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A)

Xenospiral (SEQ ID NG:2)
PVLLT\TC‘LYTJC* W\“
ABAASE
ASALET

GIXTA R

AGTA: AQAKN‘
TRAS ARAREAATE
LTHABVAY

num@o‘am , A
AP IAEAJAM i AQ‘! ARIAR RKSAANFLAKAQIRA
LLVTAEAVA

BARBEVANKAATEAK

Xenospiral {(SEQ ID MNG: 5}
MOIPTPVAICLLY GL\/IMGVLLL«K.SSATuEVIS,KauuVULMKNVDTSAI\ARFI\(‘AP\:L@”\I TLOSLERT

Xenospirad (SEQ ID NG: 8}
mhi PSILAVSLLIWELASGARE Y*"VE‘THDKTI’”“ STVVKSEE
2 4"’A]’AT¢LGA\3QSA

AEADAABAAVAAAKARA]
ARRAAAAT SEAAABAGE LAGEMKP PR

KXenosin (SEQ ID MNO:10)
MKYMLL ;LDTP J_ CAHIVC A"VN"“L‘ KEDGE HSKS $ 3 ' L,JKTREEKRL’EE

E ﬁAu[, SPLIETVOGSASATASTAVTARSSLRAGOVAVASQKDATLOADASARR
ABAA R} ADOSASLAQUSASLOSKARARAKSARESAAATAKAELOARS IAASASSNARBARASAKASASA
Ig AVOAXLAEKTAKNQATL A- AKL SABARASAAARAALKAER EALAKARAAKAAARARA
ARATNSAREAATSSARSAAEAEAKSEVAILI SELDRES QI}VAA.,A&B KARAAAAASSRNABRTAVIGANIN
VAKEVLAI PIEPHKLPEPELALKEENVAVASSESEVKVETSSERWS

BBPZ (SEQ ID NO:28)

MKIPAILVTSLLVWGGLARGHVVKRDEELKAPALPELLGUGS DT LGASMENGIKVARASONVGLRTELNA
BARBABAADTKOAK ARAGARARATATATIAKREEATKASELASKLLTARAGESEARVSATVRARQLTA
AASARAKASASASEASAEAQVRANAERANIAKKASAAEAKARARAQVEARLARKAAAGFLAKARLA
EATKLAARARVAI KJAKARVZ\VD(‘ SAQATATAQARTAVQLOSQOARNAEASAVAQARTLLVTARAVSAAEA

EAATKATSWEEECHORERVTFSEDRIMERQINW

Figure 10
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BRF3 (SEQ ID NO:27)

MOTPATFVTICLLIWGLVHAGSVELGAPKCESVLVEQLLLENVE T SAKRKENGAPRLEGESTARALASTKAT
AAREAKASAKVKAZALALARAFLRASANFAAASAKAANAVREATOAQLLAQEKALIALKT OSEOOARSAR
ADARBABAVSALERAQASSRAATTAQDISSDLEKRVATSARAKA LRARQSAROSKWSAALARQTAAR
ARRIEARATASSESTAAATSKAAVLTADTSSABARAAAEAQSASRIAGTAATEGSANWASENSRTAQLER

SASRKATARAAYGDGALIGLARDASAAAQARAEVKALARASASLGASEKDKK

BRF4 (SEQ ID WNO:29)
AVSLLVWGLASAGEPLIANAQIGRVKTETSSSSEIRTLY SGEQTLVAGSZTIASESBALASKS

EALTSE WSVTTROELL LRGEALTGKKLGTGASEVAAASCEATAT TLGAGRARATZAQAARRAQAKSAA
AAAANAGESSNSARALVARAAAROGKARRARAAATKASLEAADAAFEAESAVALARAASAKARALASTAR

AANTRAALOAERKSNELAQAEAAAAAEACGARAARARKATQLALKVAETAVETE LJ}JuMMQVKAAKIQAV“D
ARASRATAVNATAEATERDSAQAENTAGVAQAALARAERQDSCIGAAATPRESSSYAWWKLRITSL I
SPRNRRT

BRSAL (partial) (8EQ ID NQ:30)
GNSESGENWKNGESSESGR GESESGRNWKNG
NEGS SR CKNWRNGGE S ESNREWKSCGSSESGEKNKNSESGNKGKSSKSS ISKNDGSWKSSEE
SERWKDGRAVAEDSVS INWADVEEQISNIATSLE ;GLLEAVL:{IKKgEHKISS IKEKISVLLKWID
EGKDTSELLDLKECSKDT ADTKHIKJKILL"MLVNEGKDTSGLLDLEAQf’ CVILELQOSAIEKVLVKSEK

VKSKTVSDIRPLOAVIPLILELOKTDIN NKWSTUNVNST DKERVTKTVPVLLOSME
GCEDIONLLEAKCAKKLGI SALDLOAVE (:ALG'\;V":‘KLSuuGAuNS?J";Lbuh’\DL:A“‘\/TGAGKIGGLIPLP
KL

SESNKHWKNGGEEESGEKWRNSESSESGHNWE

i

T

7B

BAF1 (SEQ ID NO:41)

MKIFAIIATS LLLﬁSFASAuCL“LLGGFS‘ASASASASAEASAGGWPRJCAgRabSAKAuS N LJ?“JP
SRAAATLVASARVEAKAGLEAGRATAEEQREALEM

TYAVEEESASLDARAVEAEVARA TSK&SAGQALOSAOTAA AJRT“AR ALTALKLA}JQGAA ENAARN
MERALARTODANARAQOAMAAESARAR TA AKCSEARDAGAEAKAAMAALI TAQRNLVOANARAEY
SERAEBLDEKSRASDAKVNAVARAASKSSIR EFGKASGEVI chT?gWGGQFAiALPFA°SS
AbAVGLKKTSbHNCSGKW%?JS“GK?VLS&R>7R3ASSS GGLKRGELGERASAAASAEAEASAGTL
LL

BAFZ (SEQ ID NO:43)
MELPALLVYSLLAWGLASGRVIESSSSASAQASASAGSRGLLEKRPIGKLEWGH {KLEBELDERSLNEA
ALKVGIKNGGLDVAKSAAVL AAMSDVATLTDORSLYDLGLGPYANEAELLARACAATSACAGAVANSAR
ERATAAVEMADRTEYIAALVITHKAAKAAEATMAATARATARASASKISSOESAASAANAANAEAKANAAS
IANKANAVLAEAAAVLAAThA?nKESAMKSHSRAQ&AnKudgﬁNAbA S ABAQIKLSQARARVARARADY
AVC SOAQAASCICSRASASESAASAQSETNTAMARAVATADAEAAAQAEAWVMSLENDLWLHLNMKGEA
EAVIISKGHRGGIRSGSISEASAEASSNVSMGGREGRKDLVIEALAGASAGSSANST

BAF3 (SEQ ID MN0:45)

MEIPAITVTSFLANGLASGNLLKESKASASASASASARASGKRNLEVLPLPKKSERGIVIDKSVEDIKDY
VLEAVDEINGAPKLGLGWKKVSMGVERAEANARARARR L)AMJ_KK.LAM:\.RSSAYVQAAWADAUAS'PDALZ—\b

ARVADASQEAAERKGPRAASEALSRATEASSRADAAAAATLDAMDRTMENARAANAAQTOASGOAENANRS

ARALILAALLRIABASALNNEAAVNAAARAAAASALOAKANAASQATARARGOASTRAEEAQSAQEAADKN

ARLTTVMLERASADQQAACARADYYTASTEABAARQASATNALRDGIVVGMGNDAGASADAMAQVEALAR
ASEHKALGEKKKGLVWCYGSHESSSASASASASAEASSRLGKDW

Figure 10 continued
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BAF4 (SEQ ID NO:47)

METPATLATSLLIWGLYGASELESEASARASACARAS SSCREGKLEASOASASASASASAGSREGSKOGH
GOLRRGDVKSEAKSAAATAVEGRKIGTGT GNTASASAEALSRGLGT GOARREAQRAARGOREVARKSCEL,
BDKTTAKAVAMVEAARLA : ARTIVEEDSAAVIARACKLLLEARBAAA ]
I AFRAAVATEQEAVILARKAQUARLNAEAAARA

ANEESEARNELAQASSARAALATAKANAGREARARA
AMNARVIASA, ASEDLENRASVARASAAGAREAKATATDAGATAE (ARY SWAKKGELINPGPLPKIIS

VNADLSKEEVEAMKITRGOVOEVEKI STHEGEWCGWEKEGRSEVI SNASARASASANANAGILESKWERGL
SRSSASADANAERADSQLLEVW

GAEFL (8EQ ID HD:57)
MKIPAIIATTLLLWGE'ADASKSYLLGSSA"-ASASASASASPGGS’.['GCVGVGSVl G(:NNI RGASTTSVT
LAARAZ L’Jﬁf{]":‘;tx}'—G_’AT"LL‘;RL}\ DLT TA \E AEA /

URAASA? "‘QRAVAr AAZ-\I A‘XSAU;‘\A\_IAEAY'
AQSRAADAEV] \!A‘/Z‘AumJAPJ\SVPNQE‘.I\’ElGl‘,ZE"\”Z\,“"m TSTGY
S8S883GINKGHPRWGHNWG LGS SRASANARARSSASSY SR8

AA’)’%WYAZ‘AKASASAG SVVAE OT
SEGGHGVEVIAGAQASASASATS

GAFZ {880 ID WO:59)
MEIPAIFVISLLAWGLAS GPDTE QAQASAST\Q’\QASAQSSbeTC’YNE.L;H SL
GGVIDVARGAAVVEEALS 1"\:’~M.|T'JD:TLE~£.:LP\.
FKAVVLASTVI\TKT\,AT(Z\
\ATGLSASAGHAQRSAT

I )%RP"AAM PSP }

waPTxLZ‘ VSVK‘\]

GAF3 (8EQ ID NO:#&1)
MEIPAILVISFLARGLASGGVPKELGTSISSASASASASAS
KVVLSAIDEINGAP o

PLEEEHGIVIDEISKER
V3 LALARAOA SADES VALLISAYVRAAEAARRASAR
B.mA‘I VRAAEQAQKIAERAKGRAAAEALSELVEASQKADAAAAGTTDAIERTYQDARAATSAQTKASGEAEN
IAAATLAAVLE TAKAASGQEOTRAAVDARAAAAAARALHAKANAVSQATSKARARARVAAERANSAD
ACABASAQLTAQLEEKVIADQOAASASTDT SAATARAEAAALASTVNAINDGVVICLGNTASEEAQASAQ
ASALARAKNARPKIKGWYKIC

GGATSASASASASASADSSIQGLVY

75

b3

GAF4 (SEQ ID NO:§&3)
"L(I PATLATSLEVH ASELVGSDASATASARASASISAY YGIGEGAVEGASASEREASASASALGR
SSAPATEGYNVGTG VSN' 'ASAEAEALSRGLGIGQAAAEAQAARAGOAATARKSCALAAKSTAQAVALVEK
‘JA‘" AEVDLARSARRY EARKARARY. EK AVGL"{G}»%GA LWL ‘AP F;A“' ) KP\QER’ ?'%N Z N EIANELAQA
EASAKANAAQE 3 L EARA
RANAARSNARA AP«ETRA\/ATEAASTAEIMYS SDEKC ITNPGP KLV S VI’A LTQ_NE AGEG
SASASALASASAGAGAGAGACAGASRCAGAVAGAGAGAGAGASAGAST AGAGABELLLPQSKLE
JCSASAZASARABANSSAYA

.

ARAALGASGAAGLGAASGAARR
VEARARRNGALGLN
£ ¥ SIX‘WA@‘;AAP a&K"iaA”:LN“Gz\ ANA
AR xA}‘sF« KZ{SG}\ v’GLNAbmoAI\IAAAAAAKI\S SAV, HA[\ DAA.DA\JAA;\AAO KRAAADAANAAASESARAAAAKK
AMAVAENABRATANAASALRKNALAIASDARAVRADAARARADDARKANNAASRGEDGLTARANAATLASD
AARRASNAATAASDAATDRUNAATAASNAATARANAATRADDAATDADNAASKAS DY SATRADNAARAAD
ADAIATNRAREASDARATAADAAANAADAAAQUNNKVARVSDALALAANAAARGSDAAAEAQDAVARASD
AARRCADGVATAVNGATARDSATEALATACRAQAKAAGRACAALAGLRAGRARGARAGSARGLAGGLARG
SNAGIAAGAASGLARGAAAEVCAARIAL

Figure 10 continued
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Xenospiral (SEQ ID 10:12}
ATGAAGATTCCAGTATTGCTTGCARCETECCTCTACCTTT CGEATTTECETCCEOCCS -
TCGETTGCCTGASCTCETGAAAGGTAGCGCATCGGLUACCEL GCTG CCGCTAGATCAGGRBOTTAGAGLC
GGACBAGTAGCTTTAGCTTCGCAGAAGGATECCETACTCCARAGCTCARGCTECTG {GCCGCCTCAGAGGCECGC .
GCTOCTGOCCATCTEACCEOTAAMC TTAGCCARGARTCGGCATCAGTGUAATCECAGGUTGCUGLCARAGEGARGGAR
CEEAGCAGGCAGCTETTEGTCARGCTAGRGCTGECOTCGAGTCGETGT COATEGECCECATCAGCCACATCTRCTGCC
AAAGAAGCATCEALCGOCECCABAGCCECAGLATCCACACTATCCACARCCGTEETGCAAGIGARAATAGCTEAGAEE
AGCCAAAGCTEAACCTETTGCCT CECACGAAGCCARGELCARGE TECAGCAGCCAACTTGECEEUTEAGECT
AGTGTAGCCICATAAGC SARRGTGGRCCCGRAGARGCCATCCCAAGACCGEUCTITGCAAAGECT
GERAAGCAGUCACGH GUGCAAGARAACGCCGLGEARTCC
CGLCGAGAT TGATARARAGAGTAGGGARATCGACGCAGCCAGTTCGITT

GTTTEGAGGEGECC!

ART AAGCTCCAGGRACGTAGRAACGCLGACAATCGGEGCCAACATCARCTCTTCERARAA
CRAGTCG AARTAARGAARTTCT CEGAGCCEEARGTETCAACATCAT COACAGARGATGARGAG

GTTACGAARGAGABGAAGGAGCACATAMR' AACGACTTIGACTTGA,

CAACGTATTT

Yencospira? (8B ID NO:14)
ATGANGATTCCAGCARTAT TCETCACGTCTCTGCTGGTCTGEGEGATTGECCBAGGGLCECGTEATTAATCACGAGTCC
CTERAAGACGAGCGAGGATAT TCAAGCAGGATATTCACCAGGAATAGTCEGT! M
ATAGABAMCGCCCRAARAAGTCCLTLCACCGECTGARAACGTCGHCTTGAAT
GCCAGTETTGCCECTEITGCCCASGCCARAALCACAGAGHS
ATTGECCAAACGREAGCGAAGCEATTARAGCCAGCEAGAT
GCGACTGTATCEGCARTGRAGAGG
SUTGAAGCT ACGGACEOCCAGGTAARGET
SOGECEEAAGCT CAAL
CGGAATCCGAGGCC. TGGCACTRACABRACGCCGAAGTCELCGTG
AGABRACGUACREGCAARI X TETTAGGETAGATT
CAGCCGCTGTAGCECARGSCCGARACTCTCTTGET TACGECAGARAGLTETCGCAGT
GOGAACAAAGCCGCCACATTTSCAAAACAGATCGTCAANCGAGRAGARRATACATGTAGCARAGTTIGEAA

Ch3

TARCGCLEATTCAATCAYCACCAAGE

Xenospirad (SEQ ID NO:Lé&)

ATGCAGATCCCAACGTTTGTCGCCATAT GCACGCAGGCGTCCAGGRATTCAAGTCC
TCOGCALRCCGAGCAGGTGCATCAGCARAARLL TTAGAASTCOACCTATTEARARATGTGEACACTAGCGCGARACERAAGA
GCACAACGGECECCLCEETECTCG b C GGAGAAGATCAAGACGTCGECGAGLSTRAATECTS
BARGCAGCAGCOETGETGARAGCETC CAGAGGCCTATTTGCEAGCETCCECCATYET
» 5 SCAGCCGEICGET GARAAATGCCTCAACARGCGCAAT TAAACGCUCAGEAARAGTCTT
TTGAAAGCTCAGTCCCAGEAAGAGGCAGTTTUICCTCETCCARACGLAGCAACCECCGUGACACAGTCGRCAL
CGCGUTCARGCITCOTCCAGETTAGCAACGETCHOCCAARACGTAGCIAGLG? TGCAGARACGGACCAGCACCARG
GOCGOGEGCTGAAGCLGCTGCCACCCTCAGALAATTACAGCCACGCGGARCGARCGARATSGAGT GCCAR TGECCTTA
TGCAGCTECCECAGRAACCAAGALCACTGCCTCCTOGEAGGCCECCARLECCEL CARARMAG
GCGGCTEUGA! TLOTGALGCOGACRACCCECARAGCTCOGUAT CTACCEAGGCACRATCAGLTGCGALGATCGAL
AGTETEECAGCCECCHAGGEATCCGCCAACTCGECCTCTCAGCCATTCCCGEELCECTCAATTRGARGCCTCCACCEOG
GOGAGBGCCAACETGACCELAGC TG CRGEEATERAGCEATTATAGEACT TGGAGAGCRAAGUBEETGUCGOEGOTCAG
TTGCTTGCACAGGCGAAGRCATTEECCGAAGTTAGCTCCAMATCCGARAATATTCAGGATABARRRTTIT

Xenospirad {(SEQ ID NG:18)
ATGAAGATCCCATCCATACTCGCGETTT COCTEOTEATCTGGEGE!
MGEGACARQACCAAG. COACAGTGETGAMARGC GAGARR Y1 3CTCCCEUTARG
TTABCGASCCASCOTATCT T TCOAAGAAGAGTEGGARCTEGAGLATCLGAGET GECATCTAGCAGSS
AGTCTCAGGCCTTGGOCECCTCGCAATCCARAA

RCAAGCGGCECAAGGGARAGAGETG

ABGARGCGGCEGAA
GACGCCARGS CCGCEGRAARAGBLCBAATCCOTGECGAARRATCTCECETCEGECGAGCECTCEEE
TCOGRAAGGECGARCERATTGGCTCANGCTGAGAGCECTGUAGCGGCCGAGECECAGECCARGACAGCAGCCE

AAAGCAGCGGARATCECCCTTARGGT CECTEAGRTAGCER
GCTGECABAGECARGASCCETGGCAGACGCEECCECTECCCGT CCCGrAGCLETGAACECCATCECCRAARGCEG.

CTCGECCCARGCAGAGARCGEOCECCEET
TELCELCGCTGCTACCTCGEAGECAG

FARCGC

TTTECARCAGICGCCTCOECCEIGETGEAATCELEAGTCEDT
CTGCAAGCTGECCCET TEGCAGGT GRGRTGARACCROCECACTGE
TOOTGTCARGAAGGAGGAGT GRARAACGTCAACGARCGARGARATCBABARCGACGRAATGARGAR

Figure 11
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Xenosin (SEQ ID NO:20)
ATGARATACATGCTOTT GUTGOTATCTATATTCATCTGTGCACAT AT TGTATECGCAGGCETAARTACAL
AAAGATGGTGEAACTARREGE GTCTTATGAGARARAGUGA STTTAARARGAAATTARAGARAGR
TCARAATCARABAGTGAACETTTCARCATTCCTGAAGAARRPACGLGRAGAGEAAGAAARAT CCARGAGYC
GTCGTECTCAGRGARARGATTACCAAACTTTCTECA ‘PGGC’l’C}\AAGPAGAGAZ‘J\CATATC‘AG'T‘CC' CTTT
ARBA AR \"GT("TP\T'"CGG "I"’“G"‘.‘i‘ Z\C‘PTGT CACGHACEATIT
CERRAGRCETTCE TTTGGM»AA\,TT(
GFJ'\(..,TTTTAAA.‘:TT BAT AAA&: GAAGG BABBACTGACCATGEIGCTATACAT T TEGGAGRAGAATGGTAAGGTACTTGTA

AGRRBACATACTTEAA ETG bA" CACARMDBGA, ¥ ATPAA
GACARAAAATGGRATARACANTCAGETTGCARAAAANATCTAAATGATCTAG,
pav:vates TTGCTFC’C("G’I”FTGCTT( CEGTTTAACTEGED TT‘IM&ATAGTTTAAAATCAGAAAAAG 5T
3t AGA ’“A‘XMJ-‘"”P\AAAP\TATPK"“T

P WARGRAATT
'CAAACE AAT TT

CGAAAA:: ‘GGAGATGAATTCCATTTAAGCOGUARAGANTTCARAA
O CTCATTAGGATTAGRARATATATTGAACT TACCETTY

BRFL (SEgQ ID WO:32)

A"‘GE‘AC:&T‘T CAGCACTECT

COTCTACCTTIC SGCETCCGCCEGECCAGAGCTCACCTITG
GAGATCGIGCAGGETA /

GCGC :JTC"GFCA“( GCRTCCAR CuCT”TC.A\,L;C;C'I ATCCEGE 'T~C"‘“TCG'T’GCC"C’T‘”
GCOG T"&CCT'C( CAl CTTCAGSCAGATECOT CECEECOECTEN
;JAL:CD;L::T\:GGCFACTFTAGL, T CEECETCTTTGRE uCT ZCCGCCAGACSCARAAT
TCAGCGEGCAGCTACGS CCAAA;-CC»;AGTTCCA(‘GL,ZX(‘A}\TC(‘ TTCC" :CATCTGCCAGTT CC;‘ATGLCHL:
GUABCGICCECAARA COTRCRGE Ls]\Z‘mL"’v’Cf: W‘GZ‘J‘Q}uZ\\
AATCAAGCTCTGETTTCCGAL GUCGJI’qu P(:L,s_ CAGC
GCCL—:AGGCAGL"‘CTGAAAGCTGAGAGAATA\:CGG
GCGAAGEARGLOGCLL ,u‘:Al’.:(,AL;pGCnAGGAGCG- C
GAACTCGACRAGAAGAGCAGEHARETCGROGECTT
SOTCOAGARACGCAGARNACGGCT ST TATCGGASCTAACATCAR :TG()CMAAP“:&X»JGTLT:\QJ
AREAAACTTCOGEAGCEAGAGUTCRCATTEARRGARGACARTSTCGCEGTCGCGAGCTCA
\GAAACCRGCABIGRAGTATCGTCARATTIAR

GCT! GCTuCTu(_ GGCTAL
GCEATTCCCATCGRG!

GAGAGTGAAGTGAAG

BRFZ (SRQ ID ND:34)
ATGAAGATTCCAGCA, CTEGTTACETCTCTECTGETCTEEEETGET CTERCCCAGEGCCACGTEGTGARGCECEAL
AAGGAGCTCARGGCCLCGGCTTTACC AACTAf"I‘CGG“’GATuGGTC"GACACG”TCuGTGCCTCGATGGACAACW:G
FCRARGTOGCCAGAS A g
GEC

GAAGAAGCTAT

GCGACGETGRGGEGUGGLECARTTGAL JGCL,C"”'A\ M(‘C"' Reiy

GCCGAAGCCCAGET bbCzdxCGLJG%uCP}..L;\,A“CGC"F@’JA@Z"}- GCAARRECOGCAGCT
GhAi CbcA(:w;.TAAGGCCbAAClCGC CHRAGAARGCEGLCECIGET ACTAL AGCECC

LACT sAA’““" CGTCGACCAGTCGCAG
CEGRAGCCTON

CGACCARAGBLT

GCAGCCGAAGCTERA G’"}Y‘CZ‘NT\:L
"C"F\C}’J(‘CL, 3

T chsG

BEF3 (SEQ ID p¥O:36}

ATGOAGATCOCAGCGAT T TTOCTUACETECCTGUT CACATGEEECCTEETECACGCAGETAGCETERARCTCGETGECC
COCAAGCABEAGTCTETLCTCGTECAGCASCTCCTATTCARCARCGTGGAGACTAGTBCGRAGCEARAGGAGBACGGT
GCACCGARRGTCEGCEAGAGTACAGCTGCEGCTCTGECTARTACCARGGECAAUTGCAGTCGCAGRGGCTARGGCATCS
GUCAAAGTGALAGCTTCTEO CPTGCETECETUEGCAGT! CEGCTGUTTCAGC
AAAG(‘TGCTGCC,GCTGTZ«\AAchAGCP.AC bAGbLACR" GUTGGCACAGEAGAAGGCTTTCATAGCET TCAARACT
ABCAAGCTECCTCTGCTLGCRCEGACGCOGCRECTEOUGCAGLCHTATCCGCECTAGARCEIGCCTAG
AGCAGCCACHACCGOCCALGACATL TCCAGCGAT CTGGAGARALGTETUGCCALCTCAGCIGCTET
CACCCTCUAGAS CECCCAATCEARATEETCCECOGCACTGEICGCCCAARLCCGCT
GUTGOTECAGCCECTATA Gl\ACCT-_AAG CCACCEOITCCTCAGRAARGCA CK,CCTG CECTACTAGTARGECCGCOGTES
TTEACCEOTEACE CAGARGOTECOSCTECAGCECABECACARTCCGCTTCBUEEAT CGHCA! CRGCA
GUCACCGAGGGATCCHECCAACT GGdLTAQCGAG.MCTCGCGTACCGCACIM\L,guAé‘a(mT’“CvG-’“"’TCA SCGRAGGCC

Figure 11 continuad
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ACCGCAGCCET, .G"“CGGE‘AGJ.TQ‘GAGC“IATTATAGG GuA‘_,CgTACTGC""‘CA CTCAGEOAGCCGCA
GARGTTAAAGCCTTAGCTGARGCTAGTGCCAGCTTAGH

BBEF4 (SEQ ID KO
ATGARCATTCCATY
GCGCAALTAGG

: 38}
3 ACTCCCGQT’;TC‘
TCAAG

l\(’mﬂ\j\CA" uf‘W‘GL,‘T'GCL:/
'"G"CQCT‘C"’Z\G ACCCLCJPLC SAAGGCTAGCTTAGAGGCC
W\CGECTGCTGAGGARGCTGAGTLGE CITGGCTAGCGECTGCCTCCCCARAGGCEERAGCGCTCGCAT CGAL C
GECHLTGCTCCEAATACCCETIECTCCTCPCCAAGCCGARMAATCGAACGAG FCECARGCTEAGCCTGCAGCCGECT
GCCEARGCCCAGELTAAAGCIOCCECTGUTECCAREGCAACACAACTUGCCITTARAGTTECCEARACTIGCGETE
ACGGE AGAT CAGCTGCCECCETTGCEECCGECRAANGT AGCAGTCECAGACGCAGCCECGTITCEIGES
ACCGCAGTGAACGCCATTGCTGAAGCELAAGRAAGAGACTCTECACAGGCGEAGAACACCECTGHETCTAGCACARGCA
GCTUGCTECTECCEGARGTACRAGRC TCCTECATCGECGCTGCCECOACTCCTAGGLATTOCTCHAGCTATGTATGE
FGARGCTTAGBATAACATCCTTGATCGTCATTCTATCGCCACGTCARTCGACETACTTAR

'I‘(.:C‘l""C’“G’““G"TS ACCK‘;CA.m

EESA:L {partial}l (SEQ ID NO:3%)
et TCEGARRGCEGCCARLMATTGEARGAACGETCARAGUTCCEARAGCGET! AAAAI‘TE;CAGGAACAGCGGAAP C
WCCGAAT\F(‘GUCA 7\AAA""TGG7J AGARNTGE Gv(nl\.!‘mC‘l CAGAARGCAAC :

