505 510

<210> 38

<211>7

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE

<222>(2)..(2)

<223> Xaa = Val [V] or lle [I] or Cys [C]

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Leu [L] or Ala [A] or Cys [C] or Gly [G]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Lys [K] or His [H] or Gly [G] or Asn [N] or Tyr [Y]

<220>
<221> MISC_FEATURE
<222> (7)..(7)

<223> Xaa = Leu [L] or Ala [A] or Asnh [N] or Gly [G] or His [H] or lle [I] or Met [M]

Trp Ile

Ile Leu

Leu Tyr

Lys Ala
480

Thr Asp
435

Thr Lys
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<400> 38
Met Xaa Xaa Xaa Xaa Xaa Xaa
1 ]

<210> 39
<211>17

<212> PRT
<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> MISC_FEATURE

<222>(2)..(2)

<223> Xaa = Val [V] or lle [I] or Cys [C]

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Leu [L] or lle [I] or Ala [A] or Cys [C] or Gly [G]

<220>

<221> misc_feature

<222> (4)..(5)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Lys [K] or His [H] or Gly [G] or Asn [N] or Tyr [Y]

<220>
<221> MISC_FEATURE
<222> (7)..(7)

<223> Xaa = Leu [L] or Ala [A] or Asnh [N] or Gly [G] or His [H] or lle [I] or Met [M] or Val [V]

<220>

<221> misc_feature

<222> (8)..(13)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (14)..(15)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa = Asp [D] or GIn [Q] or Asn [N] or His [H]

<220>

<221> MISC_FEATURE

<222> (17)..(17)

<223> Xaa = Gly [G] or Ala [A] or Val [V] or Asn [N]

<400> 39

Met Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5 10

Xaa

<210> 40
<211>12
<212> PRT
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<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (4)..(6)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (9)..(11)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa = Phe [F] or Asn [N] or Cys [C] or Gly [G] or Thr [T]

<400> 40

Trp His Gly Xaa Xaa Xaa Gly Tyr Xaa Xaa Xaa Xaa
1 5 10

<210> 41

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> membrane bound O-acyltransferase motif

<220>

<221> misc_feature

<222> (3)..(3)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(7)..(8)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222>(12)..(13)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa = Thr [T] or Phe [F] or Ala [A] or Cys [C] or Ser [S]

<220>

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Phe [F] or Asn [N] or Cys [C] or Gly [G] or Thr [T]

<400> 41

Ser Ala Xaa Trp His Gly Xaa Xaa Pro Gly Tyr Xaa Xaa Xaa Xaa
1 5 10 15
<210> 42

<211> 512

<212> PRT

<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
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<222>(134)..(134)
<223> Xaa = Leu [L] or Ala [A] or Gly [G]

<220>

<221> MISC_FEATURE

<222> (136)..(136)

<223> Xaa = Met [M] or Ser [S] or Val [V]

<220>

<221> MISC_FEATURE

<222> (137)..(137)

<223> Xaa = Lys [K] or Asn [N] or His [H]

<220>

<221> MISC_FEATURE

<222> (140)..(140)

<223> Xaa = Ser [S] or His [H] or Trp [W]

<220>

<221> MISC_FEATURE

<222> (141)..(141)

<223> Xaa = Phe [F] or Met [M] or Trp [W]

<220>

<221> MISC_FEATURE

<222> (144)..(144)

<223> Xaa = Asn [N] or Ala [A] or Thr [T]

<220>

<221> MISC_FEATURE

<222> (145)..(145)

<223> Xaa = Val [V] or Met [M] or Trp [W]

<220>

<221> MISC_FEATURE

<222> (147)..(147)

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

<220>

<221> MISC_FEATURE

<222> (148)..(148)

<223> Xaa = Gly [G] or Ala [A] or Asn [N]

<220>

<221> MISC_FEATURE
<222> (378)..(378)

<223> Xaa = Phe [F] or Tyr [Y]

<220>

<221> MISC_FEATURE

<222> (382)..(382)

<223> Xaa =Thr [T] or lle [I] or Pro [P] or Tyr [Y]

<220>

<221> MISC_FEATURE

<222> (383)..(383)

<223> Xaa = Arg [R] or Met [M]

<220>

<221> MISC_FEATURE

<222> (384)..(384)

<223> Xaa = Pro [P] or Ala [A] or Gly [G]

<220>
<221> MISC_FEATURE
<222> (388)..(388)
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<223> Xaa = Leu [L] or Gly [G] or Tyr [Y] or Thr [T]

<220>
<221> MISC_FEATURE
<222> (389)..(389)
<223> Xaa = Thr [T] or Ala [A] or Cys [C] or Ser [S]

<220>
<221> MISC_FEATURE
<222> (390)..(390)
<223> Xaa = Phe [F] or Gly [G] or Ser [S] or Thr [T]

<400> 42

Met Ala Phé Pre

1

Thr

Ser

Gly
65

Met.

val

Gly

Xaa

145

Gl

ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Gly

Tyr

Leu

50

Val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

2390

His

Asn

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Xaa.

Lys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp.

Gly

Val

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Xaa

Arg

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

val

AsSp

Trp

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

Val

Trp

Ala

165

Tyr

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro
325

Ala

Asp

Ser

Tyr

Tyr

70

val

Glu

Xaa

Gln

150

Val

Phe

Agn

Pro

Ile

230

Trp

Ala

Met

Ser

Pro

310

Trp

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Lys

Leu

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Xaa

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Trp

Lys

25

Ser

Ala

Trp

His

105

Asp

Xaa

Lys

His

Ile

185

asp

Ala

Ser

val

Lys

265

Phe

Ala

Gly

Glu

Ala Ala Asp Ala Ser Ala

10

15

Ile aAla Phe Thr Leu Vval

Arg Leu Pro Asp Asp Ala

45

Val Ser Ile Phe Tyr Met

60

Ala Thr Leu Leu Phe Ser

75

Lyg Ser Pro Tyr Met Pro

90

@5

Léu Phe Val Asn His Leu

110

Pro Asn Val Ile Asp
125

Leu Ser Xaa Xaa Gly
140

Gly Glu Gln Leu Ser
155

Pro Ser Leu Met Asp
170

Leu Thr Gly Pro Ser
190

Leu Ser Leu Phe Lys
205

Ala Arg Arg Lys Arg
220

Lys Lys Leu Ala Ala
235

Asp Ser Arg Ile Ser
250

Glu Hig Asn Ile Phe
270

Met Tyr Arg Leu Lys
285

Cys Ile Leu Ser Gly
300

Lys Tyr Lys Trp Asp
315

Thr Gly Gln Asn Thr
330

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys
235

Ser

Met

Lys

Val

Ser

80

Trp

Arg

Thr

Xaa

Phe

160

Leu

2sp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

Vval

320

Ala
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Leu Leu Glu Ala Trp Asn BGln Asn

340

Val Tyr Leu Arg Val
355

Thr Ile Phe Thr Phe
370

Gly Tyr Tyr Xaa Xaa
385

Lys Phe Phe Arg Arg
405

Lys Thr &la Gly Pro
420

Val val Gln Thr Ala
435

Asp Phe Trp Leu Ser
450

His Tle Ala Leu Gly
465

Trp Ala Ile Pro Lys
485

Lys Lys Asp Ala Lys
500

<210>43

<211> 11017

<212> DNA

Val Pro Lys
360

Val val Ser
375

Xaa Val Thr
380

Tyr Leu Arg

Tyr Lys Ile

Phe Gly Tyr
4490

Leu Lys Cys
455

Ala Ile Phe
470

Tle Lys Lys

Glu Glu Val

<213> Artificial Sequence

<220>
<223> Plasmid pY196

<400> 43

cggateggge aagetcaatyg
aagacagete ggocageoatyg
ggaactecctt gtactgggag
cagtttecte ggecaccaget
cgttggtgat atcggaccac
tgecaatate tgdgaacttt

cettgagygoy gagcacagty

tgatceatgea cacataaggt cegaccttat
taacatccay agaagcacac aggttggttt
cggoaaagge ggacttgtyg acgttageota
agaggagact gaaataaatt tagtctgeag
tgaagtatat gttatggtaa tagttacgag
acggctateg gtocaaatta gaaagaacgt
cazaaatgtg atcatgatga aagccagcaa
acegegeega aaacgeaget gtcagaccea
tgaccagata ttgtgtccge ggtggagctc
ttegagettyg gegtaatcat ggteataget
aagctiecac acaacgtacy agocggaagc
gtgagctaac tcadattaat tgegtitgoge
tegtgecage tgcattaatyg aatcggocaa
cgetcbteeg ctteochdget cactgactog
gtatcagetc actcaasagge ggtaatacgg

aagaacAatatr cacnasaaca acAgcA’aAaan

Thr Asn Lys Trp Leu Arg Asn Tyr

345

350

Gly Gln Lys Pro Gly Fhe Arg Ala

365

Ala Xaa Trp His Gly
380

Ala Ala Met Tyr Gln
395

Pre Phe Phe Met Glu
410

Tyr Tyr Bsp Ile Val
425

Ala Thr Gln Ser Phe
445

Trp Lys Asn Ser Trp
460

Ala Ile Ser Ser Pro
475

Lys Gln Ala Gly 2la
490

Lys Lys Asp Thr Ile
505

Xaa

Ser

Ser

Cys

430

Met

Fhe

Tyr

Val

Lys
510

Xaa

val

AsSp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Xaa

Gly

400

Gly

Ile

Leu

Tyr

ala

480

Asp

Lys

gtetgettgy
agcagacceta
ttetegtagt
cgcaggecag
teggegatte
ctgtectega

ccggegtagy

agtactogee agtggccaga gageccttge

tggacagett ctogttggga gaggggacta

cagagacgtec ctecttctte tgttcagaga

caatgattce ggtteegggt acacegtggg

ggtgacaceg gtactggtge ttgacagtgt

acaggaagaa accgtygctta agageaagtt

tgaagtegte aatgatgteg atatgggttt

cggcaagete aatgagatoc
tcttggetge cacgagettg
gagcottaegta ggagggoatt
aactttttat cggaacctta
ttagttgaac ttatagatag
caatggctct ctgggegtog
tgacgttgca getgatattg
cagectagga astgtaacga
cagcttttgt tccctttagt
gttteckgtyg tgaaattgtt
ataaagtgta aagactgggg
teoactgdoog chttocagte
cgegegggga gaggeggttt
ctgogetegy tegttogget
ttatcecacag aatcagggga

ancacaaacs atasa’adac

ttggtagtygy
agcactcgay
ttggtggtga
tctggggeag
actggactat
cetttgeaga
ttgteggeca
zactgaaatt
gagggttaat
atoogetcac
tgcctaatga
gggasdacctg
gegtatigog
geggegageg
taacgcagga

nacoatraota

480
540
€600
660
720
780
840
800
960
1020
1080
1140
1200
1260
1320

1380

60

120

180

240

300

360

420
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gegtttttee
aggtggegas
gtgcgctcte
ggaagegtgg
cgetecaage
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggttttt
cctttgatct
ttggtcoatga
tttaaatcaa
agtgaggcas
gtegtgtaga

cogegagace

gacgagegea
cgggaagcta
acaggeatcg
cgatcaaggc
actcecgateg
ctgcataatt
tcaaccaagt
atacgggata
tecttcecgggge
actcgtgeac
aaaacaggaa
ctcatactct
tttegacagt
taagtagtte
tgoeccattyg
gacaggtegt
atacacagtt
tocgagecag
agacctcggc
tactgctgte
cagtcectcag
teggatcggy
caagacagct
aggaactcct
acagtttecct
gegttggtga
ttgccaatat
tecttgagyy
ttgatcatge
gtaacatcca

goggcaaagg

aagaggagac
gtgaagtata
tacggotate
acaaaaatgt

aaccgogecy

ataggcotoeg ccccectgac gageatcaca
accegacagg actataaaga taccaggcgt
ctgttcegac cctgecgett accggatace
cgctttctca tagctcacge tgtaggtate
tgggetgtygt gcacgaacce ceegttcage
gtcttgagtc caacccggta agacacgact.
ggattagecag agcgaggtat gtaggcggtg
acggctacac tagaaggaca gtatttggta
gaaaaagagt tggtagctct tgatccggea
ttgtttogcaa geagcagatt acgeogeagaa
tttetacggg gtetgacget cagtggaacg
gattatcaaa aaggatotte acctagatee
tctaaagtat atatgagtaa acttggtctg
ctatctoage gatetgtota tttogtteat
taactacgat acgggagggce ttaccatctg

cacgetoace ggotocagat ttatcagcaa

gaagtggtce tgcaacttta
gagtaagtag ttcgocagtt
tggtgtcacg cteghcgttt
gagttacatg atcecceatyg
ttgtcagaag taagttggec
ctettactgt catgecatee
cattectgaga atagtgtatg
atacecgegee acatageaga
gaaaactcte aaggatctta
ccaactgate tteageatct
ggcaaaatgc cgcaaaaaag
tectttttca atattgggat
aattaattaa gteatacaca
aacgtattag cactgtacce
gacagatcat geggatacae
ctgaccatca tacaagctga
aaattacata tcecatagtct
ccttetggta togottdagee
cgacaattat gatatccgtt
cgagagcgte tcecttghteg
agtegccett aggteggtte
caagctcaat ggtctgetty
cggcecageat gagcagacct
tgtactggga gttotegtag
cggcaccage tecgcaggeca
tatcggacca cdteggegatt
ctgegaactt tctgtecteg
ggagcacagt googgegtag
dcadataagg toogadctta
gagaagcaca caggttggtt

cggacttgty gacgttaget

tgaaataaat ttagtctgea gaacttttta
tgttatggta atagttacga gttagttgaa
ggtccaaatt agaaagaacg tcaatggete
gatcatgatyg saagccageca atgacgttge

aaaacgcage tgtcagacce acagecteca

v

»

toegeeteca
aatagtttge
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatget
cggcgacega
actttazaayg
cecgetgttga
tttactttea
ggaataaggg
ctgttecggaa
agtcagattt
agcatcteeg
aggttgtgca
acaagegcte
aacctotaac
toctgaatag
coggtagaca
tcaagaccca
tgggcaatga
gagtactege
ctggccaget
teagagacgt
gcaatgattc
cggtgacaca
aacaggaaga
gtgaagtegt
teggoaaget
ttettggetg

cgagettaogt

aaaatcgacg
ttcecectgg
tgtecegeett
tcagtteggt
cegacegety
tatcgocact
ctacagagtt
tctgegetot
aacaaaccac
aaaaaggate
adaactcacg
ttttaaatta
acagttacca
ceatagtige
geeccagtyge.

taaaccagec

teggaaccott
cttatagata
tetgggegta
agctgatatt

acgaagaaty

tocagtetat
graacgttgt
cattecagcta
aagcggttag
cactcatggt
tttotgtgac
gttgetettg
tgcteateat
gatccagttc
cecagegttte
cgacacggaa
atcaacggat
ettagagact:
tategagaaa
gtatcataca
catacttgca
agttaatott
gatctogatt
tgacatccte
ccecgggggt
agccaaccac
cagtggccagy
tctogttggg
ceteocttett
cggttecggg
ggtactggtyg
aaccgtgett
caatgatgte
caatgagete
ccacgagctt

aggagggcat

~pezvepeey
ctcaagtcag
dagetcocte
tetecectteg
gtaggtcgtt
cgecttateoo
ggeagcagoce
cttgaagtgg
gctgaagcca
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttadtc
ctgactcoce
tgeaatgata

agecggaagy

taattgttge
tgeccattgct
cggttecacaa
ctecctteggt
tatggcagca
tggtgagtac
cceggegtea
tggaaaacgt
gatgtaaccc
tgggtgagea
atgttgaata
gctcaatega
catataagta
cacaacaaca
tactogatea
cgctctetat
ctggtaagoe
ctggengtac
aacagttcgyg
cagaataagc
aaacteogggyg
agagcecttyg
agaggggact
ctgttecagayg
tacacegtgg
cttgacagtyg
aagagcaagt
gatatgggtt
cttggtggty
gagecactcga

tttggtggty

atctggggea
gactggacta
geetttgoeg
gttgtcggee

tatcgtcaaa

1240
1500
1560
1620
1680
1740
1800
1880
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
3720
3780
3840
3900
3960
4020
4080
4140

4200

4260
4320
4380
4440

4500
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gtgatceaag
agatactcgt
aatgtagagt
ggagttbotg
taccggagge
actttatacg
dttggacatc
gegtageteo
goatgtetge
atgacatgat
taaaaagecac
gaaatctgga
aaaccacagt
atacccacgyg
cctaattcac
agccagcagt
accatcatca
gaagtcogacg
acgctgogee
tegactttga
aagacatgaa
accagaaaag
gactcaadge
gctggtocet
ggggeteetyg
tgatgetgga

gatttguote

acctggetgt
tgtectacce
aagagactaa
aggteatett
actgggtcaa
ccaagaccct
tggctgtgta
catggggagy
ctggageeee
aggagtcctt
tgtattetea
ttgccaagac
ctotggaage
gtaaggatac
tgaacgtcag
cegtotooct
accctggtaa
ttegaggegg
agatggttct
acattgatga
ttggaaacae
teagetatge
tagaatttga
tatacaaatc

tggatotcgt

cacactecata gttggagteyg
cgaccgtacg atagttagta
gtgaaagact cactatggte
agagaaaaag gecaagatacy
atgtakecata gagagttagh
getgactaca tatttgtcct
tgtaggtace ccccggocaa
ctegetegte aattggetec
tatggetogt tttegtgoet
gtgattgggt ctacactttc
aactctaate agettettoa
agettagtty geccectaaaaa
tttgagaaca gggaggtaac
atcccgagac cggectttga
aaccatggec acacaacctyg
ggaggtggct gactccgagt
ccaccacaag cgaaaatccg
tatcacctte gteoeteggeg
accggagetc agcattgata
cgetetatet ctegacaact
ategeggttt ccgaccaaga
cgaacagaag getgeeoott
caagtacecy gtggtgctgg
ggagggaacc gaggagtgte
gtacatgatc cgagtcatgc
cacagagace ggtctagace

cgoogacktc tttatggeag

tattggatac gatacggata
tgatttggag caccgagacy
gegtatgaca ggtgagaaga
ctacttcatg aagtgggctyg
tgaccatatt gaatcstttg
ggttgetett ctgtetggag
tggactggag cagttcttct
aattgcttcc atgattccca
tgatgacgag cooggeocaga
gaccgagtac tctgctaaga
gtctccegag tggtttgtga
tcgaaagcag gthtgagcaga
tgetetecce aatgecccaeg
cgagegagee tactactacc
tatcgetgga aacgaccctg
tgtgaccecat accatgtgte
cgecccaggte aaggtigtgg
tgetcagact gecgageatg
gaaggtggct agtggdaagy
gtgggtgtgy aagattgate
acacatgggt tatatetagg
caacggtaacd tteatteoaty
ccaccttgeoe attcotettge
acttcottcott cccagcatcg

caatagaggg ctttttggac

tactcraaag
gacaacaata
agggcttatae
tatgtaacaa
ggttegatga
cagacataca
gacgatetaa
catctacttt
tatctatect
atatcagaga
tttcttgtaa
aatcaaaaaa
gaaggatcgt
ttetteocota
tgaatcggaa
ccgaggecaa
tcaagggcaa
cegtggtagyg
tcogacgetct
tgtegatgga
ttetgeagga
ttgetgtggy
tgccoeggcgt
ccaccgagte
tgctggacaa
ctececattt

gotactgget

caatgtctgo

togacattid

gatacttcte
cagttctgac

aggccgaggy

goggcaatga
gatagttgga
togaccaata
agegacgcat
tggcactygt
attacagtca
gagtgtagta
cttetgettg
docagtatta
taaggagtag
ttagtacaaa
agcaaaasac
atatatatat
caaccaacca
ggcgactgta
gaccgacgtc
gattctcaac
tgtgatagee
tetoggegac
cagtgtgtey
ggcggecaag
caaggetaty
catctécacyg
goactteaga
gtactgctygg
caagctgega

gtggaacaag

cgagtcagac
gcaagggaga
geeaaagtet
ggtacaataa
goctggtatyg
agcacttaecc
tgtaggattyg
getacacceoa
ccaactctaa
cacagttgea
ggtgattage
gaaaaacgaa
atatatatat
ttetcaccae
gagegggtey
cacgttcacc
ttcttcacce
gogggatact
ttgceoctegt
gactttgtac
dtcgagaage
aagagegagyg
ggactggaga
aagcgaatgt
ctgcagaace
geegeccagy

ctgetegaga

tgoggectac gactggagac
caagctecaaa gottcaateg
gggecattcg atgggctece
atatggagga ggaggtccca

cggetecaty ctgggtacte

ctcgacgaga
agggtggtad
atgtcacctt
acctcactat
accgaaccga

atgagaagcyg

aggatgagcc

accgatggaa

teggeageaa
tgagagttag
toaacgagga
actcctttac
agctoggaaa

tcocttgeotgt

aaatgaagga

atvtcaagat

atggtgtget

agatgttgea

tggacattet

gaaatgagat

tacegtgeag ctgaacgega
gcgagccgat ctgotgegaa
ggctatctgy ggtgatcatt
tggcaactte atcaagttea
ggatgaaacc gttgacttcc
gggtygettac toctttggaa
accttctace tggagcaace
ctactgette tatggagtoeg
caatcecgag cagaccaact
tatgggtcag ggegatggaa
ggacgagaac tocaagtbca
cecageetgat cgacttgata
ggggegttet gagttgaacg
tgaagagaga gtcatctcca
ttaggeggee geattgatga
ttggacagtt atatattaaa
accagtgact goaagtaata
tatatctcat ttatttctta
cctcatgage aataacateg

tggccacctt gtccocttgctyg

4560
4620
4680
4740
4800
4860
49290
4980
5040
5100
5180
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060

6120

6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560

7620
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tttaaacagt
ctagttettt
gctececcte
gecttgecea
gacctgcagg

acaagataaa

aaggggtgtt
cadacatggat
tgegacaatc
caaaggtage
atttatgoct
caccactgcy
tgaaaatatt
taattgtect
taacggtttg
agtctggaaa
tgatttctcoa
tggacgagta
tgagtEttct
tatgaataaa
ttggttgtas
aatogaactt
agttcatteot
tgatggagge
cceccattga
agettgtgte
ccgageagta
atcttctcat
ctegcacatg
cttggtotea
gcocgaaagaa
ctggaccgee
ggategggtt
gatggtottg
gaagatggtyg
tttggcggty
gttotggtgy

gggcttggty

ctgecggeta
tetggeaacyg
cagcacgecy
gaagacgage
getagogact
gtggatacte
agaaaggaaa
caagccceec
ggagaagcaa
acggectatt
ccagagaceo
gctataacaa
ctgtacacge
agtgetegga

ccttacataa

gtacgcagat
ggtgcccaaa
cggeaaaaaqg
aggtggeget
9999999999

aatatatcat

atgagccata
gotgatttat
tatcgattgt
gttgccaatg
cttocgacca
atceecggga
gttgatgoge
tttaacageg
gttgatgega
gaaatgcata
attgataace
ggaatcgcag
cettoattac
ttgcagttta
gactggcaga
ttgetgagtt
teatctgett
caagaacgoc
taacatcgga
tgtggatatyg
tgaggctete
gcggeegect
gecttataag
atggggcteoa
aacattcggyg
aggtggaaac
ceectegggga
acgygegecge
ceggacagoy
acggageagt
ttggasatca

gtgttggcga

ctactataga
gasgggeace

tggeccctee

gendadttgg

aaagccacgt

catgaacaat

ttcaacggga
atgggtataa
atgggaagec
atgttacaga
tcaagcattt
agacagcatt
tggeagtgtt:
ategegtatt
gtgattttga
agettttgeo
ttatttttga
accgatacca
agasacggct
atttgatget
gdattacget
gaaggatcag
ctgttttact
attteaccce
aactacggta
gatggtgtaa
taatctageg
actgagtctt
tggtggerat
ggacgtegac
aggtygttetyg
agccettott
acatgaagac
cgagggtotg
seatgaacty
actgggggaa
gaatgeatygy

cctggatctt

ggaacattte
cctgeggggt

ggggettgtt

tgtgtctcaa

aaaactgtet

aacgtcttge
atgggctege
cgatgeogeca
tgagatggtc
tatccgtact
ccaggtatta
cetgageagy
tegteteget
tgacgagegt
attetcaccg
cgaggggaas
ggatctitgeco
ttttcaaaaa
agatgagttt
gacttgacgg
atcaatttaa
ttgacaggea
gagacacoga
tteccggaaag
taccootttga
catttaatat
ctggccageg
gagagcgteg
aaggatctet
gaccaccacy
gaagggcatg
getctggeee
cacggacttg
geecagcaga
gatgegaceyg
teggggcagy

ggaggcatee

aagogoeegea

teogaggeege
gataatgtog
gagttgttte
agactaaact
cctgatgatg
gaagaatatc
ttgeattoga
caggcgcaat
aatggetgge
gattcagtog
ttaataggtt
atcctatgga
tatggtatty
ttctaatcag
gacggegget
atgggecota
aatgaagaca
agtgcctgaa
tgtatataga
gtactegtet
ctoaatgtat
tagccaatot
acgttgetgg
ceggegtona
gggacaatgg
atgccgacgt
ttgecteegt
gttceggtect
gggtaccact
agcaccagaa
tgtttggtga

agaccggcegg

tttegeattt cgoectatat
toccccacge cttoggegey
gategactge geggeetteg
ctegeegeeg tgaggetegg
aatctetgat gttacattgc

gottacataa acagtaatac

gattaaatte
ggcaatcagyg
tgaaacatgg
ggctgacgga
catggttact
ctgatteagg
ttoctgttbg
cacgaatgaa
ctgttgaaca
tcactcatgg
gtattgatgt
actgectcgg
ataatcdctga
aattggttaa
ttattgaata
cttoacttea
tggtacgact
atcctggcetg
acectttecce
tggetteotet
ttatatattt
ggtcggeagt
cgtccagace
gettgocteg
gagegecega
ccttggagta
tgdegetctg
tteoggtecag
tgagggoctt
tgtceattie
tgtegtcaat

ttecggtoac

agoagettya tgctgatacd caggaagaty cgoaccgagt agtagaagge

gtecattggyg
taggtggcac

ttggatgcaa

tteggattot

acggctogga
aaagagactqg
gcttgtaaga
ggtgtgggta

gtoggggeta

tcaatcotgge

gtecacaccac
tgttcecagcg
acctctgtgg

tacaataato

gtoattacac

ctgatgages

ceaggecotyg

aggcggcaaa

cggacatgag

attctgtgat
geaacegatt
tgttggtcaa
cegagedatyg

tatccagggy

cctgetegac
ttttetgeet
tgtcecagate

teoaateacta

cttgecgatg
gatgaccacg
ctgggttagt
aaaacgegte
gtgtagttta
gggagageea
tgtaaaccag
gaaatgtgeg
gegattgaag
aaatccatac
ctecagecgeee
gecacctggtg
agcgcageag

agatcdacoaat

geggtgagaa tggtggacge
gegatggegy cgeggacgta
ttgtgtagag agtgtgtgtt
gtetegacac tgatctigte
gatttcgaat ctgtggggaa
ctgtttatat atadcctaga
tattaaggtt ggcaagtgca
gaaggcaaaa aaatgaggco
tacactaaca tgacatgtgt
gogetttege agetetaaag
tcactttttg ttaagacaaa
ggacatttgg tgcaacctaa
ttcegaggta gttttgagge

cttaataaca atattdotte

Te8U
7740
7800
7860
7920

7980

8040
8100
8160
8220
8280
8340
3400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
2420
9480
9540
9600
9660
9720
9780
9840

