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(57) ABSTRACT 

The subject invention relates to the identification of several 
genes involved in the elongation of polyunsaturated acids 
(i.e., "elongases”) and to uses thereof. At least two of these 
genes are also involved in the elongation of monounsat 
urated fatty acids. In particular, elongase is utilized in the 
conversion of gamma linolenic acid (GLA) to dihomoga 
mma linolenic acid (DGLA) and in the conversion of AA to 
adrenic acid (ADA), or eicosapentaenoic acid (EPA) to 
(O3-docosapentaenoic acid (DPA). DGLA may be utilized in 
the production of polyunsaturated fatty acids, Such as arachi 
donic acid (AA), docosahexaenoic acid (DHA), EPA, 
adrenic acid, (D6-docOSapentaenoic acid or (D3-docOSapen 
taenoic acid which may be added to pharmaceutical com 
positions, nutritional compositions, animal feeds, as well as 
other products Such as cosmetics. 
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Gap Weight: 6 Average Match: 2.912 
Length Weight: 4 Average Mismatch: -2.003 

Quality: 50 Length: 84 
Ratio: 0.625 Gaps: 4. 

Percent Similarity: 43.038 Percent Identity: 29.114 

Match display thresholds for the alignment(s): 
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pRAE-5 GAATTCAGG k k it * * * * *CATGGCCGCCGCAATCTTGGACAA 
pRAE-6 GAATTCAGGCATCTCATGGATCCGCCATGGCCGCCGCAATCTTGGACAA 

ECORI BamHI NCOI 

FIG.5 
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1 ATGGCCGCCG CAATCTTGGA CAAGGTCAAC TCGGCATG ATCAGCCCTT 
51 CGGAATCAAG CTCGACACC ACTTTGCCA GGCCTATGAA CTCGTCACCG 
101 GAAAGTCCAT CGACTCCTTC GTCTTCCAGG AGGGCGTCAC GCCTCTCTCG 
151 ACCCAGAGAG. AGGTCGCCAT GTGGACTATC ACTTACT TCG TCGTCATCTT 
201 TGGTGGTCGC CAGATCATGA AGAGCCAGGA CGCCTTCAAG CTCAAGCCCC 
251 TCTTCATCCT CCACAACTTC CTCCTGACGA TCGCGTCCGG ATCGCTGTTG 
301. CTCCTGTTCA TCGAGAACCT GGTCCCCATC CTCGCCAGAA ACGGACTTTT 
351 CTACGCCATC TGCGACGACG GGCCTGGAC CCAGCGCCC GAGCTCCTCT 
401 ACTACCTCAA CTACCTGGTC AAGTACTGGG AGTTGGCCGA CACCGTCTTT 
451. TGGTCCTCA AGAAGAAGCC TCTTGAGTTC CTGCACTACT TCCACCACTC 
501 GATGACCATG GTCTCTGCT TTGTCCAGCT TGGAGGATAC ACTTCAGGT 
551 CCTGGGTCCC TATACCCTC AACTTGACTG TCCACGTCT CATGTACTAC 
601 TACTACATGC GCTCCGCTGC CGGTGTTCGC ATCTGGTGGA AGCAGTACTT 
651 GACCACTCTC CAGATCGTCC AGTTCGTTCT TGACCTCGGA TCATCTACT 
701. TCTGCGCCTA CACCTACTTC GCCTTCACCT ACT CCCCTG GGCTCCCAAC 
75 GTCGGCAAGT GCGCCGGTAC CGAGGGTGCT GCTCTCTTG GCTGCGGACT 
801 CCTCTCCAGC TATCTCTGC TCTTTATCAA CTTCTACCGC ATTACCTACA 
851 ATGCCAAGGC CAAGGCAGCC AAGGAGCGTG GAAGCAACTT ACCCCCAAG 
901 ACTGTCAAG CCGGCGGATC GCCCAAGAAG CCCTCCAAGA (GCAAGCACAT 
951 CTAA 

FIG.6 
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1 MAAAILDKWN FGIDQPFGIK LDTYFAQAYE LVTGKSIDSF WFQEGV PLS 

51. TOREWAMWTI TYFWWIFGGR QIMKSODAFK LKPLFILHNF LLTIASGSL 

101 LLFIENLVPI LARNGLFYAI CDDGAWTQRL ELLYYLNYLV KYWELADTVF 

151 LVLKKKPLEF HYFHHSM M WLCFWOLGGY SWSWWPITL NLTWHWFMYY 

201 YYMRSAAGVR IWWKQYLTTL QIVOFWLDG FIYFCAYYF AFTYFPWAPN 

25 WGKCAGTEGA ALFGCGLLSS YLLLFINFYR ITYNAKAKAAKERGSNFTPK 

30 TWKSGGSPKK PSKSKHIk 

FG.7 
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SCORES Initl: 153 Initn: 199 Opt: 495 
57.4% identity in 549 bp overlap 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

MAELO 

S78624 

150 160 170 180 190 200 
TCTCGACCCAGAGAGAGGTCGCCATGTGGACTATCACTTACTTCGTCGTCATCTTTGGTG 

| | | | | | | | | | | | | | 
CATTAAGCACT GCCCCCTGTGCTATACGCCATCACTGCCTATTACGTATTATTG 

5990 6000 6010 6020 6030 6040 

210 220 230 240 250 260 
GTCGCCAGATCATGAAGAGCCAG--GACGCC. TTCAAGCTCAAGCCCCTCTTCATCCTCC 
| | | | | | | | | | | | | | | | | | | | | | | | | | totagirirth Arabic witHrhart. Architecario 

6050 6060 6070 6080 6090 6100 

270 280 290 300 310 320 

A McTeece offee-Giristoric Greycinct | | | | | | | | | | | | | | | | | | | | | | threshthal-ArhrattlerHAT TTAGGTTGAACAATT 
6110 61.20 6130 6140 6150 6160 

330 340 350 360 370 380 
GGTCCCCATCCTCGCCAGAAACGGACTTCTACGCCATCTGCGACGACGGTGCCGGAC 

| | | | | | | | | | | | | | | | | | | | | | | | | | || 
AGTGCCAATTATTGTTCAGCACGGGTTATACT CGCTATCTGTAATATTGGTGCTTGGAC 
670 618O 61.90 6200 6210 6220 

390 400 40 420 430 440 

choice G.IceTTechTreehicles Hocc | | | | | | | | | | | | | | | | | | | | | 
TCAACCGCTCGTTACATATATTACATGAATTACATTGTCAAGTTTATTGAATTTATAGA 
6230 6240 6250 6260 6270 6280 

450 460 470 480 490 500 
CACCGTCT TGGTCCTCAAGAAGAAGCCTCTTGAGTTCCTGCACTACTTCCACCACTC 
| | | | | | | | | | | | | | | | | | | | | | | | | | | 
CACCTTTTTCTTGGTGCTAAAACATAAAAAATTGACATTTTTGCA-TACTT--ATCA.--C 
6290 6300 6310 6320 6330 6340 

510 520 530 540 550 

Grica's grey-Fritself. At threer CA GetacecratsthacalcuttaToccAirArter 
6350 6360 6370 6380 6390 6400 

560 570 580 590 600 610 
GTCCCTATTACCCTCAACTGACTGTCCACGTCTTCATGTACTACTACTACAGCGCTCC 
| | | | | | | | | | | | | | | | | | | | | | | | | | | || 
GTCCCTATTTCATTGAACCTTGGTGTTCACGTGGTTATGTATTGGTACTATT. --CTTG 