BAAL 3
r‘GCr\hCAl TGCT ACA PCCT

T "'AAA”‘APQ TC
:JA.Z\.GQA..{AGATC, ST ‘LTGA_[‘ TTTTAGATTTAGAAGCEACT
GECABAGTAATT TD‘GPATTGPAAFGCGL. ATAGAPAAG TCGTE CRGAAAARGCTAACCAAAGTATCTEAA
e/ T AAMARGCARAACTETCTCGGACATAAARCIGUTTCAAGCAGTARTTCCTTTRATCCTTGARTTS
CRAARAACAGAC CCTTACSTAC ARCABRET CCACTETTAACCTARRTY CTATACRYAALGARCGCGTC
ACGARRACGGTTOCAG TGCTC‘CTTCAATCCPTGAAPGCAGL’LGAAJA”AT T CAGAAk,f"TI‘TI‘CAG”"GL‘CAAA(.”TGCL\
ARGARACTTGGCATTAGTGCTTTGCACT TACAGGLAGTTCARGGAGTY C e ARGCTARG AGET
GETGCGTTCARCTCARAACECTTGTTGAATTY :AAAT;ALCf ZCGCTAG : \:CA\:LJAAAAAT(' GCAGGATTA
ATTCCTTIACCGARACTYTARCAGATAGACCGATARAGGCAGATAT. GCARGATTTTTTTCGALGTTGAATAG
TCCCCAAAPAAATTATCYCTGATTATTATAAT TTACCCTAAARTATTAAATARAATGCAGARRTARCGTTCARATATA
TRAATRA

{SEQ ID NO 49)

Z‘m]‘ GOGECETA

z 3 3 C ..--CAAQGC'—\A
AI"“’" 2 ‘CI‘"‘GI""(“’ COGACAAGE "‘PL.U\‘C ,CTA’”CC"’G”L GA GGCAGT
GCCGAGECACAGTCGETCGCCECCECERAGACCGT CGCGETCGAGGARGY "‘CCGCTTLCT GUGGCUGCAGTT
GAAGCGGEAGGTCHCAGCCECUACGTCGARATCGTOCGUTGGCLARGCACTCCAGTUCGCACRGACCGLCGCATCTGCT
CTCAGRACTPCCRCCAGGAGCGCOTTEACGGCCCTCARGCTGECACGEC BAGGT :’G\"T""C"‘A"}‘C‘Z\ACGCT’SCC
AGGATGATGGARARGECEGCTEECIGCCACCCAGCACCCARNTGCCECCCLUCAGCAAT GAGTGCA
GCCGCAGARGCAGCGECTATCECEGCAGCEABACART COEAGGECHEAG. AL"LC\J:CCLLCGA(::GC&AF\GGCCFCCATG
aC‘AE‘(‘A’:’"C’A”“L"ACF"C""CMW-‘G"“ ATCTCETECACECCAATCCCAGEECEEARATGECARGCEAGGAAGCLGAATTG
GATTCGAAGTCT, CGUCARGGTGAS CCXCCGTTGCTCG*GV‘\’ CTCCARGICCAGCATACGUAGABAT
GRACTTATCGAGRTCGHECECTCAGTT CHGCARGELCAGLEGCEAGETGATTTCCACCEGCACGCETTCCARTGGCGET
CRAGACGCCATCECCACCHETOGE CEAGTAZCGCCTCCGCCEICE! ACTGEGEE
AGCG GOGTARACGATECECTTCCTCGAAT! M
ATCE TCEGLE AR GUGGCCTOGETTCEEAAGCLT CTGCGGECAGCTTCCGUAGARGCGGAR

Figure 11 continued
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BAFZ (8EQ ID NO:5L)

ATGARGATTCCAGCCATACTIGTGALGTCTCTCCTCECCTGCGGEATTAGCCAGCEGLCEEGTCATCRAGT CCAGCTCG
TCEGCTICCECACAGECGTCEGTATCEGCCEECT CEAGAGGCCTGCTUGETARACGGCIGATTGECAAGCTCBRAGTGE
GECAAGGAGGRGAAGAARCTCGAAGARCTCCGACCAGGRAT CECTCAATGAGGCCECTCTGAAGCTCEGCATCARGART
GGCGGATTEEATETOLCGAAGRCTGUGECAGTCCTCEAGGCAGCCATGABLGACGTCECGALCCTTACEGAT CAGCET

TCTCTTETGGATCTIGS CEGCCUGETCECEAACEAGGCCEAGATCCTCECEEAGETGLAGGUCGCCACEACCECT

CAAGUTGECECTETCOCTARTAGCGLCGLGEAGCUGTECEGATCECGE TEECCEACRE CORAATATATT
GCGGEUACTECTCACCACCARAGLUGLCARAGCLIGEC CAC CLGCCLETE CGCOECCECT

TCAGCCTCCAAGATATCCAGTCAGGAATCAGCCEGCATCLGCCECTAACGCCCCCAACGCOGAAGCCAAGGUCARCECC
GCTTCCATARTCGCTAACRAGGCEAACCCCETCCTGECTGAGGCCECCECLETACTCGCAGSCTACTGCTECCARGET
AAGGAATCGECEATGARATCGCTTAGCECCGCTCAGECCGCCGUCAAGGCACARGCCRGGAACGCCEAGECCTCCECT
GAAGCTC CAAACTTTCCCAGGUCAGGHCCGCCETEECACGCETTECAGCT CAGGCLGTCTETTCCTC

GOTCAGGCCGCAAGCT CAGATACAATCGAGGGCATCCSCATCCGAATCCHCEGCATCGGCACAAT CAGAGACCAACRCE
GCCGCGHLCEAAGCEGTOGCCACCEUTCACGCCEAAGLGELCGUECAAGCTGARGCETEEETT
GCATCTGTGGCTCCATCTCARCAT CAAGHGTGACGGCCARGGCCCARAGECEARGUCET TTCGAT CAGCAAA
GGLEETATCAGETCGEGECAGCATCTC GCUAGTGECE GCRAC

COCAACGACCTCATCTCIGAAGCETTAGCGEGAGCATCAGCGEECASCACGTGCCEACTCCCTITGA

BAF3 (8EQ ID NG:53)
ATGAAGATACCAGIGATACTCOTCACGLECTECCICGCCTGEEEACTGECCAGCEEEAATCTCCTTAAGEAGTCEARA
GOTTCCECETCCECGTCCECETTCGEE CGCGAGGGTCAGT AAGAAGAAICTTCAL
CATGGCATCGTGATCGACARGCTCGETETTCEACA G
CTGGEATEEARGAAGET CAGCATGEEGETGEAGCGCHCCEAGGLL
ATGATCAAGAAGATTECCATGECCCGCAGTCAL

GCATTCECTAGCGCTAGEGTGRCACAGELETC

AL
CG

GOOGC

GCCOAG

GCCEGCTTCCERAGGUGCTITCCAGSE
ATCGACCGCACCATGEAGRACGUEAGGGLGHCAAATGCCECGTARA CTGAGAACGCARAT

CATCCGCHETTGRACAACGACGCOGCGETCARC
GCGETCTGCCLTT G ACGCEGCTTCTCAAGCAACCECCAGAGCOGCR
! GG GAGCTEACCACEETC
ATGCTCEAABAGGCTAGTGCTGATCAACAGGCEGECATCC CTCRARCCCAGECCOGRA
\GGGACEEARTAG
GCGCCA

CCGCCAGCEIATCCGCCAGT

BAF4 (SEQ ID NOC:55)
ATGAAGATTCCACCCATACTTCCSACETCCCTCCTCATLTCGEETCTTETUGGCHCUAGIGAG

AGTECEGCEECETCTEUGCARGCEGAAGUGTCCTCEYCIE

AGCECETCCGCCAGLECETC

CAASGAGCTAARATCGECAT ATCGHABRATACCELGTCT

GAG ;GCCECEGAGECE

GACAGCGCCGLLGTEAGGGIGE
CGCCAACGAGGART CCBAGECECCUARCEARCTTIGCTCARGCET
CTGCCTTGECTATCGCCEAGE
GTTTGAATCCTGRAGCCEC

'CGOCEAG
CCARGCC
GUCATCGARCAAGAAGCT
SCGATGAACGTCCETETC

t A g GC CEGCLGEETEEC
TATCGCCACCGATECCEGECGET TG GATCECGEUCTACA BAGAAGGGCERA
CCBGCCoET TEGCCGAAGAT CAT GTCALCGCCEATCTETCCAAGAGCGAGGEICEAGGCTATGARG
L & ZGARBATCAGCACTCACAAAGGTGGCTGECEATCOGEARAGEAAGHARGE
TCGAAGGTATCTTCCAACHCTAGTS CAGCTAGTECCACCGCCAATECAGCOGLCE GCCTCGEECAGCARRTEE
GEAASACARCTATCCGECATCATCCRCET CEGCTEACGLCAACGCCEAAGUCGATAGCCAGTTGCTGARAGTETGGTGA

MCATCTG

CTGE

TCAACC

CRD

GAFl (SEQ ID NO:&B)

ATGAAGATCCCAGCEATAAT CGCARCGACCCTCCT TCTCTGEGE COGACGCCAGCAAGTCGTRCCTCTTAGEC
TCATCCGCETT TTCCECTTCCECTTCCGLCTCRECAT CAL AGGAAGCACCGRUEGCETCGELGTCEGATIT
GTAATATCCCSTCECARCRATATCATCAGRGGAGC TICCACCACATCCETEACATTGGCAGCLGCCGCAGLEGEAGELIC
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ARGGCAGCTCTEGARTGCTGGAARACCGACTGTCCARGAGCAAAGEGAAGCETTACAGT TECTCACCECETCCBCTGAR
ABAAACGCCGAGGLGCETTCLTTGECCEACGATGUEECCETICTAGTICAGEETGCCECTBAGGTECAATCEETCELC
gCCECEAAGALGETCECEET UGAGCAAGGATCCARCTUTCTGEATGUAGUTGCAGCCEARMGCEGAAGLIGCOGCCGCC
GCATCCAGGGETATCGECCCASCAGGECACTCUAGGCCGCGCAGARCCTCCECCGCCGCTAT TCARACCH CCGGTAGC
HCCCTGACGECTCTCAARTTGECACGCAAACRGEAAGCGEAAT COARTAATE CCOCCCAACAGGCAAATARAGCATTG
GOCTTAAGTCECECAGCCAGCECTGCCACT CAACCAGCCETEECAGCTCAGARCROGELTGCLGCATCAGLGRCTTCG
GCTGEAGCCGCACAAGUTGAGGCARGGAACGCOTACECCARAGCCARAGCAGCCATACLTECTCTTACRGLCEOCCAR
AGRAAATTACGCCEIGCLCAAGGCTAGCETAAGCGCEEETASCETGETGECUCAACARGAT GUTCAATCTAGAGCEGCC
GATECCHAGGTGARCGCCETTECCCAAGTURCTGCCCGAGCCAGCETTCECART CAGGAGAT CGTTGRAATCGGCGCE
GAATTCEGCAACGCCAGCOEOGGAGT GATCTCGACCGGUACACET T UT TLCGHAGGCAAGEG THICTCCOT TACCGLT
GRAGCTCABGCTAGCECETCCGUTTCCGCCGACCTCCTCCTCOCTCCTCCTUCT CCGGUATCAACARAGGACATCCCAGA
TGEEEEECACAATTGEGCT TTAGGT TCTTCEGAAGTGTCAGCARACGCTGAAGCCEARAGLAGCGCTTCCTCTTATTCA
TCTTAR

GaF2 (BEQ ID INO:67)
ATCARGATTCCAGTGATATTCGTGACGTCTCTGCTCGCCTGEEEACTCRUCAGCGECGGAGTCATAGETCCCBACALE
TCCTCATCETCCCAGRCATCGGCATCGGCATCEGOET CAGCAT CEECGTCEGTATCATCETCGECAT CEATCGETTAC
AACGRACTCCATARATCGATCAATGCAECCCGUCTTECGCGETOGECETCARGAALGGLEGAGTGEATGHTCECCAAGEEL
GOGECOGTTEICCRAAT CAGCGATATCCGACGTATCCACTCTARCCGATGATCGTACET TEAACGETOTCEOITAT CATC
GEGAATAGCGCCGAGRGT CTEECARGAGCACABGUTTCOT CGAGUGCTAGTGCCEGCGTABRAGCCRAAT CTCATC
ARACAATCCATAGCCCCTATACAGAT CACCGRARARGSGCAGAGTACCTTGCETCEATCATCGCIACCAAGEUAGCGALSE
GCCEUCEAGEUCACAG GCGACCECTCEIGCLACTGCCETCECCEGAGGLTGCCABGHTITCCAGCCAGIARTTC
GCGGCCEAGETACGCECEELIGCUGACGCUGAAGCCAABGUCARLGCCECTTCOATCAT CHCCARCAAAGCGRACECC
GTCCTCGCEEAGECAGCTACCEGACT TAGCGCCAGCEUTGGCARRGCCCARCAATCEGCEACCAGGECGTTECAREC
GCACGAGCTECCGCTAAGGCTCAAGTCGAACT TACCCAGRRAGCCGCTCARATCT TAGTCCT CATTGCTGAAGCCARR
GCLECCETGAGCCEAGCAAGCECCGATCAATCCGTCTGTACGTCCCAGGCACRAGCUGUCAGT CAGATTCART CERAGA
GCCTCCECEGCCGRATCCGOLECATCGGUTCAAT COEARGUEAACACCATTCCEECCBAGCCEGTCGCTAGAGTCTGAT
GCCEAGG! STCABGCTCARGCETEEGCCGAATCOTTCARACGUGRACTCTCGAGTGTCGTTTTGSAGECCG
GCCAATECCTCGEGCTAGTGCCTICEGECTEETGCUCTGECCAGTEETASCAGCAGCT CEEGCECCAGTTCCAGLELG
CCAGCECCEGAGCCAGCAGCTATGGATCCTTEEEUGGATAT CGACACGECGEARGUTTCAGCGAGEIATCGECAGECC
c A

GCGTCAGCGECCAGTLGLGLCGAGGU GCELIAA

GAF3 (SEQ ID NO:&8)
ATGARGATTICAGCGATACTCETGACGTCCPTCOTCEUCTREECACTOCCCACCCECEITETCCCTAAAGACTTCSGA
ACTTCCATTTCTTCCGCHFTCCECATCCGCATCCGCATCCECATCOGCEACLECHTCCTOCAGTAGCAAGAATETTCAC
TIATTACCATTCARRAGUGAGCATGGECATCEGY ART TCACAAGTOAARAT TCARACAT CAGARAGGTAG TGAGCGCA
ATCGATGAGRTCAACGGCGCGCCCARCAT CHGTCTGECATTGAAALAGETCACTTTCECGCTCCCARARGCCCAGECT
AGTECTUAATCEAGCOCUGAGGCATTEECAATCAT CAAGARRATCETCECECTCCTCATCTCGECCTACGTCAGAGCA
FCCCAGGCCECEECTUGAGCATCCECCEAAGUT TTAGCTACCET' TA TECCGAACARAGCGCAARARPATTECTEBAR
GOGAAGGETAGAGCEGCTECTEAGGUGOT IO EAGT P AR T CEAGGCETCCAGRAGGCCCAT GCEEOGHLOGCERAGA
ACGACCGACGCEATCEARCGCACCTACCAGGATGCCAGASCEECCACTTCCOCACAGACIARCGCCAGCGROGAALGLC
GAGAATGCTAATCGCAATGCTGCCECCALCCICGCEGECEEY CTTEAGCATCECTAAGROCGCCTCCEETCAAGGAGED
ACTCGAGCUGUTCTCGATGCAGCIGCTECCECIGCOGCOECARCCECTCTGCATGCTARAGCTARCGCEGTTTOGCEA
GCTACCAGCAARGCAGC UG GAAGUTAGAGTCEUGGCTGAGGAGRCAGCATCCECCCAGRCATCCECCTCAGCAAGT
GCACAECTGACCECACART TACAGGAGARAGTCAGCGCLGATCEACAAGCAGCUTCCGCCAGTACTGAT

BOTATAGCCEAGECT GARGCTECOSOGTTAGUE TCCACCATUARCGCEATCAACGACGEAGTCETCATC
AATACCGCCAGTT CTTCTGCCLAAGOI T OCGCACARGCCAGTECTCTCGOTCECECRAARAMTGCECGCOCTARRATA
RAAGGGCTEETACARALT CGGAGGCGUCGACT TCOGCTT CTECAMNICGCATOGGCCAGCGL TR OCGCCRAGTCATCLTCE
CRAAGGAUTGGTATACTAG

T

GAF4A (SEQ ID NO:71)

ATGARGAT TCOAGCEATACT TGCRACG IO T I G TC TG EEETC T T BT COGEOGCCAGCEAACTCATCGEAT COBAC
GCGAGCGCEACRECATCTE T CAAGTETCAGCATCET AT CCECAT ACGUTAGCARG TATGETATTGG TAGTGETEAT
GTPCTCCERTECATCAGCOAGCEC T TG CCACCGCOTC TSI AGCGCATCAGCCAGCATTGCTCCCGCCATCOARGGA
GTAAACETTCECACCEEAGTCAGT ARCACCECTTCOGCETCCGCAGARAGETCT CTCCCETGEACTCAGCATCEEACAA
GCEGECTECCERAGCECARGCIGCTGOUGCTBECOARGOEECHATCGNTGCGAAATCETGCECECTAGCEECCAAGAGE
ACCGCTCARGCEETTECCCTGETTGAGAAAGTGECCCaUGCOEAGETAGRTCTGECIGALAGCENGAGARAGRCTACA
AGATTATCGGCAGAAGCACCCARGBCAGCEGCEGARGT CEAGAAGEACCTCETCGETCTEAGAGEGEATGCOGGTARR
CTGARTCTGEECTGCEAGAGLCEETTOTANAGCCCARGARCECGCEARLGAAGACTCTATAGAGGLTAACGAACTTGCC
CARBCARCEECOGCCECCGETGOCRAGGHTGARGCCAAGECGAATGONGCOCAGBAGEIAGROGCOTCCECTTTEEE
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ATCGCCOARGCCELCCITARCATCEAGCAAGRAGACT GTTAAATTGACCCCLCAGGUUCAGRATACTCGT CLCAGATCT
GARAATATTCTCGCCECEGLCAGCARTGCCCGCEICATICCTTCCECTGACGUCGAGECCAGTASTGATTTCAATAAT
CHTGCEARTGCAGCECETTCCAATGCCCGAGCTOUTGLCGAGACCAG. CGTAGCTACCEAAGCCGCTTICTPACCGLC
GCAGATCGCAGCTITATAGTTCATCCGABAAAEGCGagATCACCAATCCCEETOCTCTGCCTARGATCETCAGTETTACC
ECAGBTCTGACCCagARCGARANTAGCEGEATCAGEAGUGEUCCUTAGTECTAGTCCCACTECTCTTECCASTGCCAGT
GCCGEETGCCEETECCEETGCAGETETAGGAGCCGGETECARGTGUAGGAGCCEGTECRETTGCAGETgCAGGAGCLGET
GUAGGAGCCCETGUTACTGCCGEALGUEAGTECCGEAGCCARTCLCEETECCEGTEUCAGCAGTTTACTCTTECCECAG
AGTAARCTCCATCCANTCTCCAGETCTTUCECCTCTGCCTCCECTTCOGCCEAGGLCCARGCTARCAGT TCGGCETAT

G

MalFL {SEQ ID RO:75)
ATGGCAGCETCEAACARAATCATCTTCAGCTTTTTAGCTAT TG TCTATTACAACTTGCCACACACTGTTCATCAACA
GCTGTATTGATTTCTGETTCGCGUTGCTGETECTTCCTCACACRATCCTECTGETGCAGCTGCAGLAGCTAGALLTGLC
TTAGGCCCTTCTGGEECTECAGETT TAGGTECTGCAT CTCETGUTCCAACAAGRARCGTAGCAGT TEGTCCTAACGET
GCCHCCECCROTAGTGCTGCAGCTGCAGCTECCAGALGACUTEGCECTATT GECCTARATGCAGCAGCTGEAGCTART
GTAGCTETCECTEETRCCARARARGGACCTECTGCTGGATTAARTGCTGCCHGCTEETECT TCTTTAGTAT CTGCAGLT
GCAAGACGARATCGAGCCCTTGGACTTAALK CAGCTGGRGCAAAT CTCGCAGCAGCTECETGECARARARGGAGET
GOUTATTGGATTAAACGCTEGAGCATCAGCCAL TGETECCGCTECTECCARGARRAATGGAGCCATAGGACTTAAC
TCAGCTGCTTCAGCTAATGCTGOCGCTGCCECTGCTARRARBGATECAGCCATTGRATTRARYGCTEGACCTTCAGCR
AATGCTGCTGCTGCCECTGCCARAGARAGAGTGCAGCTETTEEAT TAAATGCT BGAGCTTCTGCTAACECT GCTECTGAT
AAGRAARGTGCAGCTGTTGCTGCCARTTCCET TCAGCARRTECACCTECTECTGCACAARAGAARGCC
GCTGCTEATGCCGCARATGCTGCTGCTTCTEAAAGTEOTGLTGLTECTGCAGBCCAAGPARGCCECCECTETTECTGRA

CGCAGCTCCCACCGCCARTGOCECITCAGCTTTACETARARATCCATTAGUCAT TGCCAGTGATGCAGCAGLITGTC
CTGATGCCECTECCGLCECCECTGACGATGCTGUTARAGCTAACARCGUTGCTTCCCGTGHAAGTGATGETTTA
TECCCGCGCTARTGCCECCACTT TAGCCAGT GATGCTGCCCGTAGAGC TAGCAATGCACCARCAGCTGCCAGCGAT
SCTCCCACTGACCGATIGAACGLCGCCACCECT GCTABCARCGCTGCCACTGCT CRTGCARATGCCGCLACACETGLC
CATCATGCCGCCACTGATECCCACARTGCTECTTCARAGGCCAGTGATGTAT CAGUTAT TGAAGCCGACAACGCTGLA
CGAGUTGCIGATE TGCTATCGCTACCAACCGTGLCEOTCAAGCARGCCGATCCTCCTECTATTGCCECTERATGCC
GoY

5

GCCARTGCTGUTGATGCCGCTGOCCAATGTAATAACAARCTTCCCCCAGTAAGTCATGCCTTAGCTCTCGCLGLT
AATGUTGCTGCCCEAGEATCTGATGCUGCCGCTGAAGTTCARAGATGCTGTTRCCAGRGCAAGTGACGCTGLCGCTGCC

&

CRAGCTGATGETGTTECCATTGCUGTARATGEAGCTACTGCGAGAGACTCAGCAAT TGAAGCCGUTGCTACTECTGRA
GUIGTCCAAGCTARRGCCEUTGEACCTGCTECAGCTGCTGCAGCTGETTTARGAGCTGETECCECTAGAGET 'GEC

GCIGETAGTECCCEUGETCTAGCTGEAGGATTAGCTECAGETT CCAATGCTGEARTCGCEGCTGGTECAGCT
TTAGCARGAGECGCAGCTECTEARAGT I TGCCCAGCTAGAATAGCATTGTAA

CTGEA

Figure 11 continued
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Xenosin ~ Inclusion of intron
ATGBARTACATGCTCTTGTTGCTATCTATATTCATCTGTGCACATATT GTATCGCGCAGGCGTARATACAG
AATTAAARRAAGLKTGETGAACTAAAGGRAGAGTCTTATCAGRARAC
TAAAGAAGAACGTGCTTCAAAATCARRRAGTGAACGTTTS!
CATTCARATCAATTARATT TGARAAT TATCARAGTAGTATTCTTARATTAT
TAARBBATARTARATTARGCT P TTIGTATT T T TGGATATTGT AGATAT I ET TAAT
AGTTAARAAATATTTTATAAAT “AARCAACTTT TTATTAT T T TTATGATC
TTAAAGTTCARATTAAR GTABARAATATEGARAARACAT

S TAGAAGATTTTATC
TAGRATTCTTATARN
ATTAABAATTTCAAD
TTGTTGTANTTTAAR
TATTA?

AGRRTCAAATCECTAAE ¥ PATHT
; CEATGRATTTATTGATIAGAAAARCECGRAGAGCAAGARAALTCCAR
ATCTGGTCGTGGTCAGAGARAAGAT TACCAARCTITCTTCATGGC TCARRGARGAGARAGATATCAG
TCCTCTTTTGGABGAAPAMAATGCCAARGETCTATTGGET TTGEARGATGTCACEGACGAGT TARATATC
GUTCTTAAATCATTGARGCAGGGCANARAAGT TTGATACTTGHAART TCCACARRGGTAGLGARGACGTTC
GTTCTTTGCEAAGRACTIGATACGAGCGTCETTCAACT IT TARAAT TARTARAGGARAGGARAARCTGACCA
4

T
TGGTGCTATAGATTTGGAGAAGAATGCTAAGGTACTTGTAGATTTIGGAARAAATCTCAGARRACATACTT
CAPACTTGTCGATCACE GTTCTAGATGATARACACAAAAARTCCRATARAGAAT
TCGAARARAGATTTAGATAARGRTARAGTTGETGEGUGE
GCTTGGCGETTTAAGTCECCTCTTAAATAGTTTARAATCAGAANAAGETCTTCTAGGTCTITTGAAT
G AATCTCT

AAGARTCAAATTCAGTTATTAATTCCTTTAATCAGTGAGAT AARAALGCAARARTATAGATTTT,
TCGATTCTCTTGATTCTGTCGAARGAAATTTAGACTTGARACTTTTCACAAGTTCTGTTTCAAAAGTTAC
TEAATTATTAAATARMAGCGAATCCATATTCARACART T TTCAATGCCARARARNT GCAGATGAAT TCGATTTA
AGCGGCARAGRATTCGARAAACGTCAMNAGGGATATTTGGTT TGATICEGAAGT T TGARAACGCTCATTAGGAT
TAGAARATATATTGAACTTACCGTTTAAACGTATACCTCTGCTTARRTIA

Figure 12
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SILK PROTEINS

FIELD OF THE INVENTION

[0001] The present invention relates to silk proteins, as
well as nucleic acids encoding such proteins. The present
invention also relates to recombinant cells and/or organisms
which synthesize silk proteins. Silk proteins of the invention
can be used for a variety of purposes such as in the
production of personal care products, plastics, textiles, and
biomedical products.

BACKGROUND OF THE INVENTION

[0002] Silks are fibrous protein secretions that exhibit
exceptional strength and toughness and as such have been
the target of extensive study. Silks are produced by over
30,000 species of spiders and by many insects. Very few of
these silks have been characterised, with most research
concentrating on the cocoon silk of the domesticated silk-
worm, Bombyx mori and on the dragline silk of the orb-
weaving spider Nephila clavipes.

[0003] Inthe Lepidoptera and spider, the fibroin silk genes
code for proteins that are generally large with prominent
hydrophilic terminal domains at either end spanning an
extensive region of alternating hydrophobic and hydrophilic
blocks (Bini et al., 2004). Generally these proteins comprise
different combinations of crystalline arrays of p-pleated
sheets loosely associated with p-sheets, -spirals, a-helices
and amorphous regions (see Craig and Riekel, 2002 for
review).