9800

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740

10800
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S

ttatttogtge
ttggtgcaac
tggccatata

aatttgtcat

<210> 44

rp-——-zm-3
cattgagoec

cctacceoatt

aaaaggcecc

ctaggeggee

<211> 10575

<212> DNA

N

cgttatccete

tattgttggg

<213> Artificial Sequence

<220>

<223> Plasmid pY301

<400> 44
ggecgeattg

agttatatat
gactgcaagt
tcatttattt
gagcaataac
cettgtectt

atttegecot

atgattggaa

taaatcaget

aatatagaat

cttatataca
atcgtggate

gotgtttaaa

atatctagtt

tcegg
ctgegoggeo
gecgtgagge
tgatgttaca
ataaacagta
ccgogattaa
gtegggoaat
tttetgaaac
aactggctga
gatgeatggt
tatactgatt
tagattedty
caatcacgaa
tggectgtty
gtegtoacto
ggttgtattg
tggaactgee
attgataatce
tcagaattgg
ggetttgttg
teactteoaag
gtacgacttyg
cetggetgee
ctttceccag
gcottetotee
atatatttat
teettggegt
geceatgaat
aaccaggagt
gtagogtate
tagggaccgy

aacttaccaa

gttocatgee

egegg c
tteggocttg
tegggacctg
ttgeoacaaga
atacaagggg
attccaacat
caggtgagac
atggcaaagg
cggaatttat
tactcaccac
daggtgaaaa
tttgtaatty
tgaateacgg
aacaagtcotyg
atggtgattt
atgttggacg
teggtgagtt
ctgatatgaa
ttaattggtt
aataaatcga
tteoattette
atggaggecca
ccecattgata
cttgtgtetg
gagcagtatg
cttetcatge
ccttettgte
tgtaggggct
tettcecaaca
caaatgoggt
cagtettteoe

cagactggta

atgcocaacgyg

ttgaccacct

ctttggtgeoe

cectecggoaa
cocaaggtgy
cagggggggg
taaaaatata
tgttatgage
ggatgctgal
aatctatoga
tagagttgaa
gectcttcoag
tgegatcoao
tattgttgat
teocttttaac
tttggttgat
gaaagaaatyg
ctoacttgat
agtcggaatc
ttetecttea
taaattgeag
gtaacactgg
acttttgctg
atctgettet
agaacgccat
acatcggaaa
tggatatgga
aggctetcta
ggccygettag
agtgacgget
agaaattgea
cttgagegac
ttggacaacy
atcagactce

catggoagey

ccectagtgg

acacacacat

aatcacttct
tegtcaatag

cagtgtacge

tggcegtett ctgeatg

aaagtggcea
cgetgocoee
ggggaaagec
tcatcatgaa
catattcaac
ttatatgggt
ttgtatggga
aatgatgtta
accatcaage
gggaaaacag
gagatggcag
agégatageg
gcgagtgatt
cataagetit
aaccttattt
gcagaccgat
ttacagaaac
tttcatttga
cagagcatta
agttgaagga
gttttacttt
ttcacccega
ctacggtatt
tggtgtaatae
atctagagea
ttggtetiga
ccageetget
aagatggdge
agccagaagt
atccaacaca
atgaagaagyg

gteacaaaqy

gtatcttcota
tgcagcccaa

caatggcaga

gggttatate
taactteatt
tgeccattete
tctteccage
agggcttttt
agatctacta

caaagaagyg

ctocggggot
ttggaaccce
acgttgtgte
caataaaact
gggaaacgtc
ataaatggge
agaccgatge
cagatgagat
attttatccg
cattccaggt
tgttectgeg
tatttegtot
ttgatgacga
tgccattete
ttgacgaggy
accaggatct
ggetttttea
tgctcgatga
cgotgactty
tcagatcaat
gacaggcasa
gacaccgaag
coggaaagtg
cectttgagt
tttaatatct
tggtgtectt
ttttcttgat
daagageoaat
ctagaatcat
caatgtegta
gtegraggta

tgagatagta

——r———pm—— v———— N—

coccocatoa cateoctttg
ccgacgtgga gagcttgget

aagtcagctg tgagttgttg

taggtgagag ttagttggac
catgtoaacy aggaaccaght
ttgcactcet ttactatatc
atcgagctcg gaaacctceat
ggacteoettyg ctgttggeca
tagaggaaca tttetttege

caccectgeg gggtteccce

tgttgatcga
cgdactegec
teaaaatcte
gtetgettae
ttgctcgagg
tegegataat
gocagagttg
ggtcagacta
tactoctgat
attagaagaa
coggttgoat
cgetcaggey
gegtaatgge
accggattea
gaaattaata
tgecatccta
asaatatggt
gtttttctaa
acgggacgge
ttaaatteet
tgaagacatg
togcctgaaat
tatatagaac
actegtettg
caatgtattt
cttoacctee
cttgggaatc
gtggtacagy
aaaggactgyg
gtagatetta
tegtoggaag

gacaggtega

agaaggcgga adccacaaat gtgaagatag tggcteggaa tocaggettt

tggeecttbtgg geaccacteg gaggtacaca tagtttcgta geocacttgtt agtgttctgg

10860

10820

10980

11017

840

500

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
22890

2340

60

120

180

240

300

360

420

2400

2460
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tteogaggect
ttetggacac
ccagacaaga
atgaaaccga
gegtetgagt
cagaagatac
cgetttogte
agategageoa
aagtagaaca
gtetggaact
ccaaaagacg
gggtegtaty
acaaaaqcaa
gecattgagyg
tagaagatgy
cgtttcatga
tccggaggea
gccatggtty
tetegggate
gttctcaaaa
aactaagett
attagagttg
cccaatcaca
cgagecatag
acgagcgagg
gtacctacag
gtagtcagcc
atgatacatg

tttttectecte

gtetttoaca
gtageatgeyg
geecttgead
ggggactagyg
tteagagaca
accgtgggeg
gacagtgttg
agcaagttoc
atgggttttg
ggtggtggta
cactcgageg
ggtggtgaag
tggggcagty
tggactatac
tttgccgaca
gtaggocaac
ttgaccagat
tttegagett
caagettaca
agtgagctaa
gtegtgocag
gcgetetteo

ggtatocaget

coageagage ctttgtgttt
ggtecccactt gtacttgeca
tgecaggetce cteggaaatg
gcatgtagag gtacacaatt
aagegtagge ggtggagatt
cageggegag tttettggaa
gagcageteg cttggggtec
agttatggaa ctcecatatag
caaaagctag gaagtccata
cgetgagetg cteacaecttd
atagctteat acacagaacc
ttteggggaa aaactgogaa
aattgaccca gggcatgtaa
agaagagcag agtggcaget
acacggagat gatatagaty
gagaactcag cggataagac
gcecctgtaga tgcagacgca
tgaattaggg tggtgagaat
cgtgggtata tatatatata
ctgtggtttt tegtttttcg
ccagatttceg ctaatcacct
ggctttttat geaactgtge
teatgtcatt tagagttggt
cagacatgcet gggtgtagee
gagctacgce aatccgacat
atgtccaagg gtaagtgcett
gtataaagtc ataccaggeca
ackteeggtat tattgtacca

agaaactcca gactttggct.

¢tctacattt ctecdettget ceaactatcg
gategggcaa gcectcaatggt ctgcttggay
gacagcetegg cdagcatgay cagacctaotg
aactcettgt actgggagtt ctegtagtea
gttteoctegg caccagetey caggecagea
ttggtgatat cggaccactc ggogattcgg
ccaatatetg cgaactttct gtcectcgaac
ttgagggggs gcacagtgeo ggegtaggtyg
atcatgcaca cataaggtcc gaccttateg
acatccagag aagcacacag gttggtttte
gcaaaggcgg acttgtggac gttagctaga
aggagactga aataaattta gtotgragaa
aagtatatgt tatggtaata gttacgagtt
ggctatcggt ccaasattaga aagaacgtea
aaaatgtgat catgatgssa gccagcaatg
cgogoagaaa acgcagetgt cagacccaca
attgtgtccg cggtggaget ccagcettttg
ggcgtaatca tggtcatage tgtttoctgt
cacaacgtac gagccggaag cataaagtgt
ctracattaa ttgcgttgeg ctcactgeco
ctgcattaat gaatcggcca acgegogggg
gettectege tcactgacte getgegeteg

cactcaaagg cggtaatacg gttatccaca

tgaccagttt
gttttggggt
gaccaggete
cgtccaaaga
cgagagtaca
gecagagatte
ttatctttct
tegtaagaag
agactggggt
teaatetgeo
atctgtgete
cgeaggtgat
gggctcttec
ccogecataga
atcttgaggt
atgaccagag
teggetgece
ggttggttgt
tatatatata
ttitttgete
ttgtactaat
tacteettat
aatactggga
aagcagaaga
acgacacgct
gactgtaatt
ccagtgceat
tgogtegett

attggtcgag

attgttgtot
tactegocag
gocagettot
gagacgtoct
atgattecgyg
tgacaccggt
aggaagaaac
aagtogtoaa
gcaagetcaa
ttggctgooa
gottegtagg
ckttttateg
agttgaactt
atggcteotet
acgttgcage
goctagganyg
ttcectttag
gtgaaattgt
asagcectggy
gotttocagt
agaggcggtt
gtegttegge

gaateagggy

cgaateoccca
ccacgecatyg
cogtagtactt
tgttgtgcte
cctgggtaca
cagatogggy
ccagcteoctt
gacctgteag
gcttgagaac
atccategta
cggtgatgteo
tgacgaagag
attgggtgat
gggagaagac
ttttggegte
tgaatgcaat
acttatctge
agggaagaat
cgatcctteg
tttttgattt
tacaagaaag
ctetgatatg
ggatagataa
aagtagatgg
gagategtct
gtatgtctga
catocgaacca
tgttacatac

ataagcccegy

cgggtceacy
gaatccegagg
gagtoggtac
cttggtgaat
cagaacgato
gatettgtgt
gaacaggetyg
aatggaaggy
agccctttta
gacgttadat
aatgacattg
atgggtcaty
gaagaaggta
acgeaccatyg
atctggcage
cttgaggagy
ccatggaaag
caaaggccgy
ttaccteoeet
ttttagggeo
gaagaagctg
azagtgtaga
ggcacgaaaa
gagccaatty
tggccgggag
ggacaaatat
ctaactctet
gtatettgea

accatagtga

actaactate
tggccagaga
cgttgggaga
cettettetg
ttecgggtac
actggtgcett
cgtgertaag
tgatgteogat
tgagcteoctt
cgagcttgag
agggeattit
gaacdttato
atagatagac
gggoegtogec
tgatattgtt
aaactgaaat
tgagggttaa
tatcogcteca
gtgoctaaty
cgggaaacct
tgcgtattgyg
tgcggcgage

ataacgcagy

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
4140

4200

4250
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520

5580
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aaagaacatg
ggdgttttte
gaggtggega
acgtgegetet
gggaagegty
tegotcecaag
cggtaactat
cactggtaac

gtggectaac

agttacette
cggtggtttt
tectttgatce
tttggtoaty
gtcagcttte
geatetoogt
ggttgtgcag
caagcgctee
acctctaaca
cotcaatagy
cggtagacat
caagacccac
gggcaatgaa
agtactcgee
tggecagett
cagagacgte
caatgattoc
ggtgacacdy
acaggdagaa
tgaagtegte
aggcaagetc
tettyggetge
gagcttcgta
aactttttat
ttagttgaac
caatggctct
tgacgttgea
cagcectocaa
acdtdcaaagy
acaacaatcg

gggettatet

atgtaacaaa
gttegatgat
agacatacaa
acgatctcag
atctacttte
atctatecte
tatcagagat
ttettgtaat
atcaaaaaaa
aaggatcgta
tettadotac

gaatecggaag

tgagcaaaag gccagcaaaa ggecaggaac
cataggctce gcdddcctga cgagcatcad

aacccgacayg gactataaag atadcaggeg

cgtaaaaagg
aaaaatcgac

tttecocctg

cctgttecga ceotgeeget taco ac ctgteegeoet
gegetttate atagctoacg dtgtaggtat
ctgggctygtg tgeacgaacce cecegttceag
cgtettgagt cdaaccoggt aigacacgac
aggattagca gagegaggta tgtaggeggt

tacggoctaca ctagaaggac agtatttggt

ggaaaaagag ttggtagete
tttgtttgca ageageagat
ttttctacgg ggtctgacge
agattatcaa aaaggatctt
ttegagecete atataagtat
atcgagaaac acaacaacat
tatecatacat actegatcag
atacttgeac gotctetata
gttaatette tggtaagect
atcteggtte tggecgtaca
gacatcctca acagtteggt
ccegggggte agaataagce
gocaaccaca aactaggggt.
agtggccaga gagcccttge
ctegttggga gaggggacta
ctecttette tgttcagaga
ggtteegggt acaceghbggg
gtactggtge ttgacagtgt
accgtgctta agagcaagtt
aatgatgtcg atatgggttt
aatgagctec ttggtggtgg
cacgagetty agecactcegag
ggagggcatt ttggtggtga
cggaacctta tctggggoay
ttatagatag actggactat
ctgggegteg cetttgeega
getgatattg ttgteggeca
cgaagaatgt ategtcaaag
cggfaatgac gagtcagaca
atagttggag caagggagaa

cgaccaatag ccaaagtctg

gegacgeatyg gtacaataat accggaggea
ggcactggby cetyggtatga ctttatacgg
ttacagteaa geoacttacce ttggacatet
cgtgtcegtat gteggattgg cgtagetcece
ttetgettygy ctacacccag catgtotget
ceagtattac caactctaaa tgacatgatg
aaggagtage acagtigcat aaaaagcocca
tagtacaaag gtgattagcg aaatctggaa
gcaaaaaacy adaaacgaaa aaccacagtt
tatatatata tatatatata tacccacgga
aaccaadeat tctdaceacd ctaatteaca

gegactgbeg agcgggtoga gccagcagtg

ttgatecgge
tacgegeaga
tecagtggaac
cacctagate
aagtagttca
gocceattgg
acaggtcegte
tacacagtta
cocagecage
gaccteggae
actgctgteco
agtcctcaga
eggateggge
aagacagctc
ggaactoctt
cagtttectc
cgttggtgat
tgccaatate
ccttgagggy
tgatcatgea
taacatccag
cggcasagge
agaggagact
tgaagtatat
acggctatcg
caaaaatgty
accgegocga
tgatccaage
gatactegte
atgtagagtg

gagtttetga

cteagttagg
cecgaceget
ttategooac
gctacagagt

atetgegate

tgtatcatag
ctgactacat
gtaggtacoo
tegeteogtea
atggctegtt
tgattgggto
actctaatea
gettagttgg
ttgagaacag
tocegagace
accatggcra

gaggtyggetg

agacaaacca
aaaaaaggat
gaaaactcac
cttaattaay
acgtattago
acagatcatg
tgaccatcat
aattacatat
cttotggtat
gacaattatg
gagagegtot
gtegoecetta
aagcteaaty
ggecageatg
gtactgggag
ggeaccaget
ataggaccac
tgcgaacttt
gagcacagtyg
cacataaggt
agaagcacac
ggacttgtgg
gaaataaatt
gttatggtaa
gtccaaatta
atcatgatga
aaacgcaget
acactcatag
gacegtacga
tgaaagactec

gagaaaaagy

ccgegttget
gctcaagtca
gaagctadot
ttetocctte
tgtaggtegt
gegecttate
tggcageage
tettgaagtyg

tgetgaagea

dcgetggtag
ctoaagaaga
gttaagggat:
tcatacacaa
actgtaccca
cggatacaca
acaagectgaa
coatagtcta
cgettggoet
atatcegtto
eccttgtegt
ggtcggttet
gtekgettag
agcagacctc
ttotcegtagt
cgcaggccayg
teggegatte
ctgtodtoga
ceggegtagyg
cegaccttat
aggttggttt
acgttagcte
tagtctgecag
tagttacgag
gaaagaacgt
aagccagcaa
gtoagacceea
ttggagtegt.
tagttagtag
actatggtce

caagatacgt

agagttagtg
atttygtecte
ceeggccaag
attggctcee
ttegtgeott
tacactttea
gettottaot
ccctaaaaaa
ggaggtaacy
ggectttgat
cdacaacctgt

actecgagte

5640
5700
5760
5820
5880
5940
6000
6060

6120

6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920

7980

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640

8700

DK/EP 2861728 T3



cgaggccaag accgacgtco

caagggeaayg attctcaact

cgtggteggt gtgatagecg

cegacgetett cteggogact

gtcgatggac agtgtgtcgg

tcotgraggay geggocaaga

tgotgtggge aaggatatga

geceggegte atctocacgg

cacecgagtcg cacttcagaa

gctggacaag tactgctgge

tecccattte aageotgogag

ctactggety tggaacaaga

aatgtotgct goggectacyg

atacttctcec aagectcaaag

agttotgacg ggccattoga

dgccgaggga tatggaggag

cggacatttce ggetccatge

aatgaaggat accgtgcage

tegacgagag cgagccgate

gggtggtaag getatctggyg

tgtcaccttt ggcaacttc

cateactaty gatgaaace

cecgaaccgag ggtgottac

tgagaagega cettctace

totoaagate tactgottet

ggatgagcee aatcecgag

tggtgtgett atgggtcagg
ccgatggaag gacgagaact
gatgttgcac cagcectgatce
ggacattetyg gggegttoty

adaatgagatt gaagagagag

cggeageaat tagge

<210> 45

<211> 1539
<212> DNA
<213> Yarrowia lipolytica

<220>
<221> CDS
<222> (1)..(1539)

<400> 45

atg gee ttt oot tgg
Met Ala Phe Pro Trp Ala Asp Lys

1
aca

Thr

tet
Ser

aac

ggt
Gly
65

atg
Met:

g99g
Gly

tat
Tyr

ete
Leu
50

gte
val

ggt
Gly

ctg cct ccg

acgttcacca
tetteacoeg
cgggatacta
tgeccteogtt
actttgtaca
tecgagaagca
&gagcgagygyg
gactggagag
agcgaatgtg
tgcagaacct
aogeccagyg
tgetogagaa
actggagact
cttcaatcga
tgggecteocca
gaggtcccaa
tgggtactce
tgaacgcgat
tgectgogaac

gtgatcatte

a tcaagttcaa

g
t

t

c

gea gat adag

gac ctc ctc

Leu Pro Pro Asp Leu Leu

20

ccg ¢tg agt
Pro Leu Ser
35

aag ate atc
Lys Ile Ile

ttec tee cte
Phe Ser Leu

ace tto tte
Thr Phe Phe
85

tet ctc atg
Ser Leu Met
40

tat ate ate
Tyr Ile Ile

tat gygc gga
Tyr Gly Gly
70

ate aca caa
Ile Thr Gln

ttgacttect
cctttggaat
ggagcaacce
atggagtcgg
agaccaactt
gcgatggaac
ccaagttcaa
gacttgatat
agttgascga

tecatctecaa

ccatcatcac
aagteogacgt
egetgogeca
cgactttgac
agacatgaaa
ccagaaaagc
actoaacgea
ctggtacoty
gggetoctygg
gatgctggac
atttgectea
actggetgtt
gtéectaccet
agagactaag
ggtcatette
ctgggtcaat
caagaccctyg
ggctgtgtat
atggggagga

tggagcocet

ggagtccttg
gtatteteayg
tgcocaagact
tetggaaget
taaggatace
gaacgtcagt
cgtectcectt
ceectggtaac
tcgaggcggt
gatggttetg

cattgatgag

caccacaage
atcacettog
cdeggagetea
gatetatete
togeggttte
gaacagaagg
aagtaccogg
gagggaaccyg
tacatgatcc
acagagaccg
gecgacttet
attggatacg
gatttggage
cgtatgacag
tacttoatga
gaccatattg
gttgctette
ggactggage
attgettcea

gatgacgage

tgg geca gee gat geg
Trp Ala Ala Asp Ala

10

dag att gca ttc act
Lys Ile Ala Phe Thr

25

aaa cgg <tg cca gat
Lys Arg Leu Pro Asp

45

tec gtg tec ate tte
Ser Val Ser Tle Phe

60

get gee act ctg cte
Ala Ala Thr Leu Leu
75

tgg aag age cot tac
Trp Lys Ser Pro Tyr

90

gaaaatcagt
tecteggege
gcattgatat
togacaactt
cgaccaagat
ctgocoettt
tggtgetggt
aggagtgtoc
gagtoatgct
gtctagacce
ttatggoagg
atacggatac
acegagacygy
gtgagaagac
agtgggetga
aatcctttgt
tgtectggaga
agttettcte
tgattcceaa

cecggccagaa

accgagtact ctgctaagaa
teteccgagt ggtttgtgaa
cgadagcagg ttgageagaa
gcteteccca atgecccega
gagcgagect actactacca
atcgetggaa acgaccectga
gtgacccata ccatgtgtca
godcaggtca aggttgtgga
gctcagactg cecgagecatgt
asggtggcta gtggaaaggg

tgggtytgga agattgatct

tet gea tet
Ser Ala Ser
15

ctg gte atg
Leu Val Met
30

gac gcc aaa
Asp Ala Lys

taec atg gtg
Tyr Met Val

ttec tee tea
Phe Ser Ser
80

atg cae tgg
Met Pro Trp
95

8 oy
8820
8880
3940
29000
2060
9120
2180
9240
9300
9360
8420
9480
9540
9600
9660
9720
9780
9840

9900

2960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10575

48

96

144

192

240

288
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gte
val

tag
Ser

gga
Gly

gtc
Vval
145

cag
Gln

get
Ala

tat
Tyr

gag
Glu

ate
Ile
225

tte
Pha

tae
Tyr

att
Ile

992,
Gly

tte
Phe
303

cag

Gln

ctg
Leu

gty

val

act
Thr

gge
Gly
385

aag
Lys

aag
Lys

gtt
val

gac
Asp

cac
His
465

tgg
Trp

aag
Lys

aat
Asn

cag
Gln

gca
Ala
130

tae
Tyr

act
Thr

ttt
Phe

atg
Met

aaza
Lys
210

ace
Pro

tgg
Trp

got
Ala

gtg
val

gee
aAla
299

cac

His

aac
Asn

ctg
Leu

tac

Tyr

atc
Ile
370

tag
Tyr

tte
Phe

act
Thr

gte
Val

ttc
Phe
450

att
Ile

geg
ala

aag
Lys

ttt
Phe

ttt
Phe
115

cag
Gln

gat
Asp

aaa
Lys

gtg
val

gag
Glu
195

gat
Asp

cga
Arg

ate
Ile

tac
Tyr

tac
Tyr
275

tog
Trp

ggc
Gly

gtg
Val

gag
Gl

cte

Leu
355

tte
Phe

tat
Tyr

tte
Phe

goec
ala

caa
Gln
435

tog
Trp

gct
Ala

att
Ile

gac
Asp

ggt. ttt gte atg acc gat cte tte gte aat cac ctg cgt
Gly Phe Val Met Thr His Leu Phe Val Asn His Leu Arg

100

tte
Phe

atg
Met

gga
Gly

agg
Arg

tte
Phe
180

tte
Fhe

aag
Lys

tot
Ser

gtt
Val

taa
Ser
260

cte

Leii

tee
Ser

gtg
val

gac
Asp

gcc
Ala
340

cga

Arg Val Val Pro

aca
Thr

ete
Leu

cga
Arg

ggt
Gly
420

ace
Thr

ctg
Lew

ctg
Leu

slala
Pro

gco
Ala
[ 4474}

ceo
Pro

gtt
val

togg
Trp

get
ala
165

tac
Tyr

cat
His

gaa
Asp

gga
Gly

ctg
Leu
245

gaa
Asp

tac
Tyr

att
Ile

gac
Asp

ccg
Pro
325

tgg
Trp

gtg

ttt
Phe

acc
Thr

cga
Arg
405

cce
Pro

gca
Ala

tcg
Ser

gge
Gly

aag
Lys
485

aag
Lys

gaa
Glu

ctg
Leu

cag
Gln
150

gtt
val

tte
Phe

aac
Asn

ece
Pro

ate
Ile
230

tag
Trp

gca
Ala

atg
Met.

ten
Ser

cce
Pro
310

£gg
Trp

aac
Asn

gtg

gtg
Val

ttt
Phe

aca
Thr

tgt
Cys
135

att
Ile

cte
Leu

cct
Pro

tgg
Trp

aag
Lys
215

got
Ala

acc
Thr

tta
phe

ctec
Leu

gag
Glu
295

aaa
Lys

gga
Gly

cag
Gln

cce

gtt
Val

tac
Tyr
120

atg
Met

gag
Glu

aag
Lys

tece
Ser

cte
Leu
200

cga

Arg

got
Ala

cag
Gln

ace
Thr

got
Gly
280

gga
Gly

act
Thr

tte
Phe

aac
Asn

aaa

Lys

105

gac
Asp

aag
Lys

aag
Lys

cac
His

att
Ile
185

gat:
Asp

get
Ala

teo
Ser

gtg
val

aag
Lys
265

ttc
Phe

goo
Ala

gge
Gly

gaa
Glu

act
Thr
345

ggc

360

375

390

tace
Tyr

tat
Tyx

ttt
Phe

cte
Leu

gce
Ala

gtg
Val

ctg
Leu

aag
Lys

g9a
Gly

aag
Lys

tce
Ser

ace
Thr

cga

atc
Ile

tag
Tyr

goc
ala

gct
aAla

coe
Pro

tac
Tyr

ceco
Pro

cta
Leu

got.
Gly

ceg
Pro
170

ctg
Leu

cte
Leu

got
Ala

aag
Ly=:

gac
Asp
250

gag
Glu

atg
Met.

tge
Cys

aag
Lys

act
Thr
330

aac
Asn

caa

tte
Phe

gce
Ala

tte
Phe

aat
Asn

teg
Ser

gag
Glu
155

agt.
Ser:

aca
Thr

age
Ser

cga
Arg

aaa
Lys
235

tet

Ser

cag
Hig

tac
Tyr

ate
Ile

tac
Tyr
315

ggt
Gly

aag
Lys

aag

tgg
Trp

atg
Met

gtc
val

tct
Ser
1490

cag
Gln

ctt
Leu

ggt
Gly

ctg
Leu

cga
Arg
220

cte

Leu

cga
ATy

aac
Azn

cga:
Arg

ttg
Leu
300

aag.
Lys

caa
Gln

tgg
Trp

cot

Gly Gln Lys Pro

cat
Hig

att
Ile
125

ttt
Phe

cta
Leu

atg
Met

cect
Pro

tte
Phe
205

aag

Lys

gea
Ala

ate
Ile

ate
Iie

ctc
Leu
285

tet
Ser

tag
Trp

aac
Asn

cta
Leu

gga

Gly

110
gac

Asp

gga
CGly

age
Ser

gac
Asp

tet
Ser
190

aag

Lys

cga

got
Ala

tee
Ser

ttt
Phe
270

aag

Lys

gge
cly

gac

aca
Thr

cga
Arg
350

tto

365

380

395

410

425

440

455

470

ate
Ile

gag
Glu

atc
Ile

aag
Lys

gag
Glu

tgt
Cys

ttt
Phe

daa
Lys

gtg
Vval

gct
Ala

tgg
Trp

gca
Ala

aag
Lys

aag
Lys

tac

ace
Thr

aag
Lys

att
Ile

cag
Gln

tte
Phe

gac
Agp

cag
Gln

aac
Asn

tect
Ser

tac
Tyr

atg
Met

att
Ile

tec
Ser

tee
Ser

gga
Gly

cag
Gln

gag
Glu

gtg
val

ttt
Phe

act
Thr

tet
Ser

tet
Ser

tgt
Cys

atc
Ile

tgg
Trp

gag
Glu

tte
Phe
175

tac
Tyr

gag
Glu

cac
His

ggt
Gly

acc
Thr
255

gga
Gly

tac
Tyr

cte
Leu

gt
Arg

aag
Lys
335

aac
Asn

cga

agc
Thr

aaec
Asn

tte
Phe
160

cta
Leu

gac
AsSp

ctg
Leu

aag
Lys

ate
Tle
249

gec

aAla

cga
Arg

tag
Tyr

92
Gly

gte
Val
320

gct
Ala

tat
Tyr

gee

Phe Arg

cga

gtt
val

gat
Asp

415

430

445

460

475

490

ROAR

aag
Lys

gct
ala

gac
Asp

age
Ser

aga
Gly

acc
Thr

tgg
Trp

cce
Pro

gce
Ala

atc
Ile

atg
Met

ttc
Phe

tac
Tyr

gte
val

aag
Lys

tgg
TIp

att
Ile

ctg
Leun

aag
Lys

act
Thr

498

R0

acc
Thr

Ala

cect
Pro

ggt
Gly
400

gga
Gly

atc
Ile

cta
Leu

tac
Tyr

gea
Ala
480

gac

Asp

aag
Lys

33

384

528

576

624

672

720

816

864

812

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536
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taa