6410 6420 6430 6440 6450 

620 630 640 650 660 670 

Ti-TTCATIAA-ICl hitectices: | | | | | | | | || | | | | | | | | | | | tagiciclosettletosh Elgaritahatha 
6460 6470 64.80 6490 6500 6510 

FG.9A 
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680 690 700 710 720 730 

MAELO Hotel crafter Trofit accTacticoccTcacciac | | | | | | | | | | | | | | | | | || 
S78624 TTGTTTGGATATCGGTTTCATATATTTGCTGTCACCAAAAAGCAGTTCACTTGTAT 

6520 6530 6540 6550 6560 6570 

FIG.9B 
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SCORES Initl: 156 Initn: 215 Opt: 296 
Smith-Waterman score: 296; 28.8% identity in 264 aa overlap 

10 20 30 40 50 60 
U61954 RTFKMMDQILGTNFTYEGAKEVARGLEGFSAKLAWGYIATIFGLKYYMKDRKAFDLSTPL 

: : ::: : :: : 
MAELO AQAYELVTGKSIDSFWFQEGVTPLSTOREVAMWTITYFWWIFGGROIMKSODAFKLK-PL 

30 40 50 60 70 80 

70 80 90 100 110 119 120 
U61954 NIWNGILSTFSLLGFLFTF-PTLLSVIRKDGFSHTYSHVSELYTDSTSGYWI- - - - - - - F 

::: :: ::: : : :: ::: :: ; 
MAELO FILHNFLLTIASGSLLLLFIENLVPIL ARNGL- - - - - - - - - FYAICDDGAWORLELYY 

90 100 110 120 130 

130 40 150 160 170 
U61954 LWVISKIPELLDTVFIVLRKRPLIFMHWYHHALTGYYALWCYHE--DAVHMVWW-VWMNY 

: | | | | | | ::: ::::: ::: : : : : : 
MAELO LNYLVKYWELADTVFLVLKKKPLEF HYFHHSMT---MVLCFVOLGGYTSWSWVPITLNL 

40 150 160 170 180 190 

180 190 200 210 220 230 
U61954 IIHAFMYGYYLLKSLKWPIPPSWAQAITTSQMVQFA----- WAIFAQVHVSYKHYWEGVE 

:: : :: | : : : : : :::::: : : 
MAELO TVHVFMYYYYMRSAAGVRI- -WWKQYLTTLQIVQFVLDLGFIYFCAYTYFAFTYFPWAPN 

200 210 220 230 240 250 

240 250 260 270 280 
U61954 -GLAYSFRGTAI-GFFMLTTYFYLWIOFYKEHYLKNGGKKYNLAKDQAKTOTKKAN 

| : ::: :::: ::: : : ::::: : 
MAELO WGKCAGTEGAALFGCGLLSSYLLLFINFYRITY - - - - NAKAKAAKERGSNFTPKTVKSGG 

260 270 280 290 300 

MAEO SPKKPSKSKHIX 
310 

FIG. 13 
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SCORES Init: 30 Initn: 30 Opt: 40 
Smith-Waterman SCOre: 49; 22.1% identity in 86 aa overlap 

10 20 30 40 
AFOO3134 MLYSITRRCYTFFVTSLHFYOLYVTECLENVIFNVLVNGOSINSRWKD 

:: : : : : ::: : : : :::: : 
MAELO MAAAILDKWNFGIDOPFGIKLDTYFAQA- - - YELVTGKSIDSFWFOEGVT--PLSTOREV 

10 20 30 40 50 

50 60 70 80 90 100 
AFOO3134 AEKTITSFPFHF- - - - - - - PQTFFQQPHILTLHFLFFVFWSVTLVTVFKKPKCEFPHSLA 

: :: :::::: : : : 
MAELO AMWTITYFWWIFGGROIMKSODAFKLKPLFILHNFLLTIASGSLLLLFIENLVPIL ARNG 

60 70 80 90 100 10 

F.G. 15 
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1 ATGGAGTCGA TTGCGCCATT CCTCCCATCA AAGATGCCGC AAGATCTGT 
51 TATGGACCTT GCCACCGCTA TCGGGTCCG GGCCGCGCCC TATGTCGATC 
101 CTCTCGAGGC CGCGCTGGTG GCCCAGGCCG AGAAGTACAT CCCCACGATT 
151 GCCATCACA CGCGTGGGTT CCTGGTCGCG GTGGAGTCGC CTTGGCCCG 
201 GAGCTGCCG TTGATGAACC CGTTCCACGT GCTGTTGATC GTGCTCGCTT 
251 ATTTGGTCAC GGTCT TGTG GGCATGCAGA TCATGAAGAA CTTTGAGCGG 
301 TTCGAGGTCA AGACGTTTC GCTCCTGCAC AACTTGC TGGTCTCGAT 
351 CAGCGCCTAC ATGTGCGGG GGATCCTGTA CGAGGCTTAT CAGGCCAACT 
401 ATGGACTGTT TGAGAACGCT GCTGATCATA CCTTCAAGGG TCTTCCTATG 
451 GCCAAGATGA TCTGGCTCT CTACTTCTCC AAGATCATGG AGTTTGTCGA 
501 CACCATGATC ATGGTCCTCA AGAAGAACAA CCGCCAGATC TCCTTCTTGC 
551 ACGTTTACCA CCACAGCTCC ATCTTCACCA TCTGGGGTT GGTCACCTTT 
601 GTTGCACCCA ACGGTGAAGC CTACTCTCT GCTGCGTTGA ACTCGTTCAT 
651 CCATGTGATC ATGTACGGCT ACTACTTCT GTCGGCCTTG GGCTTCAAGC 
701 AGGTGTCGTT CATCAAGTTC TACATCACGC GCTCGCAGAT GACACAGTC 
751. TGCATGATGT CGGTCCAGTC TTCCTGGGAC ATGTACGCCA TGAAGGTCCT 
801 TGGCCGCCCC GGATACCCCT TOTTCATCAC GGCTCTGCTT TGGTTCTACA 
851 TGTGGACCAT GCTCGGTCTC T CTACAACT TTACAGAAA GAACGCCAAG 
901 TTGGCCAAGC AGGCCAAGGC CGACGCTGCC AAGGAGAAGG CAAGGAAGTT 
951 GCAGAA 

FIG.22 
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1 MESIAPFLPS KMPODLFMDL ATAIGWRAAP YVDPLEAALV ACAEKYIPTI 

51 WHHTRGFLWA VESPLARELP LMNPFHVLLI VLAYLNTWFV GMOIMKNFER 

101 FEWKTFSLLE NFCLVSISAY MCGGILYEAY QANYGLFENA ADHTFKGLPM 

151. AKMIWLFYFS KIMEFWDTMI MVLKKNNROI SFLHWYHHSS IFTIWWLVTF 

201 WAPNGEAYFS AALNSFIHVI MYGYYFLSAL GFKQVSFIKF YITRSQMTQF 

251 CMMSWOSSWD MYAMKVLGRP GYPFFITALL WFYMWTMLGL FYNFYRKNAK 

301 LAKOAKADAA KEKARKLQ 

FIG.23 
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HOSTPLASMD 354(pRPB2+PRPE31) 354(pYES2+pYX242) 
ADDED SUBSTRATE 25 uM GLA 25 M GLA 
H 

FATTY ACID % TOTAL LIPID 

27.5 

p C20:5-6 O 

C20:4n-6 (27.6%) 1.32 
FIF 
TOTAL LIPID (C 

*INDICATES SUBSTRATE ADDED 
(% CONVERSION)=RODUCT/(SUBSTRATE+PRODUCT) 