[0004] As silk fibres represent some of the strongest
natural fibres known, they have been subject to extensive
research in attempts to reproduce their synthesis. However,
a recurrent problem with expression of Lepidopteran and
spider fibroin genes has been low expression rates in various
recombinant expression systems due to the combination of
the repeating nucleotide motifs in the silk gene that lead to
deleterious recombination events, the large gene size and the
small number of codons used for each amino acid in the gene
which leads to depletion of tRNA pools in the host cells.
Recombinant expression leads to difficulties during transla-
tion such as translational pauses as a result of codon pref-
erences and codon demands and extensive recombination
rates leading to truncation of the genes. Shorter, less repeti-
tive sequences would avoid many of the problems associated
with silk gene expression to date.

[0005] In contrast to the extensive knowledge that has
accumulated about the Lepidopteran (in particular the
cocoon silk of Bombyx mori) and spider (in particular the
dragline silk of Nephila clavipes) little is known about the
chemical composition and molecular organisation of other
insect silks.

[0006] In the early 1960s, the silk of the aculeate
Hymenopteran was shown to have an alpha-helical structure
by X-ray diffraction patterns obtained from silk fibres drawn
from the salivary gland of honeybee larvae (Rudall, 1962).
As well as demonstrating that this silk was helical, the
patterns obtained were indicative of a coiled-coil system of
alpha-helical chains (Atkins, 1967). Similar X-ray diffrac-
tion patterns have been obtained for cocoon silks from other
Aculeata species including the wasp Pseudopompilus hum-
bolti (Rudall, 1962) and the bumblebee, Bombus lucorum
(Lucas and Rudall, 1967).

Feb. 23,2017

[0007] In contrast to the alpha-helical structure described
in the Aculeata silks, the silks characterised from a related
clade to the aculeata, the Ichneumonoidea, have parallel-§
structures. X-ray diagrams for four examples of this struc-
ture have been described in the Braconidae (Cotesia(=Apen-
teles) glomerate; Cotesia(=Apenteles) gonopterygis; Apen-
teles bignelli) and three in Ichneumonidae (Dusona sp.;
Phytodietris sp.; Branchus femoralis) (Lucas and Rudall,
1967). In addition the sequence of a single Braconidae
(Cotesia glomerate) silk has been described (Genbank data-
base accession number AB 188680; Yamada et al., 2004).
This partial protein sequence consists of a highly conserved
28 X-asparagine repeat (where X is alanine or serine) and is
not predicted to contain coiled coil forming heptad repeats.
Extensive analysis of the amino acid composition of the
cocoon silks of the Braconidae has shown that the silks from
the subfamily Microgastrinae are unique in their high
asparagine and serine content (Lucas et al., 1960; Quicke et
al., 2004). Related subfamilies produce silks with signifi-
cantly different amino acid compositions suggesting that the
Microgastrinae silks have evolved specifically in this sub-
family (Yamada et al., 2004). The partial cDNA of Cotesia
glomerata was isolated using PCR primers designed from
sequence obtained from internal peptides derived from iso-
lated cocoon silk proteins. The predicted amino acid com-
position of this partial sequence closely resembles the amino
acid composition of the extensively washed silk from this
species.

[0008] The structure of many of the silks within other non
aculeate Apocrita and within the rest of the Hymenoptera
(Symphata) are most commonly parallel-f sheets, with both
collagen-like and polyglycine silks produced by the Ten-
thredinidae (Lucas and Rudall, 1967).

[0009] Honeybee silk proteins are synthesised in the
middle of the final instar and can be imaged as a mix of
depolymerised silk proteins (Silva-Zacarin et al., 2003). As
the instar progresses, water is removed from the gland and
dehydration results in the polymerisation of the silk protein
to form well-organised and insoluble silk filaments labelled
tactoids (Silva-Zacarin et al., 2003). Progressive dehydra-
tion leads to further reorganisation of the tactoids (Silva-
Zacarin et al.,, 2003) and possibly new inter-filamentary
bonding between filaments (Rudall, 1962). Electron micro-
scope images of fibrils isolated from the honeybee silk gland
show structures of approximately 20-25 angstroms diameter
(Flower and Kenchington, 1967). This value is consistent
with three-, four-, or five-stranded coiled coils.

[0010] The amino acid composition of the silks of various
aculeate Hymenopteran species was determined by Lucas
and Rudall (1967) and found to contain high contents of
alanine, serine, the acid residues, aspartic acid and glutamic
acids, and reduced amounts of glycine in comparison to
classical fibroins. It was considered that the helical content
of the aculeate Hymenoptera silk was a consequence of a
reduced glycine content and increased content of acidic
residues (Rudall and Kenchington, 1971).

[0011] Little is known about the larval silk of the lace-
wings (Order: Neuroptera). The cocoon is comprised of two
layers, an inner solid layer and an outer fibrous layer.
Previously the cocoon was described as being comprised of
a cuticulin silk (Rudall and Kenchington, 1971), a descrip-
tion that only related to the inner solid layer. LaMunyon
(1988) described a substance excreted from the malphigian
tubules that made up the outer fibres. After deposition of this
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layer, the solid inner wall was constructed from secretions
from the epithelial cells in the highly villous lumen (LaMu-
nyon, 1988).

[0012] It is also known that lacewing larva produce a
proteinaceous adhesive substance from the malpighian
tubules throughout all instars to stick the larvae to substrates,
to glue items of camouflage on to the larvae’s back or to
entrap prey (Speilger, 1962). In the genus Lomamyia (Be-
thothidae), the larvae produce the silk and adhesive sub-
stance at the same time and it has been postulated that these
two substances may well be the same product (Speilger,
1962). The adhesive secretion is highly soluble and is also
thought to be associated with defense against predators
(LaMunyon & Adams, 1987).

[0013] Considering the unique properties of silks pro-
duced by insects such as Hymenopterans and Neuropterans,
there is a need for the identification of novel nucleic acids
encoding silk proteins from these organisms.

SUMMARY OF THE INVENTION

[0014] The present inventors have identified numerous
silk proteins from insects. These silk proteins are surpris-
ingly different to other known silk proteins in their primary
sequence, secondary structure and/or amino acid content.
[0015] Thus, in a first aspect the present invention pro-
vides a substantially purified and/or recombinant silk poly-
peptide, wherein at least a portion of the polypeptide has a
coiled coil structure.

[0016] As known in the art, coiled coil structures of
polypeptides are characterized by heptad repeats represented
by the consensus sequence (abcdefg),, with generally hydro-
phobic residues in position a and d, and generally polar
residues at the remaining positions. Surprisingly, the heptads
of the polypeptides of the present invention have a novel
composition when viewed collectively—with an unusually
high abundance of alanine in the ‘hydrophobic’ heptad
positions a and d. Additionally, there are high levels of small
polar residues in these positions. Furthermore, the e position
also has high levels of alanine and small hydrophobic
residues.

[0017] Accordingly, in a particularly preferred embodi-
ment, the portion of the polypeptide that has a coiled coil
structure comprises at least 10 copies of the heptad sequence
abedefg, and at least 25% of the amino acids at positions a
and d are alanine residues.

[0018] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 10 copies of the heptad sequence abcdefg, and at least
25% of the amino acids at positions a, d and e are alanine
residues.

[0019] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 10 copies of the heptad sequence abcdefg, and at least
25% of the amino acids at position a are alanine residues.
[0020] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 10 copies of the heptad sequence abcdefg, and at least
25% of the amino acids at position d are alanine residues.
[0021] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 10 copies of the heptad sequence abcdefg, and at least
25% of the amino acids at position e are alanine residues.
[0022] In a particularly preferred embodiment, the at least
10 copies of the heptad sequence are contiguous.
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[0023] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 5 copies of the heptad sequence abcdefg, and at least
15% of the amino acids at positions a and d are alanine
residues.

[0024] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 5 copies of the heptad sequence abcdefg, and at least
15% of the amino acids at positions a, d and e are alanine
residues.

[0025] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 5 copies of the heptad sequence abcdefg, and at least
15% of the amino acids at position a are alanine residues.
[0026] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 5 copies of the heptad sequence abcdefg, and at least
15% of the amino acids at position d are alanine residues.
[0027] In a further preferred embodiment, the portion of
the polypeptide that has a coiled coil structure comprises at
least 5 copies of the heptad sequence abcdefg, and at least
15% of the amino acids at position e are alanine residues.
[0028] In a particularly preferred embodiment, the at least
5 copies of the heptad sequence are contiguous.

[0029] In one embodiment, the polypeptide comprises a
sequence selected from:

[0030] 1) an amino acid sequence as provided in any one
of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:56,
and SEQ ID NO:57;

[0031] 1ii) an amino acid sequence which is at least 30%
identical to any one or more of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:40,
SEQ ID NO:41, SEQ ID NO:56, and SEQ ID NO:57; and
[0032] iii) a biologically active fragment of 1) or ii).
[0033] In another embodiment, the polypeptide comprises
a sequence selected from:

[0034] 1) an amino acid sequence as provided in any one
of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
and SEQ ID NO:59;

[0035] 1ii) an amino acid sequence which is at least 30%
identical to any one or more of SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:42,
SEQ ID NO:43, SEQ ID NO:58, and SEQ ID NO:59; and
[0036] iii) a biologically active fragment of 1) or ii).
[0037] In another embodiment, the polypeptide comprises
a sequence selected from:

[0038] 1) an amino acid sequence as provided in any one
of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:26, SEQ ID
NO:27, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:60,
and SEQ ID NO:61;

[0039] 1ii) an amino acid sequence which is at least 30%
identical to any one or more of SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:44,
SEQ ID NO:45, SEQ ID NO:60, and SEQ ID NO:61; and
[0040] 1iii) a biologically active fragment of 1) or ii).
[0041] In another embodiment, the polypeptide comprises
a sequence selected from:

[0042] 1) an amino acid sequence as provided in any one
of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:28, SEQ ID
NO:29, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:62,
and SEQ ID NO:63;
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[0043] 1ii) an amino acid sequence which is at least 30%
identical to any one or more of SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, and SEQ ID NO:63; and

[0044]

[0045] In a further embodiment, the polypeptide com-
prises a sequence selected from:

[0046] 1) an amino acid sequence as provided in SEQ ID
NO:72 or SEQ ID NO:73;

[0047] 1ii) an amino acid sequence which is at least 30%
identical to SEQ ID NO:72 and/or SEQ ID NO:73; and

[0048]

[0049] Further silk proteins which co-associate with pro-
teins of the first aspect have been identified. One of these
proteins (SEQ ID NO:10) is predicted to have 41% alpha-
helical, 8% beta-sheet and 50% loop secondary structure by
PROFsec, and therefore is classified as a mixed structure
protein. MARCOIL analysis of this protein predicted only a
short region of heptad repeats characteristic of proteins with
a coiled coil structure.

[0050] Accordingly, in a second aspect, the present inven-
tion provides a substantially purified and/or recombinant silk
polypeptide which comprises a sequence selected from:

[0051] 1) an amino acid sequence as provided in any one
of SEQ ID NO:9, SEQ ID NO:10 and SEQ ID NO:30;

[0052] 1ii) an amino acid sequence which is at least 30%
identical to any one or more of SEQ ID NO:9, SEQ ID
NO:10 and SEQ ID NO:30; and

[0053]

[0054] Without wishing to be limited by theory, it appears
that four proteins of the first aspect become intertwined to
form a bundle with helical axes almost parallel to each other,
and this bundle extends axially into a fibril. Furthermore, it
is predicted that in at least some species such as the
honeybee and bumblebee the proteins of the second aspect
act as a “glue” assisting in binding various bundles of coiled
coil proteins of the first aspect together to form a fibrous
protein complex. However, silk fibers and copolymers can
still be formed without a polypeptide of second aspect.

[0055] In a preferred embodiment, a polypeptide of the
invention can be purified from, or is a mutant of a polypep-
tide purified from, a species of Hymenoptera or Neuroptera.
Preferably, the species of Hymenoptera is Apis mellifera,
Oecophylla smaragdina, Myrmecia foricata or Bombus ter-
restris. Preferably, the species of Neuroptera is Mallada
signata.

[0056] In another aspect, the present invention provides a
polypeptide of the invention fused to at least one other
polypeptide.

[0057] In a preferred embodiment, the at least one other
polypeptide is selected from the group consisting of: a
polypeptide that enhances the stability of a polypeptide of
the present invention, a polypeptide that assists in the
purification of the fusion protein, and a polypeptide which
assists in the polypeptide of the invention being secreted
from a cell (for example secreted from a plant cell).

[0058] In another aspect, the present invention provides an
isolated and/or exogenous polynucleotide which encodes a
silk polypeptide, wherein at least a portion of the polypep-
tide has a coiled coil structure.

iii) a biologically active fragment of i) or ii).

iii) a biologically active fragment of i) or ii).

iii) a biologically active fragment of i) or ii).
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[0059] In one embodiment, the polynucleotide comprises
a sequence selected from:

[0060] 1) a sequence of nucleotides as provided in any one
of SEQ ID NO: 11, SEQ ID NO:12, SEQ ID NO:31, SEQ
ID NO:32, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:64,
and SEQ ID NO:65;

[0061] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0062] iii) a sequence of nucleotides which is at least 30%
identical to any one or more of SEQ ID NO:11, SEQ ID
NO:12, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:64, and SEQ ID NO:65, and
[0063] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0064] In another embodiment, the polynucleotide com-
prises a sequence selected from:

[0065] 1) a sequence of nucleotides as provided in any one
of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:66,
and SEQ ID NO:67;

[0066] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0067] 1iii) a sequence of nucleotides which is at least 30%
identical to any one or more of SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:66, and SEQ ID NO:67, and
[0068] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0069] In another embodiment, the polynucleotide com-
prises a sequence selected from:

[0070] 1) a sequence of nucleotides as provided in any one
of SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:35, SEQ ID
NO:36, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:68,
and SEQ ID NO:69;

[0071] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0072] 1iii) a sequence of nucleotides which is at least 30%
identical to any one or more of SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:52,
SEQ ID NO:53, SEQ ID NO:68, and SEQ ID NO:69, and
[0073] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0074] In a further embodiment, the polynucleotide com-
prises a sequence selected from:

[0075] 1) a sequence of nucleotides as provided in any one
of SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:37, SEQ ID
NO:38, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:70,
SEQ ID NO:71 and SEQ ID NO:76;

[0076] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0077] 1iii) a sequence of nucleotides which is at least 30%
identical to any one or more of SEQ ID NO:17, SEQ ID
NO:18, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:70, SEQ ID NO:71 and SEQ
ID NO:76, and

[0078] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0079] In another embodiment, the polynucleotide com-
prises a sequence selected from:

[0080] 1) a sequence of nucleotides as provided in SEQ ID
NO:74 or SEQ ID NO:75;

[0081] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0082] iii) a sequence of nucleotides which is at least 30%
identical to SEQ ID NO:74 and/or SEQ ID NO:75, and
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[0083] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0084] In a further aspect, the present invention provides
an isolated and/or exogenous polynucleotide, the polynucle-
otide comprising a sequence selected from:

[0085] 1) a sequence of nucleotides as provided in any one
of SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, and
SEQ ID NO:39;

[0086] 1ii) a sequence of nucleotides encoding a polypep-
tide of the invention,

[0087] iii) a sequence of nucleotides which is at least 30%
identical to any one or more of SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:21, and SEQ ID NO:39, and

[0088] iv) a sequence which hybridizes to any one of 1) to
iii) under stringent conditions.

[0089] In a preferred embodiment, a polynucleotide can be
isolated from, or is a mutant of a polynucleotide isolated
from, a species of Hymenoptera or Neuroptera. Preferably,
the species of Hymenoptera is Apis mellifera, Oecophylia
smaragdina, Myrmecia foricata or Bombus terrestris. Pref-
erably, the species of Neuroptera is Mallada signata.
[0090] In a further aspect, the present invention provides
a vector comprising at least one polynucleotide of the
invention.

[0091] Preferably, the vector is an expression vector.
[0092] In another aspect, the present invention provides a
host cell comprising at least one polynucleotide of the
invention, and/or at least one vector of the invention.

[0093] The host cell can be any type of cell. Examples
include, but are not limited to, a bacterial, yeast or plant cell.
[0094] Also provided is a process for preparing a poly-
peptide according to the invention, the process comprising
cultivating a host cell of the invention, or a vector of the
invention, under conditions which allow expression of the
polynucleotide encoding the polypeptide, and recovering the
expressed polypeptide.

[0095] It is envisaged that transgenic plants will be par-
ticularly useful for the production of polypeptides of the
invention. Thus, in yet another aspect, the present provides
a transgenic plant comprising an exogenous polynucleotide,
the polynucleotide encoding at least one polypeptide of the
invention.

[0096] In another aspect, the present invention provides a
transgenic non-human animal comprising an exogenous
polynucleotide, the polynucleotide encoding at least one
polypeptide of the invention.

[0097] In yet another aspect, the present invention pro-
vides an antibody which specifically binds a polypeptide of
the invention.

[0098] In a further aspect, the present invention provides
a silk fiber comprising at least one polypeptide of the
invention.

[0099] Preferably, the polypeptide is a recombinant poly-
peptide.
[0100] In an embodiment, at least some of the polypep-

tides are crosslinked. In an embodiment, at least some of the
lysine residues of the polypeptides are crosslinked.

[0101] In another aspect, the present invention provides a
copolymer comprising at least two polypeptides of the
invention.

[0102] Preferably, the polypeptides are recombinant poly-
peptides.
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[0103] In an embodiment, the copolymer comprises at
least four different polypeptide of the first aspect. In another
embodiment, the copolymer further comprises a polypeptide
of the second aspect.

[0104] In an embodiment, at least some of the polypep-
tides are crosslinked. In an embodiment, at least some of the
lysine residues of the polypeptides are crosslinked.

[0105] As the skilled addressee will appreciate, the poly-
peptides of the invention have a wide variety of uses as is
known in the art for other types of silk proteins. Thus, in a
further aspect, the present invention provides a product
comprising at least one polypeptide of the invention, a silk
fiber of the invention and/or a copolymer of the invention.
[0106] Examples of products include, but are not limited
to, personal care products, textiles, plastics, and biomedical
products.

[0107] In yet a further aspect, the present invention pro-
vides a composition comprising at least one polypeptide of
the invention, a silk fiber of the invention and/or a copoly-
mer of the invention, and one or more acceptable carriers.

[0108] In one embodiment, the composition further com-
prises a drug.
[0109] In another embodiment, the composition is used as

a medicine, in a medical device or a cosmetic.

[0110] In another aspect, the present invention provides a
composition comprising at least one polynucleotide of the
invention, and one or more acceptable carriers.

[0111] In a preferred embodiment, a composition, silk
fiber, copolymer and/or product of the invention does not
comprise a royal jelly protein produced by an insect.
[0112] In a further aspect, the present invention provides
a method of treating or preventing a disease, the method
comprising administering a composition comprising a drug
for treating or preventing the disease and a pharmaceutically
acceptable carrier, wherein the pharmaceutically acceptable
carrier is selected from at least one polypeptide of the
invention, a silk fiber of the invention and/or a copolymer of
the invention.

[0113] In yet another aspect, the present invention pro-
vides for the use of at least one polypeptide of the invention,
a silk fiber of the invention and/or a copolymer of the
invention, and a drug, for the manufacture of a medicament
for treating or preventing a disease.

[0114] In a further aspect, the present invention provides
a kit comprising at least one polypeptide of the invention, at
least one polynucleotide of the invention, at least one vector
of the invention, at least one silk fiber of the invention and/or
a copolymer of the invention.

[0115] Preferably, the kit further comprises information
and/or instructions for use of the kit.

[0116] As will be apparent, preferred features and char-
acteristics of one aspect of the invention are applicable to
many other aspects of the invention.

[0117] Throughout this specification the word “comprise”,
or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but
not the exclusion of any other element, integer or step, or
group of elements, integers or steps.

[0118] The invention is hereinafter described by way of
the following non-limiting Examples and with reference to
the accompanying figures.
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BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

[0119] FIG. 1. Fourier transform infrared spectra of the
amide 1 and II regions of the silks: 1) honeybee silk, 2)
bumblebee silk, 3) bulldog ant silk, 4) weaver ant silk 5)
lacewing larval silk. All the silks have spectra expected of
helical proteins. The Hymenopteran silks (ants and bees)
have spectral maxima at 1645-1646 cm™" (labelled), shifted
approximately 10 cm™ lower than a classical alpha-helical
signal and broadened, as is typical of coiled-coil proteins
(Heimburg et al., 1999).

[0120] FIG. 2. Comparison of amino acid composition of
SDS washed honeybee brood comb silk with amino acid
composition of Xenospira proteins (namely, Xenospiral,
Xenospira2, Xenospira3 and Xenospira4) (equimolar
amounts totaling 65%) and Xenosin (35%).

[0121] FIG. 3. Comparison of amino acid composition of
silk with amino acid composition predicted from proteins
encoded by silk genes.

[0122] FIG. 4. Prediction of coiled coil regions in honey-
bee silk proteins. COILS is a program that compares a
sequence to a database of known parallel two-stranded
coiled-coils and derives a similarity score. By comparing
this score to the distribution of scores in globular and
coiled-coil proteins, the program then calculates the prob-
ability that the sequence will adopt a coiled-coil conforma-
tion as described in Lupas et al. (1991). Using a window size
of 28 this program predicts the following numbers of
residues exist in each protein in coiled coil domains: Xeno-
spira3: 77; Xenospira4: 35; Xenospiral: 28; Xenospira2: 80.
[0123] FIG. 5. Alignment of honey bee silk proteins
showing MARCOIL prediction of major heptads that form
a coiled-coil structure. Heptad sequences are shown above
the amino acids, and alanine residues in positions a and d are
highlighted.

[0124] FIG. 6. Alignment of Marciol predicted coiled coil
regions of hymenopteran (bees and ants) silk proteins show-
ing the heptad position assignment. Amel, honeybee; BB,
bumblebee; BA, bulldog ant; WA, weaver ant; F1-4, silk
fibroins 1-4. Heptad sequences are shown above the amino
acids, and alanine residues in positions a, d and e are
highlighted.

[0125] FIG. 7. The amino acid character of heptad posi-
tions in the predicted coiled coil regions of the Mallada
signata larval silk protein and the orthologous clusters of the
Hymenopteran silk proteins.

[0126] FIG. 8. SDS polyacrylamide gel electrophoresis of
late last instar salivary gland proteins. Proteins were iden-
tified after tryptic digest and analysis of mass spectral data
set using Agilent’s Spectrum Mill software to match the data
with predictions of protein sequences from proteins identi-
fied from cDNA sequences. The software generated scores
for the quality of each match between experimentally
observed sets of masses of fragments of peptides and the
predictions of fragments that might be generated according
to the sequences of proteins in a provided database. All the
sequence matches shown here received scores greater than
20 by the Spectrum Mill software, where a score of 20 would
be sufficient for automatic, confident acceptance of a valid
match.

[0127] FIG. 9. Parsimony analysis of the coiled coil region
of silk proteins. The relatedness of the four coiled-coil
proteins suggests that the genes evolved from a common
ancestor predating the divergence of the Euaculeata. The
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area bound by the dashed line indicates variation that
occurred before the ants and wasps (Vespoidea) diverged
from the bees (Apoidea) in the Late Jurassic (155 myrs;
Grimaldi and Engel, 2005). Numbers indicating bootstrap
values from 1000 iterations are shown.

[0128] FIG. 10. A) Apis mellifera silk proteins identified
by mass spectral analysis of peptides generated from bee silk
after digestion with trypsin. Shading indicates peptides
identified by the mass spectral analysis. All the sequence
matches shown here received scores greater than 20 by the
Spectrum Mill software, where a score of 20 would be
sufficient for automatic, confident acceptance of a valid
match.

[0129] B) Full length amino sequences of bumblebee,
bulldog ant, weaver and lacewing silk proteins.

[0130] FIG. 11. Open reading frames encoding honeybee,
bumblebee, bulldog ant, weaver ant and lacewing silk pro-
teins.

[0131] FIG. 12. Sequence of gene encoding Xenosin.
Entire coding sequence provided which is interrupted by a
single intron (highlighted).

[0132] FIG. 13. Expression of silk protein in tobacco.
Detection of histidine tagged proteins after western blot
analysis of proteins from: 1. E. coli transformed with empty
expression vector, 2. E. coli transformed with expression
vector containing AmelF4 (Xenospirad) coding region, 3.
tobacco transformed with empty expression vector, 4.
tobacco transformed with expression vector containing
AmelF4 coding region.

[0133] FIG. 14. Fibres made from recombinant honeybee
silk proteins showing birefringent threads. Birefringence
indicates structure is present in the threads. Different recom-
binant honeybee threads are shown in each panel A-D, and
recombinant lacewing thread is shown in panel E.

KEY TO THE SEQUENCE LISTING

[0134] SEQ ID NO:1—Honeybee silk protein termed
herein Xenospiral (also termed herein AmelF1) (minus
signal peptide).

SEQ ID NO:2—Honeybee silk protein termed herein Xeno-
spiral.

SEQ ID NO:3—Honeybee silk protein termed herein Xeno-
spira2 (also termed herein AmelF2) (minus signal peptide).
SEQ ID NO:4—Honeybee silk protein termed herein Xeno-
spira2.

SEQ ID NO:5—Honeybee silk protein termed herein Xeno-
spira3 (also termed herein AmelF3) (minus signal peptide).
SEQ ID NO:6—Honeybee silk protein termed herein Xeno-
spira3.

SEQ ID NO:7—Honeybee silk protein termed herein Xeno-
spira4 (also termed herein AmelF4) (minus signal peptide).
SEQ ID NO:8—Honeybee silk protein termed herein Xeno-
spira4.

SEQ ID NO:9—Honeybee silk protein termed herein Xeno-
sin (also termed herein AmelSA1) (minus signal peptide).
SEQ ID NO:10—Honeybee silk protein termed herein
Xenosin.

SEQ ID NO:11—Nucleotide sequence encoding honeybee
silk protein Xenospiral (minus region encoding signal pep-
tide).

SEQ ID NO:12—Nucleotide sequence encoding honeybee
silk protein Xenospiral.
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SEQ ID NO:13—Nucleotide sequence encoding honeybee
silk protein Xenospira2 (minus region encoding signal pep-
tide).

SEQ ID NO: 14—Nucleotide sequence encoding honeybee
silk protein Xenospira2.

SEQ ID NO:15—Nucleotide sequence encoding honeybee
silk protein Xenospira3 (minus region encoding signal pep-
tide).

SEQ ID NO:16—Nucleotide sequence encoding honeybee
silk protein Xenospira3.

SEQ ID NO:17—Nucleotide sequence encoding honeybee
silk protein Xenospirad4 (minus region encoding signal pep-
tide).

SEQ ID NO: 18—Nucleotide sequence encoding honeybee
silk protein Xenospira4.

SEQ ID NO:19—Nucleotide sequence encoding honeybee
silk protein Xenosin (minus region encoding signal peptide).
SEQ ID NO:20—Nucleotide sequence encoding honeybee
silk protein Xenosin.

SEQ ID NO:21—Gene sequence encoding honeybee silk
protein Xenosin.

SEQ ID NO:22—Bumblebee silk protein termed herein
BBF1 (minus signal peptide).

SEQ ID NO:23—Bumblebee silk protein termed herein
BBF1.

SEQ ID NO:24—Bumblebee silk protein termed herein
BBF2 (minus signal peptide).

SEQ ID NO:25—Bumblebee silk protein termed herein
BBF2.

SEQ ID NO:26—Bumblebee silk protein termed herein
BBF3 (minus signal peptide).

SEQ ID NO:27—Bumblebee silk protein termed herein
BBF3.