<210> 46

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<400> 46
Met Ala Phe

1

Thr

Ser

Gly

65

Met

val

Ser

Gly

Val

145

Gln:

Tyr

Glu

Ile

225

Pha

Tyr

Ile

Gly

Phe

305

Gln

Leu

val

Gly

Tyr

Leu
50

Val

Gly

Asn

Gln

ala

130

Tyr

Thr

Phe

Met

Lys

210

Trp

Ala

Ala
230

Bis

Asn

Leu

Tyr

ouw

Pre Trp
5

EIve) sau

Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser
10 15

Leu Pro Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu Val Met

Pro
35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Gly

val

Glu

20

Leu Ser

Ile Ile

Ser Leu

Phe Phe
85

Gly Phe
100

Fhe Pro

Met Val

Gly Trp

arg Ala
165

Phe Tyr
180

Fhe His

Lys Asp

Ser Gly

Val Leu
245

Ser Asp
260

Leu Tyr

Ser Ile

Val asp

Asp Pro
325

Ala Trp
3490

25

Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys
40 45

Tyr Tle Ile Ser Val Ser Ile Phe Tyr Met Val
55 60

Tyr Gly Gly Ala Ala Thr Leu Leu Phe Ser Ser
70 75 80

Ile Thr Gln Trp Lys Ser Pro Tyr Met Pro Trp
90 95

Val Met Thr His Leu Phe Val Asn His Leu Arg
105 110

Glu Thr Tyr Asp Pro Asn Val Ile Asp Ile Thr
120 125

Leu Cys Met Lys Léu Ser Ser Phe Gly Trp Asn
135 140

Gln Ile Glu Lys Gly Glu Gln Leu Ser Glu Phe
150 155 160

Val Leu Lys His Pro Ser Leu Met Asp Phe Leu
170 175

Phe Pro Ser Tle ILeu Thr Gly Pro Ser Tyr Asp
185 190

Asn Trp Leu Asp Leu Ser Leu Phe Lys Glu Leu
200 205

Pre Lys Arg Ala Ala Arg Arg Lys Arg His Lys
215 220

Ile Ala Ala Ser lys Lys Ieu Ala Ala Gly Ile
230 235 240

Trp Thr Gln Val Asp Ser Arg Ile Ser Thr Ala
250 255

Ala Phe Thr Lys Glu His Asn Ile Phe Gly Arg
265 270

Met Leu Gly Phe Met Tyr Arg Leu Lys Tyr Tyr
280 285

Ser Glu Gly Ala Cys Ile Leu Ser Gly Leu Gly
295 300

Pro Lysg Thr Gly Lys Tyr Lys Trp Asp Arg Val

310 315 320

Trp Gly Phe Glu Thr Gly Gln Asn Thr Lys Ala
330 335

Asn Gln Asn Thr Agn Lys Trp Leu Arg Asn Tyr
345 250

Leu Arg Val Val Pro Lys Gly Gln Lys Pro Gly Phe Arg Rla

£33

nen LR

1539
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Thr Ile Phe Thr Phe Val Val Ser

370

375

Gly Tyr Tyr Leu Thr Phe Val Thr

385

390

Lys Phe Phe Arg Arg Tyr Leu Arg

405

Lys Thr Ala Gly Pro Tyr Lys Ile

420

val val gla Thr Ala Plie Gly Tyr
435 440

Asp Phe Trp Leu Ser Leu Lys Cys

450

455

His Ile Ala Leun Gly Ala Ile Phe

465

470

Trp Ala Ile Pro Lys Ile Lys Lys

485

Lys Lys Asp Ala Lys Glu Glu Val

<210> 47

<211> 8518
<212> DNA

500

<213> Artificial Sequence

<220>

<223> Plasmid pY306

<400> 47
ggcegeoatyga

goctcatact

tdcacagaca
atgttatcaa
ttettggect
agatgaagaa
atattgtgte
ttggegtaat
cacacaacgt
dactcacatt
agctgeatta
cogettecte
cteactcaaa
tgtgageaaa
teccatagget
gaaaccogac
ctectgttae
tggegetite
agctgggetyg
atcgtcttga
acaggattag
actacggcta
tecggadaaag
tttttgtttyg
tettttetac

tgagattate

gaagataaat atataaatac attgagatat taaatgeget agattagaga

getogygagag aagccaagac gagtactcaa aggggattac accatccata

caagctgggg aaaggttcta
tgggggcage caggatttca
cratcaagte gtaccatgte
tgaacttgaa gtgaaggaat
dgeggtggag ctecagettt
catggtcata goctgtttoct
acgageegga agcataaagt
aattgegtty ogetcactge
atgaatcgge caacgcegcegg
geteactgac togetgeget.
ggcggtaata cggttatceca
dggccageaa aaggocagga
cogecceect gacgageatc
aggactataa agataccagyg
gacectgeag ¢ttacoggat
tecatagetca cgetgtaggt
tgtgcacgaa ceeccagtte
gteccaaceoy gtaagacacy
cagagcgagg tatgtaggcg
cactagaagg acagtatttg
agttggtage tcttgatceog
caagcagcag attacgegea
ggggtctgac getcagtgga

aaaaaggate ttcacctaga

Ala Phe Trp

Ala Ala Met
395

Pro Phe Phe
410

Tyr Tyr Asp
425

Ala Thr Gln

Trrp Lys Asn

Ala Ile Ser
475

Lys Gln Ala
490

Lys Lys Asp
505

His Gly Thr Arg Pro

380

Tyr Gln Ser Val Gly

400

Met Glu Ser Asp Gly

415

Ile Val Cys Trp Ile
430

Ser Phe Met Ile Leu

445

Ser Trp Phe Leu Tyr

460

Ser Pro Tyr Lys Ala

480

Gly Ala Val Thr Asp

435

Thr Ile Lys Thr Lys
510

tatacacttt coggaatacc gtagtttcceg

ggcacttegg
ttcatttgee
ttaaatgtaa
tgttceettt
gtgtgaaatt
gtaaageetyg
cegotttoca
ggagaggcgyg
cggtegttayg
cagaatcagg
acegtaaaaa
acaaaaatcg
cgtttecaca
acctgtaege
atctcagttc
ageacgaccy
acttatecgece
gtgctacdaga
gtatctgege
gcaaacaaac
gaaadaaagg
acgaaaactc

tectittaaa

tgtctegggg
tgtcaaagta
cgaaactgaa
agtgagggtt
gttateceget
gggtgectaa
gtegggaaac
tttgegtatt
gotgeggega
ggataacgca
ggecgeghttyg
acgcetcaagt
tggaagotac
ctttetacet
ggtgtaggte
ctgcgoctta
actggcagca
gttcttgaag
tctgctgaag
cacegetggt
atctcaagaa
acgttaaggg

ttaaaaatga

tgaaatggeg
aaacagaagq
atttgaccag
aatttcgage
cacaagctte
tgagtgaget
atgtegtgaa
gggcgetcett
goggtatcayg
ggaaagaaca
ctggegtett
cagaggtgge
ctagtgeget
teogggaagey
gttcgeteca
tocggtaact
gccactggta
tggtggocta
ccagttacct.
ageggtggtt
gatcotttga
attttggtea

agttttaaat

60

120

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560
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caatctaaag
cadctatcte
agataactac
agccacgete
gcagaagtgg
ctagagtaag

togtggtgte

ggdgagttac
togttgtoag
attcotottac
agteattety
ataataccge
ggcgaaaact
cacccaactg
gaaggcaaaa
tettectttt
tatttgaatyg
tgccacctga
gegtgacage
ttetegodcac
teoegatttag
gtagtggged
ttaatagtgg
ttgatttata
daaaatttaa
gatgogeaac
gaadaggggga
acgttgtaaa
cgggeoecec
acagatcotto
acactgatta
ttatatatat
catatgocge
ataaacagag
tttttattac
ggaaacaatt
atgogtatgg
aatcaacagc

tatcaaagaa

ctcaactgte
atacttctag
atcttgcaaa
aaagcttote
tatttattte
tttgatttaa
ggaaattacc
aggttagacg
aagttgeget
actatgtact
tttectaatga
ggcgttcaat

cttatgeatyg

tatatatgag taaacttggt
agtgatetgt ctatttogtt
gatacgggag ggcottaccat
aacggcteca gatttatcag
tectgecaact ttatccgect
tagttecgeca gttaatagtt

acgctcegteg tttggtatgg

atgatccecec atgttgtgea
aagtaagttyg geccgoagtgt
tgtcatgeca teogtaagat
agaatagtgt atgeggegac
gcocacatage agaactttaa
ctcaaggatc ttaccgoetgt
atcttcagca tcttttactt
tgeagcaaaa aagggaataa
tcaatattat tgaagcattt
tatttagaaa zataaacaaa
cgegecctgt agecggegeat
tacacttgee agegocectag
gttegoegge ttteocecgte
tgetttacgg cacctegace
ategcoectga tagacggttt
actcttgtte caaactggaa
agggattttyg cegatttegyg
cgegaatttt zacaaaatat
tgttgggaag ggegatoggt
tgtgctgeaa ggegattaag
acgacggceca gtgaattgta
ctegaggteg atggtgtoga
gectcaagga aacctaatte
attttcggge caataattta
acatcatgat gatactgaca
ctoecaactga tgttéteaat
tecatdtace gdetdcaaat
ttagtattat tagacaactt
tataatggca gttegtteat
gaaatcttaa atatggatag
dacgasaaaa stcccttgta

cagetattea cacgttacta

tttetotett ctagaaatac
teoattteate ccacatatte
ttcaacaatt ataataagat
tggtgtgett ctegtattta
ttgttatata atecttttgt
ttttttgett azattecaate
atacttttga agaagcaaaa
ttecgecagaa tctagaatge
coctgagata ttgtacattt
actgttgatg catccacaac
ttrattaccy ctatgtatac
taatcataga cttatgaatc

ctacttgggt gtaatattgg

ctgacagtta
catacatagt

ctggoeecag

ccateecagtce

tgogeaacgt

aaaaagaggt
tatcactcat
gettttotgt
cgagttgate
aagtgctcat
tgagatccag
tcaccagegt
gggcgacacg
atcagggtta
taggggtice
taagogegge
cgeeagetda
aagctcotaaa
ccaaaaaact
ttegcocttt
caacactcaa
cctattggtt
taacgettac
gegggeatat
ttgggtaacg
atacgacteca
taagcttgat
tacatecgag
aaaaaatcgt
gtcatgteed
atttaagggg
gatgttetea
acttgottta
ttaacaattt
cataaatgat
caacataaat

ttgagattat

cttggattte
ataccaaagt
tttttattet

ttattacatyg

aaaatgaaag
ggtatgeggt
ttgettttac
agtttgtttt

ctacttgtac

caataaacca

cttcattcag

aggtacaagt

ceccectegtt

tgcacggtgt

gatctgttog

tagetectta
ggttatggca
gactggtgag
ttgecoggey
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtcteatg
gogeacattt
gggtgtggtg
tttegottte
togggggcte
tgattagggt
gacgttggag
coctatctog
aaaaaatgag
aatttcoatt
tegetattac
ccagggtttt
ctataggygcy.
atcgaattca
agactgaocga
gttatataat
attgctaast
toatctegoa
aaatatattg
tgaaaaacac
atgtagaata
atctgeattg
agtcategag

tattggacga

ccaatgetta atcagtgagg
tgoctgacte cocgtegtot
tgcotgcaatg ataccgegag
gocagcecgga agggecgage
tattaattgt tgccgggaag
tgttgecatt getacaggea

ctecggttcc caacgatcaa

ggtecteaga
gcactgcata
tactcaacca
tcaatacggg
cgttettogy
cccactcegtg
gcaaaaacag
atactcatac
ageggataca
ccoogaaaag
gttacgcgca
ttoectteoct
aetttagggt
gatggttcac
tccacgttet
gtctattaott
ctgatttaac
cgecatteag
gccagetgge
cccagteacy
aattgggtac
tgtcacacaa
gatocagtel
attatatgta
agacagacte
ttgtttaata
tatgaactta
ttectattta
aatgttataa
cctaattaga
aaatatcaac

gaatcacaca

atgtactatt cteattgtte
teteccaatga atgacattcet
agceggtatag tggcaatcaa
aatgatccat taaaggtata
ggcetggatac ataaaggtat
cagtgteaac tgtaatggta
aaaazaaaaaa tcgtatttcc
acattgttct tegaacgtaa
aagtacaagt acatcgtaca
gttttttttt gttttttttt
ttgtagtaag ccgggttatt
gcgctgegag ttacttttag

gaaatcaacyg gatgetcaat

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2229
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

3800

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620

4680
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agatttegac
gtataagtag
acatgcgccca
tecagacaggt
tatatagaca
gcctccoage
tacagacctc
aggtactget
agceagteet
gggtcggatc
ttgcadgaca
actaggaact
gagacagttt
tgggcgttgy
gtgttgocaa
agttccttga
gttttgatca

gtggtaacat

cgagegycaa
gtgaagagga
goagtgaagt
ctatacggct
ccgacaaaas
geocaacegog
aaagtgatecc
gacagatact
agaaatgtag
tetggagttt
taataccgga
atgactttat
acccttggac
ttagegtage
ccagcatgte
tasatgacat
gcataaaaag
agcgaaatct
gaaaaaccac
tatataccca
caccctaatt
catctacagg
cgctgagtte
tecatoteegt
ctetgotett
cctgggtoaa
ttttooecga
gtatgaagct
agcagotcay
tootagottt
agttccataa

agcgagetgo

aactagecgc
cegectacge

acectcétacat

agtaattaat
ttecaacgtat
ttggacagat
cgtctgacea
gttaasattac
cagccttctg
ggccgacaat
gtccgagagce
cagagtcgee
gggcaagctc
geteggoocag
ccttgtactg
ceteggaace
tgatatcgga
tatetgegaa
gggggageac
tgcacacata

ccagagaage

aggeggactt
gactgaaata
atatgttatg
atcggtccaa
tgtgateatyg
ccogaaaacge
aagcacacte
cgtecgacegt
agtgtgaaag
ctgagagaaa
ggcatgtatc
acggctgact
atctgtaggt
tccoctegeta
tgetatgget
gatgtygattyg
cccaactcta
ggaagcttag
agttttgaga
cggatconga
cacaaccatg
gctgeeteog
tcteatgaaa
gtecatotte
ctoctcaaty
ttttggtttt
aacatadgac
ategtcotett
cgagttccag
tgtgttctac
ctggetogat

tcgacgaaag

tggtatette tggategttc tgtggaccca ggtggactcot cgaatctcca
ttactcagac gcattcacca aggagceacaa catctttgga cgaattgtgt

geteggttte atgtacegac tcaagtacta cggagectgg teeatttecg

taagtecatac
tagecactgta
catgcggata
tecatacaage
atatccatag
gtatcegcttyg
tatgatatce
gtetcocctty
cttaggtcgg
aatggtctge
catgagcaga
ggagttcteg
agctogdagg
ccactoggeg
ctttetgteo
agtgeeggeg
aggtccecgace

acacaggttyg

gtggacgtta getegagett
aatttagtcet goagaacttt
gtaatagtta cgagttagtt
attagaaaga acgtcaatgg
atgaaagcca geastgacgt
agctgteaga cocacagoct
atagttggag tegtacteca
acgatagtta gtagacaaca
actcactatg gtocgggett.
aaggcaagat acgtatgtaa
atagagagtt agtggttcga
acatatttgt c¢ctoagacat
accccocgge caagacgatc
gteaattgge tceccatctac
cgttttegty ccttatcotat
ggtotacdct tteatatcoag
atcagettet tectttottyg
ttggccctaa aaaaatcaaa
acagggaggt aacgaaggat
gaceggactt tgatbettee
geetttocat gggoagataa
gacctecctca agattgeoatt
cggetgocag atgacgocaa
tacatggtgy gtgtettote
ggtacettet toatcadeca
gtcatgaccc atctettogt
cceaatgtca ttgadatcac
ggatggascg tcetacgatgg
actaaaaggyg ctgttctcaa
ttecctteca ttetgacagy
cteagectgt tcaaggaget

cgacacaaga tccoccgatc

acaagtcage
cecageatet
cacaggttgt
tgaacaageg
tcetaacotot
gcectectcaa
gttceggtag
tegtcaagac
ttctgggcaa
ttggagtact
cetotggeca
tagtcagaga
ccagcaatga
attcggtgac
tegaacagga
taggtgaagt
ttatcggeaa

gttttettgy

cgtaggaggg
ttateggaac
gaacttatag
ctectctggge
tgecagetgat
ccaacgaaga
aaggcggoaa
atcgatagtt
atctegacea
caaagcgacg
tgatggcact
acaattacag
tcagcgtgte
tttettctge
coteccagta
agataaggag
taattagtac
aaaagcaada
cgtatatata
ctacaaccaa
gtgggcagoc
cactetggte
aaaccgteaag
cctetatgge
atggaagagc
caatcacatyg
dggagdacag
atggcagatt
gcadececagt
tocttettac
ggagaaagat

tggaateget

tttcttegag
cegtatcgag
gcagtatecat
ctccatactt
aacagttaat
taggatcteg
acatgacateg
ccaccoeggy
tgaagocaac
cgccagtgge
gecttectegtt
cgtectectt
ttoeggttee
accggtacty
agaaaccgty
cgtaaatgat
gctcaatgag

ctgecacgag

ccteatataa
aaacacaaca
acatactcga
geacgetate
cttatggtaa
gttctggccg
ctcaacagtt.
ggtcagaata
cagaaacteg
cagagagcco
g99agagggy
cttetgttea
gggtacacog
gtgcttgaca
cttaagagea
gtegatatgg
ctocttggtyg

cttgageact

cattttggtg
cttatctggay
atagactgga
gtegectttg
attgttgteg
atgtategte
tgacgagtca
ggageaagay
atagccaaag
catggtacaa
ggtgcetggt
tcaagcactt
gtatgtcgga
ttggctacac
ttaccaacte
tagcacagtt
aaaggtgatt
aacgaaaaac
tatatatata
ccattotoac
gatgogtotg
atgtcttate
atcatctata
ggagetgesa
cetbacatge
cgttogeagt
atggttetgt
gagaagggty
cttatggact
gactatatgg
aaggacccea

gcttcecaaga

4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700

5760

5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6200
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620

7680

7740

7800

7860
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agggagectg
acaagtggga
aggetotget
toccgagtggt
tttoogeoett
tgtacecagtc
atggaaagac
aaaccegeatt
agtgttggaa
ctageeecta
ctgacaagaa
<210> 48

<211> 8518
<212> DNA

catettgtet
cegtgtccag
ggaggectgg
goccaaaggs
ctggeatgga
tgttggtaag
tgecggtece
tggatacget
gaactcctgg
caaggecatyyg

ggacgecaag

ggecteggat

aaccagaaca
caaaagcecty

actcgacctg

tataagatct

acccagtoct

<213> Artificial Sequence

<220>

<223> Plasmid pY306-N

<400> 48

catggecttt ccettgggcag

tecoggaccte ctcaagattyg

gaaacggetg
cttctacatg
aatgggtacc
ttttgteatg
cgaceccaat
ttttggatgg
ccagactaaa
ctacttecot
cgatctcage

aaagcgacac

cttctggate

aga te

ccagatgacg
gtgggtgtet
ttettoatea
acccatctet
gtecattgaca
aacgtctacg
agggetgttc
tocattctga
ctgttcaagg

aagatccocco

gttctgtgga

acca

ttteatgtac
gtetggoote
ccagaacgtg
ctggaaccag
aggacaaaag
tggaactaoga
taagttottc
toeoctataag
cgaetadocay
ctggttoctyg
atgggegatt
caaggaggag
atatataaat
agaagocaagy
ggaaaggtte
gccaggattt
tecgtaccatg
aagtgaagga
agecteocaget

tagctatttc

cgactcaagt
ggattocacg
gacccgtggy
aacactaaca
cetggattac
cectggetact
cgacgatacc
atctactacg
tactttatga
taccacattg
cecaagatca
gtgaagaagg
acattgagat
acgagtacte
tatatacact
caggcacttc
terttcatttg
atttaaatgt
tttgttecet

ctatgtoaaa

tctcecteta

tegtcaatca

tcaagoacce

gatctggaat

cecaggtgga
acaacatctt
actacggage
gegtggacee
gattcgaaac
agtggctacg
gagccactat
atcteacctt
tgegaccott
acattgtgtg
ttotagactt
ctetgggoge
agaaaaagca
acaccatcaa
dttaaatgcy
aaaggggatt
tteeggaata
ggtgtetogy
cctgteaaag
aacgaaactyg
ttagtgaggg

ttattatcca

aacgtggacc

ttcttecgac

ttectgtace
gegattooda

gaggaggtga

ataagtggge
cattecactet

ccaagaacct

cccaatggaa

tcaccggage

atggatggca

caggtactto

agctggagaa

ctctegaatc
tggacgaatt
ctggtecatt
caaaactggc
tggtcaaaac
aaactatgty
cttoacattt
tgtgaccoget
cttecatggag
ttggategtt
atggotygtag
catetttgea
ggetggagee
gaccaagtaa
ctagattaga
acaccatecca
cogtagtihe
ggtgaaatgg
taaaacagaa
aaatttgace
ttaatttoga

ctcacaagct

teoecatggegt
cgtggggatt
ctaacaagtyg
gattcoccgage
gctactatet
gatdcetgeg
actacgacat
ttatgattet
acattgetet
agatcaagaa

agaaggacac

agcogatgeg
ggtcatgtet
caagatcate
tggcggaget
gagccettac
cctgogtteg
acagatggtt
gattgagaag
cagtcttatg
ttacgactat
agataaggac

cgectgcttec

tegagegect
gtgtacctet
tcegagggag
aagtacaagt
acaaaggcte
tacetecgayg
gtggtttocg
goratgtaca
totgatggaa
gtccaaaceg
ctcaagtgtt
atttctagee
gtcactgaca
geggecgeat
gagactoata
tatecacaga
cgatgttate
cgttottgge
gecagatgaag
agatattgtg
gettggegta,

tccacacaac

ggacccraaa actggcaagt
cgaaactggt caaaacacaa
gotacgaaac tatgtgtace
cactatcttc ascatttgtgg
cacctttgtyg acogotgeca
acccttcttc atggagtetg
tgtgtgttgg ategttgtec
agacttotygg ctgtegotca
gggogccate tttgeaattt
aaagoagget ggageegtoa

catcaagace. aagtaage

tetgeateta cagggotged
tatcegetga gtteteteat
tatateatct cegtgtecat
gecactctge tettcteete
atgcocetggg tcaattttogg
cagtttttec cogaaacata
ctgtgtatga agctategte
ggtgagcage tcagegagtt
gactteoctag ctitttgtgtt
atggagttec ataactgget
cccaagegag ctgectcgacyg

aagaaactcg ccgctggtat

acgcttacte
acatgctegyg
cetgecatett
gggaccgtgt
tgctggagge
tggtgcecaa
ccttetggea
agtctgttgg
agactgecgg
catttggata
ggaagaacta
actacaagge
agaaggacqgc
gagaagataa
ctgotoggay
cacaagctgg
aatgggggca
ctccatcaag
aatgaacttg
tcegegutyy
atcatggtca

gtacgagcca

7920
7980
8040
8100
8160
8220
8280
8340
8400
8460

8518

60
120
180
240
300
360
420
480
540
600
660

720

780

840

%00

560
1020
1080
1140
1200
1280
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040
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gaagcataaa
tgegetoact
gocaacgege
actegetgeg
tacggttate
aazaggoccag
ctgacgagca
aaagatacca
agettacogy

cacgctgtag

aacccceegt
cggtaagaca
ggtatgtagy
ggacagtatt
gotottgate
agattacgcg
acgcteagty
tottoaccta
agtaaacttg
gtetatttcg
agggcttacco
cagatttate
ctttatcege
cagttaatag
cgtttggtat
ccatgttgtyg
tggcegeagt
catccgtaag
gtatgcggeg
gcagaacttt
teottacaeget
catcttttac
aaaagggaak
attgaagcat
aaaataaaca
gtageggege
ccagegeect
gcttteceeyg
ggcacctega
gatagacggt

tecaaactgg

tgcogattte
ttaacaaaat
agggegateg
aaggegatta
cagtgaattyg
cgatggtgtc
gaaacctaat
gacaataatt
atgatactga
gatgttotea

cogectacaa

gtgtaaagee
gocegettte
qgggagaggc
cteggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggegtttoce
atacctgtee

gtatctcagt

tggggtgoet
cagtcgggaa
ggtttgogta
cggctgegge
ggggataacy
aaggccgogt
cgacgectcaa
cctggaagct
geetttotee

teggtgtagg

aatgagtgag
acctgtagtyg
ttgggegete
gagcggtatc
caggaaagaa
tgetggegtt
gtcagaggty
cectegtgeyg
cttegggaag

tegttegete

ctaactcaca
ccagetgoat
ttecgettee
agctcactea
catgtgagoa
tttccatagg
gcgaaacooyg
ctctoctgtt
cagtggegett

caagectggge

ttaattgegt
taatgaatcg
tcogctoacty
daggeggtaa
aaaggocage
ctecgccaoe
acaggactat
ccgacectge
tcteoataget

tgtgtgeacg

tcagcccgac cgcoctgegect tatccggtaa ctategtett gagtccaacco

cgacttateg
cdggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatectttta
gtectgacagt
ttcatccata
atctggeece
agcaataaacd
ctceatcocag
tttgegeaac
ggcticatte
caaaaaageg
gttatcacte
atgcttttet
acegagttge
aaaagtgctce
gttgagatee
tttecaccage
aagggcgaca
ttatcagggt
aataggggtt
attaagegeg
agegeecget
tcaagctcta

cogCaagaaa

ttttegoect ttgacgttgg

aacaacactc aaccctatct

ggcetattgg
attaacgcett
gtgcgggect
agttgggtaa
taatacgact
gataagcttyg
tctacatceg
taaaaaaatc
cagtcatgte
atatttaagg

atgatgttet

ccactggeag
gagttottga
getetgetga
accaccgetg
ggatctcaag
toacgttaag
aattaaaaat
taccaatget
gttgcctgac
agtgctgcaa
cagecageayg
tetattaatt
gttgttgeca
agctcoggti
gttagctect
atggttatgg
gtgactggty
tcttgccogy
atcattggaa
agtteogatgt
gtttotgggt
cggaaatgtt
tattgtetea
ccgegeacat
gcgggtgtygg
cetttegett
aatcggggge

cttgattagg

ttaaaaaatg
acaatttcea
cttegetatt
cgocagggtt
cactataggg
atatcgaatt
agagactgee
gtgttatata
ccattgctaa
ggtcatcteg

caaaatatat

ggattttggt
gaagttttaa
taatcagtga
tccecgtegt
tgataccgeg
gaagggeega
gttgccggga
ttgctacagy
cccaacgatc
teggtoctce

cagcactgca

aacgttctte
aacocacteg
gagcaaaaac
gaatactcat
tgagicggata
ttoccecgaaa
tggttacgey

tetteocette

agtcecacgtt

cggtctatte

agctgattta
tteogecatte
acgcaagety
ttoeccagteoa
cgaattgggt
catgtcacac
gagatccagt
atattatatg
atagacagac
cattgtttaa

tgtatgaact

cagecactgy
agtggtggca
agoccagttac
gtageggtygg

aagatccttt

agtactcaac

cgtcaatacyg

tcoctttagg

gtgatggtte

acaaaaattt
aggctgegea
gagaaagggyg
cgacgtigta
accgggocoo
aaaccgatct
ctacactgat
tattatatat
toratctgee
taataaacag

tatttttatt

taacaggatt agcagagcga
taactacgge tacactagaa
ctteggaaaa agagttggta
tttttttgtt tgeaagecage
gatettttcet acggggtcetg
catgagatta toaaaaagga
atcaatataa agtatatatyg
ggecacctate tcagegatet
gtagataact acgatacggg
agacccacge tcaccggeto
gegcoagaagt ggtoctgcaa
agctagagta agtagttcge
categtggty tcacgetogt
aaggcgagtt acatgatccc
gategttgte agaagtaagt
taattctctt actgteatge
caagtcattc tgagaatagt
ggatdatace gegccacata
ggggcgaaaa ctotcaagga
tgcacccaac tgatettoag
aggaaggcaa aatgeoegeaa
actcttectt titcaatatt
catatttgaa tgtatttaga
agtgeoracct gacgegeect
cagcgtgace gdtacactig
ctttetegeo acgttegecg
gttoccgattt agtgetttac
acgtagtggg cecatcgecct
ctttaatagt ggacteottgt

ttttgattta taagggattt

aacgcgaatt
actgttggga
gatgtgetge
daacgacgge
ccctegaggt
tecgoctecaag
taattttegy
atacatcatg
gectocaact
actccatcta

acttagtatt

2100
2180
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
4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100