FIG.26A 

HOSTPLASMID 334(pRPB2+PRPE31) 354(pYES2+pYX242) 
ADDED SUBSTRATE 25 M SIA 25 M STA 

FATTY ACID % TOTAL LPID 

C16:1 34.78 

C18:1n-9 30.15 
3 

C160 18 16.4 

C18:4n-3 

*INDICATES SUBSTRATE ADDED 
(% CONVERSION)=PRODUCT/(SUBSTRATE+PRODUCT) 

FIG.26B 
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SCORES Init: 88 Initn: 207 Opt: 223 
Smith-Waterman Score: 236; 30.4% identity in 191 aa overlap 

MAELO 

MM2 

MAELO 

MM2 

MAELO 

MM2 

MAELO 

MM2 

100 110 120 130 40 150 
LLLLFIENLVPIL ARNGLFYAICDDGAWTORLELLYYLNYLVKYWELADTVFLVLKKKP 

: : : : :::: 
IWYEFLMSGWLSTY TWRCDPIDFSNSPEALRMVRWAWLFMLSKWIELMDTWIFILRKKDG 

20 30 40 50 60 70 

160 170 180 190 200 209 
-LEFLHYFHHSMTMVLCF. - - - WOLGGYTSWSWWPITLNLTVHVFMYYYYMRSAAGV--- 

: : : : : : : : || | | | | | | | 
QVTFLHVFHHSVLPWSWWWGIKIAPGGMGSFHAM. . .INSSWHVVMYLYYGLSALGPWAQ 

80 90 100 110 120 130 

20 220 230 240 250 260 
-RIWWKQYLTLOIVOFWL- - -DLGFIYF- - - CAYTYFAFTYFPWAPNVGKCAGTEGAAL 
:::::::: :: : : :: : 

PYLWWKKHMTAIQLIQFWLWSLHISQYYFMPSCNYOYPVIIHLIW- - - - - - - - - - - - - - M 
140 150 160 170 

270 280 290 300 30 
FGCGLLSSYLLLFINFYRITYNAKAKAAKERGSNFTPKTVKSGGSPKKPSKSKHI 
: : ::: : : : : : : : : 
YG- - - -TIFFILFSNFWYHSYTKGKRLPRAVOONGAPATTKVKAN 

180 190 200 210 

FG.31 

US 2003/0163845 A1 
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SCORES Init: 51 Initn: 115 Opt: 168 
Smith-Waterman score: 168; 30.4% identity in 115 aa overlap 

30 40 50 60 70 80 
MAELO YELWTGKSIDSFWFOEGWTPLSTOREWAMWTITYFWWIFGGROIMKSQDAFKLKPLFILH 

:: : : :: ::: :: : 
AI225632 NAF DNMFGPRDSRWRGWFLDSYPTFILTITYLLSIWLGNKYMKNRPALSRGILTLY 

20 30 40 50 60 70 

90 00 110 120 130 140 
MAELO NFLLTIASGSLLLLFIENLVPIL ARNGLFYAICDD----GAWTORLELLYYLNYLWKYWE 

: :: : : : : : : : : : : : : : 
AI225632 NLAITLSAYMWELI - - - - - LSSWEGGYNLOCQNLDSAGEGDVRVAKWLWWYYFSKLVE 

80 90 00 110 120 

150 160 70 180 190 200 
MAELO LADTVFLVLKKK-- PLEFHYFHHSMTMVLCFVOLGGYTSWSWWPITLNLTVHVFMYYYY 

: ::: : : : 
AI225632 FLDTIFFVLRKKANOITFLHWYHHASMFNI 

130 140 150 

FG.32 



Patent Application Publication Aug. 28, 2003 Sheet 38 of 115 US 2003/0163845 A1 

SCORES Frame: (3) Init: 332 Initn: 332 Opt: 384 
40.3% identity in 144 aa overlap 

8O 90 100 110 120 130 
GLELO IVLAYLVTVFWGMCIMKNFERFEVKTFSLLHNFCLVSISAYMCGGILYEAYOANYGL-F 

: : : : : : : : :::::: 
AI85960 LYNLGITLLSAYMLAELILSTWEGGYNLOC 

10 20 30 

40 50 60 170 18O 190 
GLELO ENAADHTFKGLPMAKMIWLFYFSKIMEFWDTMIMVLKKNNRQISFLHWYHHSSIFTIWWL 

: ::: ; :::::::: :::: 
AI815960 QDLTSAGEADIRVAKVLWWYYFSKSVEFLDTIFFVLRKKTSQITFLHWYHHASMFNIWWC 

40 50 60 70 80 90 

200 210 220 230 240 250 
GLELO WTFWAPNGEAYFSAALNSFIHVIMYGYYFLSAL-GFKQVSFIKFYITRSQMTQFCMMSVQ 

:::: :::: : : :::: : ::::: 
AI815960 WLNWIPCGQSFFGPTLNSFIHILMYSYYGLSWFPSMHKYLWWKKYLTQAQLVOF 

100 110 120 130 140 

260 270 280 290 300 310 
GLELO SSWDMYAMKVLGRPGYPFFITALLWFYMWTMLGLFYNFYRKNAKLAKOAKADAAKEKARK 

FIG.33 
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SCORES Init1: 80 Initn: 114 Opt: 178 

US 2003/0163845 A1 

Smith-Waterman score: 178; 28.8% identity in 146 aa overlap 

140 150 160 170 180 190 
GLELO FENAADHTFKGLPMAKMIWLFYFSKIMEFWDTMIMVLKKNNROISFLHWYHHSSIFTIWW 

::::: ::: || || ::: 
AC004.050 DTIF IILRK--OKLIFLHWYHHITVLLYSW 

0 20 

200 210 220 230 240 250 
GELO LVTFWAPNGEAYFSAALNSFIHVIMYGYYFLSALGFKQVSFIKFYITRSQMTQFCMMSVQ 

: : : : :::: : : :: :: 
AC004.050 YSYKDMWAGGGWF-MTMNYGWHAWMYSYYALRAAGFRVSRKFAMFITLSQITQMLMGCVW 

30 40 50 60 70 80 

260 270 280 290 300 310 
GLELO SSWDMYAMKVLGRPGYPFFITALLW--FYMWTMLGLFYNFYRKN--AKLAKOAKADAAKE 

: : : : : : ::: :: : : : :: : : 
AC004.050 NYLVFCWMO--HDQCHSHF-QNIFWSSLMYLSYLVLFCHFFFEAYIGKMRKTTKAEX 

90 100 110 20 130 140 

GELO KARKLO 

FIG.35 
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SCORES Initl: 160 Initn: 227 Opt: 269 

US 2003/0163845 A1 

Smith-Waternan Score: 269; 35.3% identity in 119 aa overlap 

50 60 70 80 90 100 GLEO 
PTIVHHTRGFLWAVESPLARELPLMNPFHVLLIVLAYLVTVFWGMOIMKNFERFEWKTFS 

::::::::::: : : :: : 
A225632 NEVNAFLDNMFGPRDSRWRGWFLLDSYLPTFILTITYLLSIWLGNKYMKNRPALSLRGIL 

10 20 30 40 50 60 

110 20 130 140 150 160 
GLELO LLHNFCLVSISAYMCGGILYEAYOANYGLFENAADHTFKG-LPMAK-MIWLFYFSKIMEF 

; : :: : :: :::::: : : : ; ; ; ; ::: 
AI225632 TLYNLAITLLSAYMLVELILSSWEGGYNLQCQNLDSAGEGDVRVAKVLVW-YYFSKLVEF 

70 80 90 100 110 20 

170 180 190 200 20 220 
GLELO WDTMIMVLKKNNROISFLHWYHHSSIFTIWWLVTFWAPNGEAYFSAALNSFIHWIMYGYY 

:::::: :::: 
AI225632 LDTIFFVLRKKANOITFLHWYHHASMFNI 

130 140 150 

FIG.37 
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SCORES Init1: 77 Initn: 155 Opt: 264 
Smith-Waterman Score: 264; 27.2% identity in 206 aa overlap 