SEQ ID NO:28—Bumblebee silk protein termed herein
BBF4 (minus signal peptide).

SEQ ID NO:29—Bumblebee silk protein termed herein
BBF4.

SEQ ID NO:30—Partial amino acid sequence of bumblebee
silk protein termed herein BBSAL.

SEQ ID NO:31—Nucleotide sequence encoding bumblebee
silk protein BBF1 (minus region encoding signal peptide).
SEQ ID NO:32—Nucleotide sequence encoding bumblebee
silk protein BBF1.

SEQ ID NO:33—Nucleotide sequence encoding bumblebee
silk protein BBF2 (minus region encoding signal peptide).
SEQ ID NO:34—Nucleotide sequence encoding bumblebee
silk protein BBF2.

SEQ ID NO:35—Nucleotide sequence encoding bumblebee
silk protein BBF3 (minus region encoding signal peptide).
SEQ ID NO:36—Nucleotide sequence encoding bumblebee
silk protein BBF3.

SEQ ID NO:37—Nucleotide sequence encoding bumblebee
silk protein BBF4 (minus region encoding signal peptide).
SEQ ID NO:38—Nucleotide sequence encoding bumblebee
silk protein BBF4.

SEQ ID NO:39—Partial nucleotide sequence encoding
bumblebee silk protein BBSAL.

SEQ ID NO:40—Bulldog ant silk protein termed herein
BAF1 (minus signal peptide).

SEQ ID NO:41—Bulldog ant silk protein termed herein
BAFI.

SEQ ID NO:42—Bulldog ant silk protein termed herein
BAF2 (minus signal peptide).
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SEQ ID NO:43—Bulldog ant silk protein termed herein
BAF2.

SEQ ID NO:44—Bulldog ant silk protein termed herein
BAF3 (minus signal peptide).

SEQ ID NO:45—DBulldog ant silk protein termed herein
BAF3.

SEQ ID NO:46—DBulldog ant silk protein termed herein
BAF4 (minus signal peptide).

SEQ ID NO:47—Bulldog ant silk protein termed herein
BAF4.

SEQ ID NO:48—Nucleotide sequence encoding bulldog ant
silk protein BAF1 (minus region encoding signal peptide).
SEQ ID NO:49—Nucleotide sequence encoding bulldog ant
silk protein BAF1.

SEQ ID NO:50—Nucleotide sequence encoding bulldog ant
silk protein BAF2 (minus region encoding signal peptide).
SEQ ID NO:51—Nucleotide sequence encoding bulldog ant
silk protein BAF2.

SEQ ID NO:52—Nucleotide sequence encoding bulldog ant
silk protein BAF3 (minus region encoding signal peptide).
SEQ ID NO:53—Nucleotide sequence encoding bulldog ant
silk protein BAF3.

SEQ ID NO:54—Nucleotide sequence encoding bulldog ant
silk protein BAF4 (minus region encoding signal peptide).
SEQ ID NO:55—Nucleotide sequence encoding bulldog ant
silk protein BAF4.

SEQ ID NO:56—Weaver ant silk protein termed herein
GAF1 (minus signal peptide).

SEQ ID NO:57—Weaver ant silk protein termed herein
GAF1.

SEQ ID NO:58—Weaver ant silk protein termed herein
GAF2 (minus signal peptide).

SEQ ID NO:59—Weaver ant silk protein termed herein
GAF2.

SEQ ID NO:60—Weaver ant silk protein termed herein
GAF3 (minus signal peptide).

SEQ ID NO:61—Weaver ant silk protein termed herein
GAF3.

SEQ ID NO:62—Weaver ant silk protein termed herein
GAF4 (minus signal peptide).

SEQ ID NO:63—Weaver ant silk protein termed herein
GAF4.

SEQ ID NO:64—Nucleotide sequence encoding weaver ant
silk protein GAF1 (minus region encoding signal peptide).
SEQ ID NO:65—Nucleotide sequence encoding weaver ant
silk protein GAF1.

SEQ ID NO:66—Nucleotide sequence encoding weaver ant
silk protein GAF2 (minus region encoding signal peptide).
SEQ ID NO:67—Nucleotide sequence encoding weaver ant
silk protein GAF2.

SEQ ID NO:68—Nucleotide sequence encoding weaver ant
silk protein GAF3 (minus region encoding signal peptide).
SEQ ID NO:69—Nucleotide sequence encoding weaver ant
silk protein GAF3.

SEQ ID NO:70—Nucleotide sequence encoding weaver ant
silk protein GAF4 (minus region encoding signal peptide).
SEQ ID NO:71—Nucleotide sequence encoding weaver ant
silk protein GAF4.

SEQ ID NO:72—TLacewing silk protein termed herein
MalF1 (minus signal peptide).

SEQ ID NO:73—Lacewing silk protein termed herein
MalF1.

SEQ ID NO:74—Nucleotide sequence encoding lacewing
silk protein MalF1 (minus region encoding signal peptide).
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SEQ ID NO:75—Nucleotide sequence encoding lacewing
silk protein MalF1.

SEQ ID NO:76—Nucleotide sequence encoding honeybee
silk protein termed herein Xenospira4 codon-optimized for
plant expression (before subcloning into pET14b and
pVECS).

SEQ ID NO:77—Honeybee silk protein (Xenospira4) open
reading frame optimized for plant expression (without trans-
lational fusion).

DETAILED DESCRIPTION OF THE
INVENTION

General Techniques and Definitions

[0135] Unless specifically defined otherwise, all technical
and scientific terms used herein shall be taken to have the
same meaning as commonly understood by one of ordinary
skill in the art (e.g., in cell culture, molecular genetics,
immunology, immunohistochemistry, protein chemistry, and
biochemistry).

[0136] Unless otherwise indicated, the recombinant pro-
tein, cell culture, and immunological techniques utilized in
the present invention are standard procedures, well known to
those skilled in the art. Such techniques are described and
explained throughout the literature in sources such as, J.
Perbal, A Practical Guide to Molecular Cloning, John Wiley
and Sons (1984), J. Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbour Laboratory Press
(1989), T. A. Brown (editor), Essential Molecular Biology:
A Practical Approach, Volumes 1 and 2, IRL Press (1991),
D. M. Glover and B. D. Hames (editors), DNA Cloning: A
Practical Approach, Volumes 1-4, IRL Press (1995 and
1996), and F. M. Ausubel et al. (editors), Current Protocols
in Molecular Biology, Greene Pub. Associates and Wiley-
Interscience (1988, including all updates until present), Ed
Harlow and David Lane (editors) Antibodies: A Laboratory
Manual, Cold Spring Harbour Laboratory, (1988), and J. E.
Coligan et al. (editors) Current Protocols in Immunology,
John Wiley & Sons (including all updates until present), and
are incorporated herein by reference.

[0137] As used herein, the terms “silk protein” and “silk
polypeptide” refer to a fibrous protein/polypeptide that can
be used to produce a silk fibre, and/or a fibrous protein
complex. Naturally occurring silk proteins of the invention
form part of the brood comb silk of insects such as honey-
bees, however, as described herein variants of these proteins
could readily be produced which would perform the same
function if expressed within an appropriate insect.

[0138] As used herein, a “silk fibre” refers to filaments
comprising proteins of the invention which can be woven
into various items such as textiles.

[0139] As used herein, a “copolymer” is composition
comprising two or more silk proteins of the invention. This
term excludes naturally occurring copolymers such as the
brood comb of insects.

[0140] The term “plant” includes whole plants, vegetative
structures (for example, leaves, stems), roots, floral organs/
structures, seed (including embryo, endosperm, and seed
coat), plant tissue (for example, vascular tissue, ground
tissue, and the like), cells and progeny of the same.

[0141] A “transgenic plant” refers to a plant that contains
a gene construct (“transgene’) not found in a wild-type plant
of the same species, variety or cultivar. A “transgene” as
referred to herein has the normal meaning in the art of
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biotechnology and includes a genetic sequence which has
been produced or altered by recombinant DNA or RNA
technology and which has been introduced into the plant
cell. The transgene may include genetic sequences derived
from a plant cell. Typically, the transgene has been intro-
duced into the plant by human manipulation such as, for
example, by transformation but any method can be used as
one of skill in the art recognizes.

[0142] “Polynucleotide” refers to an oligonucleotide,
nucleic acid molecule or any fragment thereof. It may be
DNA or RNA of genomic or synthetic origin, double-
stranded or single-stranded, and combined with carbohy-
drate, lipids, protein, or other materials to perform a par-
ticular activity defined herein.

[0143] “Operably linked” as used herein refers to a func-
tional relationship between two or more nucleic acid (e.g.,
DNA) segments. Typically, it refers to the functional rela-
tionship of transcriptional regulatory element to a tran-
scribed sequence. For example, a promoter is operably
linked to a coding sequence, such as a polynucleotide
defined herein, if it stimulates or modulates the transcription
of'the coding sequence in an appropriate host cell. Generally,
promoter transcriptional regulatory elements that are oper-
ably linked to a transcribed sequence are physically con-
tiguous to the transcribed sequence, i.e., they are cis-acting.
However, some transcriptional regulatory elements, such as
enhancers, need not be physically contiguous or located in
close proximity to the coding sequences whose transcription
they enhance.

[0144] The term “signal peptide” refers to an amino ter-
minal polypeptide preceding a secreted mature protein. The
signal peptide is cleaved from and is therefore not present in
the mature protein. Signal peptides have the function of
directing and trans-locating secreted proteins across cell
membranes. The signal peptide is also referred to as signal
sequence.

[0145] As used herein, “transformation” is the acquisition
of new genes in a cell by the incorporation of a polynucle-
otide.

[0146] As used herein, the term “drug” refers to any
compound that can be used to treat or prevent a particular
disease, examples of drugs which can be formulated with a
silk protein of the invention include, but are not limited to,
proteins, nucleic acids, anti-tumor agents, analgesics, anti-
biotics, anti-inflammatory compounds (both steroidal and
non-steroidal), hormones, vaccines, labeled substances, and
the like.

Polypeptides

[0147] By “substantially purified polypeptide” we mean a
polypeptide that has generally been separated from the
lipids, nucleic acids, other polypeptides, and other contami-
nating molecules such as wax with which it is associated in
its native state. With the exception of other proteins of the
invention, it is preferred that the substantially purified poly-
peptide is at least 60% free, more preferably at least 75%
free, and more preferably at least 90% free from other
components with which it is naturally associated.

[0148] The term “recombinant” in the context of a poly-
peptide refers to the polypeptide when produced by a cell, or
in a cell-free expression system, in an altered amount or at
an altered rate compared to its native state. In one embodi-
ment the cell is a cell that does not naturally produce the
polypeptide. However, the cell may be a cell which com-
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prises a non-endogenous gene that causes an altered, pref-
erably increased, amount of the polypeptide to be produced.
A recombinant polypeptide of the invention includes poly-
peptides which have not been separated from other compo-
nents of the transgenic (recombinant) cell, or cell-free
expression system, in which it is produced, and polypeptides
produced in such cells or cell-free systems which are sub-
sequently purified away from at least some other compo-
nents.

[0149] The terms “polypeptide” and “protein” are gener-
ally used interchangeably and refer to a single polypeptide
chain which may or may not be modified by addition of
non-amino acid groups. The terms “proteins™ and “polypep-
tides” as used herein also include variants, mutants, modi-
fications, analogous and/or derivatives of the polypeptides
of the invention as described herein.

[0150] The % identity of a polypeptide is determined by
GAP (Needleman and Wunsch, 1970) analysis (GCG pro-
gram) with a gap creation penalty=5, and a gap extension
penalty=0.3. The query sequence is at least 15 amino acids
in length, and the GAP analysis aligns the two sequences
over aregion of at least 15 amino acids. More preferably, the
query sequence is at least 50 amino acids in length, and the
GAP analysis aligns the two sequences over a region of at
least 50 amino acids. More preferably, the query sequence is
at least 100 amino acids in length and the GAP analysis
aligns the two sequences over a region of at least 100 amino
acids. Even more preferably, the query sequence is at least
250 amino acids in length and the GAP analysis aligns the
two sequences over a region of at least 250 amino acids.
Even more preferably, the GAP analysis aligns the two
sequences over their entire length.

[0151] As used herein a “biologically active” fragment is
a portion of a polypeptide of the invention which maintains
a defined activity of the full-length polypeptide, namely the
ability to be used to produce silk. Biologically active frag-
ments can be any size as long as they maintain the defined
activity.

[0152] With regard to a defined polypeptide, it will be
appreciated that % identity figures higher than those pro-
vided above will encompass preferred embodiments. Thus,
where applicable, in light of the minimum % identity
figures, it is preferred that the polypeptide comprises an
amino acid sequence which is at least 40%, more preferably
at least 45%, more preferably at least 50%, more preferably
at least 55%, more preferably at least 60%, more preferably
at least 65%, more preferably at least 70%, more preferably
at least 75%, more preferably at least 80%, more preferably
at least 85%, more preferably at least 90%, more preferably
at least 91%, more preferably at least 92%, more preferably
at least 93%, more preferably at least 94%, more preferably
at least 95%, more preferably at least 96%, more preferably
at least 97%, more preferably at least 98%, more preferably
at least 99%, more preferably at least 99.1%, more prefer-
ably at least 99.2%, more preferably at least 99.3%, more
preferably at least 99.4%, more preferably at least 99.5%,
more preferably at least 99.6%, more preferably at least
99.7%, more preferably at least 99.8%, and even more
preferably at least 99.9% identical to the relevant nominated
SEQ ID NO.

[0153] Amino acid sequence mutants of the polypeptides
of the present invention can be prepared by introducing
appropriate nucleotide changes into a nucleic acid of the
present invention, or by in vitro synthesis of the desired
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polypeptide. Such mutants include, for example, deletions,
insertions or substitutions of residues within the amino acid
sequence. A combination of deletion, insertion and substi-
tution can be made to arrive at the final construct, provided
that the final polypeptide product possesses the desired
characteristics.

[0154] Mutant (altered) polypeptides can be prepared
using any technique known in the art. For example, a
polynucleotide of the invention can be subjected to in vitro
mutagenesis. Such in vitro mutagenesis techniques include
sub-cloning the polynucleotide into a suitable vector, trans-
forming the vector into a “mutator” strain such as the E. coli
XL-1 red (Stratagene) and propagating the transformed
bacteria for a suitable number of generations. In another
example, the polynucleotides of the invention are subjected
to DNA shuffling techniques as broadly described by
Harayama (1998). These DNA shuffling techniques may
include genes of the invention possibly in addition to genes
related to those of the present invention, such as silk genes
from Hymenopteran or Neuropteran species other than the
specific species characterized herein. Products derived from
mutated/altered DNA can readily be screened using tech-
niques described herein to determine if they can be used as
silk proteins.

[0155] In designing amino acid sequence mutants, the
location of the mutation site and the nature of the mutation
will depend on characteristic(s) to be modified. The sites for
mutation can be modified individually or in series, e.g., by
(1) substituting first with conservative amino acid choices
and then with more radical selections depending upon the
results achieved, (2) deleting the target residue, or (3)
inserting other residues adjacent to the located site.

[0156] Amino acid sequence deletions generally range
from about 1 to 15 residues, more preferably about 1 to 10
residues and typically about 1 to 5 contiguous residues.
[0157] Substitution mutants have at least one amino acid
residue in the polypeptide molecule removed and a different
residue inserted in its place. The sites of greatest interest for
substitutional mutagenesis include sites identified as impor-
tant for function. Other sites of interest are those in which
particular residues obtained from various strains or species
are identical. These positions may be important for biologi-
cal activity. These sites, especially those falling within a
sequence of at least three other identically conserved sites,
are preferably substituted in a relatively conservative man-
ner. Such conservative substitutions are shown in Table 1
under the heading of “exemplary substitutions”.

[0158] As outlined above, a portion of some of the poly-
peptides of the invention have a coiled coil structure. Coiled
coil structures of polypeptides are characterized by heptad
repeats represented by the consensus sequence (abcdefg),,.
In a preferred embodiment, the portion of the polypeptide
that has a coiled coil structure comprises at least 10 copies
of the heptad sequence abcdefg, and at least 25% of the
amino acids at positions a and d are alanine residues.

TABLE 1

Exemplary substitution

Original Exemplary

Residue Substitutions

Ala (A) val; leu; ile; gly; cys; ser; thr
Arg (R) lys
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TABLE 1-continued

Exemplary substitutions

Original Exemplary

Residue Substitutions

Asn (N) gln; his

Asp (D) glu

Cys (C) Ser; thr; ala; gly; val
Gln (Q) asn; his

Glu (E) asp

Gly (G) pro; ala; ser; val; thr
His (H) asn; gln

Ile (I) leu; val; ala; met
Leu (L) ile; val; met; ala; phe
Lys (K) arg

Met (M) leu; phe

Phe (F) leu; val; ala

Pro (P) gly

Ser (S) thr; ala; gly; val; gln
Thr (T) ser; gln; ala

Trp (W) tyr

Tyr (Y) trp; phe

Val (V) ile; leu; met; phe; ala; ser; thr

[0159] In a preferred embodiment, the polypeptide that
has a coiled coil structure comprises at least 12 consecutive
copies, more preferably at least 15 consecutive copies, and
even more preferably at least 18 consecutive copies of the
heptad. In further embodiments, the polypeptide that has a
coiled coil structure can have up to at least 28 copies of the
heptad. Typically, the copies of the heptad will be tandemly
repeated. However, they do not necessarily have to be
perfect tandem repeats, for example, as shown in FIGS. 5
and 6 a few amino acids may be found between two heptads,
or a few truncated heptads may be found (see, for example,
Xenospiral in FIG. 5).

[0160] Guidance regarding amino acid substitutions which
can be made to the polypeptides of the invention which have
a coiled coil structure is provided in FIGS. 5 and 6, as well
as Tables 6 to 10. Where a predicted useful amino acid
substitution based on the experimental data provided herein
is in anyway in conflict with the exemplary substitutions
provided in Table 1 it is preferred that a substitution based
on the experimental data is used.

[0161] Coiled coil structures of polypeptides of the inven-
tion have a high content of alanine residues, particularly at
amino acid positions a, d and e of the heptad. However,
positions b, ¢, fand g also have a high frequency of alanine
residues. In a preferred embodiment, at least 15% of the
amino acids at positions a, d and/or e of the heptads are
alanine residues, more preferably at least 25%, more pref-
erably at least 30%, more preferably at least 40%, and even
more preferably at least 50%. In a further preferred embodi-
ment, at least 25% of the amino acids at both positions a and
d of the heptads are alanine residues, more preferably at least
30%, more preferably at least 40%, and even more prefer-
ably at least 50%. Furthermore, it is preferred that at least
15% of the amino acids at positions b, ¢, f and g of the
heptads are alanine residues, more preferably at least 20%,
and even more preferably at least 25%.

[0162] Typically, the heptads will not comprise any pro-
line or histidine residues. Furthermore, the heptads will
comprise few (1 or 2), if any, phenylalanine, methionine,
tyrosine, cysteine, glycine or tryptophan residues. Apart
from alanine, common (for example greater than 5%, more
preferably greater than 10%) amino acids in the heptads
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include leucine (particularly at positions b and d), serine
(particularly at positions b, e and 1), glutamic acid (particu-
larly at positions ¢, e and d), lysine (particularly at positions
b, c, d, f and g) as well as arginine at position g.

[0163] Polypeptides (and polynucleotides) of the inven-
tion can be purified (isolated) from a wide variety of
Hymenopteran and Neuropteran species. Examples of
Hymenopterans include, but are not limited to, any species
of the Suborder Apocrita (bees, ants and wasps), which
include the following Families of insects; Chrysididae
(cuckoo wasps), Formicidae (ants), Mutillidae (velvet ants),
Pompilidae (spider wasps), Scoliidae, Vespidae (paper
wasps, potter wasps, hornets), Agaonidae (fig wasps), Chal-
cididae (chalcidids), Eucharitidae (eucharitids), Eupelmidae
(eupelmids), Pteromalidae (pteromalids), Evaniidae (ensign
wasps), Braconidae, Ichneumonidae (ichneumons), Mega-
chilidae, Apidae, Colletidae, Halictidae, and Melittidae (oil
collecting bees). Examples of Neuropterans include species
from the following insect Families: Mantispidae, Chrysopi-
dae (lacewings), Myrmeleontidae (antlions), and Ascalaphi-
dae (owlflies). Such further polypeptides (and polynucle-
otides) can be characterized using the same procedures
described herein for silks from Bombus terrestris, Myrmecia
Jforficata, Oecophylla smaragdina and Mallada signata.
[0164] Furthermore, if desired, unnatural amino acids or
chemical amino acid analogues can be introduced as a
substitution or addition into the polypeptides of the present
invention. Such amino acids include, but are not limited to,
the D-isomers of the common amino acids, 2,4-diaminobu-
tyric acid, a-amino isobutyric acid, 4-aminobutyric acid,
2-aminobutyric acid, 6-amino hexanoic acid, 2-amino isobu-
tyric acid, 3-amino propionic acid, ornithine, norleucine,
norvaline, hydroxyproline, sarcosine, citrulline, homocitrul-
line, cysteic acid, t-butylglycine, t-butylalanine, phenylgly-
cine, cyclohexylalanine, [-alanine, fluoro-amino acids,
designer amino acids such as [-methyl amino acids,
Co-methyl amino acids, No-methyl amino acids, and amino
acid analogues in general.

[0165] Also included within the scope of the invention are
polypeptides of the present invention which are differen-
tially modified during or after synthesis, e.g., by bioti-
nylation, benzylation, glycosylation, acetylation, phospho-
rylation, amidation, derivatization by known protecting/
blocking groups, proteolytic cleavage, linkage to an
antibody molecule or other cellular ligand, etc. These modi-
fications may serve to increase the stability and/or bioactiv-
ity of the polypeptide of the invention.

[0166] Polypeptides of the present invention can be pro-
duced in a variety of ways, including production and recov-
ery of natural polypeptides, production and recovery of
recombinant polypeptides, and chemical synthesis of the
polypeptides. In one embodiment, an isolated polypeptide of
the present invention is produced by culturing a cell capable
of expressing the polypeptide under conditions effective to
produce the polypeptide, and recovering the polypeptide. A
preferred cell to culture is a recombinant cell of the present
invention. Effective culture conditions include, but are not
limited to, effective media, bioreactor, temperature, pH and
oxygen conditions that permit polypeptide production. An
effective medium refers to any medium in which a cell is
cultured to produce a polypeptide of the present invention.
Such medium typically comprises an aqueous medium hav-
ing assimilable carbon, nitrogen and phosphate sources, and
appropriate salts, minerals, metals and other nutrients, such
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as vitamins. Cells of the present invention can be cultured in
conventional fermentation bioreactors, shake flasks, test
tubes, microtiter dishes, and petri plates. Culturing can be
carried out at a temperature, pH and oxygen content appro-
priate for a recombinant cell. Such culturing conditions are
within the expertise of one of ordinary skill in the art.
[0167] Polynucleotides

[0168] By an “isolated polynucleotide”, including DNA,
RNA, or a combination of these, single or double stranded,
in the sense or antisense orientation or a combination of
both, dsRNA or otherwise, we mean a polynucleotide which
is at least partially separated from the polynucleotide
sequences with which it is associated or linked in its native
state. Preferably, the isolated polynucleotide is at least 60%
free, preferably at least 75% free, and most preferably at
least 90% free from other components with which they are
naturally associated. Furthermore, the term “polynucle-
otide” is used interchangeably herein with the term “nucleic
acid”.

[0169] The term “exogenous” in the context of a poly-
nucleotide refers to the polynucleotide when present in a
cell, or in a cell-free expression system, in an altered amount
compared to its native state. In one embodiment, the cell is
a cell that does not naturally comprise the polynucleotide.
However, the cell may be a cell which comprises a non-
endogenous polynucleotide resulting in an altered, prefer-
ably increased, amount of production of the encoded poly-
peptide. An exogenous polynucleotide of the invention
includes polynucleotides which have not been separated
from other components of the transgenic (recombinant) cell,
or cell-free expression system, in which it is present, and
polynucleotides produced in such cells or cell-free systems
which are subsequently purified away from at least some
other components.

[0170] The % identity of a polynucleotide is determined
by GAP (Needleman and Wunsch, 1970) analysis (GCG
program) with a gap creation penalty=5, and a gap extension
penalty=0.3. Unless stated otherwise, the query sequence is
at least 45 nucleotides in length, and the GAP analysis aligns
the two sequences over a region of at least 45 nucleotides.
Preferably, the query sequence is at least 150 nucleotides in
length, and the GAP analysis aligns the two sequences over
a region of at least 150 nucleotides. More preferably, the
query sequence is at least 300 nucleotides in length and the
GAP analysis aligns the two sequences over a region of at
least 300 nucleotides. Even more preferably, the GAP analy-
sis aligns the two sequences over their entire length.
[0171] With regard to the defined polynucleotides, it will
be appreciated that % identity figures higher than those
provided above will encompass preferred embodiments.
Thus, where applicable, in light of the minimum % identity
figures, it is preferred that a polynucleotide of the invention
comprises a sequence which is at least 40%, more preferably
at least 45%, more preferably at least 50%, more preferably
at least 55%, more preferably at least 60%, more preferably
at least 65%, more preferably at least 70%, more preferably
at least 75%, more preferably at least 80%, more preferably
at least 85%, more preferably at least 90%, more preferably
at least 91%, more preferably at least 92%, more preferably
at least 93%, more preferably at least 94%, more preferably
at least 95%, more preferably at least 96%, more preferably
at least 97%, more preferably at least 98%, more preferably
at least 99%, more preferably at least 99.1%, more prefer-
ably at least 99.2%, more preferably at least 99.3%, more
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preferably at least 99.4%, more preferably at least 99.5%,
more preferably at least 99.6%, more preferably at least
99.7%, more preferably at least 99.8%, and even more
preferably at least 99.9% identical to the relevant nominated
SEQ ID NO.

[0172] Polynucleotides of the present invention may pos-
sess, when compared to naturally occurring molecules, one
or more mutations which are deletions, insertions, or sub-
stitutions of nucleotide residues. Mutants can be either
naturally occurring (that is to say, isolated from a natural
source) or synthetic (for example, by performing site-di-
rected mutagenesis on the nucleic acid).

[0173] Oligonucleotides and/or polynucleotides of the
invention hybridize to a silk gene of the present invention,
or a region flanking said gene, under stringent conditions.
The term “stringent hybridization conditions” and the like as
used herein refers to parameters with which the art is
familiar, including the variation of the hybridization tem-
perature with length of an oligonucleotide. Nucleic acid
hybridization parameters may be found in references which
compile such methods, Sambrook, et al. (supra), and
Ausubel, et al. (supra). For example, stringent hybridization
conditions, as used herein, can refer to hybridization at 65°
C. in hybridization buffer (3.5xSSC, 0.02%. Ficoll, 0.02%
polyvinyl pyrrolidone, 0.02% Bovine Serum Albumin
(BSA), 2.5 mM NaH,PO, (pH7), 0.5% SDS, 2 mM EDTA),
followed by one or more washes in 0.2xSSC, 0.01% BSA at
50° C. Alternatively, the nucleic acid and/or oligonucle-
otides (which may also be referred to as “primers” or
“probes”) hybridize to the region of the an insect genome of
interest, such as the genome of a honeybee, under conditions
used in nucleic acid amplification techniques such as PCR.
[0174] Oligonucleotides of the present invention can be
RNA, DNA, or derivatives of either. Although the terms
polynucleotide and oligonucleotide have overlapping mean-
ing, oligonucleotides are typically relatively short single
stranded molecules. The minimum size of such oligonucle-
otides is the size required for the formation of a stable hybrid
between an oligonucleotide and a complementary sequence
on a target nucleic acid molecule. Preferably, the oligonucle-
otides are at least 15 nucleotides, more preferably at least 18
nucleotides, more preferably at least 19 nucleotides, more
preferably at least 20 nucleotides, even more preferably at
least 25 nucleotides in length.