5160
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attagacaac
cagttagtte
aaatatggat
aaatecdottyg
cacacgttac
ttetagaaat
tceccacatat
ttataataag
ttctegtatt
taatectttt
ttaaattcaa
gaagaagcaa
aatctagaat
tattgtacat
tgcatceaca
cgctatgtat
gacttatgaa
gtgtaatatt
attaagtcat
attagoactyg

atecatgogga

catcatacaa
acatatceat
tggtatcget
attatgatat
gegtcoteect
cccttaggte
teaatggtct
agdatgagea
tgggagttct
coagetegea
gaccactegyg
aactttctgt
acagtgecgy
taaggtcega
goagacaggt
ttgtggacgt
taaatttagt
tggtaatagt
aaattagaaa
tgatgaaage
gcagctgtca
tcatagttgg
gtacgatagt
agactcacta
aaaaggcaag
teatagagag
ctacatattt
gtaccocoey
tegtoaatty
ctegtttteg

tgggtctaca

ttacttgett
atttaacaat
ageataaatg
tacaacataa
tattgagatt
acaggtacaa
tecttggatt
atataccaaa
tatttttatt
gtttattaca
tecececctoy
aaaaaatgaa
geggtatgeg
ttttgctttt
acagtttgtt
acctacttgt
tetgoacggt
gggatcetgtt
acacaagtca
tacccagoat

tacacaggtt

getgaacaag
agtctaacct
tggectecte
ccgttcecggt
tgtcgtcaag
ggttctggge
gettggagta
gacdtatgge
cgtagtcaga
ggccageaat
cgatteggtyg
cectcgaacag
agtaggtgaa
cettategge
tggttttett
tagctcgage
ctgecagaact
tacgagttag
gaacgtcaat
cagcaatgac
gacccacagc
agtcgtactc
tagtagacaa
tggtecggge
atacgtatgt
ttagtggtts
gtcctoagac
geeaagacga
goteccatot
tgecttatet

ctttcatate

tatgaaaaac

ttatgtagaa taaatgttat

atatctgeat
atagtcatcy
attattggac

gtatgtacta

tetctecaat gaatgacatt

gtageggtat
ctaatgatee
tgggctggat
ttcagtgtea
agaaaaaaaa

gtacattgtt

acaagtacaa gtacatcgta

ttgtttettt

acttgtagta

gtgegetgeg agttactitt
cggaaatcaa cggatgctca
getttettog agecteatat
ctoegtateg agazacacaa

gtgcagtate atacatacte

cgetecatac
ctaacagtta
aataggatct
agacatgaca
acccacceag
aatgaagcca
ctegeeagtyg
cagaottcteg
gacgtectce
gatteeggtt
acacecggtac
gaagaaaccg
gtegteoaatg
aagctcaatg
ggctgecacy
ttoegtaggag
ttttatcogga
ttgaacttat
ggctctcotgyg
gttgcagetyg
ctecaacgaa
caaaggcgge
caatcgatag
ttatcotogac
aacaaagcga
gatgatggca
atacaattac
teteagegty
actttottet
atccteccag

agagataagg

acttodtatt

tgcctaatte
agaaatates
gagaatcaca

tteteatigt

agtggcaata
attaaaggta
acataaaggt
actgtaatgg
aatcgtattt

cttegaacgt

ttgttttitt

agcogggtta

ttgcacgcte
atcttctggt
cggttectgge
tecctcaacag
ggggtcagaa
accacaaact
gocagagage
ttgoggagagg
ttottetgtt
cogggtacac
tggtgettga
tgcttaagag
atgtegatat
agetecttgyg
agettgagea
ggcattttgg
accttatcty
agatagactyg
gegtegoett
atattgttgt
gaatgtatcyg
aatgacgagt
ttggagcaag
caatagccaa
cgecatggtac
ctggtgectyg
agtcaagcac
tegtatgteg
gettggetace
tattaccaac

agtagcacag

taggaaacaa
adatgegtat
gaaatcaaca
actatdaaag
cactcaactg
teatacttet
ctatcttgea
aaaaagctte
tatatttatt
attttgattt
taggaaatta
ccaggttaga
aaaagttgeg
caactatgta
tttttotaat
ttggcgttea
agottatgea
atcgatttog
aagtataagt
caacatgoca

gatcagacag

tectatataca
aagcctcecca
cgtacagacc
tteggtactg
taagccagte
cggggtegga
ccttgeaaga
ggadtaggaa
cagagacagt
cgtgggegtt
cagtgttgea
caagttcett
gggttttgat
tggtggtaac
ctegagogge
tggtgaagag
gggcagtgaa
gactatacyyg
tgccgacaaa
cggecaaccy
tcaaagtgat
cagacagata
ggagaaatgt
agtctggagt
aataatacecqg
gtatgacttt
ttacccttgg
gattggegta
acccageaty
tctaaatgac

ttgcataasa

tttataatgg
gggaaatctt
gcaacgaaaa
zacagotatt
tetttetete
agtcattteca
aattcaacaa
tctggtgtge
tcttgttata
aattttttge
ccatactttt
cgttecgeag
ctcectgaga
ctactgttga
gatteattac
attaatcata
tgctacttgg
acagtaatta
agttcaacgt
cattggacag

gtegtetgac

cagttaaatt
gecagectte
tcggecgaca
ctgtcegaga
cteagagtcg
togggcaage
cagecteggee
ctedttgtiac
tteccteggea
ggtgatateg
aatatctgeg
gagggggage
catgeacaca
atccagagaa
azaggeggac
gagactgaaa
gtatatgtta
ctatecggtec
aatgtgatca
cgcegaaaac
ccaagcacac
ctegtogace
agagtgtgaa
ttectgagaga
gaggcatgta
atacggctga
acatctgtag
geteocetege
totgetatgy
atgatgtgat

agcccaacte

5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
65060
6120
6180
6240
6300
6360

6420

6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
1260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220

8280
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taatcagett cttectttet tgtaattagt acaaaggtga ttagcgaaat ctggaagett
agttggceect aaaaaaatca aaazaagcaa aaaacgaaaa acgaaaaacc acagttttga
gaacagggag gtaacgasgg atcgtatata tatatatata tatatatacc cacggatéce
gagaccggec tttgattctt ccctacaace aaccattete accaccctaa tteacaac
<210> 49

<211> 512

<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (132)..(132)

B340
8400
8460

8518

DK/EP 2861728 T3

<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], Glu [Q], His [H], lle [I], Leu [L], Phe [F], Pro [P], Ser [S], Thr [T], Trp [W], Tyr [Y] or Val

v

<400> 49

Met Ala Phe Pro Trp: Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser
1 5 10 15

Thr Gly Leu Pro Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu Val M&t
20 25 30

Ser Tyr Pro Leu Ser Sar Leu Met Lys Arg lL.eu Pro Asp Asp Ala Lys
35 40 45

Agri Leu Lys Tle Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr Met Val
50 55 60

Gly Val Phe Ser Leu Tyr Gly Gly Ala Ala Thr Leu Leu Phe Ser Ser
65 70 75 80

Met Gly Thr Phe Phe Ile Thr Gln Trp Lys Ser Pro Tyr Met Pro Trp
85 90 95

Val Asn Phe Gly Phe Vval Met Thr His Leu Phe Val Asn His Leu Arg
100 105 110

Ser Gln Phe Phe Pro Glu Thr Tyr Asp Pro Asn Val Ile Asp Ile Thr
115 120 125

Gly Ala Gln Xaa Val Leu Cys Met Lys Leu Ser Ser Phe Gly Trp Asa
130 135 140

Val Tyr Asp Gly Trp Gln Ile Glu Lys Gly Glu Gln Leu Ser Glu Phe
145 150 155 160

Gln Thr Lys Arg Ala Val Leu Lys His Pro Ser Leu Met Asp Phe Leu
165 170 175

Ala Phe Val Phe Tyr Phe Pro Ser Ile Leu Thr Gly Pro Ser Tyr Asp
180 i85 130

Tyr Met Glu Phe His Asn Trp Leu Asp Leu Ser Leu Phe Lys Glu Leu
135 200 205

Glu Lys Asp Lys Asp Pro Lys Arg Ala Ala Arg Arg Lys Arg His Lys
210 215 220

Ile Pro Arg Ser Gly Ile Ala Ala Ser Lys Lys Leu Ala Ala Gly Ile
225 230 235 2490

Phe Trp Ile Val Leu Trp Thr Gln Val Asp Ser Arg Ile Ser Thr Ala
245 250 255

Tyr Ala Tyr Ser Asp Ala Phe Thr Lys Glu His Asn Ile Phe Gly Arg
260 265 270

Ile Val Tyr Leu Tyr Met Leu Gly Phe Met Tyr Arg Leu Lys Tyr Tyr
275 280 285

Gly Ala Trp Ser Ile Ser Glu Gly Ala Cys Ile Leu Ser Gly Leu Gly
290 295 300



rne
305

Gln

Leu

Thr

Gly

385

Lys

Lys

val

Asp

His

465

Trp

Lys

HLS

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

Val

Phe

450

Ala

Lys

wLy

val

Glu

Leu

355

Phe

Iyr

Phe

Ala

Gln
435

Trp

Ala

Ile

Asp

<210> 50

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222>(133)..(133)

<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], Glu [Q], His [H], Leu [L], Met [M], Phe [F], Pro [P], Ser [S], Thr [T], Trp [W] or Tyr [Y]

<400> 50
Met Ala Phe

1

Thr

Ser

Gly
65

Met:

val

Gly

val

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tvr

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gla

Asp

valr ASp KFro

310

Asp Pro Trp
325

Ala Trp Asn
340

Arg Val Val

Thr Phe Val

Leu Thr Phe
380

Arg Arg Tyr
405

LyS

Gly

Gln

Pro

val

375

Val

Leu

LRL

Phe

Asn

Lys

360

Ser

Thr

Arg

Gly Pro Tyr Lys Ile

420

Thr Ala Phe

Leu Ser Leu

Leu Gly Ala
470

Prec Lys Ile
485

Ala Lys Glu
500

Gly

Lys

455

Ile

Lys

Glu

Ly

Glu

uys

Thr
330

Thr Asn

345

Gly Gln

Ala

Ala

Pro

Tyr Tyr Asp Ile

425

Tyr Ala

440

Cys

Phe

Lys

val

Pro Trp Ala Asp Lys

5

Pro Pro Asp
20

Leu Ser Ser

Ile Ile Tyr

Ser Leu Tyr
70

Plie Phe TIle
85

Gly Phe val

100

Phe FPro Glu

Met Xaa Leu

Gly Trp Gln

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Ala

Lys

Lys
505

Tep

Leu Lys

Met
40

Ile

25

Lys

Ser

Gly Ala

Gln Trp

Thr

Tyr

120

Met

Glu

His

1085

Asp

Lys

Lvs

Phe

Ala

Phe
410

Thr Gln Ser Phe Met

Lys Asn Ser Trp Fhe

Ile Ser Ser Pro Tyr

Gln Ala Gly Ala Val

1YL LYS LTP ASP
315

Gly Gln Asn Thr

Lys Trp Leu Arg
359

Lys Pro Gly Phe
365

Trp His Gly Thr
380

Met Tyr Gln Ser
335

Phe Met Glu Ser

Arg

Lys

335

Asn

Arg

Val

asp
415

430

445

460

475

490

Lys

Ala &la Asp Ala Ser

10

Ile Ala Phe Thr Leu

Arg Leu Pro Agp Asp

Val Ser Ile Phe Tyr

Ala Thr Leu Leu Phe

Asp Thr Ile Lys

val

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

val Cys Trp Ile

Ile Leu

Leu Tyr

Lys Ala

480

Thr Asp

495

510

30

45

60

75

Thr Lys

Ala Ser

15

val Met

Ala Lys

Met Val

Ser Ser

80

Lys Ser Pro Tyr Met Pro Trp

20

Leu

Pro

Leu

Gly

95

Phe Val Asn His Leu Arg

110

Asn Val Ile Asp Ile Thr

125

Ser Ser Phe Gly Trp Asn

140

Glu Gln Leu Ser Glu Phe
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145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

val

Thr

Gly

385

Lys

Lys.

Val

Asp

His

465

Trp

Lys

<210> 51

Thr

Phe

Met

Lys

210

Pro

Trp

ala

Val

Ala

230

Agn

Len

Tyr

Ile

370

Tyr

Phe

Thr

Val

Phe

450

Ile

Ala

Lys

Lys

Val

Glu

195

Asp

Arqg

Ile

Tyr

Tyr

275

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE

Fhe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

ala

165

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Trp

Val

FPhe

Thr

Arg

405

Fro

Ala

Ser

Gly

Lys

485

Lys

150

val

Phe

Asn

Fro

Ile

230

TR

Ala

Met

Ser

Pro

310

Trp

Asn

Vval

val

Phe

390

Tyr

Tyr

Phe

Leu

Ala

470

Ile

Glu

Leu Lys

Pro Ser

Trp Leu
200

Lys Arg
215

Ala Ala

Thr Gln

Phe Thr

Leu Gly
280

Glu Gly
295

Liys Thr

Gly Phe

Gln Asn

Pro Lys
360

Val Ser
375

val Thr

Leu Arg

Lys Ile

Gly Tyr

440

Lys Cys

455

Ile FPhe

Lys Lysz

Glu: Val

His

Ile

185

Asp

Ala

Ser

val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Trp

Ala

Lys

Lys
505

Pro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thy

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

Gln

490

Lys

155

Ser

Thr

Ser

arg

Lys

235

Ser

His

Tyr

Ile

Tyr

315

Gly

Lys

Lys

Leu Met Asp

Gly Pro Ser

130

Leu Phe Lys

205

Arg Lys Arg

220

Leu Ala Rla

Arg

Ile Ser

Asn Ile Phe

270

Arg Leu Lys

285

Leu Ser Gly

300

Lys Trp Asp

Gln Asn Thr

Trp Leu Arg

Pro

Trp His

Met

380

Tyr

395

Phe

&sp Ile

Gln Ser

Asn

Ser

475

Ala

Bsp

Ser

460

Ser

Gly

Thr

FPhe

175

Tyr

Glu

Hig

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

350

Gly Phe

365

Gly Thr

Gln Ser

Glu Ser

Val Cys

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyxr

Gly

Val

320

Ala

Tyzr

Arg Ala

Arg Pro

val Gly

400

Asp Gly

415

43Q

Phe Met

445

Trp Phe

Pro Tyr

Ala Val

Ile Lys

Trp Ile

Ile Leu

Leu Tyr

Lys Ala

480

Thr Asp

495

510

Thr Lys
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<222> (134)..(134)
<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], Glu [Q], His [H], Met [M], Phe [F], Pro [P], Ser [S], Thr [T], Trp [W], Tyr [Y] or Val [V]

<400> 51
Met Ala Phe

1

Thr

Gly
65

Val

Gly

Val

143

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Leu

val

Thr

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

The

FPhe

Met.

Lys

210

Pro

Trp

Ala

Val

Ala

290

His

Asn

Leu

Tyr

Ile
370

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

Glu

195

Asp

Arg

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Pro Trp Ala
5

Pro Pro Asp

20

Léu Ser Ser

Ile Ile Tyr

Ser Leu Tyr
70

Phe Phe Tle
85

Gly Phe Val
100

Phe Pro Glu

Met Val Xaa

Gly Trp Gln
150

Arg Ala Val
165

Phe Tyr Fhe
180

Phe His Asn

Lys Asp Pro

Ser Gly Ile
230

Val Leu Trp
245

Ser Asp Ala
260

Leu Tyr Met

Ser Ile Ser

Val Asp Pro
310

Asp Pro Trp
325

Ala Trp Asn
340

Arg Val val

Thr Phe Val

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Tzp

Lys

2158

aAla

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

Val
375

Lys Trp Ala Ala Asp Ala Ser Ala Ser

10

15

Leu Lys Ile Ala Phe Thr Leu Val Met

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Thr

Phe

Asn

Lys

360

Ser

25

Lys

Ser

Ala

Trp

His

105

ASpP

Lys

Lys

His

Ile

185

Asp

Ala

Ser

val

lys
265

Phe

Ala

Gly

Glu

Thr

345

Ala

Arg Leu

Val Ser

Ala Thr

Lys Ser
90

Leu Phe

Pro Asn

Leu Ser

Gly Glu
155

Pro Ser
170

Leu Thr

Leu Ser

Ala Arg

Lys Lys
235

Asp Ser
250

Glu Hig

Pro

Ile

€0

Leu

Pro

val

val

Ser

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Asn

Asp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met.

Fro

Phe

205

Lys

ala

Ile

Ile

Met Tyr Arg Leu

Cys Ile Leu

Lys Tyr
315

Thr' Gly Gln

330

Asn Lys Trp

Gln Lys

Phe Trp

300

Lys

Pro

His
380

285

Ser

Trp

Asn

Leu

Gly

365

Gly

30

Agp

Tyr

Phe

Met

His

110

Asp

Gly

Ser

2sp

Ser

190

Lys

arg

Ala

Ser

Phe
270

Lys

Gly

Asp

Thr

Arg

350

FPhe

Thr

Ala Lys

Met Val

Ser Ser
80

Pro. Trp
25

Leu Arg

Ile Thr

Trp Asn

Glu Phe
160

Phe Leu
178

Tyr Asp

Glu Leu

His Lys

Gly Ile
240

Thr Ala
255

Gly Arg

Tyt Tyr

Leu Gly

Arg Val

320

Lys Ala

335

Asn Tyr

Arg Ala

Arg Pro

DK/EP 2861728 T3



Gly Tyr Tyr Leu Thr Phe
385 390

Lys Phe Phe Arg Arg Tyr
405

Lys Thr Ala Gly Pro Tyr
420

Val val Gln Thr Ala Phe
435

Asp Phe Trp Leu Ser Leu
450

Hig Ile Ala Leu Gly Ala
465 470

Trp Ala Ile Pro Lys Ile
485

Lys Lys Asp Ala Lys Glu
500

<210> 52

<211> 512

<212> PRT

<213> Yarrowia lipolytica

<220>

<221> MISC_FEATURE
<222> (135)..(135)
<223> Xaa = Arg [R], Asn
[W] or Tyr [Y]

<400> 52
Met: Ala Phe Pro Trp Ala
1 5

Thr Gly Leu Pro Pro Asp
20

Ser Tyr Pro Leu Ser Ser
35

Agn Leu Lyg Ile Ile Tyr
50

Gly val Phe Ser Leu Tyr
65 70

Met Gly Thr Phe Phe Ile
85

val Asn Phe Gly Phe Val
100

Ser Gln Phe Phe Pro Glu
115

Gly Ala Glin Met Val Leu
130

Val Tyr Asp Gly Trp Gln
145 150

Gln Thr Lys Arg Ala Val
165

Ala Phe Val Phe Tyr Phe
180

Tyr Met Glu Phe His Asn
195

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Thr Ala Ala

Arg Pro Phe
410

Ile Tyr Tyr
425

Tyr Ala Th¥
440

Cys Trp Lys

Phe Ala TIle

Lys Lys Gln
490

Val Lys Lys
505

Met

395

Phe

Asp

Gln

Asn

Ser

475

Ala

Asp

Tyr

Met

Ile

Ser

Ser

460

Ser

Gly

Thr

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

Ser

Ser

Cys

430

Met

Phe

Tyr

Val

Lys
510

val

Asp

415

Trp

Ile

Leu

Lyse

Thr

435

Thr

Gly

400

Gly

Ile

Leu

Tyr

Ala

480

Asp

Lys

DK/EP 2861728 T3

[N], Asp [D], GIn [E], Gly [G], Glu [Q], His [H], lle [I], Leu [L], Lys [K], Met [M], Phe [F], Pro [P], Ser [S], Trp

Asp

Leu

Leu

Ile

Gly

Thr

Met

Thr

Xaa

135

Ile

Len

Pro

Trp

Lys Trp Ala
10

Leu Lys Ile
25

Met Lys Arg
40

Ile Ser Val

Gly Ala Ala

Gln Trp Lys
20

Thr His Leu
105

Tyr Asp Pro
120

Met Lys Leu

Glu Lys Gly

Lys His Pro
170

Ser Ile Leu
185

Leu Asp Leu
200

Ala

Ala

Leu

Ser

Thr

75

Ser

Fhe

Asn

Ser

Glu

155

Ser

Thr

Ser

asp

Phe

Pro

Ile

60

Leu

Pro

Val

val

Ser

140

Gln

Leu

Gly

Leu

Ala

Thr

Asp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met

Pro

Phe
205

Ser

Leu

30

Asp

Tyr

Phe

Met

His

110

Asp

Gly

Ser

Asp

Ser

190

Lys

Ala

15

Vval

ala

Met

ser

Pro

a5

Leu

Ile

Trp

Glu

Phe

175

Tyr

Glu

Ser

Met

Lys

Val

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

Asp

Lieu

Glu Lys Asp Lys Asp Pro Lys Arg Ala Ala Arg Arg Lys Arg His Lys



Tle

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Thr

Gly

385

Lys

Lys

val

Asp

His
465

Trp

Lys

Pro

Trp

Ala

val

Ala

290

His

Asgn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

Val

Fhe
450

Ile

Ala

Lys

Arg

Ile

Tyr

Tyr

275

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Tle

Asp

<210> 53

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (136)..(136)
<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], His [H], lle 1], Phe [F], Pro [P], Ser [S], Thr [T, Trp [W], Tyr [Y] or Val [V]

<400> 53
Meét Ala Phe

1

Thr Gly Leu

Ser Tyr Pro

35

Asn Leu Lys

50

Ser Gly

Val Leu
245

Ser Asp
260

Leu Tyr

Ser Ile

Vval Asp

Asp Fro
325

Ala Trp
340

Arg Val

Thr Phe

Leu Thr

Arg Arg
405

Gly Pro
420

Thr Ala

Leu Ser

Leu Gly

Pro Lys
485

Ala Lysg
500

Pro Trp Ala
5

Pro Pro Asp

20

Leu Ser Ser

Ile Ile Tyr

Ile

230

Trp

Ala

Met

Ser

Fro

310

Trp

Asgn

Val

Val

Fhe

390

Tyz

Tyr

Phe

Leu

Ala Ile Phe Rla
470

Ile Lys Lys Lys

Glu Glu Val Lys

Ala

Thre

Phe

Len

Glu

295

Lys

Gly

Gln

Pro

val

375

Val

Leu

Lys

CGly

Lys
455

Asp Lys

Leu Leu

Leu Met

Ile Ile

55

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyx

440

Cys

40

Ser

Val

Lys

265

Phie

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Trp

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

GIn

Phe

Lys Leu
233

Ser Arg

His Asn

Tyr Arg

Ilg Leu

300

Tyr Lys

315

Gly Gln

Lys Trp

Lyg Pro

Trp His
380

2la Met Tyr

Phe
410

395

Phe Met

Tyr Asp ILle

Thx

Gln Ser

Lys Asn Ser

460

Ala

Ile

Ile

Leu

285

Ser

Trp

Asgn

Leu

Gly

365

Gly

Gln

Glu

Val

Phe

445

Trp

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

Ser

Cys

430

Met

Phe

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asni

Arg

Arg

Val

Asp

415

Trp

Ile

Leu

Ile

240

Ala

Arg

Tyr

Gly

Val

320

Ala

Ala

Pro

Gly

400

Gly

Ile

Leu

Tyr

Ile Ser Ser Pro Tyr Lys Ala

475

480

Gln Ala Gly Ala Val Thr Asp
4395

430

Lys Asp Thr TIle Lys Thr Lys

505

Trp Ala Ala

Lys Ile Ala

25

Lys Arg Leu

Ser Val Ser

10

60

510

Asp Ala Ser

Phe Thr Leu
30

Pro Asp Asp
45

Ile Phe Tyr

15

Als Ser

Val Met

Ala Lys

Met Val

DK/EP 2861728 T3



Gly

65

Met

val

Ser

Gly

val

145

Gln

Ala

Tyr

Gliu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Val

Thr

Gly
385

Lys

Lys

val

Asp

His
465

Val

Gly

Asn

Gln

Ala
130

Thr.