40 50 60 70 80 90 
GLELO AALWAQAEKYIPTIVHHTRGFLWAVESPLARELPLMNPFHVLLIVLAYLVTVFWGMQIMK 

: : :::: :::: 
DM1 PTKMINMDISVTPNYSYIFDFENDFIHQRTRKWMLENWTWVFYYCGIYMLVIFGGQHFMQ 

10 20 30 40 50 60 

100 110 120 130 140 150 
GLELO NFERFEVKTFSLLHNFCLVSISAYMCGGILYEAYOA--NYGLFENAADHTF--KGLPMAK 

::: :: : : : : : : :::: : : : 
OM NRPRFQLRGPLIIWNTLLAMFSIMGAARTAPELIHVLRHYGLFHSVCVPSYIEQDRVCGF 

70 80 90 100 110 120 

160 170 80 190 200 20 
GLELO MIWLFYFSKIMEFVDTMIMVLKKNNROISFLHWYHHSSIFTIWWLWTFWAPNGEAYFSAA 

: : : :::: : : ::: : ::: :: : : 
DM1 WWLFVLSKLPEGDTIFIVLRK--QPLIFLHWYHHITVLIYSWF-SYTEYTSSARWFIW 

130 140 150 160 170 180 

220 230 240 250 260 270 
GLELO LNSFIHVIMYGYYFLSALGFKQVSFIKFYITRSQMTQFCMMSVQSSWDMYAMKVLGRPGY 

: : : : : : :: ::: ; : : :: 
DM1 MNYCWHSWMYSYYALKAARFNPPRFISMIITSLQLAQMIIGCAINVWANGFLKTHGTXSC 

190 200 210 220 230 240 

280 290 300 310 
GLEO PFFITALLWFYMWTMLGLFYNFYRKNAKLAKQAKADAAKEKARKLQ 

DM1 HISORNINLSIAMYSSYFWLFARFFYKAYLAPGGHKSRRMA 
250 260 270 280 

FIG.41 
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ATGGAACATT TGATGCATC ACTAGACC TATTCAAGG CATTGCTAGG 
51 CCCTCGAGAT ACTAGAGTAA AAGGATGGTTTCTTCTGGAC AATATATAC 

101 CCACATTTAT CGCTCTGTC ATATATTTAC TAATGATG GCGGGACCA 
151 AAATACATGA GGAAAAACA GCCA TCTCT TGCCGGGGGA TTTAGTGGT 
201 GATAACCTT GGACTCACAC TGCGTCTC GTATATGTTC TGTGAGTTAG 
251 TAACAGGAGT ATGGGAAGGC AAATACAACT TCTTCTGTCA GGGCACACGC 
301 ACCGCAGGAGAATCAGATAT GAAGATTATC CGTGTCCTCT GGTGGTACTA 
351. CTCTCCAAA CTCATAGAAT TTAGGACAC TTCTCTC ATCCTGCGCA 
401. AGAACAACCA CCAGATCACG GTCCTGCACGTCTACCACCA TGCCTCGATG 
451. CTGAACATCT GGTGGTTGT GATGAACTGG GTCCCCTGCG GCCACTCTTA 
50 TTTTGGTGCC ACAC TAATA GCTCATCCA CGTCCTCATG TACTCTTACT 
551 ATGGTT GTC GTCAGCCCT TCCATGCGTC CATACCTCTG GTGGAAGAAG 
601 TACATCACTC AGGGGCAGC GCTTCAGTTT GTGCTGACAA TCATCCAGAC 
651 CAGCTGCGGG GTCATCTGGC CGTGCACATT CCCTCTTGGT TGGTTGTAT 
701. TCCAGATTGG ATACATTATE TCCCTGATTG CTCTCTTCAC AAACTTCTAC 
751 ATCAGACCT ACAACAAGAA AGGGGCCTCC CGAAGGAAAG ACCACCTGAA 
801 GGACCACCAG AATGGGTCCG TGGCTGCTGT GAAGGACAC ACCAACAGCT 
851 TTCACCCCT GGAAAACAAT GTGAAGCCAA GGAAGCTGCG GAAGGATTGA 
901 AGTCAAAGAA TTGA 

FG.43 
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1 ATGGCCAGC ATCCGCCGT TCAACGGCT CTCGATGTCA AATTCGACAC 
51 GAAACGATTT GTGGCTATTG CTACTCATGG GCCAAAGAA TTCCCGACG 

101. CAGAAGGTCG CAAGTTCTTT GCTGATCACT TTGATGT AC TATTCAGGCT 
15. CAATCCTG ACATGGTCGT TGTGTTCGGA ACAAAATGGT TCATGCGAA 
201 TCGTCAACCA TTCCAATTGA CTATTCCACT CAACATCTGG AATTTCATCC 
251 TCGCCGCAT TTCCATCGCA GGAGCTGTCA AAATGACCCC AGAGTTCTTT 
301 GGAACCATTG CCAACAAAGG AATGTCGCA TCCTACTGCA AAGTGTTGA 
351 TTTCACGAAA GGAGAGAAG GATACTGGGT GGGCTCTTC ATGGCTTCCA 
401 AAC TCGA ACTGTTGAC ACCATCTTCT TGGTTCTCCG TAAACGTCCA 
451. CTCATGTCC TTCACTGGTA CACCATAT, CTCACCATGA TCTACGCCTG 
501 GTACTCTCA CCATTGACCC CAGGATCAA CAGATACGGA ATTACTTA 
551 ACTTTGTCGT CCACGCCTTC ATGACTCTT ACTACTTCCT TOGCTCGATG 
60 AAGATTCGCG TGCCAGGATT CATCGCCCAA GCTATCACAT CCTTCAAAT 
651 CGTCAATTC ATCATCTCT GCGCCGTTCT TGCTCATCT GGTTATCTCA 
701. TGCACTTCAC CAATGCCAAC TGTGATTCG AGCCATCAGT ATTCAAGCTC 
751 GCAGTTTTCA TGGACACAAC ATACTTGGCT CTTTCGTCA ACTTCTTCCT 
801 CCAATCATAT G TCTCCGCG GAGGAAAAGA CAAGTACAAG GCAGTGCCAA 
851 AGAAGAAGAA CAACTAA 

FG.46 
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1. 

51. 