[0175] Usually, monomers of a polynucleotide or oligo-
nucleotide are linked by phosphodiester bonds or analogs
thereof to form oligonucleotides ranging in size from a
relatively short monomeric units, e.g., 12-18, to several
hundreds of monomeric units. Analogs of phosphodiester
linkages include: phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate, phosphoroa-
nilothioate, phosphoranilidate, phosphoramidate.

[0176] The present invention includes oligonucleotides
that can be used as, for example, probes to identify nucleic
acid molecules, or primers to produce nucleic acid mol-
ecules. Oligonucleotides of the present invention used as a
probe are typically conjugated with a detectable label such
as a radioisotope, an enzyme, biotin, a fluorescent molecule
or a chemiluminescent molecule.

Recombinant Vectors

[0177] One embodiment of the present invention includes
a recombinant vector, which comprises at least one isolated
polynucleotide molecule of the present invention, inserted
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into any vector capable of delivering the polynucleotide
molecule into a host cell. Such a vector contains heterolo-
gous polynucleotide sequences, that is polynucleotide
sequences that are not naturally found adjacent to polynucle-
otide molecules of the present invention and that preferably
are derived from a species other than the species from which
the polynucleotide molecule(s) are derived. The vector can
be either RN A or DNA, either prokaryotic or eukaryotic, and
typically is a transposon (such as described in U.S. Pat. No.
5,792,294), a virus or a plasmid.

[0178] One type of recombinant vector comprises a poly-
nucleotide molecule of the present invention operatively
linked to an expression vector. The phrase operatively linked
refers to insertion of a polynucleotide molecule into an
expression vector in a manner such that the molecule is able
to be expressed when transformed into a host cell. As used
herein, an expression vector is a DNA or RNA vector that is
capable of transforming a host cell and of effecting expres-
sion of a specified polynucleotide molecule. Preferably, the
expression vector is also capable of replicating within the
host cell. Expression vectors can be either prokaryotic or
eukaryotic, and are typically viruses or plasmids. Expression
vectors of the present invention include any vectors that
function (i.e., direct gene expression) in recombinant cells of
the present invention, including in bacterial, fungal, endop-
arasite, arthropod, animal, and plant cells. Particularly pre-
ferred expression vectors of the present invention can direct
gene expression in plants cells. Vectors of the invention can
also be used to produce the polypeptide in a cell-free
expression system, such systems are well known in the art.

[0179] In particular, expression vectors of the present
invention contain regulatory sequences such as transcription
control sequences, translation control sequences, origins of
replication, and other regulatory sequences that are compat-
ible with the recombinant cell and that control the expres-
sion of polynucleotide molecules of the present invention. In
particular, recombinant molecules of the present invention
include transcription control sequences. Transcription con-
trol sequences are sequences which control the initiation,
elongation, and termination of transcription. Particularly
important transcription control sequences are those which
control transcription initiation, such as promoter, enhancer,
operator and repressor sequences. Suitable transcription
control sequences include any transcription control
sequence that can function in at least one of the recombinant
cells of the present invention. A variety of such transcription
control sequences are known to those skilled in the art.
Preferred transcription control sequences include those
which function in bacterial, yeast, arthropod, plant or mam-
malian cells, such as, but not limited to, tac, lac, trp, trc,
oxy-pro, omp/lpp, rmB, bacteriophage lambda, bacterio-
phage T7, T7lac, bacteriophage T3, bacteriophage SP6,
bacteriophage SP0O1, metallothionein, alpha-mating factor,
Pichia alcohol oxidase, alphavirus subgenomic promoters
(such as Sindbis virus subgenomic promoters), antibiotic
resistance gene, baculovirus, Heliothis zea insect virus,
vaccinia virus, herpesvirus, raccoon poxvirus, other poxvi-
rus, adenovirus, cytomegalovirus (such as intermediate early
promoters), simian virus 40, retrovirus, actin, retroviral long
terminal repeat, Rous sarcoma virus, heat shock, phosphate
and nitrate transcription control sequences as well as other
sequences capable of controlling gene expression in pro-
karyotic or eukaryotic cells.
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[0180] Particularly preferred transcription control
sequences are promoters active in directing transcription in
plants, either constitutively or stage and/or tissue specific,
depending on the use of the plant or parts thereof. These
plant promoters include, but are not limited to, promoters
showing constitutive expression, such as the 35S promoter
of Cauliflower Mosaic Virus (CaMV), those for leaf-specific
expression, such as the promoter of the ribulose bisphos-
phate carboxylase small subunit gene, those for root-specific
expression, such as the promoter from the glutamine syn-
thase gene, those for seed-specific expression, such as the
cruciferin A promoter from Brassica napus, those for tuber-
specific expression, such as the class-1 patatin promoter
from potato or those for fruit-specific expression, such as the
polygalacturonase (PG) promoter from tomato.

[0181] Recombinant molecules of the present invention
may also (a) contain secretory signals (i.e., signal segment
nucleic acid sequences) to enable an expressed polypeptide
of the present invention to be secreted from the cell that
produces the polypeptide and/or (b) contain fusion
sequences which lead to the expression of nucleic acid
molecules of the present invention as fusion proteins.
Examples of suitable signal segments include any signal
segment capable of directing the secretion of a polypeptide
of the present invention. Preferred signal segments include,
but are not limited to, tissue plasminogen activator (t-PA),
interferon, interleukin, growth hormone, viral envelope gly-
coprotein signal segments, Nicotiana nectarin signal peptide
(U.S. Pat. No. 5,939,288), tobacco extensin signal, the soy
oleosin oil body binding protein signal, Arabidopsis thali-
ana vacuolar basic chitinase signal peptide, as well as native
signal sequences of a polypeptide of the invention. In
addition, a nucleic acid molecule of the present invention
can be joined to a fusion segment that directs the encoded
polypeptide to the proteosome, such as a ubiquitin fusion
segment. Recombinant molecules may also include inter-
vening and/or untranslated sequences surrounding and/or
within the nucleic acid sequences of the present invention.

Host Cells

[0182] Another embodiment of the present invention
includes a recombinant cell comprising a host cell trans-
formed with one or more recombinant molecules of the
present invention, or progeny cells thereof. Transformation
of'a polynucleotide molecule into a cell can be accomplished
by any method by which a polynucleotide molecule can be
inserted into the cell. Transformation techniques include, but
are not limited to, transfection, electroporation, microinjec-
tion, lipofection, adsorption, and protoplast fusion. A recom-
binant cell may remain unicellular or may grow into a tissue,
organ or a multicellular organism. Transformed polynucle-
otide molecules of the present invention can remain extra-
chromosomal or can integrate into one or more sites within
a chromosome of the transformed (i.e., recombinant) cell in
such a manner that their ability to be expressed is retained.
[0183] Suitable host cells to transform include any cell
that can be transformed with a polynucleotide of the present
invention. Host cells of the present invention either can be
endogenously (i.e., naturally) capable of producing poly-
peptides of the present invention or can be capable of
producing such polypeptides after being transformed with at
least one polynucleotide molecule of the present invention.
Host cells of the present invention can be any cell capable
of producing at least one protein of the present invention,
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and include bacterial, fungal (including yeast), parasite,
arthropod, animal and plant cells. Examples of host cells
include Salmonella, Escherichia, Bacillus, Listeria, Saccha-
romyces, Spodoptera, Mycobacterta, Irichoplusia, BHK
(baby hamster kidney) cells, MDCK cells, CRFK cells,
CV-1 cells, COS (e.g., COS-7) cells, and Vero cells. Further
examples of host cells are E. coli, including E. coli K-12
derivatives; Salmonella typhi; Salmonella typhimurium,
including attenuated strains; Spodoptera frugiperda;
Trichoplusia ni; and non-tumorigenic mouse myoblast G8
cells (e.g., ATCC CRL 1246). Additional appropriate mam-
malian cell hosts include other kidney cell lines, other
fibroblast cell lines (e.g., human, murine or chicken embryo
fibroblast cell lines), myeloma cell lines, Chinese hamster
ovary cells, mouse NIH/3T3 cells, LMTK cells and/or Hela
cells. Particularly preferred host cells are plant cells such as
those available from Deutsche Sammlung von Mikroorgan-
ismen und Zellkulturen GmbH (German Collection of
Microorganisms and Cell Cultures).

[0184] Recombinant DNA technologies can be used to
improve expression of a transformed polynucleotide mol-
ecule by manipulating, for example, the number of copies of
the polynucleotide molecule within a host cell, the efficiency
with which those polynucleotide molecules are transcribed,
the efficiency with which the resultant transcripts are trans-
lated, and the efficiency of post-translational modifications.
Recombinant techniques useful for increasing the expres-
sion of polynucleotide molecules of the present invention
include, but are not limited to, operatively linking poly-
nucleotide molecules to high-copy number plasmids, inte-
gration of the polynucleotide molecule into one or more host
cell chromosomes, addition of vector stability sequences to
plasmids, substitutions or modifications of transcription
control signals (e.g., promoters, operators, enhancers), sub-
stitutions or modifications of translational control signals
(e.g., ribosome binding sites, Shine-Dalgarno sequences),
modification of polynucleotide molecules of the present
invention to correspond to the codon usage of the host cell,
and the deletion of sequences that destabilize transcripts.

Transgenic Plants

[0185] The term “plant” refers to whole plants, plant
organs (e.g. leaves, stems roots, etc), seeds, plant cells and
the like. Plants contemplated for use in the practice of the
present invention include both monocotyledons and dicoty-
ledons. Target plants include, but are not limited to, the
following: cereals (wheat, barley, rye, oats, rice, sorghum
and related crops); beet (sugar beet and fodder beet); pomes,
stone fruit and soft fruit (apples, pears, plums, peaches,
almonds, cherries, strawberries, raspberries and black-ber-
ries); leguminous plants (beans, lentils, peas, soybeans); oil
plants (rape, mustard, poppy, olives, sunflowers, coconut,
castor oil plants, cocoa beans, groundnuts); cucumber plants
(marrows, cucumbers, melons); fibre plants (cotton, flax,
hemp, jute); citrus fruit (oranges, lemons, grapefruit, man-
darins); vegetables (spinach, lettuce, asparagus, cabbages,
carrots, onions, tomatoes, potatoes, paprika); lauraceae
(avocados, cinnamon, camphor); or plants such as maize,
tobacco, nuts, coffee, sugar cane, tea, vines, hops, turf,
bananas and natural rubber plants, as well as ornamentals
(flowers, shrubs, broad-leaved trees and evergreens, such as
conifers).

[0186] Transgenic plants, as defined in the context of the
present invention include plants (as well as parts and cells of
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said plants) and their progeny which have been genetically
modified using recombinant techniques to cause production
of at least one polypeptide of the present invention in the
desired plant or plant organ. Transgenic plants can be
produced using techniques known in the art, such as those
generally described in A. Slater et al., Plant Biotechnol-
ogy—The Genetic Manipulation of Plants, Oxford Univer-
sity Press (2003), and P. Christou and H. Klee, Handbook of
Plant Biotechnology, John Wiley and Sons (2004).

[0187] A polynucleotide of the present invention may be
expressed constitutively in the transgenic plants during all
stages of development. Depending on the use of the plant or
plant organs, the polypeptides may be expressed in a stage-
specific manner. Furthermore, the polynucleotides may be
expressed tissue-specifically.

[0188] Regulatory sequences which are known or are
found to cause expression of a gene encoding a polypeptide
of interest in plants may be used in the present invention.
The choice of the regulatory sequences used depends on the
target plant and/or target organ of interest. Such regulatory
sequences may be obtained from plants or plant viruses, or
may be chemically synthesized. Such regulatory sequences
are well known to those skilled in the art.

[0189] Constitutive plant promoters are well known. Fur-
ther to previously mentioned promoters, some other suitable
promoters include but are not limited to the nopaline syn-
thase promoter, the octopine synthase promoter, CaMV 35S
promoter, the ribulose-1,5-bisphosphate carboxylase pro-
moter, Adhl-based pEmu, Actl, the SAM synthase promoter
and Ubi promoters and the promoter of the chlorophyll a/b
binding protein. Alternatively it may be desired to have the
transgene(s) expressed in a regulated fashion. Regulated
expression of the polypeptides is possible by placing the
coding sequence of the silk protein under the control of
promoters that are tissue-specific, developmental-specific,
or inducible. Several tissue-specific regulated genes and/or
promoters have been reported in plants. These include genes
encoding the seed storage proteins (such as napin, cruciferin,
[p-conglycinin, glycinin and phaseolin), zein or oil body
proteins (such as oleosin), or genes involved in fatty acid
biosynthesis (including acyl carrier protein, stearoyl-ACP
desaturase, and fatty acid desaturases (fad 2-1)), and other
genes expressed during embryo development (such as
Bceed). Particularly useful for seed-specific expression is the
pea vicilin promoter. Other useful promoters for expression
in mature leaves are those that are switched on at the onset
of senescence, such as the SAG promoter from Arabidop-
sis). A class of fruit-specific promoters expressed at or
during anthesis through fruit development, at least until the
beginning of ripening, is discussed in U.S. Pat. No. 4,943,
674. Other examples of tissue-specific promoters include
those that direct expression in tubers (for example, patatin
gene promoter), and in fiber cells (an example of a devel-
opmentally-regulated fiber cell protein is E6 fiber).

[0190] Other regulatory sequences such as terminator
sequences and polyadenylation signals include any such
sequence functioning as such in plants, the choice of which
would be obvious to the skilled addressee. The termination
region used in the expression cassette will be chosen pri-
marily for convenience, since the termination regions appear
to be relatively interchangeable. The termination region
which is used may be native with the transcriptional initia-
tion region, may be native with the polynucleotide sequence
of interest, or may be derived from another source. The
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termination region may be naturally occurring, or wholly or
partially synthetic. Convenient termination regions are
available from the Ti-plasmid of 4. tumefaciens, such as the
octopine synthase and nopaline synthase termination regions
or from the genes for f-phaseolin, the chemically inducible
lant gene, pIN.

[0191] Several techniques are available for the introduc-
tion of an expression construct containing a nucleic acid
sequence encoding a polypeptide of interest into the target
plants. Such techniques include but are not limited to
transformation of protoplasts using the calcium/polyethyl-
ene glycol method, electroporation and microinjection or
(coated) particle bombardment. In addition to these so-
called direct DNA transformation methods, transformation
systems involving vectors are widely available, such as viral
and bacterial vectors (e.g. from the genus Agrobacterium).
After selection and/or screening, the protoplasts, cells or
plant parts that have been transformed can be regenerated
into whole plants, using methods known in the art. The
choice of the transformation and/or regeneration techniques
is not critical for this invention.

[0192] To confirm the presence of the transgenes in trans-
genic cells and plants, a polymerase chain reaction (PCR)
amplification or Southern blot analysis can be performed
using methods known to those skilled in the art. Expression
products of the transgenes can be detected in any of a variety
of ways, depending upon the nature of the product, and
include Western blot and enzyme assay. One particularly
useful way to quantitate protein expression and to detect
replication in different plant tissues is to use a reporter gene,
such as GUS. Once transgenic plants have been obtained,
they may be grown to produce plant tissues or parts having
the desired phenotype. The plant tissue or plant parts, may
be harvested, and/or the seed collected. The seed may serve
as a source for growing additional plants with tissues or parts
having the desired characteristics.

Transgenic Hon-Human Animals

[0193] Techniques for producing transgenic animals are
well known in the art. A useful general textbook on this
subject is Houdebine, Transgenic animals—Generation and
Use (Harwood Academic, 1997).

[0194] Heterologous DNA can be introduced, for
example, into fertilized mammalian ova. For instance, toti-
potent or pluripotent stem cells can be transformed by
microinjection, calcium phosphate mediated precipitation,
liposome fusion, retroviral infection or other means, the
transformed cells are then introduced into the embryo, and
the embryo then develops into a transgenic animal. In a
highly preferred method, developing embryos are infected
with a retrovirus containing the desired DNA, and trans-
genic animals produced from the infected embryo. In a most
preferred method, however, the appropriate DNAs are coin-
jected into the pronucleus or cytoplasm of embryos, pref-
erably at the single cell stage, and the embryos allowed to
develop into mature transgenic animals.

[0195] Another method used to produce a transgenic ani-
mal involves microinjecting a nucleic acid into pro-nuclear
stage eggs by standard methods. Injected eggs are then
cultured before transfer into the oviducts of pseudopregnant
recipients.

[0196] Transgenic animals may also be produced by
nuclear transfer technology. Using this method, fibroblasts
from donor animals are stably transfected with a plasmid
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incorporating the coding sequences for a binding domain or
binding partner of interest under the control of regulatory
sequences. Stable transfectants are then fused to enucleated
oocytes, cultured and transferred into female recipients.

Recovery Methods and Production of Silk

[0197] The silk proteins of the present invention may be
extracted and purified from recombinant cells, such as plant,
bacteria or yeast cells, producing said protein by a variety of
methods. In one embodiment, the method involves removal
of native cell proteins from homogenized cells/tissues/plants
etc. by lowering pH and heating, followed by ammonium
sulfate fractionation. Briefly, total soluble proteins are
extracted by homogenizing cells/tissues/plants. Native pro-
teins are removed by precipitation at pH 4.7 and then at 60°
C. The resulting supernatant is then fractionated with ammo-
nium sulfate at 40% saturation. The resulting protein will be
of the order of 95% pure. Additional purification may be
achieved with conventional gel or affinity chromatography.
[0198] In another example, cell lysates are treated with
high concentrations of acid e.g. HCI or propionic acid to
reduce pH to ~1-2 for 1 hour or more which will solubilise
the silk proteins but precipitate other proteins.

[0199] Fibrillar aggregates will form from solutions by
spontaneous self-assembly of silk proteins of the invention
when the protein concentration exceeds a critical value. The
aggregates may be gathered and mechanically spun into
macroscopic fibers according to the method of O’Brien et al.
(I. O’Brien et al., “Design, Synthesis and Fabrication of
Novel Self-Assembling Fibrillar Proteins”, in Silk Poly-
mers: Materials Science and Biotechnology, pp. 104-117,
Kaplan, Adams, Farmer and Viney, eds., c. 1994 by Ameri-
can Chemical Society, Washington, D.C.).

[0200] By nature of the inherent coiled coil secondary
structure, proteins such as Xenospiral-4, BBF1-4, BAF1-4
and GAF1-4 will spontaneously form the coiled coil sec-
ondary structure upon dehydration. As described below, the
strength of the coiled coil can be enhanced through enzy-
matic or chemical cross-linking of lysine residues in close
proximity.

[0201] Silk fibres and/or copolymers of the invention have
a low processing requirement. The silk proteins of the
invention require minimal processing e.g. spinning to form
a strong fibre as they spontaneously forms strong coiled
coils which can be reinforced with crosslinks such as lysine
crosslinks. This contrasts with B. mori and spider recombi-
nant silk polypeptides which require sophisticated spinning
techniques in order to obtain the secondary structure
(B-sheet) and strength of the fibre.

[0202] However, fibers may be spun from solutions having
properties characteristic of a liquid crystal phase. The fiber
concentration at which phase transition can occur is depen-
dent on the composition of a protein or combination of
proteins present in the solution. Phase transition, however,
can be detected by monitoring the clarity and birefringence
of the solution. Onset of a liquid crystal phase can be
detected when the solution acquires a translucent appearance
and registers birefringence when viewed through crossed
polarizing filters.

[0203] In one fiber-forming technique, fibers can first be
extruded from the protein solution through an orifice into
methanol, until a length sufficient to be picked up by a
mechanical means is produced. Then a fiber can be pulled by
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such mechanical means through a methanol solution, col-
lected, and dried. Methods for drawing fibers are considered
well-known in the art.

[0204] Further examples of methods which may be used
for producing silk fibres and/or copolymers of the present
are described in US 2004/0170827 and US 2005/0054830.
[0205] In a preferred embodiment, silk fibres and/or copo-
lymers of the invention are crosslinked. In one embodiment,
the silk fibres and/or copolymers are crosslinked to a sur-
face/article/product etc of interest using techniques known
in the art. In another embodiment (or in combination with
the previous embodiment), at least some silk proteins in the
silk fibres and/or copolymers are crosslinked to each other.
Preferably, the silk proteins are crosslinked via lysine resi-
dues in the proteins. Such crosslinking can be performed
using chemical and/or enzymatic techniques known in the
art. For example, enzymatic cross links can be catalysed by
lysyl oxidase, whereas nonenzymatic cross links can be
generated from glycated lysine residues (Reiser et al., 1992).

Antibodies

[0206] The invention also provides monoclonal or poly-
clonal antibodies to polypeptides of the invention or frag-
ments thereof. Thus, the present invention further provides
a process for the production of monoclonal or polyclonal
antibodies to polypeptides of the invention.

[0207] The term “binds specifically” refers to the ability of
the antibody to bind to at least one polypeptide of the present
invention but not other known silk proteins.

[0208] As used herein, the term “epitope” refers to a
region of a polypeptide of the invention which is bound by
the antibody. An epitope can be administered to an animal to
generate antibodies against the epitope, however, antibodies
of the present invention preferably specifically bind the
epitope region in the context of the entire polypeptide.
[0209] If polyclonal antibodies are desired, a selected
mammal (e.g., mouse, rabbit, goat, horse, etc.) is immunised
with an immunogenic polypeptide of the invention. Serum
from the immunised animal is collected and treated accord-
ing to known procedures. If serum containing polyclonal
antibodies contains antibodies to other antigens, the poly-
clonal antibodies can be purified by immunoaffinity chro-
matography. Techniques for producing and processing poly-
clonal antisera are known in the art. In order that such
antibodies may be made, the invention also provides poly-
peptides of the invention or fragments thereof haptenised to
another polypeptide for use as immunogens in animals.
[0210] Monoclonal antibodies directed against polypep-
tides of the invention can also be readily produced by one
skilled in the art. The general methodology for making
monoclonal antibodies by hybridomas is well known.
Immortal antibody-producing cell lines can be created by
cell fusion, and also by other techniques such as direct
transformation of B lymphocytes with oncogenic DNA, or
transfection with Epstein-Barr virus. Panels of monoclonal
antibodies produced can be screened for various properties;
i.e., for isotype and epitope affinity.

[0211] An alternative technique involves screening phage
display libraries where, for example the phage express scFv
fragments on the surface of their coat with a large variety of
complementarity determining regions (CDRs). This tech-
nique is well known in the art.

[0212] For the purposes of this invention, the term “anti-
body”, unless specified to the contrary, includes fragments
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of whole antibodies which retain their binding activity for a
target antigen. Such fragments include Fv, F(ab') and F(ab'),
fragments, as well as single chain antibodies (scFv). Fur-
thermore, the antibodies and fragments thereof may be
humanised antibodies, for example as described in EP-A-
239400.

[0213] Antibodies of the invention may be bound to a
solid support and/or packaged into kits in a suitable con-

tainer along with suitable reagents, controls, instructions and
the like.

[0214] Preferably, antibodies of the present invention are
detectably labeled. Exemplary detectable labels that allow
for direct measurement of antibody binding include radio-
labels, fluorophores, dyes, magnetic beads, chemilumi-
nescers, colloidal particles, and the like. Examples of labels
which permit indirect measurement of binding include
enzymes where the substrate may provide for a coloured or
fluorescent product. Additional exemplary detectable labels
include covalently bound enzymes capable of providing a
detectable product signal after addition of suitable substrate.
Examples of suitable enzymes for use in conjugates include
horseradish peroxidase, alkaline phosphatase, malate dehy-
drogenase and the like. Where not commercially available,
such antibody-enzyme conjugates are readily produced by
techniques known to those skilled in the art. Further exem-
plary detectable labels include biotin, which binds with high
affinity to avidin or streptavidin; fluorochromes (e.g., phy-
cobiliproteins, phycoerythrin and allophycocyanins; fluores-
cein and Texas red), which can be used with a fluorescence
activated cell sorter; haptens; and the like. Preferably, the
detectable label allows for direct measurement in a plate
luminometer, e.g., biotin. Such labeled antibodies can be
used in techniques known in the art to detect polypeptides of
the invention.

Compositions

[0215] Compositions of the present invention may include
an “acceptable carrier”. Examples of such acceptable carri-
ers include water, saline, Ringer’s solution, dextrose solu-
tion, Hank’s solution, and other aqueous physiologically
balanced salt solutions. Nonaqueous vehicles, such as fixed
oils, sesame oil, ethyl oleate, or triglycerides may also be
used.

[0216] In one embodiment, the “acceptable carrier” is a
“pharmaceutically acceptable carrier”. The term pharmaceu-
tically acceptable carrier refers to molecular entities and
compositions that do not produce an allergic, toxic or
otherwise adverse reaction when administered to an animal,
particularly a mammal, and more particularly a human.
Useful examples of pharmaceutically acceptable carriers or
diluents include, but are not limited to, solvents, dispersion
media, coatings, stabilizers, protective colloids, adhesives,
thickeners, thixotropic agents, penetration agents, seques-
tering agents and isotonic and absorption delaying agents
that do not affect the activity of the polypeptides of the
invention. The proper fluidity can be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of
dispersion and by the use of surfactants. More generally, the
polypeptides of the invention can be combined with any
non-toxic solid or liquid additive corresponding to the usual
formulating techniques.
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[0217] As outlined herein, in some embodiments a poly-
peptide, a silk fiber and/or a copolymer of the invention is
used as a pharmaceutically acceptable carrier.

[0218] Other suitable compositions are described below
with specific reference to specific uses of the polypeptides of
the invention.

Uses

[0219] Silk proteins are useful for the creation of new
biomaterials because of their exceptional toughness and
strength. However, to date the fibrous proteins of spiders and
insects are large proteins (over 100 kDa) and consist of
highly repetitive amino acid sequences. These proteins are
encoded by large genes containing highly biased codons
making them particularly difficult to produce in recombinant
systems. By comparison, the silk proteins of the invention
are short and non-repetitive. These properties make the
genes encoding these proteins particularly attractive for
recombinant production of new biomaterials.