Phe

Met

Lys

210

Trp

Ala

Val

Ala

290

His

Asn

Leu

Tyr

Ile
370

Phe

Thr

Val

Phe

450

Ile

Phe

Thr

Phe

Phe

115

Gln

Asp

Liys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

ala

Gln
435

Trp

Ala

Ser

Phe

Gly
100

Phe

Met

Gly

Phe

180

Phe

Lys

Ser

val

Sar

260

Leu

Ser

Val

Asp

Ala

340

Arg

Thr

Leu

aArg

Gly

420

Thr

Leu

Leu

Leu Tyr Gly Gly

70

Phe Ile Thr
85

Phe Val Met

Pro Glu Thr Tyr
120

Val Leu Cys
135

Trp Gln Ile
150

Ala Val Leu
165

Tyr Phe Pro

His Asn Trp

Asp Pro Lys
215

Gly Ile ala
230

Leu Trp Thr
245

Asp Ala Pha

Tyr Met Leu

Ile Ser Glu
295

Asp Pro Lys
310

Pro Trp Gly
325

Trp Asn Gln

Val Val Pro

Phe Val val
375

Thr Phe val
330

Arg Tyr Leu
405

Pro Tyr Lys

Ala rhe Gly

Ser Leu Lys
455

Gly Ala Ile
470

Gln

Thr

Xaa

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

380

Ser

Thr

arg

Il

Tyr

Ala Ala

Trp Lys

His Leu

90

105

Asp Pro

Lys Leu

Lys

Hig

Ile

185

Asp

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

ely

ala

ala

Tyr

Pro

Gly

Pro

170

Leu

Leu

Ala

Lys

ASp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Glu

155

Ser

Thr

Ser

Arg

Lys

235

Ser

Hig

Tyr

Ile

Tyr

3158

Gly

Lys

Lys

Trp

Met
395

410

425

440

Cys

Phe

Trp

Ala

Ala

Thr

75

Ser

Phe

Asgn

Ser

Leun

Pro

val

Val

Ser

Leu

Tyr

Asn

Ile

Phe

Met

His

110

125

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Asn

Arg

Leu

300

Lys

Gln

Trp

Pro

His

380

Tyr

Phe Phe Met

Tyr Asp Ile

Thr Gln Ser

Lys Asn Ser

Leu

Met

Pro

Phe

205

1ys

Ala

Ile

Ile

Leu

285

Ser

Trp

Asn

Leu

Gly

365

Gly

Gln

Phe

Glu

val

Phe

Ser

Agp

Ser

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

Asp

Gly

Ser

Cys

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

Arg

val

Ser Ser

80

Pro Trp

95

Leu Arg

Ile Thr

Trp Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

Val

320

Ala

Tyr

Ala

BPro

Gly
400

Asp Gly

415

430

445

460

Ile Ser Ser

475

Trp

Met

Phe

Tyr

Trp Ile

Ile Leu

Leu Tyr

Lys Ala

480
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Trp Ala Ile Pro Lys Ile Lys Lys Lys Gln 2la Gly Ala Val Thr Asp

485

490

495

Lys Lys Asp Ala Lys Glu Glu Val Lys Lys Asp Thr Ile Lys Thr Lys
505

<210> 54

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (137)..(137)

<223> Xaa = Ala [A], Arg [R], Asn [N], Gly [G], His [H], Pro [P], Ser [S], Thr [T] or Tyr [Y]

<400> 54

Met. Ala Phe Pro

1

Thr

Ser

Gly
65

Met

Gly

Val

145

Gln

Ala

Tyr

GLw

Ile

225

Phe

Tyr

Ile

sly

Phe
305

Gly Leu Pro

Tyr

Leu

50

Val

Gly

Asgn

Gln

Ala

130

Tyr

The

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

290

His

Pro
35

Lys

Phe

Thr

Phe

Phe

115

Gln

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

560

5

20

25

10

510

Trp Ala Asp Lys Trp Ala ARla Asp Ala Ser Ala Ser

15

Pro Asp Leu Léu Lys Ile Ala Phe Thr Leu Val Met

30

Leu Ser Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys

40

45

Ile Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr Met Val
¢

55

Ser Leu Tyr Gly Gly Ala Ala Thr Leu Lsu Phe Ser Ser
70

Phe Phe Ile
85

Gly Phe val
100

Phe Pro Glu

Met Val Leu

Gly Trp Glu
150

Arg Ala Vval
165

Phe Tyr FPhe
180

Phe His Asn

Lys Asp Pro

Ser Gly Ile
230

Val Leu Trp
245

Ser Asp Ala
260

Leu Tyr Met

Ser Ile Ser

Val aAsp Fro
310

Thr

Met.

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

lys

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Trp

His

106

Asp

Xaa

Lys

Hig

Ile

1885

Asp

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Lys

80

Leu

Pro

Teu

Gly

BPro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

75 80

Ser Pro Tyr Met Pro Trp
95

Phe Val Asn Hig Leu Arg
110

Asn Val Ile Asp Ile Thr
125

Ser Ser Phe Gly Trp Asn
140

Glu Gln Leu Ser Glu Phe
155 160

Ser Leu Met Asp Phe Leun
1758

Thr Gly Pro Ser Tyr Asp
190

Ser Laii Phe Lys Glu Lau
205

Arg Arg Lye Arg His Lys
220

Lys Leu Ala Ala Gly Ile
235 240

Ser Arg Ile Ser Thr Ala
255

His Ash Ile Phe Gly Arg
270

Tyr Arg Leu Lys Tyr Tyr
285

Ile Leu Ser Gly Leu Gly
300

Tyr Lys Trp Asp Arg Val
315 320

DK/EP 2861728 T3



Gln

Leu

val

Thr

Gly

385

Lys

Lys

val

Asp

His

465

Trp

Lys

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe

450

Ile

Ala

Lys

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 55

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (138)..(138)
<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], Glu [Q], His [H], lle [I], Met [M], Phe [F], Pro [P], Ser [S], Thr [T], Trp [W] or Tyr [Y]

<400> 55
Met Ala Phe Pro Trp Ala Asp Lys Trp Ala Rla Asp Ala Ser Ala Ser

1

Thr

Ser

Gly
65

val

Gly

Val
145

Gly

Tyr

Leu

50

Val

Gly

Asn

Gln

ala

130

Tyr

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

asp

Ala

34¢

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Pro

20

Leu

Ile

Ber

Phe

Gly

100

Phe

Met

Gly

Pro Trp Gly Phe Glu Thr Gly Gln Asn Thr Lys ala

325

Trp

Val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

5

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

Val

Trp

Asgn

Val

Val

Phe

390

Tyr

Tyr.

Phe

Leu

2Ala

470

Ile

Glu

aAsp

Ser

Tyr

Tyr

70

Ile

Val

Glu

Leu

Gln
150

Gln

Pro

val

375

val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Lau.

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

Cys

Phe

Lys

Val

Leu

Met:

40

Ile

Gly

Gln

Thr

Tyr

120

Met

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Trp

Ala

Lys

Lys
505

Lys

25

Lys

Ser

Ala

Trp

His

105

asp

Lys

Lys

Asn Lys

Gln Lys

Phe Trp

Ala Met

395

Phe Phe

410

Tyr Asp

Thr Gln

Lys

Asn

Ile Ser

475

Gln 2ala

490

10

Ile

Arg

Val

Ala

Lys

90

Leu

Pro

Xaa

Gly

Asp

aAla

Leu Pro

Ser

Thr Leu

75

Ser Pro

Phe Val

Asn

Sex

Glu Gln

155

val

Trp

Pro

His

380

Tyr

Met

Tle

Ser

Ser

460

Ser

Gly

Thr

Leu Arg

335

350

Gly Phe

365

Gly Thr

Gln Ser

Glu Ser

Val Cys

Asn Tyr

Arg Ala

Arg Pro

val Gly

400

Asp Gly

415

430

Phe Met

445

Trp FPhe

Pro Tyr

Ala Val

Ile Lys

Trp Ile

Ile Leu

Leu Tyr

Lys Ala

480

Thr Asp

495

510

Phe Thr Leu

30

Asp Asp

45

Ile
60

Phe Tyr

Leu Phe

Tyr Met

Asn His

110

Ile Asp

125

Ser
140

Phe Gly

Leu Ser

15

val

Ala

Met

Ser

Pro

95

Leu

Ile

Trp

Glu

Thr Ly$

Met

Lys

val

Ser

80

Trp

Arg

Thr

Asn

Phe
160
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Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Thr

Gly

385

Lys

Lys

Asp

His

465

Trp

Lys

Thr

Phe

Met

Lys

210

Trp

Ala

Val

Ala

290

His

Asn

Leu

Tyr

Ile

370

Tyr

FPhe

Thr

Val

Phe

450

Ile

Ala

Lys

Lys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

2sp

<210> 56

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (139)..(139)
<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], His [H], Leu [L], Met [M], Phe [F], Pro [P], Trp [W] or Val [V]

Phe

180

Fhe

Lys

Ser

Val

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Ala

165

Tyr

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Trp

val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Val

Phe

Asn

Pro

Ile

230

Trp

ala

Met

Ser

Pro

310

Trp

Asn

Val

Val

Phe

390

Tyr

Tyr

Phe

Leu

Ala

470

Glu

Leu

Pro:

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

Val

375

val

Leu

Lys

Gly

Lys

455

Ile

Lyg

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

cys

Phe

Lys

val

His

Ile

185

Asp

Ala

Ser

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyxr

425

Ala

Trp

Ala

Lys

Lys
505

Pro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Mat

Cys

Lys

Thr

33¢

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

Gln

490

Lys

Ser

Thr

Ser

Arg

Lys

235

Ber

His

Tyt

Ile

Tyr

315

Gly

Lys

Lys

Met

395

Phe

Asp

Gln

Asn

Ser

475

Ala

Asp

Leu

Gly

Leu

220

Leu

Arg

Asn

Arg

Leu

300

Lys

Gln

Tzp

Pro

His

380

Tyr

Met

Ile

Ber

Ber

4€0

Ser

Gy

Thr

Met

Pro

Phe

205

Lys

Ala

Ile

Leu
285

Ser

Tzp

Asn

Leu

Gly

365

Gly

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

Asp

Ser

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

Ser

Cys

430

Met:

Phe

Tyr

Val

Lys
510

Phe Leu
175

Tyr Asp

Glu Leu

His Lys

Gly Ile
240

Thr Ala
255

Gly Arg

Tyr Tyr

Leu Gly

Arg Val
320

Lys Ala
335

Asn Tyr

Arg Ala

Arg Pro

val Gly
400

ASp Gly
415

Trp Ile

Ile Leu

Ieu Tyr

Lys Ala
480

Thr Asp
495

Thr Lys
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<400> 56

Met Ala Phe

1

Thr

Ser

Gly

65

Met

val

Ser

Gly

val

145

Gln

Ala

Tyr

Glu

Ila

225

Phe.

Tyr

Ile

Gly

Phe

305

Gln

Leu

Thr

Gly
385

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

ala

val

Ala

290

His

Asn

Leu

Tyr

Ile

370

Tyr

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

val

Glu

195

Asp

Argy

Ile

Tyr

Tyr

275

Trp

Gly

Vval

Glu

Leu

355

Phe

Tyr

Pro

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Arg

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

Val

Asp

Ala

340

Arg

Thr

Leu

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

val

Trp

Ala

185

Tyr

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Trp

Val

Phe

Thr

Ala

Asp

Ser

Tyr

Tyr

70

Ile

Val

Glu

Leu

Gln

150

val

Phe

Asn

Pro

Ile

230

Trp

Ala

Met

Ser

Fro

310

Trp

Agh

val

val

Phe
350

Asp

Leu

Leu

Ile

55

Thr

Met

Thr

Cys

135

Ile

Leu

Prp

Trp

Lys

21%

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val

375

val

Lys

Leu

Met

40

Gly

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Agn

Lys

360

Ser

Thr

Trp Ala

Lys
25

Lys Arg

Ser

Ala Ala

Trp

His Leu

105

Asp

Lys Leu

Lys Gly

His

Ile Leu

185

Asp Leu 3

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

19

Ile

val

Lys
90

Pro

Pro
170

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Ala

Leu

Ser

Thr

75

Ser

Phe

Xaa

Glu

155

Ser

Thr

Arg

Lys

235

Ser

His

Tyr

Ile

Tyr

315

Gly

Lyg

Lys

Trp

Met
395

Asp

Phe

Ile

60

Leu

Pro

val

val

Ser

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Asn

Leu

300

Lys

Gln

Trp

Pro

His

380

Tyr

Zla Ser

Thr Leu
30

Asp Asp
45

Phe Tyr

Leu Phe

Tyr Met

Asn His
110

Ile Asp
125

Phe Gly

Leu Ser

Met Asp

Pro Ser
190

Fhe Lys

205

Lys Arg

Ala Ala

Ile Ser

Ile Phe
270

Leu Lys
285

Ser Gly

Trp Asp

Asn Thr

Leéeu Axg

350

Gly Phe
365

Gly Thr

Gln Ser

Ala

15

val

Ala

Met

Ser

Pro

95

Leu

Ile

Trp

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

val

Ser

Met

Lys

val

Sar

80

TEp

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Tyr

Gly

Val

320

Ala

Tyr

Ala

Pro

Gly
400

DK/EP 2861728 T3



Lys

Lys

val

Asp

His
465

Phe

Thr

val

Phe
450

Ile

Phe: Arg Arg Tyr

405

Ala Gly Pro Tyr

420

Gln Thr Ala Phe

435

Trp Leu Ser Leu

Ala Leu Gly Ala

470

Trp Ala Ile Pro Lys Ile

Lys

Lys

485

Asp Ala Lys Glu

<210> 57

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (140)..(140)
<223> Xaa = Asn [N], Cys

<400> 57
Met Ala Phe

1

Thr

Ser

Gly
65

Met.

Val

Gly

Val

145

Gln

Ala

Tyr

Glu

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met:

Lys
210

Leu

Pro

35

Lys

Phe

Thr

Phe

Pha

115

Gln

Asp

Lys

Val

Glu

195

Asp

500

Pro

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Arg

Phe

180

Phe

Lys

Tep

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

val

Trp

Ala

165

Tyr

His

Asp

Ala

Asp

Ser

Tyr

Tyr

70

Ile

val

Glu

Leu

Gin

150

Val

Fhe

Asn

Pro

Leu

Lys

Gly

Lys
455
Ile

Lys

Glu

[c

Asp

Leu

Leu

Ile

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys
215

Arg Pro Phe Phe Met Glu Ser Asp Gly

110

Ile Tyr Tyr Asp
425

Tyr Ala Thr Gln
440

415

Ile Vil Cys Trp
430

Ser Phe Met Ile
445

Ile

Leu

Cys Trp Lys Asn Ser Trp Phe Leu Tyr

460

Phe Ala Ile Ser Ser Pro Tyr Lys Ala

475

480

Lys Lys Gln Ala Gly Ala Val Thr Asp

490

495

Val Lys Lys Asp Thr Ile Lys Thr Lys

505

His [H], lle 1], Leu [L], Phe [F], Pro [P], Trp [W], Tyr [Y] or Val [V]

Lys Trp Ala Ala
10

Leun Lys Ile Ala
25

Met Lys Arg Leu
40

Tle Ser Val Ser

Gly Ala Ala Thr
75

Gln Trp Lys Ser
90

Thr His Leu Phe
105

Tyr Asp Pro Asn
120

Met Lys Léu Ser

Glu Lys Gly Glu
155

Lys His Pro Ser
170

Ser Ile Leu Thr
185

Leu Asp Leu Ser
200

Arg Ala Ala Arg

510

Asp Ala Ser Ala
15

Phe Thr Leu Val
30

Pro Asp Asp Ala
45

Ile Phe Tyr Met
60

Leu Leu Phe Ser

Pro Tyr Met Pro
95

Val Asn His Leu
110

Val Ilg Asp Tle
125

Xaa Phe Gly Trp

140

Gln Leu Ser Glu

Leu Met Asp Phe
175

Gly Pro Ser Tyr
190

Leu Phe Lys Glu
205

Arg Lys Arg His
220

Ser

Met

Lyg

Val

Ser

80

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys
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Lle

225

Phie

Tyr

Ile

Gly

Phe

305

Gln

Leu

Thr

Gly

385

Lys

Lys

val

Asp

His

465

Trp

Lys

Pro

Trp

Ala

Val

ala

290

His

Asn

Leu

Tyr

Ile
370

Tyr

Phe

Thr

val

Phe

450

Ala

Lys

arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln
435

Trp

Ala

Ile

Asp

<210> 58

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> misc
<222> (141)..(141)
<223> Xaa = Ala [A], Asn [N], Gly [G], His [H], lle [I], Met [M], Pro [P], Ser [S], Thr [T], Trp [W] or Val [V]

<400> 58

Met Ala Phe

1

Thr Gly Leu

Ser Tyr Pro

35

Asn Leu Lys

50

ser

Val

Ser

260

Leu

Ser

val

asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

GLy Lie
230

Leu Trp
245

Asp Ala

Tyr Met

Ile Ser

Asp Pro
310

Pro Trp
325

Trp Asn

Val Val

Phe Val

Thr Phe
390

Arg Tyr
405

Pro Tyr

Ala Phe

Ser Leu

Gly Ala
470

Lys Ile
485

Lys Glu

Ala

Thr

Phe

Leii

Glu

285

Lys

Gly

Gln

Pro

Val
375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

Cys

Phe

Lys

Val

Pro Trp: Ala Asp Lys

5

Pro Pro Asp Leu Leu

20

Leu Ser Ser Leu Met

40

Ile Ile Tyzr Ile Ile

55

ser Lys Lys
235

Val Asp Ser
250

Lys GLlu His
265

Phe Met Tyr

Ala Cys Tl&

Gly Lys Tyr
315

Glu Thr Gly
330

Thr Asn Lys
345

Gly Gln Lys

Ala Phe Trp

Ala Ala Met
395

Pro Phe Phe
410

Tyr Tyr Asp
425

Ala Thr Gln

Trp Lys Asn

Ala Ile Ser
475

Lys Gln Ala
490

Lys Lys Asp
505

Trp Ala Ala
10

Lys Ile Ala
25

Lys Arg Leu

Ser Val Ser

Leu ala

Arg Tle

Asn Ile

Arg Leu
285

Leu Ser
300

Lys Trp

Gln Asn

Trp Leu

Pro Gly

365

His Gly
380

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Fhe

Thr

Tyr Gln Ser

Met Glu Ser

Ile val

Ser phe
445

Ser Trp

460

Ser Pro

Gly Ala

Thr Ile

Cys

430

Met

Phe

Tyr

Val

Lys
510

GLY

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

Arg

val

Asp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Ll

240

Ala

Arg

Tyr

Gly

val

320

Tyr

Ala

Pro

Gly
400

Gly

Leu

Tyr

Ala

480

Asp

Lys

Asp Ala Ser Ala Ser

15

Phe Thr Leu Val Met

20

Pro Asp Asp Ala Lys

45

Ile Phe Tyr Met Val

60
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Gly

65

Ser.

Gly

Val

145

Gln

Ala

Tyr

Glu

Ile

225

Tyr

Ile

Gly

Phe
305

Gln

Leu

val

Thr

Gly

385

Lys

Lys

Val

Asp

His
465

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

290

His

Asn

Leu

Ty

Ile

370

Phe

Thr

Vval

Phe
450

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

Glu

195

Asp

Arg

Ile

Tyt

Tyr

275

Trp

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln
435

Tzp

Ala

Ser Leu

Phe Phe
85

Gly Phe
100

phe Pro

Met Val

Gly Trp

Arg Ala
165

Phe Tyr
180

Phe Hisg

Lys Asp

Ser Gly

Val Leu
245

Ser Asp
260

Leu Tyr

Ser Ile

Val Aasp

Asp Pro
325

Ala Trp
340

Arg Val

Thr Phe

Leu Thr

Arg Arg

405

@ly Pro

420

Thr Ala

Leu Ser

Leu Gly

Ty

70

Val

Glu

Leu

Gln

150

val

Phe

Agn

Pro

Ile

230

Trp

Ala

Met

Ser

Pro
310

Trp

Asn

val

val

Phe

390

Tyr

Tyr

Phe

Leu

Ala
470

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val

375

Val

Leu

Lys

Gly

Lys

455

Ile

Gly

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

Cys

Phe

Ala

Trp

His

105

Agsp

Lys

Lys

Hig

Ile

185

Agp

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Ala

Ala

Pro

Tyr

425

Trp

Ala

Ala Thr Leu Léu Phe Ser Ser

Lys

90

Leu

Pro

Leu

Gly

Pro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cysg

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

75

Ser Pro

Phe Val

Asn Val

Ser Ser
140

Glu Gln
155

Ser Leu

Thr Gly

Ser Leu

Arg Arg
220

Lys Leu
235

Ser Arg

His Asn

Tyr Arg

Ile Leu
300

Tyr Lys
315

Gly Gln

Lys Trp

Lys Pro

Trp His
380

Met Tyr
395

Phe Met

aAsp Ile

Gln Ser

Asn Ser

460

Ser Ser
475

Tyr

Asn

Ile

125

Xaa

Leu

Met

Pro

Phe

205

Lys

3la

Ile

Leu
285

Ser

Trp

Asn

Leu

Gly

365

Gly

Gln

Glu

val

Phe

445

Pro

Met

His

110

Asp

Gly

Ser

Asp

Ser

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Pro

95

Leu

Ile

Trp

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

80

Trp:

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

TIle

240

Ala

Arg

Tyr

Gly

Asp Arg Val

Thr

Arg

350

Phe

Thr

Ser

Cys

430

Met

Phe

Tyr

Lys

335

Asn

Arg

Arg

Val

Asp

415

Trp

Ile

Leu

Lys

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ila

Leu

Tyr

Ala
480
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Trp Ala Ile Pro Lys Ile Lys Lys Lys Gln Ala Gly Ala Val Thr Asp
490

Lys Lys Asp Ala Lys Glu Glu Val lLys Lys Asp Thr Ile Lys Thr Lys
500 05

<210> 59

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (142)..(142)
<223> Xaa = Asn [N], His [H], lle [I], Leu [L], Met [M], Phe [F1, Pro [P], Thr [T], Trp [W], Tyr [Y] or Val [V]

<400> 59
Met Ala Phe Pro Trp Ala

Thr

Gly
65

Met

Gly

val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Dha

Gly

Tyr

Leu

50

Val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

290

Hie

Leu Pro
20

Pro Leu
35

Lys Ile

Phe Ser

Thr Phe

Phe Gly
100

Phe Phe
115

Gln Met

Asp Gly

Lys Arg

Val Phe
180

Glu Phe
195

Asp. Lys

Arg Ser

Ile Val

Tyr Ser
260

Tyr Léu
275

Trp Ser

21 T2l

485

Pro

Ser

Ile

Leud

Phe

85

Phe

val

Trp

Ala

165

Tyr

His

Asp

Gly

Lau
245

Asp

Tyr

Ile

Ren

Asp

Ser

Tyr

Tyr

70

Ile

Val

Glu

Leu

Gln

150

Val

Phe

Asn

Pro

Ile

230

Trp

Ala

Met

Ser

Dre

Agp Lys Trp Ala Ala Asp Ala Ser Ala Ser

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Thr

Phe

Leu

Glu

295

Taze

Leu

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

ko

10

Lys Ile
25

Lys Arg

Ser Val

Ala Ala

Trp Lys
90

His Leu
105

Asp Pro

Lys Leu

Lys Gly

His Pro

170

Ile Leu

185

Asp Leu

Ala Ala

Ser Lys

val Asp
250

435

510

Ala Phe Thr Leu

Leu

Ser

Thr

15

Ser

Phe

Asn

Ser

Glu

155

Ser

Pro Asp
45

Ile Phe
60

Leu Leu

Pro Tyr

Vval Asn

val Ile

125

Ser FPhe
140

Gli Leu

Leu Met

30

Asp

Tyr

Phe

Met

Hig

110

Asp

Xaa

Ser

asp

Thr Gly Pro fSer

Ser

Arg

Lys
235

Leu Phe
205

Arg Lys
220

Leu Ala

190

Lys

arg

Ala

Ser Arg Ile Ser

Lys Glu His Asn Ile

265

Phe Met Tyr Arg Leu

285

Ala Cys Ile Leu Ser

Glwv Tare Mur Toe T

Phe

270

Lys

Gly

L. PN

15

val Met

ala Lys

Met val

Ser Ser
80

Pro Trp
95

Leu Arg

Ile Thr

Trp Asn

Glu Phe

160

Phie. Leu
175

Tyr Asp

Glu Leu

His Lys

Gly Ile

240

Thr Ala
255

Gly Arg

Tyr Tyr

Lew Gly

Borer W2l
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= s

305

Gln

Val

Thr

Gly

385

Lys

Lys

Val

Asp

His

465

Trp

Lys

PPy

Asn

Leu

Tyr:

Ile

370

Tyr

Phe

Thr

val

Phe

450

Ile

Ala

Lys

aey

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 60

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (143)..(143)

<223> Xaa = Ala [A], Gly [G], His [H], Leu [L], Lys [K], Pro [P], Ser [S], Thr [T] or Val [V]

<400> 60
Met Ala Phe

1

Thr

Asn

Gly

65

Met

val

Ser

Gly

trm

Gly

Tyr

lLeu

50

val

Gly

Asn

Gln

Ala
130

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Pro

Pro.

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

~ae

o

Pro

325

Trp

val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Pro

ser

Ile

Leu

Phe

85

Phe

Pro

val

PR

310

Trp

Agn

Val

val

rhe

3%0

Tyr

Tyr

Phe

Leuw

ala

479

Ile

Glu

Ala

Asp

Ser

Tyr

Tyr

70

Ile

val

Glu

Leuw

A

—yo

Gly

Gln

Pro

val

375

val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Asp.

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys
135

RPN

.

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyzr

440

Cys

Phe

Lys

val

Lys

Gy

Glu

wye rys uye

315

Thr Gly Gln
330

Thr Asn Lys Trp

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Gln Lys Pro

Phe Trp His
380

Ala Met Tyr

395

Phe Phe Met
410

Tyr Asp Ile

Thr Gln Ser

Trp Lys Asn Ser

Ala

Lys

460

Ile Ser Ser
475

Gln Ala Gly
490

Lys Lys Asp Thr

505

Trp

Leu Lys

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Met

e

25

Lys

Ser

Ala

Trp

His

105

Asp

Lys

aAla Ala Asp

10

Ile Ala Phe

Arg Leu Pro

Val Ser Ile

60

Ala Thr Leu

75

Lys Ser Pro

90

Leu Phe Val

Pro Asn Val

Leu Ser Ser

Asn

Leu

Gly

365

Gly

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

45

Ala

Thr

Asp

Fhe

Leu

Tyr

Asn

Ile

Thr

Arg

350

Phe

Thr

Ser

Ser

Cysg

430

Met

Phe

Tyr

val

Lys
510

Ser

Leu

30

Asp

Tyr

Phe

Met

His

ey

Lys

335

Asn

Arg

val

Asp

415

Trp

Ils

Leu

Lys

Thr

495

Thr

110

125

140

Aee ATes AT T

Phe

Asp

Gly

L.