101 

151 

201 

251 

MACHPLVQRL LDWKFDTKRF VAIATHGPKN FPDAEGRKFF ADHFDVTIQA 

SILYMVVVFG TKWFMRNROP FOLTIPLNIW NFILAAFSIA GAVKMTPEFF 

GTIANKGIWA SYCKWFDFTK GENGYWWWLF MASK FELVD TFLVLRKRP 

LMFL HWYHHI LMIYAWYSH PLTPGFNRYG IYLNFWVHAF MYSYYFLRSM 

KIRVPGFIAQ AITSLQIVQF IISCAVLAHL GYLMHFTNAN CDFEPSVFKL 

AWFMDTTYLA LFVNFFLQSY WLRGGKDKYK AVPKKKNN 

FIG.47 
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1 ATGAACATGT CAGTGTGAC TTACAAGAA TATGAATCG AAAAGCAGT 
51 CAACGAGAAT GAAGCCATCC AATGGATGCA GGAAAACTGG AAGAAATCTT 
101. TCCTGTTTC TGCTCTGTAT GCTGCCTTTA TATTCGGTGG TCGGCACCTA 
151 ATGAATAAAC GAGCAAAGTT TGAACTGAGG AAGCCATTAG TGCTCTGGTC 
201 TCTGACCCTT GCAGTCTTCA GTATATCGG TGCCTTCGA ACTGGTGCTT 
251 ATATGGTGTA CATTTTGATG ACCAAAGGCC TGAAGCAGTC AGTTTGTGAC 
301 CAGGGTTTT ACAATGGACC TGTCAGCAAA TCTGGGCTT ATGCATTTGT 
351 GCTAAGCAAA GCACCCGAAC TAGGAGATAC AATATCATT ACTGAGGA 
401 AGCAGAAGCT GATCTTCCTG CACTGGTATC ACCACATCAC TGTGCTCCTG 
45 TACTCTTGGT ACTCCTACAA AGACATGGTT GCCGGGGGAG (GTTGGTCAT 
501 GACTATGAAC TATGGCGTGC ACGCCGTGAT GTACTCTTAC TATGCCTTGC 
551. GGGCGGCAGG TTCCGAGTC. TCCCGGAAGT GCCATGT CATCACCTTG 
601 CCCAGATCA CTCAGATGCT GATGGGCTGT GTGGAACT ACCGGTCT 
651 CGCTGGATG CAGCATGACC AGGTCACTC TCACTCAG AACACTCT 
701. GGTCCTCACT CATGTACCTC AGCTACCTTG TGCTCTCTG CCA TCTTC 
751. TTGAGGCCT ACATCGGCAA AATGAGGAAAACAACGAAAG CTGAAAG 

FIG.49 



Patent Application Publication Aug. 28, 2003 Sheet 55 of 115 US 2003/0163845 A1 

1 MNMSWLTLQE YEFEKQFNEN EAIQWMOENW KKSFLFSALY AAFIFGGRHL 

51 MNKRAKFELR KPLWLWSLTL AWFSIFGALR TGAYMVYILM TKGLKOSVCD 

101 QGFYNGPWSK FWAYAFVLSK APELGDTIFI ILRKQKLIFL HWYHHITWLL 

151 YSWYSYKDMV AGGGWFMMN YGVHAWMYSY YALRAAGFRV SRKFAMFITL 

201 SQITQMLMGC WVNYLVFCWM QHDQCHSHFQ NIFWSSLMYL SYLVLFCHFF 

251 FEAYIGKMRK TKAE 

FG.5O 
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1 ATGGAGCAGC TGAAGGCCTT TGATAATGAA GTCAATGCTT TCTTGGACAA 
51 CATGTTTGGA CCACGAGATT CTCGAGTTCG CGGGGGTTC CTGCTGGACT 

101. CTTACCTTCC CACC TCATC CTCACCACA CGTACCTGCT CTCGATATGG 
151. CTGGGTAACA AGACATGAA GAACAGGCCT GCTCTGTCTC TCAGGGGCAT 
201 CCTCACCTTG TATAACCTCG CAATCACACT TCTTTCTGCG TATATGCTGG 
251 TGGAGCTCAT CCTCTCCAGC TGGGAAGGAG GTTACAACTT GCAGTGTCAG 
301 AATCTCGACA GGCAGGAGA AGGGATGTC CGGGTAGCCA AGGTC TGTG 
351 GTGGACTAC TTCTCCAAAC AGGGAGT CCTGGACACG ATTTTCTTTG 
401 TTCTACGAAA AAAGACCAAT CAGATCACCT TCCTTCATG CTATCACCAC 
451. GCGTCCATGT TCAACATCTG GTGGTGTGT TTGAACTGGA TACCTGTGG 
501, TCAAAGCTTC TTTGGACCCA CCCTGAACAG CTTATCCAC ATTCTCATGT 
551 ACTCCTACTA CGGCCTGTCT GTGTCCCGT CCATGCACAA GTACCTTGG 
601 TGGAAGAAG ACCTCACACA GGCTCAGCTG GTGCAGTCG TACTCACCAT 
651 CACGCACACG CTGAGTGCCG TGGGAAGCC CTGTGGCTTC CCCTTGGCT 
701 GTCTCATCTT CCAGTCTTCC TATATGATGA CGCTGGTCAT CCTGTCTA 
751. AACTTCTATA TCAGACATA CCGGAAAAAG CCAGTGAAGA AAGAGCTGCA 
801 AGAGAAAGAA GTGAAGAATG GTTCCCCAA AGCCCACTTA ATTGTGGCTA 
851 ATGGCATGAC GGACAAGAAG GCTCAATAA 

F.G. 54 
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1 MEQLKAFDNE VNAFLDNMFG PRDSRWRGWF LLDSYLPTFI LTITYLLSIW 

51 LGNKYMKNRP ALSLRGILTL YNLAITLLSA YMLVELILSS WEGGYNLOCQ 

101 NLDSAGEGDW RWAKVLWWYY FSKLVEFLDT IFFVLRKKTN QITFLHWYHH 

151 ASMFNIWWCW LNWIPCGQSF FGPTLNSFIH IMYSYYGLS WFPSMHKYLW 

201 WKKYLTQAQL. WQFVLTITHT LSAVVKPCGF PFGCLIFOSS YMMTLVILFL 

251 NFYIQTYRKK PWKKELOEKE WKNGFPKAHL, IWANGMTDKK AQk 

FIG.55 
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1 ATGGAACATT TCGATGCGTC ACTCAGTACC TATTCAAGG CCTTCCTGGG 
51 CCCCCGAGAT ACAAGAGTCA AAGGATGGTT CCTCCTGGAC AATTACATCC 

101 CACGTTTGT CTGTTCTGTT ATTTACTTAC TCATGTATG GCTGGGACCA 
151 AAAACATGA AGAACCGGCA GCCGTTCTCT TGCCGAGGCA TCCTGCAGTT 
201 GTATAACCTT GGACTCACCC TGCTGTCTCT CTACAFGTTC TATGAGTTGG 
251. TGACAGGTGT GTGGGAGGGC AAAACAACT TTTTCTGCCA GGGAACACGC 
301 AGCGCGGGAG AATCCGATAT GAAGATCATC CGCGTCCTCT GGGGTACA 
351 CTCTCCAAA CTCATCGAAT TCATGGACAC CTTTTTCTTC ATCCTTCGCA 
401 AGAACAACCA CCAGATCACC GTGCTCCATG TCTACCACCA CGCTACCATG 
451. CTCAACATCT GGTGGTTTGT GATGAACTGG GTCCCGCG GCCATTCATA 
501 TTTGGTGCG ACACTCAACA GCTCATCCA TGTCCTCAG TACTCGTACT 
551 ATGGTCTGTC CTCCATCCCG TCCATGCGTC CCTACCTCTG GTGGAAAAAG 
601 TACATCACTC AAGGGCAGCT GGTCCAGTTT GTGCTGACAA TCATCCAGAC 
651 GACCTGCGGG GTCTTCTGGC CATGCCCTT CCCTCTCGGGTGGCTGTTC 
701. TCCAGATTGG ATACATGATT TCCCTGATTG CTCTCTTCAC AAACTTCTAC 
751 ATTCAGACT ACAACAAGAA AGGGGCCTCT CGGAGGAAAG ACCACCTGAA 
801. GGGCCACCAG AACGGGTCTG TGGCCGCCGT CAACGGACAC ACCAACAGCT 
851. TCCCTTCCCT GGAAAACAGC GTGAAGCCCA GGAAGCAGCG AAAGGATTGA 

FIG.58 
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1 MEHFDASST YFKAFLGPRD TRWKGWFLLD NYIPTFWCSW IYLIWWLGP 

51 KYMKNROPFS CRGILOLYNL GLTLLSLYMF YELVTGVWEG KYNFFCOGTR 

101 SAGESDMKII RVLWWYYFSK LIEFMDTFFF ILRKNNHOIT WLHWYHHATM 

151. NIWFWMNW WPCGHSYFGA TLNSFIHVLM YSYYGLSSIP SMRPY WWKK 

201 YITQGQLVOF WLTIIQTTCG VFWPCSFPLG WLFFQIGYMI SLIALFTNFY 

251. IOTYNKKGAS RRKDHKGHQ NGSWAAWNGH TNSFPSLENS VKPRKQRKDr 

FIG.59 
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| | 

c18-in-7 39 16 

C200 o 0. 