[0220] The silk proteins, silk fibers and/or copolymers of
the invention can be used for a broad and diverse array of
medical, military, industrial and commercial applications.
The fibers can be used in the manufacture of medical devices
such as sutures, skin grafts, cellular growth matrices,
replacement ligaments, and surgical mesh, and in a wide
range of industrial and commercial products, such as, for
example, cable, rope, netting, fishing line, clothing fabric,
bullet-proof vest lining, container fabric, backpacks, knap-
sacks, bag or purse straps, adhesive binding material, non-
adhesive binding material, strapping material, tent fabric,
tarpaulins, pool covers, vehicle covers, fencing material,
sealant, construction material, weatherproofing material,
flexible partition material, sports equipment; and, in fact, in
nearly any use of fiber or fabric for which high tensile
strength and elasticity are desired characteristics. The silk
proteins, silk fibers and/or copolymers of the present inven-
tion also have applications in compositions for personal care
products such as cosmetics, skin care, hair care and hair
colouring; and in coating of particles, such as pigments.
[0221] The silk proteins may be used in their native form
or they may be modified to form derivatives, which provide
a more beneficial effect. For example, the silk protein may
be modified by conjugation to a polymer to reduce allerge-
nicity as described in U.S. Pat. No. 5,981,718 and U.S. Pat.
No. 5,856,451. Suitable modifying polymers include, but are
not limited to, polyalkylene oxides, polyvinyl alcohol, poly-
carboxylates, poly(vinylpyrrolidone), and dextrans. In
another example, the silk proteins may be modified by
selective digestion and splicing of other protein modifiers.
For example, the silk proteins may be cleaved into smaller
peptide units by treatment with acid at an elevated tempera-
ture of about 60° C. The useful acids include, but are not
limited to, dilute hydrochloric, sulfuric or phosphoric acids.
Alternatively, digestion of the silk proteins may be done by
treatment with a base, such as sodium hydroxide, or enzy-
matic digestion using a suitable protease may be used.
[0222] The proteins may be further modified to provide
performance characteristics that are beneficial in specific
applications for personal care products. The modification of
proteins for use in personal care products is well known in
the art. For example, commonly used methods are described
in U.S. Pat. No. 6,303,752, U.S. Pat. No. 6,284,246, and
U.S. Pat. No. 6,358,501. Examples of modifications include,
but are not limited to, ethoxylation to promote water-oil
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emulsion enhancement, siloxylation to provide lipophilic
compatibility, and esterification to aid in compatibility with
soap and detergent compositions. Additionally, the silk
proteins may be derivatized with functional groups includ-
ing, but not limited to, amines, oxiranes, cyanates, carbox-
ylic acid esters, silicone copolyols, siloxane esters, quater-
nized amine aliphatics, urethanes, polyacrylamides,
dicarboxylic acid esters, and halogenated esters. The silk
proteins may also be derivatized by reaction with diimines
and by the formation of metal salts.

[0223] Consistent with the above definitions of “polypep-
tide” (and “protein”), such derivatized and/or modified mol-
ecules are also referred to herein broadly as “polypeptides”
and “proteins”.

[0224] Silk proteins of the invention can be spun together
and/or bundled or braided with other fiber types. Examples
include, but are not limited to, polymeric fibers (e.g., poly-
propylene, nylon, polyester), fibers and silks of other plant
and animal sources (e.g., cotton, wool, Bombyx mori or
spider silk), and glass fibers. A preferred embodiment is silk
fiber braided with 10% polypropylene fiber. The present
invention contemplates that the production of such combi-
nations of fibers can be readily practiced to enhance any
desired characteristics, e.g., appearance, softness, weight,
durability, water-repellant properties, improved cost-of-
manufacture, that may be generally sought in the manufac-
ture and production of fibers for medical, industrial, or
commercial applications.

Personal Care Products

[0225] Cosmetic and skin care compositions may be anhy-
drous compositions comprising an effective amount of silk
protein in a cosmetically acceptable medium. The uses of
these compositions include, but are not limited to, skin care,
skin cleansing, make-up, and anti-wrinkle products. An
effective amount of a silk protein for cosmetic and skin care
compositions is herein defined as a proportion of from about
107 to about 30% by weight, but preferably from about 10>
to 15% by weight, relative to the total weight of the
composition. This proportion may vary as a function of the
type of cosmetic or skin care composition. Suitable compo-
sitions for a cosmetically acceptable medium are described
in U.S. Pat. No. 6,280,747. For example, the cosmetically
acceptable medium may contain a fatty substance in a
proportion generally of from about 10 to about 90% by
weight relative to the total weight of the composition, where
the fatty phase containing at least one liquid, solid or
semi-solid fatty substance. The fatty substance includes, but
is not limited to, oils, waxes, gums, and so-called pasty fatty
substances. Alternatively, the compositions may be in the
form of a stable dispersion such as a water-in-oil or oil-in-
water emulsion. Additionally, the compositions may contain
one or more conventional cosmetic or dermatological addi-
tives or adjuvants, including but not limited to, antioxidants,
preserving agents, fillers, surfactants, UVA and/or UVB
sunscreens, fragrances, thickeners, wetting agents and
anionic, nonionic or amphoteric polymers, and dyes or
pigments.

[0226] Emulsified cosmetics and quasi drugs which are
producible with the use of emulsified materials comprising
at least one silk protein of the present invention include, for
example, cleansing cosmetics (beauty soap, facial wash,
shampoo, rinse, and the like), hair care products (hair dye,
hair cosmetics, and the like), basic cosmetics (general
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cream, emulsion, shaving cream, conditioner, cologne, shav-
ing lotion, cosmetic oil, facial mask, and the like), make-up
cosmetics (foundation, eyebrow pencil, eye cream, eye
shadow, mascara, and the like), aromatic cosmetics (per-
fume and the like), tanning and sunscreen cosmetics (tan-
ning and sunscreen cream, tanning and sunscreen lotion,
tanning and sunscreen oil, and the like), nail cosmetics (nail
cream and the like), eyeliner cosmetics (eyeliner and the
like), lip cosmetics (lipstick, lip cream, and the like), oral
care products (tooth paste and the like) bath cosmetics (bath
products and the like), and the like.

[0227] The cosmetic composition may also be in the form
of products for nail care, such as a nail varnish. Nail
varnishes are herein defined as compositions for the treat-
ment and colouring of nails, comprising an effective amount
of silk protein in a cosmetically acceptable medium. An
effective amount of a silk protein for use in a nail varnish
composition is herein defined as a proportion of from about
10~* to about 30% by weight relative to the total weight of
the varnish. Components of a cosmetically acceptable
medium for nail varnishes are described in U.S. Pat. No.
6,280,747. The nail varnish typically contains a solvent and
a film forming substance, such as cellulose derivatives,
polyvinyl derivatives, acrylic polymers or copolymers, vinyl
copolymers and polyester polymers. The composition may
also contain an organic or inorganic pigment.

[0228] Hair care compositions are herein defined as com-
positions for the treatment of hair, including but not limited
to shampoos, conditioners, lotions, aerosols, gels, and
mousses, comprising an effective amount of silk protein in
a cosmetically acceptable medium. An effective amount of
a silk protein for use in a hair care composition is herein
defined as a proportion of from about 1072 to about 90% by
weight relative to the total weight of the composition.
Components of a cosmetically acceptable medium for hair
care compositions are described in US 2004/0170590, U.S.
Pat. No. 6,280,747, U.S. Pat. No. 6,139,851, and U.S. Pat.
No. 6,013,250. For example, these hair care compositions
can be aqueous, alcoholic or aqueous-alcoholic solutions,
the alcohol preferably being ethanol or isopropanol, in a
proportion of from about 1 to about 75% by weight relative
to the total weight, for the aqueous-alcoholic solutions.
Additionally, the hair care compositions may contain one or
more conventional cosmetic or dermatological additives or
adjuvants, as given above.

[0229] Hair colouring compositions are herein defined as
compositions for the colouring, dyeing, or bleaching of hair,
comprising an effective amount of silk protein in a cosmeti-
cally acceptable medium. An effective amount of a silk
protein for use in a hair colouring composition is herein
defined as a proportion of from about 10~ to about 60% by
weight relative to the total weight of the composition.
Components of a cosmetically acceptable medium for hair
colouring compositions are described in US 2004/0170590,
U.S. Pat. No. 6,398,821 and U.S. Pat. No. 6,129,770. For
example, hair colouring compositions generally contain a
mixture of inorganic peroxygen-based dye oxidizing agent
and an oxidizable coloring agent. The peroxygen-based dye
oxidizing agent is most commonly hydrogen peroxide. The
oxidative hair coloring agents are formed by oxidative
coupling of primary intermediates (for example p-phe-
nylenediamines, p-aminophenols, p-diaminopyridines,
hydroxyindoles, aminoindoles, aminothymidines, or cyano-
phenols) with secondary intermediates (for example phe-
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nols, resorcinols, m-aminophenols, m-phenylenediamines,
naphthols, pyrazolones, hydroxyindoles, catechols or pyra-
zoles). Additionally, hair colouring compositions may con-
tain oxidizing acids, sequestrants, stabilizers, thickeners,
buffers carriers, surfactants, solvents, antioxidants, poly-
mers, non-oxidative dyes and conditioners.

[0230] The silk proteins can also be used to coat pigments
and cosmetic particles in order to improve dispersibility of
the particles for use in cosmetics and coating compositions.
Cosmetic particles are herein defined as particulate materials
such as pigments or inert particles that are used in cosmetic
compositions. Suitable pigments and cosmetic particles,
include, but are not limited to, inorganic color pigments,
organic pigments, and inert particles. The inorganic color
pigments include, but are not limited to, titanium dioxide,
zinc oxide, and oxides of iron, magnesium, cobalt, and
aluminium. Organic pigments include, but are not limited to,
D&C Red No. 36, D&C Orange No. 17, the calcium lakes
of D&C Red Nos. 7, 11, 31 and 34, the barium lake of D&C
Red No. 12, the strontium lake D&C Red No. 13, the
aluminium lake of FD&C Yellow No. 5 and carbon black
particles. Inert particles include, but are not limited to,
calcium carbonate, aluminium silicate, calcium silicate,
magnesium silicate, mica, talc, barium sulfate, calcium
sulfate, powdered Nylon™, perfluorinated alkanes, and
other inert plastics.

[0231] The silk proteins may also be used in dental floss
(see, for example, US 2005/0161058). The floss may be
monofilament yarn or multifilament yarn, and the fibers may
or may not be twisted. The dental floss may be packaged as
individual pieces or in a roll with a cutter for cutting pieces
to any desired length. The dental floss may be provided in a
variety of shapes other than filaments, such as but not
limited to, strips and sheets and the like. The floss may be
coated with different materials, such as but not limited to,
wax, polytetrafluoroethylene monofilament yarn for floss.
[0232] The silk proteins may also be used in soap (see, for
example, US 2005/0130857).

Pigment and Cosmetic Particle Coating

[0233] The effective amount of a silk protein for use in
pigment and cosmetic particle coating is herein defined as a
proportion of from about 10~* to about 50%, but preferably
from about 0.25 to about 15% by weight relative to the dry
weight of particle. The optimum amount of the silk protein
to be used depends on the type of pigment or cosmetic
particle being coated. For example, the amount of silk
protein used with inorganic color pigments is preferably
between about 0.01% and 20% by weight. In the case of
organic pigments, the preferred amount of silk protein is
between about 1% to about 15% by weight, while for inert
particles, the preferred amount is between about 0.25% to
about 3% by weight. Methods for the preparation of coated
pigments and particles are described in U.S. Pat. No. 5,643,
672. These methods include: adding an aqueous solution of
the silk protein to the particles while tumbling or mixing,
forming a slurry of the silk protein and the particles and
drying, spray drying a solution of the silk protein onto the
particles or lyophilizing a slurry of the silk protein and the
particles. These coated pigments and cosmetic particles may
be used in cosmetic formulations, paints, inks and the like.

Biomedical

[0234] The silk proteins may be used as a coating on a
bandage to promote wound healing. For this application, the
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bandage material is coated with an effective amount of the
silk protein. For the purpose of a wound-healing bandage, an
effective amount of silk protein is herein defined as a
proportion of from about 10™* to about 30% by weight
relative to the weight of the bandage material. The material
to be coated may be any soft, biologically inert, porous cloth
or fiber. Examples include, but are not limited to, cotton,
silk, rayon, acetate, acrylic, polyethylene, polyester, and
combinations thereof. The coating of the cloth or fiber may
be accomplished by a number of methods known in the art.
For example, the material to be coated may be dipped into
an aqueous solution containing the silk protein. Alterna-
tively, the solution containing the silk protein may be
sprayed onto the surface of the material to be coated using
a spray gun. Additionally, the solution containing the silk
protein may be coated onto the surface using a roller coat
printing process. The wound bandage may include other
additives including, but not limited to, disinfectants such as
iodine, potassium iodide, povidon iodine, acrinol, hydrogen
peroxide, benzalkonium chloride, and chlorohexidine; cure
accelerating agents such as allantoin, dibucaine hydrochlo-
ride, and chlorophenylamine malate; vasoconstrictor agents
such as naphazoline hydrochloride; astringent agents such as
zinc oxide; and crust generating agents such as boric acid.

[0235] The silk proteins of the present invention may also
be used in the form of a film as a wound dressing material.
The use of silk proteins, in the form of an amorphous film,
as a wound dressing material is described in U.S. Pat. No.
6,175,053. The amorphous film comprises a dense and
nonporous film of a crystallinity below 10% which contains
an effective amount of silk protein. For a film for wound
care, an effective amount of silk protein is herein defined as
between about 1 to 99% by weight. The film may also
contain other components including but not limited to other
proteins such as sericin, and disinfectants, cure accelerating
agents, vasoconstrictor agents, astringent agents, and crust
generating agents, as described above. Other proteins such
as sericin may comprise 1 to 99% by weight of the compo-
sition. The amount of the other ingredients listed is prefer-
ably below a total of about 30% by weight, more preferably
between about 0.5 to 20% by weight of the composition. The
wound dressing film may be prepared by dissolving the
above mentioned materials in an aqueous solution, removing
insolubles by filtration or centrifugation, and casting the
solution on a smooth solid surface such as an acrylic plate,
followed by drying.

[0236] The silk proteins of the present invention may also
be used in sutures (see, for example, US 2005/0055051).
Such sutures can feature a braided jacket made of ultrahigh
molecular weight fibers and silk fibers. The polyethylene
provides strength. Polyester fibers may be woven with the
high molecular weight polyethylene to provide improved tie
down properties. The silk may be provided in a contrasting
color to provide a trace for improved suture recognition and
identification. Silk also is more tissue compliant than other
fibers, allowing the ends to be cut close to the knot without
concern for deleterious interaction between the ends of the
suture and surrounding tissue. Handling properties of the
high strength suture also can be enhanced using various
materials to coat the suture. The suture advantageously has
the strength of Ethibond No. 5 suture, yet has the diameter,
feel and tie-ability of No. 2 suture. As a result, the suture is
ideal for most orthopedic procedures such as rotator cuff
repair, Achilles tendon repair, patellar tendon repair, ACL/
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PCL reconstruction, hip and shoulder reconstruction proce-
dures, and replacement for suture used in or with suture
anchors. The suture can be uncoated, or coated with wax
(beeswax, petroleum wax, polyethylene wax, or others),
silicone (Dow Corning silicone fluid 202A or others), sili-
cone rubbers, PBA (polybutylate acid), ethyl cellulose
(Filodel) or other coatings, to improve lubricity of the braid,
knot security, or abrasion resistance, for example.

[0237] The silk proteins of the present invention may also
be used in stents (see, for example, US 2004/0199241). For
example, a stent graft is provided that includes an endolu-
minal stent and a graft, wherein the stent graft includes silk.
The silk induces a response in a host who receives the stent
graft, where the response can lead to enhanced adhesion
between the silk stent graft and the host’s tissue that is
adjacent to the silk of the silk stent graft. The silk may be
attached to the graft by any of various means, e.g., by
interweaving the silk into the graft or by adhering the silk to
the graft (e.g., by means of an adhesive or by means of
suture). The silk may be in the form of a thread, a braid, a
sheet, powder, etc. As for the location of the silk on the stent
graft, the silk may be attached only the exterior of the stent,
and/or the silk may be attached to distal regions of the stent
graft, in order to assist in securing those distal regions to
neighbouring tissue in the host. A wide variety of stent grafts
may be utilized within the context of the present invention,
depending on the site and nature of treatment desired. Stent
grafts may be, for example, bifurcated or tube grafts, cylin-
drical or tapered, self-expandable or balloon-expandable,
unibody or, modular, etc.

[0238] In addition to silk, the stent graft may contain a
coating on some or all of the silk, where the coating degrades
upon insertion of the stent graft into a host, the coating
thereby delaying contact between the silk and the host.
Suitable coatings include, without limitation, gelatin,
degradable polyesters (e.g., PLGA, PLA, MePEG-PLGA,
PLGA-PEG-PLGA, and copolymers and blends thereof),
cellulose and cellulose derivatives (e.g., hydroxypropyl cel-
Iulose), polysaccharides (e.g., hyaluronic acid, dextran, dex-
tran sulfate, chitosan), lipids, fatty acids, sugar esters,
nucleic acid esters, polyanhydrides, polyorthoesters and
polyvinylalcohol (PVA). The silk-containing stent grafts
may contain a biologically active agent (drug), where the
agent is released from the stent graft and then induces an
enhanced cellular response (e.g., cellular or extracellular
matrix deposition) and/or fibrotic response in a host into
which the stent graft has been inserted.

[0239] The silk proteins of the present invention may also
be used in a matrix for producing ligaments and tendons ex
vivo (see, for example, US 2005/0089552). A silk-fiber-
based matrix can be seeded with pluripotent cells, such as
bone marrow stromal cells (BMSCs). The bioengineered
ligament or tendon is advantageously characterized by a
cellular orientation and/or matrix crimp pattern in the direc-
tion of applied mechanical forces, and also by the production
of ligament and tendon specific markers including collagen
type 1, collagen type III, and fibronectin proteins along the
axis of mechanical load produced by the mechanical forces
or stimulation, if such forces are applied. In a preferred
embodiment, the ligament or tendon is characterized by the
presence of fiber bundles which are arranged into a helical
organization. Some examples of ligaments or tendons that
can be produced include anterior cruciate ligament, posterior
cruciate ligament, rotator cuff tendons, medial collateral
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ligament of the elbow and knee, flexor tendons of the hand,
lateral ligaments of the ankle and tendons and ligaments of
the jaw or temporomandibular joint. Other tissues that may
be produced by methods of the present invention include
cartilage (both articular and meniscal), bone, muscle, skin
and blood vessels.

[0240] The silk proteins of the present invention may also
be used in hydrogels (see, for example, US 2005/0266992).
Silk fibroin hydrogels can be characterized by an open pore
structure which allows their use as tissue engineering scaf-
folds, substrate for cell culture, wound and burn dressing,
soft tissue substitutes, bone filler, and as well as support for
pharmaceutical or biologically active compounds.

[0241] The silk proteins may also be used in dermatologi-
cal compositions (see, for example, US 2005/0019297).
Furthermore, the silk proteins of the invention and deriva-
tives thereof may also be used in sustained release compo-
sitions (see, for example, US 2004/0005363).

Textiles

[0242] The silk proteins of the present invention may also
be applied to the surface of fibers for subsequent use in
textiles. This provides a monolayer of the protein film on the
fiber, resulting in a smooth finish. U.S. Pat. No. 6,416,558
and U.S. Pat. No. 5,232,611 describe the addition of a
finishing coat to fibers. The methods described in these
disclosures provide examples of the versatility of finishing
the fiber to provide a good feel and a smooth surface. For
this application, the fiber is coated with an effective amount
of the silk protein. For the purpose of fiber coating for use
in textiles, an effective amount of silk protein is herein
defined as a proportion of from about 1 to about 99% by
weight relative to the weight of the fiber material. The fiber
materials include, but are not limited to textile fibers of
cotton, polyesters such as rayon and Lycra™, nylon, wool,
and other natural fibers including native silk. Compositions
suitable for applying the silk protein onto the fiber may
include co-solvents such as ethanol, isopropanol, hexafluo-
ranols, isothiocyanouranates, and other polar solvents that
can be mixed with water to form solutions or microemul-
sions. The silk protein-containing solution may be sprayed
onto the fiber or the fiber may be dipped into the solution.
While not necessary, flash drying of the coated material is
preferred. An alternative protocol is to apply the silk protein
composition onto woven fibers. An ideal embodiment of this
application is the use of silk proteins to coat stretchable
weaves such as used for stockings.

Composite Materials

[0243] Silk fibres can be added to polyurethane, other
resins or thermoplastic fillers to prepare panel boards and
other construction material or as moulded furniture and
benchtops that replace wood and particle board. The com-
posites can be also be used in building and automotive
construction especially rooftops and door panels. The silk
fibres re-enforce the resin making the material much stron-
ger and allowing lighterweight construction which is of
equal or superior strength to other particle boards and
composite materials. Silk fibres may be isolated and added
to a synthetic composite-forming resin or be used in com-
bination with plant-derived proteins, starch and oils to
produce a biologically-based composite materials. Processes
for the production of such materials are described in IP
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2004284246, US 2005175825, U.S. Pat. No. 4,515,737, JP
47020312 and WO 2005/017004.

Paper Additives

[0244] The fibre properties of the silk of the invention can
add strength and quality texture to paper making. Silk papers
are made by mottling silk threads in cotton pulp to prepare
extra smooth handmade papers is used for gift wrapping,
notebook covers, carry bags. Processes for production of
paper products which can include silk proteins of the inven-
tion are generally described in JP 2000139755.

Advanced Materials

[0245] Silks of the invention have considerable toughness
and stands out among other silks in maintaining these
properties when wet (Hepburn et al., 1979).

[0246] Areas of substantial growth in the clothing textile
industry are the technical and intelligent textiles. There is a
rising demand for healthy, high value functional, environ-
mentally friendly and personalized textile products. Fibers,
such as those of the invention, that do not change properties
when wet and in particular maintain their strength and
extensibility are useful for functional clothing for sports and
leisure wear as well as work wear and protective clothing.
[0247] Developments in the weapons and surveillance
technologies are prompting innovations in individual pro-
tection equipments and battle-field related systems and
structures. Besides conventional requirements such as mate-
rial durability to prolonged exposure, heavy wear and pro-
tection from external environment, silk textiles of the inven-
tion can be processed to resist ballistic projectiles, fire and
chemicals. Processes for the production of such materials are
described in WO 2005/045122 and US 2005268443.

EXAMPLES
Example 1

Preparation and Analysis of Late Last Instar
Salivary Eland ¢cDNAs

[0248] The proteins that are found in euaculeatan and
neuropteran (Apis mellifera, Bombus terrestris, Myrmecia
forficata, Oecophylla smaragdina, Mallada signata) silks
were identified by matching ion trap consecutive mass
spectral (MS/MS) {fragmentation patterns of peptides
obtained by trypsin digestion of the silk with the predicted
mass spectral data of proteins encoded by cDNAs isolated
from the salivary gland of late final instar larvae. For
confirmation that no proteins were missed by this analysis
for the honeybee, the peptide mass spectral data were also
compared to virtual tryptic digests of Apis mellifera proteins
predicted by the bee genome project and translations of the
Amel3 honeybee genomic sequences in all six reading
frames.

Honeybee

[0249]  Apis mellifera larvae were obtained from domestic
hives. Previously it was shown that silk production in Apis
mellifera is confined to the salivary gland during the latter
half of the final instar (Silva-Zacarin et al., 2003). During
this period, RNA is more abundant in the posterior end of the
gland (Flower and Kenchington, 1967). The cubical cell
regions of 50 salivary glands were dissected from late fifth
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instar Apis mellifera immersed in phosphate buffered saline.
The posterior end of the dissected gland was immediately
placed into RNAlater® (Ambion, Austin, Tex., USA), to
stabilise the mRNA, and subsequently stored at 4° C.

[0250] Total RNA (35 ng) was isolated from the late final
instar salivary glands using the RNAqueous for PCR kit
from Ambion (Austin, Tex., USA). Message RNA was
isolated from the total RNA using the Micro-FastTrack™
2.0 mRNA Isolation kit from Invitrogen (Calsbad, Calif.,
USA) according to the manufacturer’s directions with the
isolated mRNA being eluted into 10 ul RNAse free water.

[0251] A cDNA library was constructed from the mRNA
isolated from Apis mellifera larvae using the CloneMiner™
c¢DNA library construction kit of Invitrogen (Calsbad, Calif.,
USA) with the following modifications from the standard
protocol: For the first strand synthesis, 0.5 pl of Biotin-
attB2-Oligo(dT) primer at 6 pmol-ul~! and 0.5 ul of dNTPs
at 2 mM each was added to the 10 pl mRNA. After
incubation at 65° C. for 5 min then 45° C. for 2 min, 2 pl 5x
First strand buffer, 1 pl of 0.1M DTT, and 0.5 pl Super-
Script™ II RT at 200 U-pl~* were added. For second strand
synthesis, the total volume of all reagents was halved and
after ethanol precipitation, the cDNA was resuspended in 5
ul of DEPC-treated water. The aatB1 adapter (1 pl) was
ligated in a total volume of 10 pl to the 5 pl cDNA with 2
ul 5x Adapter buffer, 1 u1 0.1M DTT and 1 pl T4 DNA ligase
(1 U-ul™) at 16° C. for 48 hrs with an additional 0.5 pl T4
DNA ligase (1 U-pl™) added after 16 hrs. The cDNA was
size fractionated according to the manufactures instructions
with samples eluting between 300-500 ul being precipitated
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with ethanol, resuspended and transformed into the provided
E. coli DH10B™ T1 phage resistant cells as recommended.
The cDNA library comprised approximately 1,200,000
colony forming units (cfu) with approximately 1% the
original vector. The average insert size was 1.3x1.4 kbp.
[0252] Eighty two clones were randomly selected and
sequenced using the GenomelLab™ DTCS Quick start kit
(BeckmanCoulter, Fullerton Calif. USA) and run on a
CEQB8000 Biorad sequencer. These clustered into fifty four
groups (Table 2). Identification of the cDNAs that encoded
the silk proteins is described below.

Other Species

[0253] Total RNA was isolated from 4 bumblebee (Bom-
bus terrestris) (2 ug RNA), 4 bulldog ant (Myrmecia forfi-
cata) (3 nug RNA), approximately 100 Weaver ants
(Oecophylla smaragdina) (0.4 ng RNA) and approximately
50 green lacewing (Mallada signata) late larval labial glands
using the RNAqueous for PCR kit from Ambion (Austin,
Tex., USA). mRNA was isolated from the total RNA using
the Micro-FastTrack™ 2.0 mRNA Isolation kit from Invit-
rogen (Calsbad, Calif., USA) into a final volume of 10 ul
water. cDNA libraries were constructed from the mRNA
using the CloneMiner™ cDNA kit of Invitrogen (Calsbad,
Calif., USA) with the following modifications from the
standard protocol: For the first strand synthesis, 3 pmol of
Biotin-attB2-Oligo(dT) primer and 1 nmol each dNTPs were
added to the 10 ul mRNA. After 5 min at 65° C. followed by
2 min at 45° C., 2 dl 5x First strand buffer, 50 nmol DTT,
and 100 U SuperScript™ II RT were added.

TABLE 2

A. mellifera final instar salivary gland ¢cDNAs and MS ion trap fragmentation
patterns of peptides from trypsin digestion of SDS treated brood comb silk.

Number
of
cDNA’s
in
cluster

library (%) synonyms

Number of Distinct Coverage

Abundance tryptic  summed of protein

in salivary Protein or peptides MS/MS  sequence
gland gene identified  search (% Protein

in the silk  score protein) identification

Proteins identified in cDNA library and in honeybee silk

10

13 Xenosin; 9 143.89 25 AC004701
GB15233-PA
11 Xenospiral; 10 165.13 37 No matches
GB12184-PA
7 Xenospirad; 8 142.16 35 No matches
GB19585-PA
7 Xenospira2; 9 145.91 28 No matches
GB12348-PA
6 Xenospira3; 9 147.02 31 No matches
GB17818-PA

Proteins identified in ¢cDNA library only

e T T = T = T S S SR SR N

GB14261-PA
Contig 2504
GB17108-PA
Contig 68
Contig 110
Contig 487
GB14199-PA
GB10847-PA
Contig 1047
GB17558-PA
Contig 1471
GB16480-PA
Contig 1818
GB16911-PA
Contig 2046
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A. mellifera final instar salivary gland ¢cDNAs and MS ion trap fragmentation
patterns of peptides from trypsin digestion of SDS treated brood comb silk.