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Leu

Tyr

Ala

480

Asp

Lys

Ala Ser

15

Val Met

Ala Lys

Met Val

Ser 8sr

80

Pro Trp

95

Leu Arg

Ile Thr

Xaa Asn

DK/EP 2861728 T3



valr

145

Gln

TYyr

Glu

Ile

2z%

Phe

Tyr

Ile

Gly

Pha

305

Gln

val

Thr

Gly

385

Lys

Lys

wval

Asp

His

465

Trp

Lys

Thr

Phe

Met

Lye

210

Dro

Trp

Ala

val

Ala

290

Hig

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe
450

Ala

Lys

C ABP WLy

lys Arg

Val Phe
180

Glu Phe
195

Aep Lys

Arg Ser

Ile val

Tyr Ser

260

Tyr Leu
275

Gly Val

val Asp

Glu Ala

340

Leu Arg
355

Phe Thr

Tyr Leu

Phe Arg

Ala Gly

420

Gln Thr
435

Trp Leu

Ala Leu

Ile Pre

Asp Ala
500

<210> 61

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (144)..(144)

<223> Xaa = Ala [A], Arg [R], Gly [G], His [H], Lys [K], Phe [F], Pro [P], Thr [T] or Val [V]

LIP \dIl L4182 iU LYS

150

Ala Val Leu Lys His

165

Tyr Phe Pro Ser Ile

His Asn Tzp

Asp Pro Lys
215

Gly Ile Ala
230

Leu Trp Thr
245

Asp Ala Phe

Tyr Met Leu

Ile Ser Glu
295

Agp Pro Lys
310

Pro Trp Gly
325

Trp Asn Gln

Val val Pro

Phe val val
375

Thr Phe Val
350

Arg Tyr Leu
405

Pro Tyr Lys

Ala Phe Gly

Ser Leu Lys Cys Trp Lyg Asgn Ser
455

Gly Ala Ile Phe Ala Ile Ser Ser

470

485

Lys Glu Glu Val Lys Lys &sp Thr

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr
440

wly wiu

155

Pro Ser

170

185

Asp

Ala

Ser

Val

Lys

2685

Phe

ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

505

Leu Thr

Ser

Arg

Lys

235

Ser

His

Tyr

Ile

Tyr

315

Gly

Lys

Lys

Trp

Met

395

Phe

Asp

Gln

Leu

Ary

220

Leu

Arg

Asn

Arg

Leu

300

Lys

Gln

Trp

Pro

His

380

Tyr

Met

Ile

Ser

Phe

205

Lye

Ala

Ile

Ile

Leu

285

Ser

Trp

Asn

Leu

Gly

365

Gly

Gln

Glu

val

Phe
445

460

475

Lys Ile Lys Lys$ Lys Gln Ala Gly
490

Ll Leu Jer viu rue

160

Leu Met Asp Phe Leu

175

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Agp

Thr

Arg

350

Phe

Thr

Ser

Ser

Cys

430

Met

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

Val

Asp

415

Trp

Ile

Gly Pro Ser Tyr Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

val

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Leu

Trp FPhe Leu Tyr

Pro Tyr Lys Ala

480

Ala val Thr asp

495

510

Ile Lys Thr Lys
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<400> 61

Met Ala
1

Thr Gly

Ser Tyr

Asn Leu
50

Gly val
65

Met Gly

Vval Asn

Ser Gln

Gly Ala
130

Val Tyr
145

Gln Thr

Ala Phe

Tyr Met

Glu Lys
210

Ile Pro
225

Phe Trp

Tyr Ala

Ile Val

Gly Ala
290

Phe His
305

Gln Asn

Thr Ile
370

Gly Tyr
385,

Lys Phe

Pha

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe
115

Gln

Asp

Lys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Pro

Pro

20

Leu

Ile

Ser

Phe

Gly
i0¢

Phe

Met

Gly

Phe

180

Lys

Ser

val

Ser

260

Leu

Val

Asp

Ala

340

Arg

Thr

Leu

Arg

Trp: Ala

Pro Agp

Ser Ser

Ile Tyr

Leu Tyr
70

Phe Ile
85

Phe Vval

Pro Glu

Val Leu

Trp Gln
150

Ala Val
165

Tyr Phe

Hig asn

Asp Pro

Gly Ile

230

Leu Trp
245

Asp Bla

Tyr Met

Ile Ser

Asp Pro

310

Pro Trp

325

Trp Asn

Val val

Phe Val

Thr Phe Val Thr Ala Ala Met Tyr Gln Ser Val Gly
400

390

Arg Tyr Leu Arg Pro Phe Phe Met Glu Ser Asp Gly

405

Asp

Leu

Leu

Ile
55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

TZp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val
375

Lys

Leu

Met

40

Ile

Gly

Gln

Thr

Tyr
120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thi

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Trp

Lys

25

Lys

Ser

Ala

Trp

Hig

10

Ile

90

Leu

105

Asp

Lys

Lys

His

Ile

185

asp

ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

cly

Ala

Leu

Gly

bro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thy

330

Asn

Gln

Phe

Ala

Val

Ala

Lys

Pro

75

Ser

Glu

155

Ser

Thr

Ser

Arg

Lys

235

Ser

Hig

Tyr

Ile

Tyr

315

Gly

Lys

Lys

Trp

Ala

Leu

Ser

Thr

Phe

Asn

Ser

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Agn

Arg

Leu

300

Lys

Gln

Trp

Pro

Hig
380

395

410

Asp

Phe

Pro

Ile

60

Leu

Pro

val

Val

Ala

Thi

asp

45

Phe

Leu

Tyr

Agn

Ile

Ser

Leu

30

asp

Tyr

Phe

Met

Hisg

110

125

Phe

Leu

Met

Pro

Phe

205

Lys

Ala

Ile

Ile

Leu

285

Ser

Trp

Asn

Leu

Gly

365

Gly

Gly

Sar

Asp

Ser

130

Lysg

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Asp

Trp

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

338

Agn

Azrg

Arg

Ala Ser

15

Val Met

Ala Lys

Met Val

Ser Ser

80

Pro Trp
95

Leu Arg

Ile Thr

Xaa

Phe

160

Leu

asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

val

320

Ala

Tyxr

Ala

Pro

415
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Lys Thr

val val

Asp Phe
450

His Ile
465

Trp Ala

Lys Lys

aAla

Gln

435

Trp

Ala

Ile

aAsp

<210> 62

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Pro Tyr Lys Ile Tyr
425

Ala Phe Gly Tyr Ala
440

Ser Leu Lys Cys Trp
455

Gly Ala Ile Phe Ala
470

Lys Tle Lys Lys Lys
485

Lys Glu Glu Val Lys
505

<221> MISC_FEATURE
<222> (145)..(145)
<223> Xaa = Ala [A], Cys [C], Gly [G], GIn [E], His [H], Met [M], Phe [F1], Pro [P], Ser [S], Thr [T] or Trp [W]

<400> 62

Met Ala
1

Phe

Pro

Thr Gly Leu Pro

Ser Tyr

Asn Leu
50

Gly Val
65

Met Gly

Val Asn

Gly Ala
130

Xaa Tyr
145

Gln Thr

Ala Phe

Tyr Met

Glu Lys
210

Ile Pro
225

Phe Trp

Pro
35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

val

Glu
195

Asp

Arg

Ile

20

Tyr Asp

Thr Gln

Lys Asn

Ile Ser

475

Gln Ala
490

Lys Asp

Ile

Ser

Ser

460

ser

Gly

Thr

Val Cys Trp
430

Phe Met Ile

445

Trp Phe Leu

Pr¢ Tyr LySs

Ala Val Thr

495

Ile Lys Thr
510

Ile

Leu

Tyr

Ala

480

Asp

Lys

Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser
5 10

Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu Val Met

25

30

Leu Ser Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys

Ile

Ser

Phe

Gly

100

Met

Gly

Arg

Phe

180

Phe

Lys

Ser

val

40

45

Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr Met Val

55

60

Leu Tyr Gly Gly Ala Ala Thr Leu Leu Phe

70

Phe Ile Thr Gln Trp
85

Phe Val Met Thr His
105

Pro Glu Thr Tyr aAsp
120

val Leu Cys Met Lys
135

Trp Gln Ile Glu Lys
150

Ala Val lLeu Lys His
165

Tyr Phe Pro Ser Ile
i85

His Asn Trp Leu Asp
200

Asp Pro Lys Arg Ala
21%

Gly Ile Ala Ala Ser
230

Leu Trp Thr Gln Val
245

Lys

90

Leu

BPro

Leu

Gly

Pro

170

Leu

Leu

Ala

Lys

Asp
250

75

Ser Pro

Phe Val

Asn Val

Ser Ser

Tyr Met

Asn His

110

Ile asp

125

140

Glu Gln

155

Ser Leu

Thr Gly

Ser Leu

Arg Arg

Phe Gly

Leu Ser

Met Asp

Pro Ser

130

Phe Lys

205

220

Lys Leu

235

Lys Arg

Ala Ala

Ile Ser

Ser Ser
80

Pro Trp

95

Leu Arg

Ile Thr

Trp Asn

Glu Phe
160

Phe Leu

175

Tyr Asp

Glu Leun

His Lys

Gly Ile
240

Thr Ala

255
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Tyr

Ile

Gly

Fhe
305

Gln

val

Thr

Gly

385

Lys

Lys

val

Asp

His

485

Trp

Lys

Ala

val

Ala

290

His

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe

450

Ile

Ala

Lys

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 63

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> misc
<222> (146)..(146)
<223> Xaa = Arg [R], Asn [N], Asp [D], Gly [G], GIn [E], Glu [Q], lle [I], Leu [L], Met [M], Phe [F], Pro [P], Trp [W]] or Val [V]

<400> 63
Met Ala Phe

1

Gly
65

Met

Gly

Tyr

Ieuw

50

val

Gly

Leu

Pro

35

Lys

Phe

Thr

Ser Asp Ala
260

Leu Tyr Met

Ser Ile Ser

Val Asp Pro
310

Asp Pro Trp Gly

325

Ala Trp Asn
340

aArg Val val
Thr Phe Val

Leu Thr Phe
390

Arg Arg Tyr
405

Gly Pro Tyr
420

Thr Ala Phe
Leu Ser Leu

Leu Gly Ala
470

Pro Lys Ile
485

Ala Lys Glu
500

Preo Trp Ala

Pro Pro Asp
20

Leu Ser Ser
Ile Ile Tyx

Ser Leu Tyr
70

Phe Phe Ile
85

Phe

Leu

Glu

295

Lys

Gln

Pro

val

Thr

Gly

280

Gly

Thr

Phe Glu

Asn

Lys

Lys

265

Phe

ala

Gly

Thr

Glu

Met

Cys

Lys

His Asn Ile

Tyr Arg Leu
285

Ile Leu Ser
300

Tyr Lys Trp
315

Thr Gly Gln Asn

330

345

Gly

360

Ser

375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Asp

Leu

Leu

Ile

55

Gly

Thr

Thr

Arg

Ile

Tyr

Tyr

Ala

Ala

Pro

Asn Lys Tip Leu

Gln Lys Pro Gly

Phe

270

Lys

Gly

Asp

Gly Arg

Tyr Tyr

Leu Gly

Arg Val
320

Thr Lys

335

Arg Asn

350

365

Phe Trp His Gly

380

Ala Met Tyr Gln

395

Phe Phe Met Glu

410

425

440

Cys

Phe

Lys

val

Lys

Leu

Met

40

Ile

Gly

Gln

Trp

Ala

Lys

Lys

Ala

Tyr Asp Ile Val

Thr Gln Ser Phe

Phe Arg

Thr Arg

Ser Vval

Ser Asp

413

Cyg Trp

430

445

Lys Asn Ser Trp

460

Ile Ser Ser Pro

475

Gln Ala Gly Ala

490

505

Trp

Lys

25

Lys

Ser

Ala

Trp

Ala

10

Tle

Arg

val

Ala

Lys
S0

Lys

Ala Asp Ala

Ala Phe Thr

Leu Pro Asp
45

Ser Ile Phe
60

Thr Leu Leu
75

Ser Pro Tyr

Rsp Thr Ile

Met Ile

Phe Leu

Tyr Lys

Val Thr

435

Lys Thr

510

Ser

Léu

30

Asp

Tyr

Phe

Mat

ala

TYr

ala

Pro

Gly

400

Gly

Tle

Leu

Tyr

ala

480

Lys

Ala Ser

15

Val Met

Ala Lys

Met Val

Ser Ser

80

Pro Trp

95
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val

Ser

Gly

Val

145

Gln

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Val

Thr

Gly

385

Lys

Lys

Val

Asp

His

465

Trp

Lys

ASN

Gln

Ala

130

Xaa

Thr

Phe

Met

Lys.

210

Pro

Trp

Ala

val

Ala

290

His

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

Val

Phe

450

Ala

Lys

Phe

Phe

115

Gla

Asp

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Ala

Ile

Asp

<210> 64

Gly

100

Phe

Met

Gly

Arg

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

Val

Asp

ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Phe

Pro

val

Trp

Ala

165

Tyr

His

Asp

Gly

Leu
245

Asp

Tyr

Ile

Asp

Pro

325

Trp

Val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Val

Glu

Leu

Gln

150

val

Phe

Asn

Pro

Ile

230

Trp

Ala

Met

Ser

Pro

310

Trp

Asn

Val

Val

Phe

390

Tyr

Tyr

Fhe

Leu

Ala

4790

Ile

Glu

Met;

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

Val

375

Val

Leu

Lys

Gly

1ys

455

Ile

Lys

Glu

Thr

Ty

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thi

Arg

Ile

Tyr

440

Cya

Phe

Lys

val

His

105

Asgp

Lys

Lys

His

Ile

i85

Asp.

Ala

Ser

val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

ala

Pro

Tyxr

425

Ala

Trp

aAla

Lys

Lys
505

Leu

Pro

Leu

Gly

Pro

170

Leu

Leu

Ala

Lys

Asp.
250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

Gln

490

Lys

Phe

Agn

Ser

Glu

155

Ser

Thr

Ser

Arg

Lys

235

Ser

His

Tyr

Ile

Tyr

315

Gly

Lys

Lys

Trp

Met

395

Phe

Asp

Gln

Agn

Ser

475

Ala

Asp

Vval

val

Ser

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Asn

Arg

Leu

300

Lys

Gln

Trp

Pro

Hig

380

Tyr

Met

Ile

Ser

Ser

460

Ser

Gly

Thi

Asn

Ile

125

Phie

Leu

Met

Pro

Phe

205

Lys

Ala

Ile

Ile

Leu

285

Ser

Trp

Asn

Len

Gly

365

Gly

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

His

110

Asgp

Gly

Ser

Asp

Ser

120

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

Ser

Cys

430

Met

Phe

Tyr

val

Lys
510

Leu

Ile

Trp

Glu

Phe

175

Tyr

Gl

His

Gly

Thr
255

Gly

Tyr

Leu

Arg

Lys

335

Asn

Arg

Val

Asp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

Val

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Leu

Tyr

Ala

480

Asp

Lys
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<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> misc
<222> (147)..(147)

<223> Xaa = Ala [A], Asn [N], Gly [G], GIn [E], Glu [Q], His [H], Phe [F], Ser [S] or Thr [T]

<400> 64

Met Ala Phe Pro

1

Thr

Gly

65

Met

val

Ser

Gly

val

145

Gln

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Val

Gly Leu Pro

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Rla

290

His

Asn

Leu

Tyr

Pro

35

Lys

Phe

Thr

20

Leu

Ile

Ser

Phe

Trp: Ala
5

Pro Asp

Ser Ser

Ile Tyr

Leu Tyr

70

Phe Ile
85

Phe Gly Phe Vval

Phe

115

Gln

Xaa

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

val

Glu

Leu

100

Phe

Met

Gly

Arg

Phe
180

Phe

Lys

Ser

vVal

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Pro Glu

Val Leu

Trp Gln
150

Ala Val
165

Tyr Phe

Hig Asn

Asp Pro

Gly Ile
230

Leu Trp
245

Asp Ala

Tyr Met

Ile Ser

Asp Pro

319

Pro Trp
325

Trp Asn

Val val

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

FPhe

Leu

Glu

295

Lys

Gly

Gln

Pro

Lys

Leu

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Met,

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thz

Gly

280

Gly

Thr

Phe

Asn

Lys

Trp

Lys

25

Ser

Ala

Trp

His

10

Ala Ala

Ile &ala

Arg Leu

90

105

asp

Lys

Lys

His

Ile

Vval Ser

Ala Thr

75

Lys Ser

Leu Phe

Pro Asn

Leu Ser

Gly Glu

155

Pro Ser

170

185

Asp

Ala

Ser

val

Lys

265

Phe

Ala

Gly

Gl

Thr

345

Gly

Leu

Ala

Lys

ABP

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Leu Thr

Asp Ala

Phe Thr

Pro Asp

45

Ile Phe

60

Leu Leu

Pro Tyr

val Asn

val Ile

Ser Ala Ser

15

Leu vVal Met

30

Asp Ala Lys

Tyr Met Val

Phe Ser Ser

80

Met Pro Trp

95

His Leu Arg

110

125

Ser Phe

140

Gln Leu

Leu Met

Gly Pro

Ser Leu Phe

205

Arg Arg Lys
220

Lys Leu Ala

235

Ser Arg Ile

Hi§ Agn Ile

Tyr Arg Leu

285

Ile Leu Ser
300

Tyr Lys Trp

315

Gly Gln Asn

Lys Trp Leu

Lyg Pro Gly

aAsp Ile Thr

Gly Trp Asn

Ser Glu Phe

160

Asp Phe Leu

175

8er Tyr Asp

190

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Asp:

Thr

Arg

350

Phe

Glu Leu

His Lys

Gly Ile
240

Thr Ala
255

Gly Arg

Tyr Tyr

Leu Gly

Arg Val

320

Lys Ala
335

Asn Tyr

Arg Ala
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Thr

Gly

385

Lys

Lys

val

Asp

His

465

Trp

Lys

Ile

370

Tyr

Phe

Thr

val

355

Phe

Tyr

Phe

Ala

Gln
435

Thr Phe Val

Leu Thr Phe
390

Arg Arg Tyr
405

Gly Pro Tyr
420

Thr Ala Plie

val

375

Val

Leu

Lys

Gly

360

Ser Ala

Phe

Thr Ala Ala

Arg Pro

Ile Tyr
425

Tyt Ala
440

Phe
410

Tyxr

Thr

Trp His

365

380

Met Tyr

335

Phe Met

Asp Ile

Gln Ser

Phe Trp Leu Ser Leu Lys Cys Trp Lys Asn

450

455

Ile Ala Lew Gly Ala Ile Phe Ala

470

Ala Ile Pro Lys Ile Lys Lys Lys

485

Lyg &Asp Ala Lys Glu Glu Val Lys

<210> 65

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (148)..(148)

<223> Xaa = Ala [A], Asn [N], His [H], Leu [L], Met [M], Phe [F], Ser [S], Thr [T] or Val [V]

<400> 65
Met Ala Phe

1

Thr

Ser

val

Gly

Val

145

Gln,

Tyr

Gly

Tyr

Leu

50

Val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe
115

Gln

Asp

Lys

Val

Glu

1ar

500

Prc Trp Ala Agp

5

Pro Pra Asp
20

Leu Ser Ser

Ile Ile Tyr

Ser Leu Tyr
70

Phe Phe Ile
85

Gly Phe Val
100

Phe Pro Glu

Met Val Leu

Xaa Trp Gln
150

Arg Ala Val
165

Phe Tyr Phe
180

Phe His Asn

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ila

Leu

Bro

Trp

505

Ile Ser

475

Gln Ala
490

Lys Asp

Gly

Gln

Glu

val

Plie

Thr Arg

Ser Val

Ser Asp

415

Cys Txp

430

445

Met Ile

Pro

cly

400

Gly

Ile

Leu

Ser Trp Phe Leu Tyr

460

Ser Pro Tyr Lys Ala

480

Gly Ala Val Thr Asp

49

5

Thr Ile Lys Thr Lys

510

Ser Ala Ser

Leu Val Met

Asp Ala Lys

Tyr Met Val

Phe Ser Ser

80

Met Pro Trp

His Leu Arg

aAsp Ile Thr

Lys Trp Ala Ala Asp Ala
10 15
Leu Lys Ile Ala Phe Thr
25 30
Met Lyg Arg Leu Pro Asp
40 45
Ile Ser Val Ser Ile Phe
60
Gly aAla 2la Thr Leu Leu
75
Gln Trp Lys Ser Pro Tyr
90 95
Thr His Leu Phe Val Asn
105 110
Tyr Asp Pro Asn Val Ile
120 125
Met Lys Leu Ser Ser Phe Gly Trp
140
Glu Lys Gly Glu Gln Leu Ser Glu
155
Lys His Pro Ser Leu Met Asp Phe
170 175
Ser Ile Leu Thr Gly Pro Ser Tyr
185 190
Leu Asp Leu Ser Leu Phe Lys Glu

nnn

nnax

Asn

Phe

160

Leu

Asp

Leu

DK/EP 2861728 T3



Glu

Ile

225

Tyr

Ile

Gly

Phe

305

Gln

Vval

Thr

Gly

385

Lys

Lys

val

Asp

Hisg

465

Trp

Lys

Lys

210

Pro

Trp.

Ala

val

Ala

290

His

Asn

Leu

Tyt

Ile
370

Tyr

Phe

Thir

val

Phe

450

Ile

Ala

Lys

Asp

Arg

Ile

Tyr

Tyr

275

Gly

val

Glu

Leu

355

Phe

Tyzr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 66

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (376)..(376)

<223> Xaa = Ala [A], Gly [G], His [H], Leu [L], Phe [F], Pro [P], Thr [T] or Val [V]

<400> 66
Met Ala Phe Pr¢ Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser

1

Lys

Ser

Val

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Asp FPro

Gly Ile
230

Leu Trp
245

Asp Ala

Tyr Met

Ile Ser

Asp Pro
310

Pro Trp
325

Trp Asn

Val val

Phe Val

Thr Phe
390

Arg Tyr
405

Pro Tyr

Ala Phe

Ser Leu

Gly Ala

470

Lys Ile
485

Lys Glu

5

Lys

215

Ala

Thir

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val
375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr.

Phe

Asn

Lys

360

Ser

Ala Ala

Ser

Lys

Arg

Lys

Arg Lys

220

235

Val Asp

Lys
265

Phe Met

Ala

Gly

Glu

Thr Asn

345

Gly

Ala

Thr Ala

Arg Pro

Ile

Tyzr
425

Tyr Ala

440

Cys

Phe

Lys

val

Trp

Ala

Lys

Lys
505

250

Cys

Lys

Ser

Hig

Tyr

Ile

Tyz

Leu Ala

Arg Ile

Asn Ile

Arg Leu

285

Leu Ser

300

315

Thi

330

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

Gln

490

Lys

10

Gly

Lys

Lys

Trp

Lys Trp

Gln Asn

Trp Leu

Pro Gly

365

His Gly

380

Met

385

Phe

Asp

Gln

Asn

Ser

475

Ala

Asp

Tyr Gln

Met Glu

Ile Val

Ser FPhe

Arg

aAla

Ser

Phie

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

arg

Lys

Ila

240

Ala

Arg

Tyr

Gly

val

320

Ala

Tyr

Ala

Pro

Ser val Gly

400

Ser Asp Gly

415

430

445

Ser Trp

460

Ser Pro

Gly Ala

Thr Ile

Cys Trp Ile

Met Ile Leu

Phe Leu Tyr

Tyr Lys Ala

480

Val Thr Asp

495

510

15

Lys Thr Lys

Thr Gly Leu Pro Pro Asp Leu Leu Lys Ile Ala Phe Thr Leu Val Met

20

25

30

Ser Tyr Pro Leu Ser Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys

2%

an

aw
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Gly
63

Val

Gly

val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe
305

Gln

Val

Thr

Gly

385

Lys

Lys

val

Asp

Leu
50

val

Gly

Asn

Gln

Ala

130

Tyxr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

Val

Ala
297

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe
450

Lys

Phe

Thr

Phe

FPhe

115

Gln

Asp

Lys

val

Glu

195

Asp

Arg

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyx

Phe

Ala

Gln
435

Trp

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Phe
180

Phe

Lys

val

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Ile Tyr Ile Ile Ser Val Ser Ile Phe Tyr Met Val

Leu Tyr
70

Phe Ile
85

Phe Val

Pro Glu

Vval Leu

Trp Gln

150

Ala Val
165

Tyr Phe

Hig Asn

Asp Bro

Gly Ile

230

Leu Trp

245

Asp Ala

Tyr Met

Ile Ser

Asp Pro
310

55

Gly

Thr

Met

The

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Thz

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Gly

Thr

60

Ala Ala Thr Leu

Trp

His

105

Asp

Lys

Lys

His

75

Lys Ser Pro
50

Leu Phe Val

Pro Asn Val

Leu Ser Ser
140

Gly Glu Gln
155

Pro Ser Leu
170

Tle Leu Thr Gly

185

Aszp

Ala

Ieu Ser Lei

Ala Aryg Arg

220

Ser Lys Lys Leu

Val

Lys

265

Phe

Ala

235

Asp Ser Arg

250

Glu ‘His Asn

Met: Tyr Arg

Cys Ile Leu
300

Gly Lys Tyr Lys

Pro Trp Gly Phe Glu

325

Trp Asn

Val val

Phe Val

Thr Phe

390

Arg Tyr

408

Pro Tyr

Ala Phe

Ser Leu

Gln

Pro

val

375

val

Leu

Lys

Gly

Lys
455

Asn Thr

Lys
360

345

Gly

Xaa Ala

Thr Ala

Arg

Ile

Tyr

440

Cye

Pro

Tyr

425

Ala

Trp

315

Thr Gly Gln

330

Asn Lys Trp

Gln Lys Pro

Phe Trp His

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met

Pro

Dhe

205

Lys

Ala

Ile

Ila

Leu

285

Ser

Trp

Len

Gly

Phe

Met

His

110

Asp

Gly

Ser

Asp

Ser

130

Lys

Arg

Ala

Ser

Phe

270

Lys

Gly

Agp

Asn Thr

Arg

Ser

Pro

95

Leu

Ile

Trp

Glu

Phe

175

Tyr

Glu

His

Gly

Thr

255

Gly

Tyr

Lt

Arg

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

val
320

Lys Ala

335

350

365

380

Ala Met Tyr

3985

Phe Phe Met

410

Tyr Asp Ile

Thr Gln Ser

Lys Asn Ser

Gly

Gln

Glu

val

Phe

Phe

Thr

Ser

Ser

Cys

Asn Tyr

Arg ala

Arg Pro

val Gly

400

Asp Gly

415

430

445

460

Trp

Met

Phe

Trp Ile

Ile Leu

Leu Tyr
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His Ile Ala Leu
465

Trp Ala Ile Pro

Lys Lys Asp Ala
500

<210> 67

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (377)..(377)

<223> Xaa = Asn [N], Gly [G], His [H], Leu [L], Phe [F], Pro [P], Ser [S], Thr [T] or Val [V]

<400> 67
Met Ala Phe
1

Thr

Ser

Gly
65

Val

Gly

Vval

145

Gln

Ala

Ty

Glu:

Ile

225

Phe

Tyzr

Gly

Gly

Tyr

Leu

50

Val

Gly

Asn

Gln

Ala

130

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

Val

Ala
230

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

Gla

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Phe
180

Phe

Lys

Ser

Val

Ser
260

Leu

Ser

Gly Ala Ile Phe Ala Ile Ser Ser Pro Tyr

Lys Ile Lys Lys Lys Gln Ala Gly Ala Val

485

Lys Glu Glu Val Lys Lys Asp Thr Ile Lys

Trp

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

val

Trp

Ala

165

Tyr

His

Asp

Gly

Leu
245

Asp

Ty

Ile

470

Ala

Asp

Ser

TYyL

Tyr

70

val

Glu

Leu

Gln

150

val

Phe

Asn

Fro

Ile
230

Ala

Met

Ser

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thi

Cys

135

Ile

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu
295

Lys

Len

Met

40

Gly

Gln

Thr

Tyr

120

Met:

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

GLly
280

Gly

475

490

505

Trp

Lys

25

Lys

Ser

Ala

Trp

His

105

Asp

Lys

Lys

Hig

Ile

185

Asp

Ala

Ser

Val

Lys
265

Phe

ala

Ala Ala
10

Arg Leu

vVal Ser

Ala Thr
75

Lys Ser
90

Leu Phe

Pro Asn

Leu Ser

Gly Glu

155

Pro. Ser
170

Leu Thr

Leu Ser

Ala Arg

Lys Lys

235

Asp Ser
250

Glu Hig

Met Tyr

Cys Ile

Asp

Phe

Pre

Ile

60

Leil

Pro

val

Vval

Ser

140

Gln

Leu

Gly

Leu

Arg

220

Leu

Arg

Arg

Leu
300

Ala

Thr

Asgp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met

Pro

Phe

205

Lys

Ala

Il

Ile

Leuw
285

Ser

Lys Ala

480

Thr Asp

495

510

Ser

Leu

30

Asp

Tyr

Phe

Met

Hig

110

Asp

Gly

Ser

Agp

Ser

190

Lys

Arg

Ala

Ser

Phe
270

Lys

Gly

Ala

15

Val

ala

Met

Ser

Pro

95

Leu

Ile

Trp

Glu

Phe

175

Tyr

Glu

His

Gly

Thr
255

Gly

Tyr

Leu

Thr Lys

Ser

Met

Lys

val

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyx

Gly
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Phe

305

Gln:

Leu

val

Thr

Gly

385

Lys

Lys

Val

Asp

His

465

Trp

Lys

His

Asn

Leun

Tyr

Ile

370

Ty

Phe

Thr

Val

Fhe

450

Ile

ala

Lys

Gly

val

Glu

Leu

355

Phe

Tyr

FPhe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 68

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (378)..(378)
<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], His [H], Leu [L], Pro [P], Ser [S], Thr [T], Trp [W] or Tyr [Y]

<400> 68

Met Ala Phe

1

Thr

Ser

Gly

65

Met

val

Ser

Glv

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

Leu

Pro

Lys

Phe

Thr

Phe

Phe

115

Gln

val

Asp

Ala

340

Arg

Thr

Leu

Gly

420

Thr

Leu

Leu

Fro

ala

500

Pro

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Mat

Asp

Pro

325

Trp

val

Phe

The

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Pro

Ser

Ile

Leu

Phe

85

Phe

Pro

val

Fro
310

Trp

Agn

Val

Phe

330

Tyr

Tyr

Phe

Leu

Ala

470

Ile

Glu

Ala

Asp

Ser

Tyr

Tyr

70

Ile

val

Glu

Lew

Lys

Gly

Gln

Pro

val

375

val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Asp

Len

Len

Ile

55

Gly

Thr

Met

Thr

Cus

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

Cys

Phe

Lys

val

Lys

Leu

Met

40

Tle

Gly

Gln

Thr

Tyr

120

Mat

Gly

Glu

Thr

345

Gly

Xaa

ala

Prao

Tyr

425

Ala

Trp

Ala

Lys

Lys

Lys Tyr
315

Thr Gly
330

Asn Lys

Gln Lys

Phe. Trp

Ala Met
395

FPhe Phe
410

Tyr Asp

Thr Gln

Lys Asn

Ile Ser
475

Gln Ala
490

Lys Asp

505

Trp

Lys

25

Lys

Ser

Ala

Trp

His

105

Asp

Lvs

Ala ala
10

Ile Ala

Arg Leu

Val Ser

Ala Thr

75

Lys Ser

90

Leu Phe

Pro Asn

Len Ser

Lys Trp

Gln Asn

Trp Leu

Asp

Thr

Aryg

Arg

Lys

Val

320

335

350

Pro Gly

365

Hig Gly

380

Tyr Gln

Met

Glu

Ile Val

Ser Phe

Phe

Thr

Ser

Ser

Cys

Asn

Arg

Arg

Val

Asp

Ala

Tyr

Ala

Pro

Gly

400

415

430

445

Ser Trp

460

Ser Pro

Gly Ala

Thr Ile

Asp

Phe

Pro

Tle

60

Leu

Pro

val

val

Sar

Ala

Thr

asp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Met

Phe

Tyr

Val

Lys

Trp

Ile

Leu

Lys

Thr

Gly

Ile

Leu

Tyr

ala

480

435

510

Ser

Leu

30

asp

Tyr

Phe

Met

His

110

Asp

G1lv

Thr

Ala

15

val

Ala

Met

Ser

Pro

95

Leu

Ile

Tro

Asp

Lys

Ser

Met

Lys

Val

Ser

80

Trp

Arg

Thr

Asn

DK/EP 2861728 T3



val
145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyxr

Ile

Gly

Phe

305

Gln

Val

Thr

Gly

385

Lys

Lysg

Val

Asp

His

465

Trp

Lys:

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

ala

220

His

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe

450

Ile

Ala

Lys

Asp

Lys

val

Glu
195

Asp

Arg

Iyr

Tyr

275

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

aAsp

<210> 69

<211> 512
<212> PRT
<213> Yarrowia lipolytica

Gly

Arg

Phe
180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

Val

Asp

Ala

340

Arg

Thr

Leu

Gly
420

Thr

Leu

Leu

Pro

Ala
500

Trp

Ala

165

Tyr

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Gln
150

val

Phe

Asn

Pro

Ile

230

Trp

ala

Met

Ser

Pro

310

Trp

Asn

Val

val

Phe

3390

Tyr

Tyr

Phe

Leu

Ala
470

Glu

[

135

Ile Glu

Leu Lys

Pro Ser

Trp Leu
200

Lys Arg
215

Ala Ala

Thr Gln

Phe Thr

Leu Gly
280

Glu Gly
295

Lys Thr

Gly Fhe

Gln Asn

Pro Lys

360

val Ser
375

val Thr

Leu Arg

Lyg Ile

Gly Tyr

440

Lys. Cys

455

Ile Phe

Lys Lys

Glu Val

——

Lys

His

Ile
185

Asp

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

ala

Ala

Pro

Tyr

425

ala

Trp

Ala

Lys

Lys
505

Gly Glu

Pro
170

155

Ser

Leu Thr

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Azn

Gln

Xaa

Ala

FPhe

410

Tyr

Thr

Lys Asn Ser Trp Fhe

Ile Ser Ser Pro Tyr

Gln Ala Gly Ala val

490

Lys Asp Thr Ile Lys

Ser

- meew e

140

Gln Leu Ser

Leu Met Asp

Gly Pro Ser

Leu

Ary Arg

Lys
235

220

Leu

Ser Arg

Hig Asn

Tyr Arg

Ile

Tyr

315

Gly

Lysg

Lys

Trp

Met
395

Leu

300

Lys

Gln

Trp

Pro

His

380

Tyr

Phe Met

Asp

Gln

475

Ile

Ser

e—g emmee

Glu Phe

160

Phe Leu

175

190

Phe Lys
205

Lys Arg

Ala Ala

Ile Ser

Ile Phe
270

Leu Lys
285

Ser Gly

Trp ASp

Asn Thr

Leu Arg
350

Gly Phe
365

Gly Thr

Gln Ser

Glu Ser

val Cys

430,

Phe Met

445

460

Glu

Hisg

Gly

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asgn

Arg

Arg

val

Asp

415

Trp

Ile

Tyr Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

Val

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Leu

Leu Tyr

Lys Ala

480

Thr Asp

435

510

Thr Lys
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<220>
<221> MISC_FEATURE
<222> (382)..(382)
<223> Xaa = Ala [A], Asn [N], Gly [G], Glu [Q], His [H], lle [I], Met [M], Pro [P], Ser [S], Trp [W] or Tyr [Y]

<400> 69

Met Ala Phe Pro

1

Thzr

Ser

Gly
65

Met.

val

Gly

Val

145

Gln

ala

Tyr

Glu

Ile

225

Tyr

Ile

Gly

Phe

305

Gln

Thr

Gly

Len

Pro
20

Trp

Pro

Tyr Pro Leu Ser

Leu

50

Val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

ala

Val

ala

230

His

Asn

Leu

Tyr

Ile

35

Lys

Phe

Thr

Phe

Fhe
115

Gln

Asp

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Phe

180

Fhe

Tys

Ser

val

Ser

260

Leu

Ser

val

Asp

ala

340

Arg

Thr

Ile

Leu

Phe

85

Phe

Pro

val

Trp

Ala

165

His

Asp

Gly

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Trp

Val

Phe

Ala

Asp

Ser

Tyxr

Tyxr

70

val

Glu

Gln

150

val

Phe

Asn

Pro

Ile

230

Trp

Ala

Met

Ser

Pro

310

Trp

Asn

Val

val

Asp Lys Trp

Leu Leu Lys
25

Leu Met Lys
40

Ile Ile Ser
55

Gly Gly Ala

Thr Gln Trp

Met Thr His
105

Thr Tyr Asp
120

Cys Met Lys
135

Ile Glu Lys

Leu Lys His

Pro Ser Ile
185

Trp Leu AsSp
200

Lys Arg Ala
215

Ala Ala Ser

Thr Gln Val

Phe Thr Lys
2865

Leu Gly Phe
280

Glu Gly Ala
295

Lys Thr Gly

Gly Phe Glu

Gln Asn Thr
345

Pro Lys Gly
360

Val Ser Ala

ala

10

Ile

Arg

Val

Ala

Lys

90

Leu

Pro

Gly

Pro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Ala

Leu

Ser

Thr

75

Ser

Phe

Asn

Ser

Glu

155

Ser

Thr

Ser

Arg

Lys

235

Ser

His

Tyr

Ile

Tyr

315

Gly

Lys

Lys

Trp

Asp Ala Ser

Phe Thr Leu

30

Pro Asp Asp

45

Ile Phe Tyr

60

Leu Leu Phe

Pro Tyr Met

val Asn His

15

110

val Ile As
125

Ser Phe Gly
140

Gln Leu Ser

Leu Met Asp

Gly Pro Ser
130

Leu Phe Lys
205

Arg Lys Arg
220

Leu Ala Ala

Arg Ile Ser

Asn Ile Phe
270

Arg Leu Lys
285

Leu Ser Gly
300

Lys Trp Asp

Gln Asn Thr

Trp Leu Arg
350

Pro Gly Phe
365

His Gly Xaa

Trp

Glu

Phe

175

Tyxr

Glu

His

Gly

Thr

255

Gly

Tyr

Leu

Arg

lys

335

Asn

Arg

Arg

Ala Ser

Val Met

ala Lys

Met Val

Ser Ser

80

Pro Trp
95

Leéu Arg

Ile Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyzr

Gly

Val

320

Ala

Tyr

Ala

PFro
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Gly

385

Lys

Lys

val

His
465

Trp

Lys

370

Tyr

Phe

Thr

Val

Phe

450

Ile

Ala

Lys

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 70

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (383)..(383)
<223> Xaa = Ala [A], Asn [N], Asp [D], Gly [G], GIn [E], Glu [Q], His [H], lle [I], Leu [L], Lys [K], Met [M], Phe [F], Pro [P], Thr [T], Trp

[W] or Val [V]

<400> 70

1

Thr

Ser

Gly
65

Met

Vval

Gly

Val

145

Gln

ala

Ty

Gly

Tyr

Leu

50

Val

Gly

Agn

Gln

Ala

130

Tyr

Thr

Phe

Mok

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Thr

Arg

408

Pro

Ala

Ser

Gly

Lys

485

Lys

Met Ala Phe Pro Trp
5

Leu Pro Pro

Pro
35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

AT

290

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Arg

Phe

180

oha

Ser

Ile

Leu

Phe

85

Phe

Pro

Val

Trp

Ala

165

Tyr

Phe

390

Tyr

Tyr

Phe

Leu

Ala

470

Ile

Glu

AsSp

Tyzr

Tyr

70

Ile

Val

Glu

Leu

Gln

150

val

Phe

375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

cys

135

Ile

Leu

Pro

L

Thr

Arg

Ile

Tyr

440

Cys

Phe

Lys

Val

Lys

Leu

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Tuma

Ala

Pro

Tyr

425

Ala

Trp

Ala

Lys

Lys
505

380

Ala Met Tyr
395

Phe Phe Met
410

Tyr Asp Ile

Thr Gln Ser

Lys Asn Ser
460

Ile Ser Ser
475

Gln Ala Gly
490

Lys Asp Thr

Gln Ser

Glu Ser

Val Cys

430

Phe Met

445

Trp Pha

Pro Tyr

Ala Val

Ile Lys
510

val

Asp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Gly

400

Gly

Ile

Leu

Tyr

ala

480

Asp

Lys

Trp Ala Ala Asp Ala Ser Ala Ser

10

15

Lys Ile Ala Phé Thr Leu Val Met

25

30

Lys Arg Leu Pro Asp Asp Ala Lys

45

Ser Val Ser Ile Phe Tyr Met Val

Ala

Trp

Hig

108

Asp

Lys

Lys

His

Ile

185

A

60

Ala Thr Leu
75

Lys Ser Fro
90

Leu Phe Val

Pro Asn Val

Leu Ser Ser
140

Gly Glu Gln
155

Pro Ser Leu
170

Leu Thr Gly

Tisnr QAv Tasu

Leu Phe

Tyr Met

Asn Hig
110

Ile Asp
125

Phe Gly

Leu Ser

Met Asp

Pro Ser

190

Dha Tars

Pro

95

Leu

Ile

Trp

Glu

Fhe

175

Tyr

Al

Ser

80

TZp

Arg

Thr

Asn

Phe

1860

Leu

Asp

T.an
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LY BSL Gsu DS

195

Glu Lys Asp Lys
210

Ile Pro Arg Ser
225

Phe Trp Ile Val

Tyr Ala Tyr Ser
260

Ile Val Tyr Leu
275

Gly Ala Trp Ser
290

Phe Hig Gly Val
305

Gln Asn Val Asp

Leu Leu Glu Ala
340

Val Tyr Leu Arg
355

Thr Ile Phe Thr
370

Gly Tyr Tyr Leu
385

Lys Phe Phe Arg

Lys Thr Ala Gly
420

val val Gln Thr
435

Asp Phe Trp Leu
450

His Ile Ala Leu
465

Trp Ala Ile Pro

Lys Lys Asp Ala
500

<210> 71

<211> 512

<212> PRT

HLm mD

Asp Pro

Gly Ile
230

Leu Trp
245

Asp Ala

Tyr Met

Ile Ser

Rgp Pro
310

Pro Trp
325

Trp ASn

val val

Phe Val

Thr Phe
390

Arg Tyr
405

Pro Tyr

Ala Phe

Ser Leu

Gly Ala
470

Lys Ile
485

Lys Glu

<213> Yarrowia lipolytica

<220>

<221> MISC_FEATURE
<222> (384)..(384)
<223> Xaa = Ala [A], Arg [R], Gly [G], His [H], lle [I], Leu [L], Lys [K], Met [M], Phe [F], Ser [S], Thr [T], Trp [W], Tyr [Y] or Val [V]

<400> 71

Lap

Lys

215

Thr

Phe

Leu

Glu
295

Lys

Gly

Gin

Pro

Vval

375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

wsu

200

arg

Ala

Gln

Thr

Gly

280

Gly

Thr

Phe

Asn

Lys

360

Ser

Thr

Arg

Ile

Tyr

440

Cys

Phe

Lys

Val

Aop usw

Ala Ala

Ser Lys

Val asp
250

Lys Glu
265

Phe Met

Ala Cys

Gly Lys

Glu Thr
330

Thr Asn
345

Gly Gln

Ala Phe

Ala Ala

Pro Phe
410

Tyr Tyr
425

Ala Thr

Trp Lys

Ala Ile

Lys Gln

490

Lys Lys
505

oTe wosw

Arg Arg
220

Lys Leu

235

Ser Arg

His Asn

Tyr Arg

Ile Leu
300

Sass ayo

205

Lys Arg

Ala Ala

Ile Ser

Ile Phe
270

Leu Lys
285

Ser Gly

wau

His

Gly

Thr

255

Gly

Tyz

Leu

ST

Lys

Ile

240

Arg

Tyr

Gly

Tyr Lys Trp Asp Arg Val

315

Gly Gln Asn Thr

Lys Trp Leu Arg

350

Lys Pro Gly Phe

Trp His
380

365

Gly Thr

Met Tyr Gln Ser

335

Phe Met

Glu Ser

Asp Ile Val Cys

430

Gln Ser Phe Met

445

Asn Ser Trp Phe

460

Ser Ser Pro Tyr

475

Ala Gly

Asp Thr

Ala Val

Ile Lys
510

Lys

335

Asn

Arg

Xaa

val

ASpP

415

Trp

Ile

Leu

Lys

Thr

495

Thr

320

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Len

Tyr

Ala

480

Asp

Lys

Met Ala Phe Pro Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser

1

5

10

15

Thr Gly Leu Pro Pro Asp Leu Leu Lys Ile Rla Phe Thr Leu Val Met

20

25

30
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Ser

Gly

65

Met

val

Ser

Gly

Vval

145

Gln

Ala

Tyz

Glu

Ile
225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Leu

val

The

Gly

385

Lys

Lys

Tyr

Leu

50

Val

Gly

Asn

Gln

ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

Val

Ala

290

Asn

Leu

Tyxr

Ile

370

Phe

Thr:

val

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

val

Glu

195

Asp

Arg

Ile

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Ala

Gln
435

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Arg

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

val

Asp

Ala

340

Axrg

Thr

Leu

e Arg

Gly
420

Thr

Ser Ser Leu

Ile Tyr Ile
55

Leu Tyr Gly
70

Phe Ile Thr
85

Phe val Met

Pro Glu Thr

Vval Leu Cys
135

Met

40

Ile

Gly

Gln

Thr

Tyr

120

Met

Lys

Ala

Trp

His

105

Asp

Lys

Trp Gln Ile Glu Lys

150

Ala Val Leu
165

Lys

His

Tyr Phe Pro Ser Ile

185

His Asn Trp Leu Asp

200

Asp Pro Lys Arg Ala

215

Gly Ile Ala Als Ser

230

Leu Trp Thr Gln

245

Asp Ala Phe

Thr

Tyr Met Leu Gly

Ile Ser Glu
295

Asp Pro Lys
310

Pro Trp Gly
325

280

Gly

Thr

Phe

Trp Asn Gln Asn

val val Pro

Phe val val
375

Thr Phe Val
390

Lys
360

Ser

Thr

Arg Tyr Leu Arg

405

Pro Tyr Lys

Ala Phe Gly

Tyr
440

Arg

Val

Ala

Lys

20

Leu

Pro

Leau

Gly

Pro

Leu

Ser

Thr

Ser

Phe

Asn

Ser

Glu

60

Pro

Ile

Leu

Pro

val

Val

Ser

Asp

45

Phe

Leu

Tyr

Asn

Ile

Asp

Tyr

Phe

Met

His

110

125

140

155

170

Leu

Leu

Ala

Lys

Ser

Thr

Ser

Arg

1ys

Gln

Leu

Gly

Leu

Arg

Phe

Leu

Met

Pro

Phe

Asp

Gly

Ser

Asp

Ser

Ala Lys

Met Val

Ser Ser

80

Pro Trp

395

Leu Arg

Ile Thr

Trp Asn

Glu Phe

160

Phe Leu

175

190

205

220

235

Val Asp Ser

250

Lys Glu

265

Phe Met

ala

Gly

Glu

Cys

Lys

Thr
330

Thr Asn

345

Gly

Ala

Gln

Phe

Ala Ala

Pra

Tyr
425

Ala

Phe
410

Tyr

Thr

His

Tyr

Ile

Tyt

315

Gly

Lys

Lys

Trp

Met

335

Phe

Azp

Gln

Leu

Lys

Ala

Arg Tle Ser

Asn

Arg

Leu

300

Lys

Gln

Trp

Pro

His

380

Tyr

Met

Ile

Ser

Ile

Leu

285

Ser

Trp

Asgn

Leu

Gly

365

Gly

Gln

Glu

val

Phie
445

Phe

270

Lys

Gly

Asp

Thr

Arg

350

Phe

Thr

Ser

Ser

Cyg

430

Met

Lys

Arg

Ala

Thr

255

Gly

Tyr

Leu

Arg

Lys

335

Asn

ATy

Val

Asp

415

Trp

Ile

Tyr Asp

Glu Leu

His Lys

Gly Ile

240

Ala

Arg

Tyxr

Gly

Val

320

Ala

Tyr

Ala

Xaa

Gly

400

Gly

Ile

Leu
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Asp Phe Trp Leu Ser Leu

450

His Ile Ala Leu Gly Ala

465

470

Trp Ala Ilé Pro Lys Ile

485

Lys Cys Trp Lys Asn Ser Trp Phe Leu Tyr
460

455

Ile Phe Ala Ile Ser Ser Pro Tyr Lys Ala
480

475

Lys Lys Lys Gln Ala Gly Ala Val Thr Asp
495

490

Lys Lys Asp Ala Lys Glu Glu Val Lys Lys aAsp Thr Ile Lys Thr Lys

<210> 72

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (385)..(385)

<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], His [H], lle [1], Leu [L], Lys [K], Met [M], Phe [F], Ser [S], Thr [T], Trp [W], Tyr [Y] or Val

vl

<400> 72
Met Ala Phe

1

Thr

Ser

Gly

65

Met:

Val

Sexr

Gly

val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Gly

Tyr

Leu

50

Val

Gly

Asn

&ln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

AsSp

Lys

Val

Glu

195

Asp

Arg

Ile

Tyr

Tyr
275

500

Pro Trp Ala

Pro Pro Asp
20

Ley Ser Ser

Ile Ile Tyr

Ser Leu Tyr
70

Phe Phe Ile
85

Gly Phe Val
100

Phé Pro Glu

Met Val Leu

Gly Trp Gln
159

Arg Ala Vval
165

Phe Tyr Phe
180

The His Asn

Lys Asp Pro

Ser Gly Ile
230

Val Leu Trp
245

Ser Asp Ala
260

Leu Tyr Met

Asp Lys

Leu Leu

Leu Met
40

Ile Ile
55

Gly Gly

Thr Gln

Met Thr

Thr Tyr
120

Cys Met
135

Ile Glu

Leu Lys

Pro Ser

Trp Leu
200

Lys Arg

215

Ala Ala

Thr Gln

Phe Thr

Leu Gly
280

505

Tep

Lys
25

Ala

Trp

His

105

Asp

Lys

Lys

His

Ile

185

Asp

Ala

Ser

Val

Lys

265

Phe

Ala

10

Ile

Arg

Val

Ala

Lys

20

Leu

Pro

Leu

Gly

Pro
170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Ala

Ala

Leu

Ser

Thr

75

Ser

Phe

Agn

Ser

Glu

155

Ser

Thr

Ser

Arg

Lys

235

Ser

His

Tyr

Asp

Phe

Pro

Ile

60

Leu

Pro

val

val

Ser

140

Gln

Leu

Gly Pro

Leu Phe

Arg
220

Leu Ala

Arg

Asn

Arg Leu

Lys

Ala

Thr

Asp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met

Ser

510

Ser

Leu

30

Asp

Tyr

Phe

Met

His

110

Asp

Gly

Ser

Asp

190

205

Ile

Ile

Lys

Arg

Ala

Ser

Phe

Tyr

Glu

His

Gly

Thr

Ala

15

Val

Ala

Met

Ser

Pro

95

Leu

Ile

Trp

Glu

Phe
1758

Ser

Met

Lys

val

Ser

80

Trp

Arg

Thr

Asgn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

255

270

285

Lys

Gly

Tyr

Ala

Arg

Tyr
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Gly

Phe

305

Gln

Leu

Val

Thr

Xaa

385

Lys

Lys

val

Asp

His

465

Trp

Lys

Ala

290

His

Asn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe

450

Ile

Ala

Lys

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln
435

Trp

Ala

Ile

AsSp

<210> 73

<211> 512
<212> PRT
<213> Yarrowia lipolytica

«220>
<221> MISC_FEATURE
<222> (386)..(386)
<223> Xaa = Ala [A], Gly [G], His [H], Leu [L], Phe [F], Pro [P], Ser [S],

<400> 73

Met Ala Phe

1

Thr

Ser

Gly
65

Met

val

Gly

Tyr

Leu

50

Val

Gly

Asn

Leu

Pro

35

Lys

Phe

Thr

Phe

Ser

Val

asp

Zla

340

Arg

Thr

Leu

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Pro.

Pro

20

Leu

Ile

Ser

Phe

Gly
100

Ile

Asp

Pro

325

Tre

val

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Trp

5

Pro

Ser

Ile

Leu

Phe

85

Phe

Ser Glu Gly
295

Pro Lys Thr
310

Trp Gly Phe

Agn Gln Asn

Val Pro Lys
360

Val val Ser
375

Phe Val Thr
390

Tyr Léu Arg

Tyr Lys Ile

Phe Gly Tyr
440

Leu Lys Cys
455

Ala Ile Phe
470

Ile Lys Lys

Glu Glu Val

Ala Asp Lys

Asp Leu Leu

Ser Leu Met
490

Tyr Ile ILle
58

Tyr Gly Gly
70

Ile Thr Gln

Val Met Thr

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Trp

Ala

Lys

Lys
505

Lys

25

Lys

Ser

Ala

Trp

His Leu Phe Val Asn

105

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Ile

Tyr

315

Gly

Liys

Lys

Trp

Met
395

Phe Met

Thr Gln

Lys

Agn

Ile Ser

475

Gln ala
490

Lys

Asp

Ala Ala

10

Ile

Arg

Vval

Ala

Lys

90

ala

Leu

Ser

‘Thr

75

Ser

Leu
300

Lys

Gln

Ser Gly

Trp Asp

Asn Thr

Trp Leu Arg

Fro

His
380

350

Gly Phe

365

Gly Thr

Tyr Gln Ser

Ile

Ser

Ser

460

Ser

Gly

Thr

Asp

Phe

Pro

Ile

60

Leu

Pro

Glu Ser

Val Cys

Leu

Arg

Lys

335

Asn

Arg

Arg

Val

Asp

415

Trp

430

Gly

val

320

2la

Tyr

Ala

Pro

Gly

400

Gly

Ile

Phe Met Ile Len

445

Trp Phe Leu Tyr

Pro Tyr Lys Ala

480

Ala Val Thr Asp
495

Ile Lys Thr Lys
510

Ala Ser Ala Ser

15

Thr Leu Val Met

30

Asp Asp Ala Lys

45

Phe Tyr Met Vval

Leu Phe Ser Ser

80

Tyr Met Pro Trp

95

110

Hie Leu Arg

Thr [T] or Val [V]
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Ser:

Gly

val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Val

Thr

Gly

385

Lys

Lys

val

Asp

His

465

TED

Gln

ala

130

Tyr

Thr

Phe

Met

Lys

210

Trp

Ala

Ala

2390

His

Asn

Lgu

Tyr

Ile

370

Xaa

Phe

Thr

val

Phe

450

Ile

Ala

Phe

115

Gln

asp

Lys

val

Glu

195

Asp

arg

Tla

Tyr

Tyr

275

Trp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Lys Lys Asp

<210> 74
<211> 512

Phe

Met

Gly

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

val

Asp

Ala

340

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

aAla
500

Pro Glu

Val Leu

Trp Gln
150

Ala val
165

Tyr Phe

His Asn

Asp Pro

Gly Ile
230

Leu Trp
245

Asp Ala

Tyr Met

Ile Ser

Asp Pro
310

Pro Trp
325

Trp Asn

Val Val

Phe Val

Thr Phe
390

Arg Tyr
405

Pro Tyr

Ala Phe

Ser Leu

Gly Ala
470

Lys Ile
485

Lys Glu

Thr Tyr
120

Cys Met
135

Ile Glu

Leu Lys

Pro Ser

Trp Leu
200

Lyeg Arg
215

Ala Ala

Thr Gln

Phe Thr

Leu Gly
280

Glu Gly
295

Lyg Thr

Gly Phe

Gln Asn

Pro Lys

360

Val Ser
375

Val Thr

Leéu Arg

Lys TIle

Gly Tyr

449

Lys Cys

455

Ile Phe

Lys Lys

Glu Val

Asp

Lys

Lys

His

Ile

185

Asp

Ala

Ser

Val

Lys

265

Phe

Ala

Gly

Glu

Thr

345

Gly

Ala

Ala

Pro

Tyr

425

Ala

Trp

Ala

Lys

Lys
505

Pro

Leu

Gly

Pro

170

Leu

Leu

Ala

Lys

ASpP

250

Glu

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe

410

Tyr

Thr

Lys

Ile

Gln

490

Lys

Asn

Ser

Glu

155

Ser

Thr

Ser

Arg

Lys
235

Ser Arg

His

Tyr Arg

Ile Leu

Tyr Lyg

315

Gly

Lys

Lys

Trp

Met

395

Phe

Asp

Gln

Asn

Ser

475

Ala

Asp

Asn

Val

Ile

1258

Ser Phe

140

Gln

Leu

Gly

Leu

Met

Phe

Leu

Pro

Asp

Gly

Asp

Ser

Ile

Trp

Glu

Phe

Thr

Asn

Phe

160

175

190

205

Arg
220

Leu

Lys

Ala

Tle

Ile

Leu

Lys

Arg

Ala

Ser

Phe

Tyxr

Glu

Hig

Gly

Thr

Leu

Asp

Leu

Lys

Ile

240

255

270

285

300

Gln

Trp

Pro

His

380

Tyr

Met

Tle

Ser

Ser

460

Ser

Gly

Thr

Trp

Asn

Leu

Lys

Gly

Asp

Thr

Arg

Gly

Tyr

Leu

Arg

Lys

Ala

Arg

Tyzr

Gly

Val

320

335

350

Gly Phe

365

Gly

Gln

Glu

val

Phe

445

Trp

Pro

Ala

Ile

Thr

Ser

Ser

Cys

430

Met

FPhe

Tyr

val

Lys
510

Asn

Arg

Arg

Val

Asp

415

Trp

Ile

Len

Lys

Thr

495

Thr

Ala

Tyr

Ala

Pro

Gly

400

Gly

Ile

Len

Tyr

Ala

480

Asp

Lys
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<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (387)..(387)