C20:4n-6 (27.55%). 432 O 

TOTAL LIPID (ug) 508 168 

FIG.65A 

C200 0 0.45 

TOTAL LIPID (pg) 355 161 
*INDICATES SUBSTRATE ADDED 
(% CONVERSION)=PRODUCT/(SUBSTRATE+PRODUCT) 

FIG.63B 
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ACAGGCGACT TTCTGTTGAA TTTGTTGCAG GCACAGCAAG GAAGGATGGC 
51. AAACAGCAGC GTGTGGGATG ATGTGGTGGG CCGCGTGGAG ACCGGCGTGG 
101 ACCAGTGGAT GGATGGCGCC AAGCCGTACG CACTCACCGA TGGGCTCCCG 
151 ATGATGGACG TGTCCACCAT GCTGGCATTC GAGGTGGGAT ACATGGCCAT 
201 GCTGCTCTTC GGCATCCCGA CATGAAGCA GATGGAGAAG CCTTTTGAGC 
251 TCAAGACCAT CAAGCTCTTG CACAACTTGT TTCTCTTCGG ACTTCCTTG 
301 TACATGTGCG, TGGAGACCAT CCGCCAGGCT ATCCTCGGAG GCTACAAAGT 
351 GTTTGGAAAC GACATGGAGA AGGGCAACGA GTCTCATGCT CAGGGCATGT 
401 CTCGCATCGT GTACGGTTC TACGTGTCCA AGGCA ACGA GTTCTTGGAT 
451 ACCGCCATCA TGATCCTTTG CAAGAAGTTC AACCAGGTTT CCTTCTTGCA 
501 TGTGTACCAC CATGCCACCA TTTTTGCCAT CTGGGGGCT ATCGCCAAGT 
551 ACGCTCCAGG AGGTGATGCG TACTTTTCAG TGATCCTAAA CTCTTTCATC 
601 CACGTATCA TGTACTCTTA CTACCCTGAA 

F.G. 65 
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51 

101. 

151 

2011 

TGDFLLNLLO AQQGRMANSS WWDDWWGRVE TGVDQWMDGA KPYALTDGLP 

MMDVSTMLAF EWGYMAMLLF GIPIMKOMEK PFELKTIKLL HNLFLFGLSL 

YMCVETIRQA ILGGYKVFGN DMEKGNESHA QGMSRIWYWF YWSKAYEFLD 

TAIMILCKKF NOWSFLHWYH HATIFAIWWA IAKYAPGGDA YFSVILNSFI 

HVIMYSYYPE 

F.G. 66 
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1 ATGGCAAACA GCAGCGTGTG GGATGATGTG GTGGGCCGCG, TGGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACC ACCGATGGGC 
101 TCCCGATGAT GGACGTGFCC ACCATGCTGG CATCGAGGT GGGATACATG 
151 GCCATGCGC TCTCGGCAT CCCGATCAG AAGCAGATGG AGAAGCCTT 
201 TGAGCCAAG ACCATCAAGC TCTGCACAA CTTGT CTC TTCGGACTTT 
251 CCTTGTACA GTGCGTGGAG ACCATCCGCC AGGCTATCCT CGGAGGCTAC 
301 AAAGGTTTG GAAACGACAT GGAGAAGGGC AACGAGTCTC ATGCTCAGGG 
351 CATGTCTCGC ATCGTGTACG TGTTCTGCGT GTCCAAGGCA TACGAGTTCT 
401 TGGATACCGC CATCATGATC CTTTGCAAGA AGT CAACCA GGTTCCTTC 
451 TTGCATGTGT ACCACCATGC CACCA TTT GCCATCTGGT GGGCTACGC 
501 CAAGTACGCT CCAGGAGGTG ATGCGACT TTCAGTGATC CTCAACTCTT 
551 TCGTGCACAC CGTCATGTAC GCATACTACT TCTTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGTACATC ACCACCCTTC AGATGACCCA 
651 GTTCATGGCA ATGC TGTGC AGTCCTTGTA CGACTACCTC TTCCCAGCG 
701. ACACCCACA GGCTCTTGTG CAGCTTCTTG GAGTGTACA GATCACCTTG 
751. CTTGCCCCT TCGGCAACTT TTGTGCAG AGCTATCTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

FIG.67 
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1 ATGGCAAACA GCAGCGTGTG GGATGATGTG GTGGGCCGCG GGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACTC ACCGATGGGC 
101 CCCCGATGAT GGACGTGTCC ACCATGCTGG CA CGAGGT GGGATACATG 
151 GCCATGCTGC TCTTCGGCAT CCCGATCATG AAGCAGATGG AGAAGCCTTT 
201 TGAGCTCAAG ACCATCAAGC TCTTGCACAA CTTGT CTC TTCGGACTT 
251 CCTTGACAT GTGCGTGGAG ACCATCCGCC AGGCTATCCT CGGAGGCTAC 
301 AAAGTGTTTG GAAACGACAT GGAGAAGGGC AACGAGTCTC ATGCTCAGGG 
351 CATGCTCGC ATCGTGTACG CGTTCACGT GTCCAAGGCA TACGAGTTCT 
401 TGGAACCGC CATCATGATC CTTGCAAGA AGTTCAACCA GGTTTCCTTC 
451 TTGCATGTGT ACCACCAGC CACCATTTTT GCCA CTGGT GGGCTATCGC 
501 CAAGTACGCC CCAGGAGGG ATGCGTACT TTCAGGATC CCAACTCTT 
551 TCGTGCACAC CGTCAGTAC GCATACTACT TCTTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGACATC ACCACCCTTC AGATGACCCA 
651 GTCATGGCA ATGCTTGTGC AGTCCTTGTA CGACACCC TTCCCATGCG 
70. ACTACCCACA GGCTCTTGTG CAGCTTCTG GAGTGTACAT GATCACC G 
751. CTTGCCCTCT TOGGCAACTT TTT GTGCAG AGCTATCTTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

F.G. 68 
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1 ATGGCAACAG CAGCGTGTGG GATGATGTGG TGGGCCGCGT GGAGACCAGC 
51 GTGGACCAGT GGATGGATGG CGCCAAGCCG TACGCACCA CCGATGGGCT 