Number Number of Distinet Coverage
of Abundance tryptic  summed of protein
c¢DNA’s in salivary Protein or peptides MS/MS  sequence
in gland gene identified  search (% Protein
cluster library (%) synonyms in the silk  score protein) identification
1 1 Contig 2136 0
1 1 Contig 2196 0
1 1 GB11234-PA 0
1 1 GBI11199-PA 0
1 1 GB18183-PA 0
1 1 Contig 2938 0
1 1 Contig 2976 0
1 1 Contig 3263 0
1 1 Contig 3527 0
1 1 GB16412-PA 0
1 1 GB18750-PA 0
1 1 GB16132-PA 0
1 1 Contig 4536 0
1 1 GB19431-PA 0
1 1 Contig 4704 0
1 1 Contig 4758 0
1 1 Contig 4830 0
1 1 Contig 4968 0
1 1 Contig 5402 0
1 1 Contig 5971 0
1 1 GB11274-PA 0
1 1 GB14693-PA 0
1 1 GB19585-PA 0
1 1 GB15606-PA 0
1 1 GB16801-PA 0
1 1 GB12085-PA 0
1 1 Contig 7704 0
1 1 Contig 8630 0
1 1 Contig 9774 0
1 1 GB16452-PA 0
1 1 GB10420-PA 0
1 1 GB14724-PA 0
[0254] For second strand synthesis, the total volume of all vector in the green ant library. The average insert size within

reagents was halved from the manufacturer’s recommended
amounts and after ethanol precipitation, the ¢cDNA was
resuspended in 5 pl of DEPC-treated water. The aatBl
adapter (1 pl) was ligated in a total volume of 10 pl to the
5 ul cDNA with 2 pl 5x Adapter buffer, 50 nmol DTT and
1 U T4 DNA ligase at 16° C. for 12 hrs. The ¢cDNA libraries
comprised approximately 2.4x10” (bumblebee), 5.0x107
(bulldog ant) and 6000 (green ant) colony forming units
(cfu) with less than 1% the original vector for the bulldog ant
and bumblebee libraries and greater than 80% original

the libraries was 1.3 Kbp.

[0255] Sequence data was obtained from more than 100
random clones from the cDNA libraries from bumblebee and
bulldog ant, 82 clones from the honeybee and 60 clones
from the lacewing. The technical difficulties of obtaining
salivary glands from the minute green ants (approximately 1
mm in length) reduced the efficiency of the library from this
species and as such only 40 sequences were examined. A
summary of the silk proteins identified is provided in Table
3.

TABLE 3

Identification and properties of the euaculeatan silk proteins.

Length Distinct
of % summed MARCOIL
protein  c¢cDNA MS/MS predicted coiled
Protein (amino  library identification % helical coil length***
Species name acids)  clones score structure™* (amino acids)
Honeybee AmelF1* 333 6 52 76 117
Honeybee AmelF2* 290 7 51 88 175
Honeybee AmelF3* 335 11 107 81 154
Honeybee AmelF4* 342 7 88 76 174
Honeybee AmelSA1* 578 13 40 41 45
Bumblebee  BBF1 327 4 180 86 147
Bumblebee  BBF2 313 14 100 84 199
Bumblebee  BBF3 332 20 218 86 146
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Identification and properties of the euaculeatan silk proteins.

Length Distinct
of % summed MARCOIL
protein  c¢cDNA MS/MS predicted coiled
Protein (amino  library identification % helical coil length***

Species name acids)  clones score structure™®* (amino acids)
Bumblebee BBF4 357 32 137 80 188
Bumblebee BBSALl >501 3 138 21 0
Bulldog ant BAF1 422 16 99 69 121
Bulldog ant BAF2 411 30 90 76 132
Bulldog ant BAF3 394 26 88 79 131
Bulldog ant BAF4 441 24 116 76 157
Weaver ant  GAF1 391 35 228 74 177
Weaver ant  GAF2 400 22 191 79 158
Weaver ant  GAF3 395 13 156 72 103
Weaver ant ~ GAF4 443 17 148 74 166
Lacewing MalF1 596 23 45 89 151

*also referred to herein as Xenospiral-4 and Xenosin respectively,
**predicted by PROFsec,
*#**predicted by MARCOIL at 90% threshold

Example 2

Preparation and Proteomic Analysis of Native Silk

[0256] Honeybee brood comb after the removal of larvae,
bumblebee cocoons after the removal of larvae, bulldog ant
cocoons after the removal of larvae, or weaver ant silk sheets
were washed extensively three times in warm water to
remove water soluble contaminants and then washed exten-
sively three times in chloroform to remove wax. Chloroform
was removed by rinsing in distilled water and a subset of this
silk was retained for analysis. A subset of the Hymenopteran
(ants and bees) silk samples was further washed by boiling
for 30 minutes in 0.05% sodium carbonate solution, a
standard procedure for degumming silkworm silk, then
rinsed in distilled water. Lacewing silk was rinsed in dis-
tilled water only. A subset of the lacewing silk samples was
degummed by boiling for 30 minutes in 0.05% sodium
carbonate solution.

[0257] A subset of the honeybee material was soaked
overnight in 2% SDS at 95° C., followed by three washes in
distilled water. Extraction in hot SDS solution solubilises
most proteins, but in this case the silk sheets retained their
conformation.

[0258] The clean silks were analysed by liquid chroma-
tography followed by tandem mass spectrometry (LCMS) as
described below.

[0259] Pieces of cleaned silk were placed in a well of a
Millipore ‘zipplate’, a 96 well microtitre tray containing a
plug of C18 reversed phase chromatography medium
through the bottom of each well to which was added 20 ul
25 mM ammonium bicarbonate containing 160 ng of
sequencing grade trypsin (Promega). Then the tray was
incubated overnight in a humidified plastic bag at 30° C.
[0260] The C18 material was wetted by pipetting acetoni-
trile (10 pl) to the sides of each well and incubating the plate
at 37° C. for 15 min. Formic acid solution (130 pul, 1% v/v)
was added to each well and after 30 min peptides from the
digested bee proteins were captured on the C18 material by
slowly drawing the solutions from each well through the
base of the plate under a reduced vacuum. The C18 material
was washed twice by drawing through 100 pl of formic acid
solution. Peptides were eluted with 6 pl of 1% formic acid

in 70% methanol pipetted directly onto the C18 material and
promptly centrifuged through the C18 plug to an underlying
microtitre tray. This tray was placed under vacuum till the
volume in each well was reduced about 2-fold by evapora-
tion. Formic acid solution (10 pl) was added to each well and
the tray was transferred to the well plate sampler of an
Agilent 1100 capillary liquid chromatography system.

[0261] Peptides (8 pl) from the silk extract were bound to
an Agilent Zorbax SB-C18 5 um 150x0.5 mm column with
a flow rate of 0.1% formic acid/5% acetonitrile at 20
pl-min~" for one min then eluted with gradients of increasing
acetonitrile concentration to 0.1% formic acid/20% acetoni-
trile over one minute at 5 pl'min~?, then to 0.1% formic
acid/50% acetonitrile over 28 minutes, then to 0.1% formic
acid/95% acetonitrile over one minute. The column was
washed with 0.1% formic acid/95%-100% acetonitrile over
5 mins at 20 pl'min~" and reequilibrated with 0.1% formic
acid/5% acetonitrile for 7 mins before peptides from the next
well were sampled.

[0262] Eluate from the column was introduced to an
Agilent XCT ion trap mass spectrometer through the instru-
ment’s electrospray ion source fitted with a micronebuliser.
Briefly, as peptides were eluting from the column, the ion
trap collected full spectrum positive ion scans (100-2200
m/z) followed by two MS/MS scans of ions observed in the
full spectrum avoiding the selection of ions that carried only
a single charge. When an ion was selected for MS/MS
analysis all others were excluded from the ion trap, the
selected ion was fragmented according to the instrument’s
recommended “SmartFrag” and “Peptide Scan” settings.
Once two fragmentation spectra were collected for any
particular m/z value it was excluded from selection for
analysis for a further 30 seconds to avoid collecting redun-
dant data.

[0263] Mass spectral data sets from the entire experiment
were analysed using Agilent’s Spectrum Mill software to
match the data with predictions of protein sequences from
the cDNA libraries. The software generated scores for the
quality of each match between experimentally observed sets
of masses of fragments of peptides and the predictions of
fragments that might be generated according to the
sequences of proteins in a provided database. All the
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sequence matches reported here received scores greater than
20, the default setting for automatic, confident acceptance of
valid matches.

[0264] This analysis identified that five proteins expressed
at high levels in the labial gland matched the silk from each
of the cognate bee species (shown in Tables 2 and 3) and
four proteins expressed at high levels in the labial gland
matched the silk from each of the cognate ant species
(shown in Table 3). The abundance of message RNA encod-
ing these proteins in the labial gland of the larvae was
consistent with the proteins being abundantly produced
(abundance of message shown in Table 3).

[0265] To ensure that none of the honeybee silk proteins
were missed by this identification process, we also com-
pared the honeybee silk trypsin peptide mass spectral data to
a set of publicly available predicted protein sequences from
the honeybee genome project, generated by a computer
algorithm that tries to recognise transcribed genes in the
complete genomic DNA sequences of the bee. Additionally,
we generated a database of translations in the six possible
reading frames of each contiguous genomic DNA sequence
provided by the bee genome project (Amel3 release). These
translated DNA sequences were presented to the Spectrum
Mill software as if they were the sequences of very large
proteins. Matching MS/MS peptide data identified open
reading frames within the genomic sequences that had
encoded parts of the isolated bee proteins without the need
to first predict the organisation of genes. No additional
proteins were identified in the silk by this analysis.

Example 3

Structural Analysis of the Native Silk

[0266] Native silk samples were prepared as described in
Example 2. Silk samples were examined using a Bruker
Tensor 37 Fourier transform infrared spectrometer with a
Pike Miracle diamond attenuated total reflection accessory.
Analysis of the amide I and II regions of the spectra of
honeybee, bumblebee, green ant, bulldog ant silks and
lacewing larval silk (FIG. 1) shows that all these silks have
a predominantly alpha-helical secondary structure. The silks
of'the Euaculeatan species have dominant peaks in the FT-IR
spectra at 1645-1646 cm™', shifted approximately 10 cm™!
lower than a classical a-helical signal and broadened. This
shift in the a-helical signal is typical of coiled-coil proteins
(Heimburg et al., 1999). Spectra from samples that were
degummed were unchanged.

Example 4

The Amino Acid Composition of Native Silks
Closely Resembles that of the Identified Silk
Proteins

[0267] The amino acid composition of the native silks was
determined after 24 hr gas phase hydrolysis at 110° C. using
the Waters AccQTag chemistry by Australian Proteome
Analysis Facility Ltd (Macquarie University, Sydney).

[0268] The measured amino acid composition of the SDS
washed silk was similar to that predicted from the identified
silks protein sequences (FIGS. 2 and 3).
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Example 5
Structural Analysis of the Silk Proteins

Predicted Secretory Peptides

[0269] As expected for silk proteins, the SignalP 3.0 signal
prediction program (Bendtsen et al., 2004), which uses two
models to identify signal peptides predicted that all the
identified silk genes encoded proteins which contain signal
peptides that targeted them for secretion from a cell (data not
shown). The predicted cleavage sites of the polypeptides are
as follows:

[0270] Xenospiral (AmelF1)—between pos 19 and 20
(ASA-GL),

[0271] Xenospira2 (AmelF2)—between pos 19 and 20
(AEG-RV),

[0272] Xenospira3 (AmelF3)—between pos 19 and 20
(VHA-GV),

[0273] Xenospirad (AmelF4)—between pos 19 and 20
(ASG-AR),

[0274] Xenosin (AmelSAl)—between pos 19 and 20
(VCA-GV),

[0275] BBF1—between pos 19 and 20 (ASA-GQ),
[0276] BBF2—between pos 20 and 21 (AEG-HV),
[0277] BBF3—between pos 19 and 20 (VHA-GS),
[0278] BBF4—between pos 19 and 20 (ASA-GK),
[0279] BAF1—between pos 19 and 20 (ASA-SG),
[0280] BAF2—between pos 19 and 20 (ASG-RV),
[0281] BAF3—between pos 19 and 20 (ASG-NL),
[0282] BAF4—between pos 19 and 20 (VGA-SE),
[0283] GAF1—between pos 19 and 20 (ADA-SK),
[0284] GAF2—between pos 19 and 20 (ASG-GV),
[0285] GAF3—between pos 19 and 20 (ASG-GV),
[0286] GAF4—between pos 19 and 20 (VGA-SE),
[0287] MalF1—between pos 26 and 27 (SST-AV).

All Four of the Ant and Four of the Five Bee Silk Proteins
are Helical and Formed Coiled Coils

[0288] Protein modelling and results from pattern recog-
nition algorithms confirmed that the majority of the identi-
fied honeybee silk proteins were helical proteins that formed
coiled coils.

[0289] PROFsec (Rost and Sander, 1993) and NNPredict
(McClelland and Rumelhart, 1988; Kneller et al., 1990),
algorithms were used to investigate the secondary structure
of the identified silk genes. These algorithms identified
Xenospiral [GB12184-PAJ(SEQ ID NO:1), Xenospira2
[GB12348-PA] (SEQ ID NO:3), Xenospira3 [GB17818-PA]
(SEQ ID NO:5), and Xenospira4 [GB19585-PA] (SEQ 1D
NO:7), as highly helical proteins, with between 76-85%
helical structure (Table 4). Xenosin [GB15233-PAJ(SEQ ID
NO:10) had significantly less helical structure.
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The secondary structure of Apis mellifera silk proteins predicted by PROFsec
(Rost and Sander, 1993) showing percentages of helices, extended sheets and loops.

helical extended loop

Protein PROFsec NNPredict PROFsec NNPredict PROFsec NNPredict

Xenospira3 77 70 3 6 20 27

Xenospirad 85 82 2 6 14 16

Xenospiral 80 73 1 4 19 26

Xenospira2 77 69 2 5 21 29

Xenosin 41 41 8 9 51 50

[0290] Further protein modelling and results from pattern Xenospira2 had multiple overlapping heptads with a single

recognition algorithms confirmed that the majority of the
identified silk proteins were helical proteins that formed
coiled coils. PredictProtein (Rost et al., 2004) algorithms
were used to investigate the secondary structure of the
identified silk genes. These algorithms identified Xenospiral
(SEQ ID NO:1), Xenospira2 (SEQ ID NO:3), Xenospira3
(SEQ ID NO:5), Xenospirad (SEQ ID NO:7), BBF1 (SEQ
ID NO:22), BBF2 (SEQ ID NO:24), BBF3 (SEQ ID
NO:26), BBF4 (SEQ ID NO:28), BAF1 (SEQ ID NO:40),
BAF2 (SEQ ID NO:42), BAF3 (SEQ ID NO:44), BAF4
(SEQ ID NO:46), GAF1 (SEQ ID NO:56), GAF2 (SEQ 1D
NO:58), GAF3 (SEQ ID NO:60), GAF4 (SEQ ID NO:62),
and MalF1 (SEQ ID NO:72) as highly helical proteins, with
between 69-88% helical structure (Table 3). AmelSAl
[GB15233-PA] (Xenosin) (SEQ ID NO:10) and BBSAI
(SEQ ID NO:30) had significantly less helical structure.
[0291] Super-coiling of helical proteins (coiled coils)
arises from a characteristic heptad repeat sequence normally
denoted as (abcdefg), with generally hydrophobic residues
in position a and d, and generally charged or polar residues
at the remaining positions. The pattern recognition programs
(MARCOIL (Delorenzi and Speed, 2002), COILS (Lupas et
al., 1991)) identified numerous heptad repeats typical of
coiled-coils in Xenospiral [GB12184-PA] (SEQ ID NO:1),
Xenospira2 [GB12348-PA] (SEQ ID NO:3), Xenospira3
[GB17818-PA] (SEQ ID NO:5), and Xenospirad [GB19585-
PA](SEQ ID NO:7) (MARCOIL: Table 5; COILS: FIG. 4),
as well as BBF1 (SEQ ID NO:22), BBF2 (SEQ ID NO:24),
BBF3 (SEQ ID NO:26), BBF4 (SEQ ID NO:28), BAF1
(SEQ ID NO:40), BAF2 (SEQ ID N0:42), BAF3 (SEQ ID
NO:44), BAF4 (SEQ ID NO:46), GAF1 (SEQ ID NO:56),
GAF2 (SEQ ID NO:58), GAF3 (SEQ ID NO:60), GAF4
(SEQID NO:62), and MalF1 (SEQ ID NO:72) (MARCOIL:
Table 3).

Identification of a Novel Coiled Coil Sequence in the
Honeybee Silk Proteins

[0292] The heptad repeats of amino acid residues identi-
fied in the sequences of Xenospiral [GB12184-PA], Xeno-
spira2 [GB12348-PA], Xenospira3 [GB17818-PA], Xeno-
spirad [GB19585-PA], were each highly indicative of a
coiled coil secondary structure (FIG. 5) (see Table 5 for
confidence levels). The fact that the heptads are found
consecutively and numerously suggests the proteins adopt a
very regular structure. Overlapping heptads were identified
in two of the honeybee proteins: the major coiled coil region
of Xenospiral contained overlapping heptads with a 3
residue offset followed by a space of 5 residues and then four
consecutive heptads; and the entire coiled coil region of

offset and 4 residue offset (equivalent to 3 residue offset).
The composition of amino acids in the various positions of
the major heptad are shown in the first column in Table 6,
with the positions of the overlapping heptads indicated in
adjacent columns.

TABLE 5

Percent of residues in the identified silk proteins predicted
to exist as coiled coil by the MARCOIL (Delorenzi and
Speed, 2002) pattern recognition algorithm.

Length of
mature
protein Percent protein that exists as coiled coil
(amino 50% 90% 99%
Protein acids) threshold threshold threshold
Xenospira3 315 64% 34% 20%
(residues 68  (residues 128-  (residues 149-
to 268) 223 and 235- 211)
246)
Xenospirad 290 73% 60% 27%
(residues 83- (residues 98- (residues 113-
293) 168 and 182- 154 and 212-
2.85) 247)
Xenospiral 316 69% 49% 18%
(residues 67- (residues 103-  (residues 113-
282) 256) 169)
Xenospira2 328 65% 54% 45%
(residues 89- (residues 110-  (residues 127-
298) 283) 270)
Xenosin 350 26% 9% 2%
(residues 32- (residues 42- (residues 59-
127) 75) 67)
[0293] Surprisingly the major heptads have a novel com-

position when viewed collectively—with an unusually high
abundance of alanine in the ‘hydrophobic’ heptad positions
a and d (see Table 6 and FIG. 5). Additionally, a high
proportion of heptads have alanine at both a and d positions
within the same heptad (33% in Xenospiral [GB12184-PA];
36% in Xenospira2 [GB12348-PA]; 27% in Xenospira3
[GB17818-PA]; and 38% in Xenospirad [GB19585-PA]; see
Tables 6 and 7).
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Summary of the number of each amino acid residues in the various
heptad positions in coiled coil regions of honeybee silk

proteins.
Xenospira4
A I R L K T E V F S Q@ N D G M Y W Total
a 23 0 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 29
b 12 0 0 2 2 2 3 1 0 3 1 1 1 1 0 0 0 29
c 12 0 0 1 5 1 3 1 0 3 1 1 0 1 0 0 0 29
d 17 0 0 5 1 0 1 2 0 2 1 0 0 0 0 0 0 29
e 12 0 1 0 0 2 4 2 0 5 2 1 0 0 0 0 0 29
£ 13 1 0 1 2 0 7 1 0 1 1 2 0 0 0 0 0 29
g 9 3 4 0 2 1 2 1 0 2 0 1 2 2 0 0 0 29
Xenospira3l
A I R L K T E V F S Q@ N D G M Y W Total
a 19 0 0 1 0 4 2 0 0 1 1 1 0 0 0 1 0 30
b 8 0 0 5 1 2 2 0 0 5 4 2 1 0 0 0 0 30
c 13 0 1 0 3 2 2 3 0 1 2 0 1 1 0 0 1 30
d 13 3 0 2 2 0 2 2 0 4 0 1 1 0 0 0 0 30
e 8 0 0 2 2 2 4 0 0 7 4 0 0 1 0 0 0 30
£ 7 0 2 3 4 2 4 0 0 4 1 2 1 0 0 0 0 30
g 9 0 5 2 3 0 1 2 0 5 0 2 1 0 0 0 0 30
Xenospira2
A I R L K T E V F S Q@ N D G M Y W Total
a 20 0 0 1 0 3 1 1 1 1 0 0 0 0 0 0 0 28
b 7 2 2 2 2 2 2 4 0 1 1 3 0 0 0 0 0 28
c 9 0 2 0 4 1 2 4 0 1 3 2 0 0 1 1 1 28
d 16 © 0 3 3 1 0 1 0 1 2 0 1 0 0 0 0 28
e 11 o 1 3 0 3 4 1 0 2 2 0 1 0 0 0 0 28
£ 10 2 1 0 1 2 6 1 0 3 1 1 0 0 0 0 0 28
g 3 4 1 0 1 1 5 0 0 0 2 4 0 1 1 0 0 28
Xenospiral
A I R L K T E V F S Q@ N D G M Y W Total
a 13 3 0 1 2 0 1 1 0 2 1 1 0 2 0 0 0 27
b 7 1 1 1 6 0 2 1 0 3 1 0 4 0 0 0 0 27
c 8 1 2 1 1 1 7 2 0 1 1 1 0 1 0 0 0 27
d 18 0 0 2 1 2 1 0 2 1 0 0 0 0 0 0 27
e 11 1 2 1 1 2 3 2 0 4 0 0 0 0 0 0 0 27
£ 7 0 3 0 2 1 3 3 0 7 0 1 0 0 0 0 0 27
g 13 0 0 3 3 0 2 1 0 3 1 0 0 0 1 0 0 27
TABLE 7
Summary of alanine residues in heptads of honeybee silk proteins.
Amount Amount
of Ala of Ala
Amount in in
Amount of Amount position Amount of  position
of protein  of Ala a of Ala in aand d
helical Number in major in major major position d of of major
structure  of major  heptad heptads heptads major heptads
Protein (%)* heptads (%) (%) (%) heptads (%) (%)
Xenospiral 77 (70) 27 41 44 74 33
Xenospira2 85 (82) 28 37 71 57 36
Xenospira3 80 (73) 30 37 63 43 27
Xenospirad 77 (69) 29 48 79 58 38
Xenosin 41 (41) na n/a n/a na

'PROFsec predictions with NNPredict predictions shown in brackets.

[0294] The composition of amino acids in the various
heptad positions in the coiled coil region of the
hymenopteran silks are summarised in FIGS. 6 and 7. As
noted above, the positions within the heptads have a novel
composition—the ‘hydrophobic’ heptad positions a and d of

the bee and ant silks contain very high levels of alanine
(average 58%) and high levels of small polar residues
(average 21%) in comparison to other coiled coils. Addi-
tionally, position e is unusually small and hydrophobic
(Table 8, FIG. 7). Topographically this position is located
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adjacent to the a residues within the helices. Its composi-
tional similarity with the a and d residues suggest that the
silks adopt a coiled coil structure with three core residues per
a-helix. Three residue cores contribute a larger hydrophobic
interface than two residues in the core (Deng et al., 2006)—a
feature that would assist coiled coil formation and stability.
[0295] In addition, when viewed collectively the positions
b, ¢, e, f and g within the heptad are generally more
hydrophobic, less polar and less charged than protein coiled
coil regions previously characterised (see FIG. 7, and Tables
8 and 9). Therefore, although historically it was regarded
that the helical content of the aculeate Hymenopteran silk
was a consequence of a reduced glycine content and
increased content of acidic residues (Rudall and Kenching-
ton, 1971), we have discovered that it is not the glycine/acid
residues that are responsible for the novel silk structure but
rather the position of the alanine residues within the poly-
peptide chains.

TABLE 8

Average size and hydrophobicity at each heptad position
of the orthologous hymenopteran silk proteins and of the
green lacewing silk protein (MalF1) showing that a, d, and e
positions (core) are smaller and more hydrophobic than
other positions. In some cases the b position (partially
ubmerged) is also small and hydrophobic.

Heptad position

a b c d e f g

Amel F1 orthologs

Average residue 0.36 0.20
side chain

hydrophobicity

Average residue 1.7 25 25 21 2.3 3.0 2.6
side chain length

0.20 0.30 0.26 -0.16 0.03

Amel F2 orthologs

Average residue 0.53 0.20
side chain

hydrophobicity

Average residue 1.5 2.6 2.6 20 2.2 2.5 3.0
side chain length

0.03 0.36 0.24 0.05 0.12

Amel F3 orthologs

Average residue 044 036 0.06 041 0.27 -0.10 0.00
side chain

hydrophobicity

Average residue 1.9 23 24 21 2.3 2.8 2.8
side chain length

Amel F4 orthologs

Average residue 046 0.17 -0.13 0.61 0.04 0.06 0.06
side chain
hydrophobicity
Average residue 14 22 2.6 204 2.3 2.6 2.7
side chain length

MalF1

Average residue -0.05 0.14 -0.61 0.27 0.59 0.23 -0.22
side chain

hydrophobicity

Average residue 2.1 1.7 25 14 1.5 1.7 3.5
side chain length

Example 6

The Bee Silk Proteins are Likely to be Extensively
Cross-Linked

[0296] The bee silk proteins all contain a high proportion
of lysine (6.5%-16.3%). A comparison between the mea-
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sured amino acid composition of bee silk and the sequences
of the identified silk proteins reveals a substantial mismatch
in the number of lysine residues, with much less lysine
detected in the silk than expected (FIGS. 2 and 3). This
suggests that lysine residues in the silk have been modified,
so0 are not being identified by standard amino acid analysis.
Lysine is known to form a variety of cross-links: either
enzymatic cross links catalysed by lysyl oxidase or nonen-
zymatic cross links generated from glycated lysine residues
(Reiser et al., 1992). The under-representation of lysine in
the honeybee and bumblebee silk amino acid analysis is
consistent with the presence of lysine cross-linking

TABLE 9

Number of residues in each class of amino acids at various
heptad positions in coiled coil regions of silk proteins.

Nonpolar Polar Charged Small Medium Large Heptad position

Xenospirad
25 2 2 26 2 1 a
16 7 6 19 10 0 b
15 6 8 18 11 0 c
24 3 2 21 8 0 d
14 10 5 21 7 1 e
16 4 9 15 14 0 f
15 4 10 15 10 4 g
Xenospira3
20 8 2 24 5 1 a
13 13 4 15 15 0 b
17 6 7 20 8 2 c
20 5 5 19 11 0 d
11 13 6 18 12 0 e
10 9 11 13 15 2 f
13 7 10 16 9 5 g
Xenospira2
23 4 1 25 2 1 a
15 7 6 14 12 2 b
13 7 8 15 11 2 c
20 4 4 19 9 0 d
15 7 6 17 10 1 e
13 7 8 16 11 1 f
14 7 7 10 17 1 g
Xenospiral
20 4 3 18 9 0 a
10 4 13 11 15 1 b
13 4 10 13 12 2 c
20 5 2 22 5 0 d
15 6 6 19 6 2 e
10 9 8 18 6 3 f
18 4 5 17 10 0 g
[0297] Covalently cross-linked proteins subjected to SDS

polyacrylamide gel electrophoresis (PAGE) are expected to
migrate according to the molecular weight of the cross-
linked complex. We subjected late last instar honeybee labial
gland proteins to SDS PAGE and measured the migration of
the silk proteins in relation to standard protein markers.
Bands were observed corresponding to monomers of each of
the identified silk proteins, however higher molecular
weight bands containing these proteins were also present, as
expected in a cross-linked system (FIG. 8).