<223> Xaa = Ala [A], Gly [G], His [H], Leu [L], Phe [F], Pro [P], Ser [S], Thr [T], Trp [W] or Val [V]

<400> 74

Met Ala Phe Pro

1

Thr

Ser

Gly

65

Val

Ser

Gly

Val

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe
305

Gln

Leu

Gly

Tyr

Leu

50

Vval

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Met

Lys

210

Pro

Trp

Ala

val

Ala

290

Hig

Asn

Leu

Leu

Pro
35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asp

Lys

Val

Glu

135

Asp

Arg

Ile

Tyr

Tyr
275

Gly

val

Glu

Pro
20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

GLy

Phe

180

Phe

Lys

Ser

val

Ser

260

Leu

Ser

Val

Asp

Ala
340

Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser
5

Pro

Ser

Ile

Leu

Phe

85

Phe

Pre

Val

Trp

ala

165

Tyr

His

Asp

Gly

leu

245

Asp

Tyr

Ile

Agp

Pro
325

Trp

10

15

Asp Leu Leu Lys Ile Ala Phe Thr Leu Val Met

25

30

Ser Leu Met Lys Arg Leu Pro Asp Asp Ala Lys

Tyr

Tyr

70

Ile

val

Glu

Leu

Gln

150

val

Phe

Asn

Pro

Ile

230

Trp

Ala

Met

Ser

310

40

Ile Ile
55

Gly Gly

Thr Gln

Met Thr

Thr Tyr
120

Cys Met
135

Ile Glu

Leu Lys

Pro Ser

Trp Leu
200

Lys Arg
215

Ala Ala

Thr Gln

Phe Thr

Leu Gly

2890

Glu Gly

295

Ser

Ala

Trp

His

105

Asp

Lys

Lys

Hig

Ile

185

Asp

Ala

Ser

Val

Lys

265

FPhe

Ala

Vval

ala

Lys

90

Leu

Bro

Leu

Gly

Fro

170

Leu

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Ser

Thr

75

Ser

Phe

Asn

Ser

Glu

1585

Ser

Thr

Ser

Arg

Lys

235

Ser

Hig

Tyr

Ile

45

Ile Phe Tyr
€0

Leu Leu Phe

Pro Tyr Met

Val Asn His
110

Val Ile Asp
125

Ser Phe Gly
140

Gln Leu Ser

Leu Met Asp

Gly Pro Ser
190

Leud Phe Lys
205

Arg Lys Arg
220

Leu Ala Ala

Agn Ile Phe
270

Arg Leu Lys
285

Leu Ser Gly

300

Met

Sar

Pro

95

Leu

Ile

Trp

Glu

Fhe

175

Tyr

Glu

His

Gly

Thr

285

Gly

Tyr

Leu

Pro Lys Thr Gly Lys Tyr Lyg Trp Asp Arg Val
315

val

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

Asp

Leu

Lys

Ile

240

Ala

Arg

Tyr

Gly

320

Trp Gly Phe Glu Thr Gly Gln Asn Thr Lys Ala
335

330

Asn Gln Asn Thr Asn Lys Trp Leu Arg Asn Tyr
350

345
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val

Thr

Gly

385

Lys

Lys

val

Asp

His

465

Trp

Lys:

Tyr

Ile

370

Tyr

Phe

Thr

Val

Phe

450

Ile

Ala

Lys

Leu

355

Phe

Xaa

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 75

<211> 512
<212> PRT
<213> Yarrowia lipolytica

«220>
<221> MISC_FEATURE
<222> (388)..(388)
<223> Xaa = Ala [A], Gly [G], His [H], Pro [P], Ser [S], Thr [T],

<400> 75
Met: Ala Phe

1

Thr

Ser

Gly

65

Met:

val

Ser

Gly

val

145

Gln

Ala

Gly

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Phe

Leu

Pro

35

Lys

Phe

Thr

Phe

Fhe

115

Gln

Asp

Lys

Val

Arg

Thr

Leu

Arg

Gly

420

Thr

Leu

Leu

Pro

Ala
500

Pro

Pro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met

Gly

Arg

Phe
180

Vval

Phe

Thr

Arg

405

Pro

Ala

Ser

Gly

Lys

485

Lys

Pro

Ser

Ile

Leu

Phe

85

Phe

Fro

Vval

Trp

Ala

165

Tyr

val

val

Phe

390

Tyr

Tyr

Phe

Leu

Ala

470

Ile

Glu

Ala

Asp

Ser

Tyr

Tyr

70

Ile

Vval

Glu

Leu

Gln

150

Val

Phe

Pro

val

375

Val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Asp

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Ile

Leu

Pro

Lys

360

Ser

Thr

arg

Ile

Tyr

440

Cys

Phe

Lys

Val

Lys

Leu

Met

40

Ile

Gly

Gln

Thr

TYr

120

Met

Glu

Lys

Ser

Gly

Ala

Ala

Pro

Tyr

425

Ala

Trp

Ala

Lys

Lys
505

Trp

Lys

25

Lys

Ser

Ala

Trp

His

105

Asp

Lys

Lys

Hig

Ile
185

Gln

Phe

Ala

Phe

410

Thr

Lys

Ile

Gln

490

Lys

Ala

10

Ile

Arg

val

Ala

Lysg

90

Leu

Pro

Leu

Gly

Pro

170

Leu

Lys

Trp

Met

395

Fhe

Asp

Gln

Asn

Ser

475

Ala

Asp

Ala

Ala

Leu

Ser

Thr

75

Ser

Phe

Asn

Ser

Glu

155

Ser

Thr

Pro

His

380

Tyr

Met

Ile

Ser

Ser

460

Ser

Gly

Thr

asp

Fhe

Pro

Ile

60

Leu

Pro

val

val

Ser

140

Gln

Leu

Gly

Gly

365

Gly

Gln

Glu

Val

Phe

445

Trp

Pro

Ala

Ile

Ala

Thr

Asp

45

Phe

Leu

Tyr

Asn

Ile

125

Phe

Leu

Met

Pro

Fhe

Thr

Ser

Ser

Cys

430

Met

FPhe

Tyr

Val

Lys
510

Ser

Leu

30

Asp

Tyr

Phe

Met

His

110

Asp

Gly

Ser

Asp

Ser
190

Arg

Arg

val

Asp

415

Trp

Ile

Leu

Lys

Thr

495

Thr

Ala

Pro

Gly

400

Gly

Ile

Leu

Tyr

Ala

480

Lys

Trp [W],

Ala

15

val

ala

Met

Ser

Pro

95

Leu

Ile

Trp

Glu

Phe

175

Tyxr

Ser

Met

Lys

val

Ser

80

Trp

Arg

Thr

Asn

Phe

160

Leu

Asp

Tyr [Y] or Val [V]
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Ty

Glu

Ile

225

Phe

Tyr

Gly

Phe

305

Gln

Thr

Gly

385

Lys

Lys

val

Asp

Hig

465

Trp

Lys

Met

Lys

210

Pro

Trp

Ala

Val

Ala

290

His

aAsn

Leu

Tyr

Ile

370

Tyr

Phe

Thr

val

Phe
450

Ala

Lys

Glu Phe: His

195

Asp Lys Asp

Arg Ser Gly

Ile

Tyr

Tyr

275

Trp

Gly

val

Glu

Leu

355

Phe

Tyr

Phe

Ala

Gln

435

Trp

Ala

Ile

Asp

<210> 76

<211> 512
<212> PRT
<213> Yarrowia lipolytica

<220>
<221> MISC_FEATURE
<222> (389)..(389)
<223> Xaa = Ala [A], Cys [C], Gly [G], His [H], lle [I], Leu [L], Met [M], Phe [F], Pro [P], Ser [S], Trp [W], Tyr [Y] or Val [V]

<400> 76

Met Ala Phé Pro Trp Ala Asp Lys Trp Ala Ala Asp Ala Ser Ala Ser

Val

Ser

260

Leu

Ser

Val

Asp

Ala

340

Arg

Thr

Xaa

Arg

Gly

420

Thr

Leu

Leu

Pro

ala
500

Leu

245

Asp

Tyr

Ile

Asp

Pro

325

Trp

Val

Phe

Thr

Arg

405

Pro

Ala

Sar

Gly

Lys
485

Lys

Asn

Pro

230

Trp

Ala

Ser

Pro

310

Trp

Asn

Val

val

Fhe

390

Tyr

Tyr

Phe

Leu

2la
470

Glu

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

val

375

val

Leu

Lys

Gly

Lys

455

Ile

Lys

Glu

Leu Asp Leu Ser Leu Phe Lys Glu Leu

200

Arg Ala Ala Arg Arg Lyg Arg His Lys
220

Ala Ser Lys lys Leu Ala Ala Gly Ile

Gln

Thr

Gly

280

Thr

Phe

Asn

Lys

360

Thr

Arg

Ile

Tyr

440

Phe

Lys

val

val Asp
250

Lys Glu
265

Phe Met

Ala Cys

Gly Lys

Glu Thr

330

Thr Asn
345

Gly Gln

Ala Phe

Ala Ala

Pro Phe

410

Tyr Tyr

425

Ala Thr

Trp Lys

Ala Ile

Lys Gln Ala Gly Ala Val Thr Asp

490

Lys Lys Asp Thr Ile Lys Thr Lys

505

10

235

Ser

Hisg

Tyr

Tyr

315

Gly

Lys

Lys

TIp

Met

335

Pha

Asp

Gln

Asn

Ser
475

205

Arg Ile Ser

Asn Ile Phe
270

Arg Leu Lys
285

Leu ‘Ser Gly
300

Lys Trp Asp

Gln Asn Thr

Trp Leu Arg
350

Pro Gly Phe
365

His Gly Thr
380

Tyr Gln Ser

Met Glu Ser

Ile vVal Cys
430

Ser Phe Met
445

Ser Trp Phe
460

Ser Pro Tyr

510

240

Thr Ala

255

Gly

Tyr

Leu

arg

Lys

335

Asn

Arg

Arg

val

Asp

415

Trp

Ile

Leu

Lys

495

15

Arg

Tyr

Gly

Val

320

Ala

Tyr

Ala

Pro

Gly

400

Gly.

Ile

Leu

Tyr.

Ala
480
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ronr

Ser

Gly

65

Met

Val

Ser

Gly

Vval

145

Gln

Ala

Tyr

Glu

Ile

225

Phe

Tyr

Ile

Gly

Phe

305

Gln

Thr

Gly
385

Lys

Lys

GLY

Tyr

Leu

50

val

Gly

Asn

Gln

Ala

130

Tyr

Thr

Fhe

Met

Lys

210

Pro

Trp

Ala

Val

Ala

290

His

Asn

Leu

Tyt

Ile

370

Tyr

Phe

Thr

Leu

Pro

35

Lys

Phe

Thr

Phe

Phe

115

Gln

Asgp

Lys

val

Glu

195

Asp

AXg

Ile

Tyr

Tyr

275

TZp

Gly

Val

Glu

Leu

355

Phe

Tyr

Phe

Ala

rPro

20

Leu

Ile

Ser

Phe

Gly

100

Phe

Met.

Gly

Arg

Phe

180

Phe

Lys

Ser

Val

Ser

260

Leu

Ser

Val

Asp

Ala

340

arg

Thr

Leu

Arg

Gly
420

Pro Asp

Ser Ser

Ile Tyr

Leu Tyr
70

Phe Ile
85

Phe Val

Fro Glu

Val Leu

Trp Gln
150

Ala Val

165

Tyr Phe

His asn

Asp Pro

Gly Ile
230

Leu Trp
245

Agp Ala

Tyr Met

Ile Ser

Asp Pro
310

Pro Trp
325

Trp Asn

val val

Phe Val

Xag Phe
390

Arg Tyr
405

Pro Tyr

Leu

Leu

Ile

55

Gly

Thr

Met

Thr

Cys

135

Leu

Pro

Trp

Lys

215

Ala

Thr

Phe

Leu

Glu

295

Lys

Gly

Gln

Pro

Val

375

Val

Leu

Lys

Met

40

Gly

Gln

Thr

Tyr

120

Met

Glu

Lys

Ser

Leu

200

Arg

Ala

Gln

Thr

Gly

280

Thr

Phe

Agsn

Lys

360

Ser

Thr

Arg

Ile

Lys

25

Lys

Ser

Ala

Trp

His

105

Asp

Lys

Lys

His

Ile

185

ASp

Ala

Ser

val

Lys

265

Phe

Ala

Gly

Glu

Thx

345

Gly

Ala

Ala

Pro

Tyr Tyr Asp Ile Val Cys Trp Ile
425

Lle

Arg

Val

Ala

Lys

90

Leu

Pro

Leu

Gly

Pro

170

Leu

Ala

Lys

Asp

250

Glu

Met

Cys

Lys

Thr

330

Asn

Gln

Phe

Ala

Phe
410

Ala rhe I'nr Leu
30

Leu Pro Asp Asp
45

Ser Ile Phe Tyr
60

Thr Leu Leu Phe
75

Ser Pro Tyr Met

Phe Val Asn His
110

Asn Val Ile Asp
125

Ser Ser Phe Gly
140

Glu Gln Leu Ser
155

Ser Leu Met Asp

Thr Gly Pro Ser
190

S8er Leu Phe Lys
205

Arg Arg Lys Arg
220

Lys Leu Ala Ala
235

Ser Arg Ile Ser

Hig Asn Ile Phe
270

Tyr Arg Leu Lys
285

Ile Leu Ser Gly
300

Tyr Lys Trp Asp
315

Gly Gln &Asn Thr

Lys Trp Leu Arg
350

Lys Pro Gly Phe
365

Trp His Gly Thr
380
Met Tyr Glm Ser

395

Phe Met Glu Ser

430

valL

Ala

Met

Ser

Pro

95

Leu

Ile

Tep

Glu

Fhe

175

Tyr

Glu

His
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<223> Xaa = Ala [A], Asn [N], Cys [C], Gly [G], His [H], Leu [L], Met [M], Pro [P], Ser [S], Thr [T] or Val [V]
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Trp
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-1-
FORBEDRET FREMSTILLING AF POLYUMAETTEDE FEDTSYRER VED COEKSPRESSION

AF ACYL-COA:LYSOPHOSPHATIDYLCHOLINACYLTRANSFERASER OG
PHOSPHOLIPID:DIACYLGLYCEROLACYLTRANSFERASER

PATENTKRAV

1. Rekombinant Yarrowia-celle til fremstilling af mindst én langkeadet, polyumttet fedtsyre med en
kadelengde pa C20 eller stgrre, hvor den rekombinante celle er blevet genetisk manipuleret til at omfatte
en biosyntetisk polyumsattet bane, der er i stand til at fremstille mindst én langkadet, polyumattet fedtsyre
og er yderligere modificeret til at indfgre;

(a et kimart gen, der koder for mindst ét  polypeptid med  acyl
CoA:lysophosphatidylcholinacyltransferase- (LPCAT) aktivitet, hvor polypeptidet har mindst 90 %
aminosyreidentitet, baseret pa Clustal W-alignmentmetoden ved sammenligning med aminosyresekvensen
ifglge SEQ ID NO: 4 (YILPCAT); og

(b) et kimert gen, der koder for mindst ét polypeptid med
phospholipid:diacylglycerolacyltransferase- (PDAT) aktivitet, hvor polypeptidet har mindst 90 %
aminosyreidentitet, baseret pa Clustal W-alignmentmetoden, ved sammenligning med aminosyresekvensen
ifglge SEQ ID NO: 32 (YIPDAT); og

hvor de kimare gener hvert omfatter en promoter, der er heterolog med den kodende sekvens, der
koder for polypeptiderne fra (a) og (b), og hvor den rekombinante celle omfatter en gget mangde af den
polyumsettede fedtsyre malt som en vaegtprocent af totale fedtsyrer ved sammenligning med en kontrolcelle,
der svarer til den rekombinante Yarrowia celle til fremstilling, men som ikke er modificeret, til indfgring af
de kimare gener, der koder for LPCAT- eller PDAT-polypeptiderne fra (a) og (b).

2. Rekombinant Yarrowia-celle ifglge krav 1, hvor den rekombinant celle endvidere omfatter mindst
én af fglgende ved sammenligning med kontrolcellen:

(1) en gget Cig-til Cyp-elongeringsomdannelseseffektivitet, eller

(i) en gget mengde af totale fedtsyrer malt som en vaegtprocent af tgr cellevagt.

3. Rekombinant  Yarrowia-celle ifglge krav 2, hvor den ggede Cis- til Cyo-
elongeringsomdannelseseffektivitet er en virkning af @gget delta-9-elongaseomdannelseseffektivitet eller
gget delta-6-elongaseomdannelseseffektivitet.

4. Rekombinant Yarrowia-celle ifglge krav 1, hvor polypeptidet, der har PDAT-aktivitet, har mindst
95 % aminosyreidentitet, baseret pa Clustal W-alignmentmetoden ved sammenligning med en
aminosyresekvens udvalgt fra gruppen bestiaende af SEQ ID NO: 32 (YIPDAT), og/eller hvor polypeptidet
med acyl CoA:lysophosphatidylcholin-acyltransferaseaktivitet har mindst 95 % aminosyreidentitet, baseret
pa Clustal W-alignmentmetoden ved sammenligning med aminosyresekvensen ifglge SEQ ID NO: 4
(YILPCAT).

5. Rekombinant Yarrowia-celle ifglge krav 1, hvor polypeptidet med LPCAT-aktivitet er udvalgt fra
gruppen bestiende af:

a) et polypeptid, der omfatter mindst ¢ét ~membranbundet mgnster af O-
acyltransferaseproteinfamilien, der er udvalgt fra gruppen bestaende af: SEQ ID NO: 5 (WHG-X5-GY-Xs-
F), SEQ ID NO: 6 (Y-X,-F), SEQ ID NO: 7 (Y-X;-YF-X,-H), SEQ ID NO: 8 (M-[V/I]-[L/T]-X,-K-[L/V/T]-
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Xs-DG), SEQ ID NO: 9 (RxKYY-X,-W-X;-[E/D]-[A/G]-X5-GxG-[F/Y]-xG), SEQ ID NO: 10 (EX;; WN-
X,-[T/V]-X-W), SEQ ID NO: 11 (SAXWHG-X,-PGY-X,-[T/F]-F), SEQ ID NO: 12 (M-[V/]-[L/I/V]-
[V/IC/A/T]-IM/L/QI-K-[L/V/UM]-[S/T/Y T]-[S/T/A/M/GI-[F/L/IC/Y]-[C/A/G/S]-[W/Y/M/UF/C] -
[N/S/E/Q/D]-[V/Y/LN-[H/Y/A/N/S/T]-DG), SEQ ID NO: 13 (R-[L/M/F/W/P/Y]-KYY-[G/A/F/H/S]-
[V/A/T/CI]-W-[Y/E/T/M/S/L]-[L/UN]-[T/S/A]-[E/D]-[G/A]-[A/S/T/V]-[C/SA/N/H/L]-[ V/I/N]-[L/I/N/A/C]-
[S/C/W/AM-G-[M/V/L/A/F]-G-[Y/F]-[N/E/S/T/R/K]-G), SEQ ID NO: 14 (E-[T/F/L/M]-[A/S]-
[Q/D/P/K/TI-[N/S]-[S/VT/L/A/M/F]-[H/K/R/V]-[G/C/E/TIQ/D/MI-[Y/A/M/L/UF]-[L/S/P/T]-
[G/E/A/L/N/D]-[S/A/V/F/M/N]-WN-[K/M/I/C]-[N/K/Q/G]-[T/V]-[N/A/S]-[H/K/N/T/R/L]-W), SEQ ID
NO: 15 (SA-[F/M/V/T]-WHG-[F/V/T/L]
[Y/S/R]-PGY-[Y/M/]-[L/M/I/F]-[T/F]-F), SEQ ID NO: 16 (M-[V/T]-L-X,-KL), SEQ ID NO: 17 (RxKYY-
X,-W) og SEQ ID NO: 18 (SAXWHG); og

(b) et polypeptid, der omfatter mindst ét mutant membranbundet mgnster af O-
acyltransferaseproteinfamilien, der er udvalgt fra gruppen bestaende af:

(i) et mutantmgnster, der omfatter en aminosyresekvens ifglge SEQ ID NO: 38, hvor SEQ ID NO:
38 adskiller sig fra SEQ ID NO: 16 (M-[V/T]-L-X,-K1.) ved mindst én aminosyremutation udvalgt fra
gruppen bestaende af: V2C, 12C, L3A, L3C, L3G, K6H, K6G, K6N, K6Y, L7A, LN, L7G, L7H, L71 og
L7M;

(ii) et mutantmgnster, der omfatter en aminosyresekvens ifglge SEQ ID NO: 39, hvor SEQ ID NO:
39 adskiller sig fra SEQ ID NO: 8 (M-[V/I]-[L/1]-X,-K-[1./V/]-Xs-DG) ved mindst én aminosyremutation
udvalgt fra gruppen bestiaende af: V2C, 12C, 1.3A, 1.3C, 1L.3G, I3A, 13C, I3G, K6H, K6G, K6N, K6Y, LL7A,
L7N, L7G, L7H, L7M, V7A, VTN, V7G, V7H, V7M, T7A, I7N, I7G, 17H, I7M, D16Q, D16N, D16H,
G17A, G17V og G17N;

(iii) et mutantmgnster, der omfatter en aminosyresekvens ifglge SEQ ID NO: 40, hvor SEQ ID
NO: 40 adskiller sig fra SEQ ID NO: 5 (WHG-X;3-GY-X;-F) med mindst én aminosyremutation udvalgt fra
gruppen bestaende af: F12N, F12C, F12G og F12T; og

(iv) et mutantmgnster, der omfatter en aminosyresekvens ifglge SEQ ID NO: 41, hvor SEQ ID
NO: 41 adskiller sig fra SEQ ID NO: 11 (SAXWHG-X,-PGY-X,-[T/F]-F) med mindst én
aminosyremutation udvalgt fra gruppen bestaende af: T14A, T14C, T14S, F14A, F14C, F14S, F15N, F15C,
F15G og F15T.
6. Rekombinant Yarrowia-celle ifglge et hvilket som helst af kravene 1 til 5, hvor den langkadede,
polyumettede fedtsyre er udvalgt fra gruppen bestiende af: eicosadiensyre, dihomo-gamma-linolensyre,
arachidonsyre, docosatetraensyre, omega-6-docosapentaensyre, eicosatriensyre, eicosatetraensyre,
eicosapentaensyre, omega-3-docosapentaensyre og docosahexaensyre.
7. Fremgangsmade til forbedring af fremstillingen af mindst én langkaedet, polyumattet fedtsyre med
en kaedelengde pa Cy eller stgrre, hvilken fremgangsmade omfatter:

(a) dyrkning af den rekombinante mikrobielle celle ifglge et hvilket som helst af kravene 1 til 6 i

narvar af en fermenterbar carbonkilde; og

(b) eventuel genvinding af den langkadede, polyumattede fedtsyre.
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8. Fremgangsmade ifglge krav 7, hvor den langkedede, polyumattede fedtsyre er udvalgt fra gruppen
bestaende af: eicosadiensyre, dihomo-gamma-linolensyre, arachidonsyre, docosatetraensyre, omega-6-
docosapentaensyre, eicosatriensyre, eicosatetraensyre, eicosapentaensyre, omega-3-docosapentacnsyre og

docosahexaensyre.



DK/EP 2861728 T3

DRAWINGS
DAUAG
PDAT LPCAT
PC, > LPC —— > PC,

Acyi-CoA

FIG. 1



DK/EP 2861728 T3

AL
{yHO)
g "gzz0l
DIV JI0USEXQURS030(] (va13)
ageEsap #L L]
, 1Y
() 8]
Mm%mmmow DIOUSLIRSOIS
poY Ky s
slouaradesaoq ‘ % .@@@o
asefuoe dcmuﬂ o a&@ . \z%w. )
- {v13) \\ (yis) N
oo g 0z) oozl o< 810 fo-w it
o POV Y poY
: P SV, c acpPucs " )
slouseiuedesoolg  eseinesep gy IQUSEIRIESCOIS besy  OIUODUESIG  BSEANESSE  QLBIOUITN
?mmuémmmv A
IRP— ﬁ& v mmmémmwmm
g
(v triog) (v} ()
i e - Mmlﬁ.u WWONUW oy e ﬁ o F
fg-o 'yipzol " fg-w gia10l {ow'zig10]
pIoY SSENRSED OT e asefUs fTY oY esInesap OV ploy
P gy LSOl el N o esEp g
SUOPIYORSY e wwcm_o,__zm SIBJoUrT-L SSI0UHT
ssebuop mm.,omm& « A owogig * 8 S \\
S, ,
(v /.x&? ,&@m\\ osmunjesep
fow bz20)] & (vaz & e
: s )
pllelt=1ct 1 e v lg BIoY PRV JISIO
SEmERe wé Jlousipestor] %ezmmm%
{glivaa) maw
foegizzol u , o
pioY fopio]  esEPuoR TG  fhgyn)  esefuge ety [09id)
ojouseiuadesoooq POV OlSHAN ajenied - ‘ pPidvy ouENRS



A)

B)

DK/EP 2861728 T3

FBAINM /S,i}f‘! HSH)

YILLPAATYH U3 repeat

Aveil{8rs)

Salb gk}

Lipt-3.
Swal{Bo1g)

pY196
11017 bp

KanR

Pl {vo04)
Pex16

~u3 repeat

¥i PDAY
. Sk L fasrad

Salt{sa2s

3}
YAT1 promoter

YATY prowoter x;&‘;’r:!i. 2 €N

Fae o)

pY301
10875 bp

Sriad fmaoy™”

URAZ
413 repeat

KanR™™
Sl Gagrad

Frrrgd (68G3)

Pexis

YATY promoter

Sl Flapn6)

¥iPDAY

FIG. 3



DK/EP 2861728 T3

YAT1 promoter Neol (1)

Motif |

YILPCAT* ORF
Motif 2

BsiWi{7741)

Notl{1543)
Lip1-3’

BsiWI{2031)

ColE1
ARS18

f1 origin

FIG. 4



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