101 CCCGAGATG GACGTGTCCA CCATGCTGGC AT TCGAGGTG (GGATACATGG 
151 CCATGCTGCT. CTTCGGCATC CCGATCATGA AGCAGATGGA GAAGCCTTT 
201 GAGCTCAAGA CCATCAAGCT CTTGCACAAC TTGT CTCT TOGGACTTC 
251. CTTGTACATG TGCGTGGAGA CCATCCGCCA GGCTATCCTC GGAGGCTACA 
301 AAGTGTTGG AAACGACATG GAGAAGGGCA ACGAGTCTCA TGCTCAGGGC 
351 ATGTCTCGCA TCGTGTACGT GTTCTACGTG TCCAAGGCAT ACGAGTTCT 
401 GGATACCGCC ATCATGATCC TTTGCAAGAA GTTCAACCAG GTTTCCTTCT 
451. TGCAAGTGTA CCACCATGCC ACCATTTTG CCATCTGGTG GGCTATCGCC 
501. AAGTACGCTC CAGGAGGTGA TGCGTACTTT TCAGTGACC CAACTCTT 
551 CGTGCACACC GTCATGTACG CATACTACTT CTTCTCCTCC CAAGGGTTCG 
601 GGTTCGTGAA GCCAATCAAG CCGTACATCA CCACCCTTCA GATGACCCAG 
65. TCATGGCAA TGCTTGTGCA GTCCTTGAC GACTACCTCT TCCCATGCGA 
701. CTACCCACAG GCCTTGTGC AGCTCTTGG AGTGTACATG ATCACCTTGC 
751. TGCCCTCTT CGGCAACTTT TTTGTGCAGA GCTATCTTAA AAAGCCAAAA 
801. AAGAGCAAGA CCAACTAA 

FIG.69 
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1 ATGGCAAACA GCAGCGTGTG (GGATGATGTG GGGGCCGCG, TGGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACTC ACCGATGGGC 
101 CCCGATGAT GGACGTGTCC ACCATGCTGG CATTCGAGGT GGGATACATG 
151 GCCATGCTGC CTTCGGCAT CCCGATCATG AAGCAGATGG AGAAGCCTTT 
201 GAGCTCAAG ACCATCAAGC TCTTGCACAA CTTGTTTCTC TCGGACTTT 
251 CCTTGTACAT GTGCGTGGAG ACCATCCGCC AGGCTATCCT CGGAGGCTAC 
301 AAAGTGTTTG GAAACGACAT GGAGAAGGGC AACGAGTCTC ATGCTCAGGG 
351 CATGTCTCGC ATCGGTACG TGTTCACGT GTCCAAGGCA TACGAGTTCT 
401 TGGATACCGC CATCATGATC CTTGCAAGA AGTTCAACCA GGTTTCCTTC 
451 TTGCATGTGT ACCACCATGC CACCGTTTTT GCCATCTGG GGGCTATCGC 
501 CAAG ACGCT CCAGGAGGTG ATGCGTACT TTCAGTGATC CTCAACTCTT 
551. TCGTGCACAC CGTCATGTAC GCATACTACT TOTTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGTACATC ACCACCCTTC AGATGACCCA 
651 GTTCATGGCA ATGCTTGTGC AGTCCTTGTA CGACTACCTC TCCCATGCG 
701 ACTACCCACA GGCTCTTGG CAGCTTCTTG GAGTGTACAT GATCACCTTG 
751. CTTGCCCTCT TOGGCAACTT TTTTGTGCAG AGCTATCTTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

FIG.7O 
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1 ATGGCAAACA GCAGCGTGTG (GGATGGGG GTGGGCCGCG TGGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACTC ACCGATGGGC 
101 TCCCGATGAT GGACGTGTCC ACCATGCTGG CATTCGAGGT GGGATACATG 
151 GCCAGCTGC TCTTCGGCAT CCCGATCATG AAGCAGATGG AGAAGCCTT 
201 TGAGCCAAG ACCATCAAGC TCTTGCACAA CTTGTTTCTC TTCGGACTTT 
251 CCTTGACAT GTGCGTGGAG ACCATCCGCC AGGCTATCCT CGGAGGCTAC 
30 AAAG G T G GAAACGACA GGAGAAGGGC AACGAGCC AT GCTCAGGG 
35. CATGTCTCGC ATCGTGACG TGTTCTACGT GTCCAAGGCA TACGAGTCT 
401 TGGAACCGC CATCATGATC CTTTGCAAGA AG CAACCA GGTTTCCTTC 
451 TTGCATGCGT ACCACCATGC CACCATTTTT GCCATCTGG GGGCTATCGC 
501 CAAGTACGCT CCAGGAGGTG ATGCGTACTT TTCAGTGATC CTCAACTCT 
551. TCGTGCACAC CGTCATGTAC GCATACTACT TOTTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGTACATC ACCACCCTTC AGATGACCCA 
651 GTCATGGCA ATGC GTGC AGTCCTGTA CGACACCC TTCCCATGCG 
701. ACTACCCACA GGCTCTGTG CAGCT CTTG GAGTGACA GATCACCTTG 
751. CTTGCCCTCT TCGGCAACTT TTTGGCAG AGCTATCTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

FIG.71 
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1 ATGGCAAACA GCAGCGTGTG GGATGATGTG GTGGGCCGCG TGGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACTC ACCGATGGGC 
101 TCCCGATGAT GGACGTGTCC ACCATGCTGG CATTCGAGGT GGGATACATG 
151 GCCATGCTGC TCTTCGGCAT CCCGATCATG AAGCAGATGG AGAAGCCTTT 
201 TGAGCCAAG ACCATCAAGC CTTGCACAA CTTGTTTCTC TTCGGACTTT 
251 CCTTGTACAT GTGCGTGGAG ACCATCCGCC AGGCTATCCT CGGAGGCTAC 
301 AAAGTG TTG GAAACGACAT GGAGAAGGGC AACGAGTCTC ATGCTCAGGG 
351 CATGTCCGC ATCGTGTACG TGTTCACGT GTCCAAGGCA TACGAGTTCT 
401 TGGATACCGC CATCATGATC CTTTGCAAGA AGT CAACCA GGTTTCCTTC 
451 TTGCATGGT ACCACCATGC CACCATTTTT GCCATCTGGT GGGCTATCGC 
501 CAAGTACGCT CCAGGAGGTG ATGCGTACTT TTCAGTGATC CTCAACTCT 
551. TCGTGCACAC CGTCATGTAC GCATACACT TCTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGTACATC ACCACCCTTC AGATGACCCA 
651 GTTCATGGCA ATGCTTGTGC AGTCCTTGTA CGACTACCTC TTCCCATGCG 
701 ACTACCCACA GGCTCTTGTG CAGCCCTTG GAGTGTACAT GACACCTTG 
751. CTTGCCCCT CGGCAACTT TTT GTGCAG AGCTATCTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

FIG.72 
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1 ATGGCAAACA GCAGCGTGTG GGATGATGTG GTGGGCCGCG TGGAGACCGG 
51 CGTGGACCAG TGGATGGATG GCGCCAAGCC GTACGCACTC ACCGATGGGC 
101 TCCCGATGAT GGACGTGTCC ACCATGCTGG CA TCGAGGT GGGATACATG 
151 GCCATGCTGC TCTCGGCAT CCCGATCATG AGGCAGATGG AGAAGCCTT 
201 TGAGCCAAG ACCATCAAGC TCTGCACAA CTTGTTTCTC TTCGGACTTT 
251 CCTTGTACAT GTGCGTGGTG ACCATCCGCC AGGCTATCCT TGGAGGCTAC 
301 AAAGTGTTTG GAAACGACAT GGAGAAGGGC AACGAGTCTC ATGCTCAGGG 
351 CATGTCCGC ATCGTGTACG TGTTCTACGT GTCCAAGGCA TACGAGTTCT 
401 TGGATACCGC CATCATGATC CTTTGCAAGA AGTTCAACCA GGTTTCCTTC 
451 TTGCATGGT ACCACCATGC CACCATTTTT GCCATCTGGT GGGCTATCGC 
501 CAAGTACGCT CCAGGAGGG AGCGTACT TTCAGTGATC CTCAACTCT 
551 TCGTGCACAC CGTCATGTAC GCATACTACT TOTTCTCCTC CCAAGGGTTC 
601 GGGTTCGTGA AGCCAATCAA GCCGTACATC ACCACCCTTC AGATGACCCA 
651 GTCATGGCA ATGCTTGTGC AGTCCTTGTA CGACTACCTC TTCCCATGCG 
701. ACTACCCACA GGCTCTTGTG CAGCTTCTTG GAGTGACAT GATCACCTTG 
751. CTTGCCCTCT TCGGCAACTT TTTTGTGCAG AGCTATCTTA AAAAGCCAAA 
801 AAAGAGCAAG ACCAACTAA 

FIG.73 
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1 MANSSWWDDW WGRVETGVDQ WMDGAKPYA TDGLPMMDWS TMLAFEWGYM 

51. AMLLFGIPIM KQMEKPFELK TIKLLHNLFL FGLSLYMCVE TIROAILGGY 

101 KWFGNDMEKG NESHAOGMSR IVYWFCVSKA YEFLDAIMI LCKKFNQVSF 

151 LHWYHHATIF AIWWAIAKYA PGGDAYFSVILNSFWHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLQMTQFMA MLWOSLYDYL FPCDYPOALW QLLGVYMITL 

251 LALFGNFFVQ SYLKKPKKSK TN 

FG.74 
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1 MANSSWWDDW WGRVETGVDO WMDGAKPYAL TDGPPMMDWS TMLAFEWGYM 

51. AMLLFGIPIM KQMEKPFELK TIKLHNLFL FGLSLYMCVE TIROAILGGY 

101. KVFGNDMEKG NESHAQGMSR IVYAFYVSKA YEFLDTAIMI LCKKFNQVSF 

151 LHWYHHATIF AIWWAIAKYA PGGDAYFSVILNSFVHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLQMTQFMA MLVOSLYDYL FPCDYPOALW QLLGVYMITL 

251 LALFGNFFVQ SYLKKPKKSK TN* 

FIG.75 
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1 MATAACGMMW WAAWRPAWTS GWMAPSRHS PMGSRWTCP PCWHSRWDTW 

51 PCCSSASRS SRWRSLLSSR PSSSCT CFS SDFPCCAWR PSARSSEAT 

101. KCLETWRRA SMLRAC A SCTCSTCPRH TSSWIPPSS FARSSTRFPS 

151 CKCTTMPPFL PSGGLSPSTL QEWMRTFOS STLSCTPSCT HTTSSPPKGS 

201 GSkSQSSRTS PPFRPSSWQ CLCSPCTTS SHAT THRLLC SFLECTSPC 

251 LPSSATFLCRAILKSQKRAR PT 

FG.76 
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1 MANSSWWDDW WGRVETGVDQ WMDGAKPYAL TDGLPMMDWS TMLAFEWGYM 

51 AMLLFGIPIM KQMEKPFELK TIKLLHNLFL FGLSLYMCVE TIRGAILGGY 

101 KWFGNDMEKG NESHAOGMSR IVYWFYVSKA YEFLDTAIMI LCKKFNQWSF 

151 LHWYHHATWF AIWWAIAKYA PGGDAYFSVILNSFVHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLOMTOFMA MLWOSLYDYL FPCDYPOALW QLLGVYMITL 

251. LALFGNFFVQ, SYLKKPKKSK TN 

FIG.77 
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1. MANSSWWDGV WGRVETGVDQ WMDGAKPYAL TDGLPMMDVS TMLAFEVGYM 

51 AMLLFGIPIM KQMEKPFELK TIKLLHNLFL FGLSLYMCVE TIROAILGGY 

101. KVFGNDMEKG NESHAQGMSR IVYWFYVSKA YEFLDTAIMI LCKKFNQVSF 

151. LHAYHHATIF AIWWAIAKYA PGGDAYFSWI LNSFVHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLQMTQFMA MLVOSLYDYL FPCDYPOALV QLGVYMITL 

251 LALFGNFFVQ SYLKKPKKSK TN 

FIG.78 
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1 MANSSWWDDW WGRVETGWDO WMDGAKPYAL TDGLPMMDWS TMLAFEWGYM 

51 AMLLFGIPIM KQMEKPFELK TIKLLHNLFL FGLSLYMCVE TIROAILGGY 

101. KVFGNDMEKG NESHAQGMSR IVYWFYVSKA YEFLDTAIMI LCKKFNQVSF 

151 LHWYHHATIF AIWWAIAKYA PGGDAYFSWI LNSFVHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLOMTOFMA MLVOSLYDYL FPCDYPOALV QLLGVYMITL 

251 LALFGNFFWO SYLKKPKKSK TN 

FIG.79 
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1 MANSSWWDDW WGRVETGVDO WMDGAKPYAL TDGLPMMDWS TMLAFEWGYM 

51. AMLLFGIPIM ROMEKPFELK TIKLLHNLFL FGLSLYMCVW TIROAILGGY 

101 KWFGNDMEKG NESHAQGMSR IVYWFYVSKA YEFLDTAIMI LCKKFNQVSF 

151 LHWYHHATIF AIWWAIAKYA PGGDAYFSVILNSFVHTWMY AYYFFSSQGF 

201 GFWKPIKPYI TTLQMTQFMA MLVOSLYDYL FPCDYPQALW QLLGVYMITL 

251 LALFGNFFVO SYLKKPKKSK TNk 

FIG.8O 
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SCORES Init: 94 Initn: 220 Opt: 302 z-score: 61.6 E(): 6.5 
>>EN: CEELO (288 aa) 
initn: 220 initl: 94 opt: 302 Z-score: 61.6 expect (): 6.5 

Smith-Waterman SCOre: 312: 34.3% identity in 239 aa overlap 
(49-270:54-278) 

20 30 40 50 60 70 
TELO1 DQWMDGAKPYALTDGLPMMDWSTMLAFEWGYMAMLLFGIPIMKQMEKPFELKTIKL-LHN 

::: : : ::: : 
CEELO ATHGPKNFPDAEGRKFFADHFDVTIQASILYM-WWWFGTKWFMRNROPFOL-TIPLNIWN 

30 40 50 60 70 80 

80 90 100 110 120 
TELO1 LFLFGLSYMCVE- - - - - - - TI-ROAILGGY-KVFGNDMEKGNESHAQGMSRIWYWFYVS 

:: ::: : ::::: : :::: :::: 
CEELO FILAAFSIAGAVKMTPEFFGTIANKGIWASYCKVF--DFTKGENGYW- - - - - - WWLFMAS 

90 100 110 120 130 

130 140 150 160 170 180 
TELO1 KAYEFLDTAIMILCKKFNQVSFLHWYHHATIFAIWWAIAKYAPGGDAYFSVILNSFWHTV 

::: ::: : : : ; : :: : 
CEELO KLFELVDTIFLVLRKR--PLMFLHWYHHILTMIYAWYSHPLTPGFNRY-GIYLNFWVHAF 

140 150 160 170 180 190 

90 200 210 220 230 240 
TELO1 MYAYYFFSSQGFGFVKPIKPYITTOMTOFM---AMLWOSLYDYLFP- - -CDYPOALWOL 

; : : : : ::: ::: : : : : : 
CEELO MYSYYFLRSMKIRVPGFIAQAITSLQIVQFIISCAVLAHLGYLMHFTNANCDFEPSVFK 

200 21.0 220 230 240 250 

250 260 270 280 290 300 
TELO1 LGVYM-ITLLALFGNFFVOSYLKKPKKSKTNXNCLHDMPLAGVRIDSESELRRHANSIFF 

:: : : : : 
CEELO -AWFMDTTYLALFVNFFLQSYWLRGGKDKYKAVPKKKNN 

260 270 280 

FIG.86 












































































































































































































































