[0298] As described above, the honeybee labial gland
contains a mixture of organised and disorganised silk pro-
teins. The cross-linked proteins observed probably corre-
spond to the protein population of the anterior region of the
gland, where the silk is prepared for extrusion. It is reason-
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able to assume that extracellular honeybee silk contains a
substantially higher proportion of cross-linked proteins than
is observed in a heterogenous mixture of all stages of
salivary gland silk proteins. The bonds are unlikely to be
cysteine cross-links, as the silk was unaffected by reductive
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TABLE 10-continued

Amino acid composition of silk from various Insects

with most abundant residues shown in boldface.

N N A 3 ; Euaculeatan Mallada Cotesia  Bombyx
treatment, apd the identified silk proteins contain few or no Honeybee silk silk  glomerata  mori
cysteine residues.

Isoleucine 5.6 4.0 3.9 0.4 0.6
Example 7 Threonine 5.1 4.9 53 0.5 0.8
Lysine 3.7 3.7 3.2 0.1 0.3
. . . . Phenyl- 2.0 1.0 0.5 0.5 0.6
The Euaculeatan Silk Proteins Differ Significantly al;ﬁe
from the Other Silk Proteins Tyrosine 0 0.9 0.5 31 53
L e adent . Proline 0 0 0 0.7 0.4
[0299] The euvaculeatan silk is significantly different from Histidine 0 05 05 04 02
o.tl.ler described silk genes in re.lation to amino .aci(.i compo- Arginine 0 33 54 0.2 04
sition (Table 10), molecular weight of the proteins involved, Methionine 0 1.0 1.6 0 0.1
secondary structure and physical properties (Tables 11 and Tryptophan 0 Not Not Not 0.2
12). The lepidopteran silks are primarily composed of the . reported  reported  reported
small amino acid residues alanine, serine and glycine (for Cysteine 0 0.4 0.3 N‘;tt | 0.1
example the silk of Bombyx mori, Table 10) and are domi- repore
nated by extended beta sheet secondary structure. The
Cotesia glomerata silk protein is high in asparagine and
serine—the abundance of the latter residue being character- TABLE 11
istic of Lepidopteran silk sericins (glues) (Table 10). Mod- : : :
elling of the Cotesia glomerata silk protein does not identify Differences befween insect silks.
helices or coiled coils in thf: secondgry structure. In contrast, Lepidoptera
the bee, ant and lacewing silks are high in alanine (Table 10) Ant and bee Mallada For example
and are comprised of a high level of helical secondary silk silk Cotesia sp. Bombyx mori
structure that forms coiled coils. Most s s Ser, Asn Gly, Ala
abundant
TABLE 10 amino
acids
Amino acid composition of silk from various Insects Size .Of 25-35kDa 57 KDa Approx >100 KDa
with most abundant residues shown in boldface. fibroin 500 KDa
proteins
Euaculeatan Mallada Cotesia  Bombyx Secondary Coiled coil  Coiled coil  Most likely beta-pleated
Honeybee silk silk  glomerata  mori structure beta sheets. sheets
Secondary loosely
Alanine 22.6 27.5 26.9 12.5 29.3 structure associated
Glutamic 16.1 13.9 74 0.6 0.9 prediction with beta-
acid + programs sheets,
Glutamine PROFsec and  beta-
Aspartic 13.2 8.6 15.0 37.6 1.2 MARCOIL do  spirals,
acid + (Asn 33.7) not recognise  alpha
Asparagine any helical helices and
Serine 104 11.5 8.5 37.1 11.3 structure or amorphous
Leucine 9.0 7.2 5.9 0.4 0.4 coiled coil regions
Valine 6.6 4.8 4.1 0.3 2.1 regions.
Glycine 5.7 6.6 11.2 5.5 46.0
TABLE 12
Solubility of insect silks.
Ant and bee
silk Mallada silk Cotesia sp. Bombyx mori
Solvent 20°C. 95°C. 20°C. 95°C. 20°C. 95°C. 20°C. 95°C.
LiBr 54% — — — — — part — v
LiSCN saturated — — — — — part — v
8M urea — — — — — — — part
6M guanidine HCI — — — — — — — part
1M NaOH — part ? ? — part part v
6M HCI — part part v — part — v
3M HCU/50% — part 2 2 — pat part Vs

propanoic acid
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[0300] Cladistic analysis of the coiled coil regions of the
silk proteins of the four Hymenopteran species (FIG. 9)
suggests that the genes evolved in a common ancestor that
predates the divergence of the Euaculeata from the parasitic
wasps. The sequences of the silk have diverged extensively
and we were only able to align the 210 amino acids that
comprise the coiled coil region of each protein. The amino
acid sequence identity between the coiled coil regions of
each of the silk proteins provided herein is shown in Table
13 and DNA identity in the corresponding region is shown
in Table 14. Whilst the proteins have similar amino acid
contents (especially high levels of alanine) and tertiary
structure, the primary amino acid sequence identity is very
low. In fact, the gene encoding the Mallada silk protein has
evolved independently and as such the silk protein sequence
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cannot be aligned to the Hymenopteran sequences. This
indicates that considerable variety in the identity of the
amino acids can occur, whilst not affecting the biological
function of the proteins.

[0301] The cladistic analysis predicts that silk of euacu-
leatan wasps is comprised of related proteins to the silk of
ants and bees and that although these proteins will have
similar composition and architecture to the proteins
described here, they will have highly diverged primary
sequence.

[0302] The amino acid sequences of the silk proteins
provided herein (FIG. 10) were subjected to comparisons
with protein databases, however, no prior art proteins were
identified with any reasonable level of sequence identity (for
example, none greater than 30% identical over the length of
the silk protein sequence).

TABLE 13

Percent identity between protein sequences of the coiled coil region of the

fibre proteins in ants and bees.

Honeybee

Bumblebee

Bulldog ant Green ant

F1 F2 F3 F4 F1

F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4

beeF1 100
beeF2 26.7 100
beeF3 233 314 100
beeF4 348 324 30.0 100
BBF1 657 281 248 357 100
BBF2 28.6 714 286 319 31.0 100
BBF3 252 310 657 276 271 295 100
BBF4 333 310 295 648 348 314 281 100
BAF1 37.1 200 200 324 395 214 214 291 100
BAF2 252 443 295 338 281 381 286 276 271 100
BAF3 238 262 367 281 248 252 367 281 210 27.6 100
BAF4 28.1 338 248 452 286 338 233 438 261 27.6 252 100
GAF1 33.8 200 238 329 362 229 238 291 667 281 252 286 100
GAF2 248 419 276 295 281 395 290 267 219 662 238 267 238 100
GAF3 269 288 401 316 255 283 382 302 240 283 627 274 274 264 100
GAF4 247 324 243 376 271 324 248 381 239 295 210 633 248 276 241 100
TABLE 14
Percent identity between nucleotide sequences encoding coiled coil region
of the fibre proteins in ants and bees.
Honeybee Bumblebee Bulldog ant Green ant
F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
beeF1 100
beeF2 394 100
beeF3 37.0 40.2 100
beeF4 45.1 448 41.0 100
BBF1 689 409 375 452 100
BBF2 425 729 425 449 422 100
BBF3 40.6  40.0 67.6 405 384 410 100
BBF4 454 41.0 417 660 459 436 40.0 100
BAF1 457 351 359 411 479 365 36.0 387 100
BAF2 38.1 49.8 414 446 387 473 400 410 406 100
BAF3 333 367 454 403 363 368 462 394 360 405 100
BAF4 395 433 414 468 43.0 476 398 494 425 417 403 100
GAF1 456 351 373 424 476 385 37.8 414 689 417 367 43.0 100
GAF2 385 47.8 384 432 381 465 414 400 375 69.7 389 40.6 394 100
GAF3 39.0 401 461 41.8 377 393 461 400 377 417 651 412 400 41.7 100
GAF4 389 424 381 449 389 438 384 443 373 427 367 678 382 403 377 100
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[0303] The open reading frames encoding the silk proteins
(provided on FIG. 11) were subjected to similar database
searching as that described above. The only related mol-
ecules that were identified have been published as part of the
honeybee genome project (www.ncbi.nlm.nih.gov/genome/
guide/bee). The open reading frames had been predicted by
the bee genome project, however, the function of the
encoded proteins had not been suggested. Furthermore, there
is no evidence that a polynucleotide comprising the open
reading frame of the mRNA had ever been produced for any
of these molecules.

[0304] The genes encoding Xenospiral, Xenospira2,
Xenospira3 and Xenospira4 comprise an exon covering the
entire single open reading frame, whereas the gene encoding
Xenosin comprises at least one intron (see FIG. 12).

Example 8

Expression of Silk Proteins in Transgenic Plants

[0305] A plant expression vector encoding a silk protein of
the invention may consist of a recombinant nucleic acid
molecule coding for said protein (for example a polynucle-
otide provided in any one of SEQ ID NO’s: 11 to 21, 31 to
39, 48 to 55, 64 to 71, 74 or 75) placed downstream of the
CaMV 358 promoter in a binary vector backbone containing
a kanamycin-resistance gene (Nptll).

[0306] For the polynucleotides comprising any one of
SEQ ID NO’s 11, 13, 15, 17, 19, 31, 33, 35, 37, 48, 50, 52,
54, 64, 66, 68, 70 or 74 the construct further may comprise
a signal peptide encoding region such as Arabidopsis thali-
ana vacuolar basic chitinase signal peptide, which is placed
in-frame and upstream of the sequence encoding the silk
protein.

[0307] The construct carrying a silk protein encoding
polypeptide is transformed separately into Agrobacterium
tumefaciens by electroporation prior to transformation into
Arabidopsis thaliana. The hypocotyl method of transforma-
tion can be used to transform A. thaliana which can be
selected for survival on selective media comprising kanamy-
cin media. After roots are formed on the regenerates they are
transferred to soil to establish primary transgenic plants.
[0308] Verification of the transformation process can be
achieved via PCR screening. Incorporation and expression
of polynucleotide can be measured using PCR, Southern
blot analysis and/or LC/MS of trypsin-digested expressed
proteins.

[0309] Two or more different silk protein encoding con-
structs can be provided in the same vector, or numerous
different vectors can be transformed into the plant each
encoding a different protein.

[0310] As an experimental example of plant expression, a
codon-optimised version of AmelF4 (Xenospira4) (SEQ ID
NO:76) was cloned into pET14b (Novagen), generating
pET14b-6xHis:Fdop, forming an in-frame translational
fusion with a 6xhistidine at the N-terminal of the protein.
The sequence encoding the protein “6xHistidine:F4op” was
cloned into pVECS8 (Wang et al., 1992) under the control of
the CaMV 358 promoter and ocs polyadenylation regulatory
apparatus, generating pVECS8-358-6xHis:F4op-ocs.
pET14b-6xHis:Fdop was transformed into chemically-com-
petent E. coli and pVEC8-35S-6xHis:F4op was transformed
into tobacco leaf discs by Agrobacterium mediated trans-
formation. Proteins from antibiotic resistant k. coli (induced
expression) and tobacco leaves were isolated and subjected
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to western blot analysis using the Tetra-Histidine antibody
(Qiagen, Karlsrule, Germany) for detection. The empty
vectors pET14b and pVECS8-35S-ocs were used as negative
controls in there respective host backgrounds. As shown in
FIG. 13, these experiments resulted in the plant producing
the Xenospira4 (AmelF4) protein.

Example 9

Fermentation and Purification of Silk Proteins

[0311] Expression constructs were constructed after the
silk coding regions of honeybee genes AmelF1-F4 (Xeno-
spiral to 4 respectively) and lacewing MalF1 genes were
amplified by PCR and cloned into pET14b expression
vectors (Novagen, Madison, Wis.). The resultant expression
plasmids were then electroporated into E. coli BL21 (DE3)
Rosetta cells and grown overnight on LB agar containing
ampicillin. A single colony was then used to inoculate LB
broth containing ampicillin then grown at 37° C. overnight.
Cells were harvested by centrifugation and lysed with deter-
gent (Bugbuster, Novagen). Inclusion bodies were washed
extensively and re-solubilised in 6M guanidinium.

[0312] This procedure yielded proteins mixtures with
greater than 95% purity of the honeybee proteins and greater
than 50% purity of the lacewing MalF1 protein. Yields of up
to 50% of the wet weight of the E. coli cell pellet were
regularly obtained, indicating that the proteins are easy to
express in this manner.

[0313] The solubilised honeybee recombinant proteins
were applied to a Talon resin column prepared according to
manufactures directions. They were then eluted off the
column in 100 mM Tris. HCL, 150 mM imidazole pH 8.

Example 10

Processing of Silk Proteins into Threads

[0314] The honeybee and lacewing silk proteins have been
readily made into threads using a variety of methods (see
FIG. 14) using the following procedure.

[0315] The anterior segment of the salivary gland from
late final instar Apis mellifera was dissected under phosphate
buffered saline and removed to a flat surface in a droplet of
buffer. Forceps were used to grasp either end of the segment.
One end was raised out of the droplet and away from the
other at a steady rate. This enabled the drawing of a fine
thread that rapidly solidified in air.

[0316] The honeybee and lacewing larval recombinant
silk proteins formed threads or sheets after dehydration or
concentration. For example, by dropping soluble protein into
a butanol solution or by concentrating proteins on the Talon
resin column.

[0317] Threads were also obtained after honeybee or lace-
wing recombinant silk proteins were mixed with an organic
solvent (such as hexane) to concentrate them at the interface
in the correct conformation, and then addition of a reagent
to exclude them from the interface (such as butanol). The
threads formed by this procedure had similar FT-IR spectra
to the native silk indicating that they were comprised of the
same coiled coil structure.

[0318] Silk proteins from other species described herein
can also be processed by this procedure.

[0319] It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
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without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects as illustrative and not
restrictive.

[0320] All publications discussed above are incorporated
herein in their entirety.

[0321] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in the
present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the
prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the

priority date of each claim of this application.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 77
<210> SEQ ID NO 1
<211> LENGTH: 314
<212> TYPE: PRT
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 1
Gly Leu Glu Gly Pro Gly Asn Ser Leu Pro Glu Leu Val Lys Gly Ser
1 5 10 15
Ala Ser Ala Thr Ala Ser Thr Ala Val Thr Ala Arg Ser Gly Leu Arg
20 25 30
Ala Gly Gln Val Ala Leu Ala Ser Gln Lys Asp Ala Val Leu Gln Ala
35 40 45
Gln Ala Ala Ala Ser Ala Ala Ser Glu Ala Arg Ala Ala Ala Asp Leu
50 55 60
Thr Ala Lys Leu Ser Gln Glu Ser Ala Ser Val Gln Ser Gln Ala Ala
65 70 75 80
Ala Lys Gly Lys Glu Thr Glu Glu Ala Ala Val Gly Gln Ala Arg Ala
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-continued

85 90 95

Gly Leu Glu Ser Val Ser Met Ala Ala Ser Ala Thr Ser Ala Ala Lys
100 105 110

Glu Ala Ser Thr Ala Ala Lys Ala Ala Ala Ser Ala Leu Ser Thr Ala
115 120 125

Val Val Gln Ala Lys Ile Ala Glu Arg Ala Ala Lys Ala Glu Ala Val
130 135 140

Ala Ser Asp Glu Ala Lys Ala Lys Ala Ile Ala Ala Ala Asn Leu Ala
145 150 155 160

Ala Glu Ala Ser Val Ala Ala Glu Ala Ala Leu Lys Ala Glu Lys Val
165 170 175

Ala Glu Glu Ala Ile Ala Arg Ala Ala Ser Ala Lys Ala Ala Ala Arg
180 185 190

Ala Ala Ala Ala Ala Leu Ala Ser Ser Lys Glu Ala Ala Thr Ala Ser
195 200 205

Ala Arg Asn Ala Ala Glu Ser Glu Ala Arg Asn Glu Val Ala Val Leu
210 215 220

Ile Ala Glu Ile Asp Lys Lys Ser Arg Glu Ile Asp Ala Ala Ser Ser
225 230 235 240

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

Ala Thr Ile Gly Ala Asn Ile Asn Ser Ser Lys Gln Val Val Ser Ile
260 265 270

Pro Val Glu Ile Lys Lys Phe Ser Glu Pro Glu Val Ser Thr Ser Trp
275 280 285

Arg Glu Asp Glu Glu Val Thr Lys Glu Lys Lys Glu His Ile Asn Leu
290 295 300

Asn Asp Phe Asp Leu Lys Ser Asn Val Phe
305 310

<210> SEQ ID NO 2

<211> LENGTH: 333

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 2

Met Lys Ile Pro Val Leu Leu Ala Thr Cys Leu Tyr Leu Cys Gly Phe
1 5 10 15

Ala Ser Ala Gly Leu Glu Gly Pro Gly Asn Ser Leu Pro Glu Leu Val
20 25 30

Lys Gly Ser Ala Ser Ala Thr Ala Ser Thr Ala Val Thr Ala Arg Ser
35 40 45

Gly Leu Arg Ala Gly Gln Val Ala Leu Ala Ser Gln Lys Asp Ala Val
50 55 60

Leu Gln Ala Gln Ala Ala Ala Ser Ala Ala Ser Glu Ala Arg Ala Ala
65 70 75 80

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

Gln Ala Ala Ala Lys Gly Lys Glu Thr Glu Glu Ala Ala Val Gly Gln
100 105 110

Ala Arg Ala Gly Leu Glu Ser Val Ser Met Ala Ala Ser Ala Thr Ser
115 120 125
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-continued

Ala Ala Lys Glu Ala Ser Thr Ala Ala Lys Ala Ala Ala Ser Ala Leu
130 135 140

Ser Thr Ala Val Val Gln Ala Lys Ile Ala Glu Arg Ala Ala Lys Ala
145 150 155 160

Glu Ala Val Ala Ser Asp Glu Ala Lys Ala Lys Ala Ile Ala Ala Ala
165 170 175

Asn Leu Ala Ala Glu Ala Ser Val Ala Ala Glu Ala Ala Leu Lys Ala
180 185 190

Glu Lys Val Ala Glu Glu Ala Ile Ala Arg Ala Ala Ser Ala Lys Ala
195 200 205

Ala Ala Arg Ala Ala Ala Ala Ala Leu Ala Ser Ser Lys Glu Ala Ala
210 215 220

Thr Ala Ser Ala Arg Asn Ala Ala Glu Ser Glu Ala Arg Asn Glu Val
225 230 235 240

Ala Val Leu Ile Ala Glu Ile Asp Lys Lys Ser Arg Glu Ile Asp Ala
245 250 255

Ala Ser Ser Leu Asn Ala Arg Ala Ala Ala Lys Ala Ser Ser Arg Asn
260 265 270

Val Glu Thr Ala Thr Ile Gly Ala Asn Ile Asn Ser Ser Lys Gln Val
275 280 285

Val Ser Ile Pro Val Glu Ile Lys Lys Phe Ser Glu Pro Glu Val Ser
290 295 300

Thr Ser Trp Arg Glu Asp Glu Glu Val Thr Lys Glu Lys Lys Glu His
305 310 315 320

Ile Asn Leu Asn Asp Phe Asp Leu Lys Ser Asn Val Phe
325 330

<210> SEQ ID NO 3

<211> LENGTH: 290

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 3

Arg Val Ile Asn His Glu Ser Leu Lys Thr Ser Glu Asp Ile Gln Gly
1 5 10 15

Gly Tyr Ser Ala Gly Ile Val Gly Asp Gly Ser Asp Ala Leu Gly Ser
20 25 30

Ser Ile Glu Asn Ala Gln Lys Val Ala Arg Ala Ala Glu Asn Val Gly
35 40 45

Leu Asn Leu Glu Leu Gly Ala Gly Ala Arg Ala Ala Ser Val Ala Ala
50 55 60

Ala Ala Gln Ala Lys Asn Thr Glu Ala Ala Glu Ala Gly Ala Asn Ala
65 70 75 80

Ala Leu Ala Ala Ala Ile Ala Lys Arg Glu Glu Ala Ile Lys Ala Ser
85 90 95

Glu Ile Ala Asn Gln Leu Leu Thr Asn Ala Ala Lys Ala Ala Glu Ala
100 105 110

Thr Val Ser Ala Thr Lys Arg Ala Ala Gln Leu Thr Ala Ala Ala Lys
115 120 125

Glu Ala Thr Arg Ala Ser Ala Ala Ala Ala Glu Ala Ala Thr Glu Ala
130 135 140

Gln Val Lys Ala Asn Ala Asp Ser Ile Ile Thr Lys Arg Ala Ala Ile
145 150 155 160
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Ala Glu Ala Gln Ala Ala Ala Glu Ala Gln Val Lys Ala Ala Ile Ala
165 170 175

Arg Lys Ser Ala Ala Asn Phe Leu Ala Lys Ala Gln Ile Ala Ala Ala
180 185 190

Ala Glu Ser Glu Ala Thr Lys Leu Ala Ala Glu Ala Val Val Ala Leu
195 200 205

Thr Asn Ala Glu Val Ala Val Asn Gln Ala Arg Asn Ala Gln Ala Asn
210 215 220

Ala Ser Thr Gln Ala Ser Met Ala Val Arg Val Asp Ser Gln Ala Ala
225 230 235 240

Asn Ala Glu Ala Ala Ala Val Ala Gln Ala Glu Thr Leu Leu Val Thr
245 250 255

Ala Glu Ala Val Ala Ala Ala Glu Ala Glu Val Ala Asn Lys Ala Ala
260 265 270

Thr Phe Ala Lys Gln Ile Val Asn Glu Lys Lys Ile His Val Ala Lys
275 280 285

Leu Glu
290

<210> SEQ ID NO 4

<211> LENGTH: 309

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 4

Met Lys Ile Pro Ala Ile Phe Val Thr Ser Leu Leu Val Trp Gly Leu
1 5 10 15

Ala Glu Gly Arg Val Ile Asn His Glu Ser Leu Lys Thr Ser Glu Asp
20 25 30

Ile Gln Gly Gly Tyr Ser Ala Gly Ile Val Gly Asp Gly Ser Asp Ala
35 40 45

Leu Gly Ser Ser Ile Glu Asn Ala Gln Lys Val Ala Arg Ala Ala Glu
Asn Val Gly Leu Asn Leu Glu Leu Gly Ala Gly Ala Arg Ala Ala Ser
65 70 75 80

Val Ala Ala Ala Ala Gln Ala Lys Asn Thr Glu Ala Ala Glu Ala Gly
85 90 95

Ala Asn Ala Ala Leu Ala Ala Ala Ile Ala Lys Arg Glu Glu Ala Ile
100 105 110

Lys Ala Ser Glu Ile Ala Asn Gln Leu Leu Thr Asn Ala Ala Lys Ala
115 120 125

Ala Glu Ala Thr Val Ser Ala Thr Lys Arg Ala Ala Gln Leu Thr Ala
130 135 140

Ala Ala Lys Glu Ala Thr Arg Ala Ser Ala Ala Ala Ala Glu Ala Ala
145 150 155 160

Thr Glu Ala Gln Val Lys Ala Asn Ala Asp Ser Ile Ile Thr Lys Arg
165 170 175

Ala Ala Ile Ala Glu Ala Gln Ala Ala Ala Glu Ala Gln Val Lys Ala
180 185 190

Ala Ile Ala Arg Lys Ser Ala Ala Asn Phe Leu Ala Lys Ala Gln Ile
195 200 205

Ala Ala Ala Ala Glu Ser Glu Ala Thr Lys Leu Ala Ala Glu Ala Val
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210 215 220

Val Ala Leu Thr Asn Ala Glu Val Ala Val Asn Gln Ala Arg Asn Ala
225 230 235 240

Gln Ala Asn Ala Ser Thr Gln Ala Ser Met Ala Val Arg Val Asp Ser
245 250 255

Gln Ala Ala Asn Ala Glu Ala Ala Ala Val Ala Gln Ala Glu Thr Leu
260 265 270

Leu Val Thr Ala Glu Ala Val Ala Ala Ala Glu Ala Glu Val Ala Asn
275 280 285

Lys Ala Ala Thr Phe Ala Lys Gln Ile Val Asn Glu Lys Lys Ile His
290 295 300

Val Ala Lys Leu Glu
305

<210> SEQ ID NO 5

<211> LENGTH: 316

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 5

Gly Val Glu Glu Phe Lys Ser Ser Ala Thr Glu Glu Val Ile Ser Lys
1 5 10 15

Asn Leu Glu Val Asp Leu Leu Lys Asn Val Asp Thr Ser Ala Lys Arg
Arg Glu Asn Gly Ala Pro Val Leu Gly Lys Asn Thr Leu Gln Ser Leu
35 40 45

Glu Lys Ile Lys Thr Ser Ala Ser Val Asn Ala Lys Ala Ala Ala Val
50 55 60

Val Lys Ala Ser Ala Leu Ala Leu Ala Glu Ala Tyr Leu Arg Ala Ser
65 70 75 80

Ala Leu Ser Ala Ala Ala Ser Ala Lys Ala Ala Ala Ala Leu Lys Asn
85 90 95

Ala Gln Gln Ala Gln Leu Asn Ala Gln Glu Lys Ser Leu Ala Ala Leu
100 105 110

Lys Ala Gln Ser Glu Glu Glu Ala Ala Ser Ala Arg Ala Asn Ala Ala
115 120 125

Thr Ala Ala Thr Gln Ser Ala Leu Glu Arg Ala Gln Ala Ser Ser Arg
130 135 140

Leu Ala Thr Val Ala Gln Asn Val Ala Ser Asp Leu Gln Lys Arg Thr
145 150 155 160

Ser Thr Lys Ala Ala Ala Glu Ala Ala Ala Thr Leu Arg Gln Leu Gln
165 170 175

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

Ala Ala Ala Ala Ala Ala Glu Thr Lys Thr Thr Ala Ser Ser Glu Ala
195 200 205

Ala Asn Ala Ala Ala Lys Lys Ala Ala Ala Ile Ala Ser Asp Ala Asp
210 215 220

Gly Ala Glu Arg Ser Ala Ser Thr Glu Ala Gln Ser Ala Ala Lys Ile
225 230 235 240

Glu Ser Val Ala Ala Ala Glu Gly Ser Ala Asn Ser Ala Ser Glu Asp
245 250 255
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Ser Arg Ala Ala Gln Leu Glu Ala Ser Thr Ala Ala Arg Ala Asn Val
260 265 270

Ala Ala Ala Val Gly Asp Gly Ala Ile Ile Gly Leu Gly Glu Glu Ala
275 280 285

Gly Ala Ala Ala Gln Leu Leu Ala Gln Ala Lys Ala Leu Ala Glu Val
290 295 300

Ser Ser Lys Ser Glu Asn Ile Glu Asp Lys Lys Phe
305 310 315

<210> SEQ ID NO 6

<211> LENGTH: 335

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 6

Met Gln Ile Pro Thr Phe Val Ala Ile Cys Leu Leu Thr Ser Gly Leu
1 5 10 15

Val His Ala Gly Val Glu Glu Phe Lys Ser Ser Ala Thr Glu Glu Val
20 25 30

Ile Ser Lys Asn Leu Glu Val Asp Leu Leu Lys Asn Val Asp Thr Ser
35 40 45

Ala Lys Arg Arg Glu Asn Gly Ala Pro Val Leu Gly Lys Asn Thr Leu
50 55 60

Gln Ser Leu Glu Lys Ile Lys Thr Ser Ala Ser Val Asn Ala Lys Ala
65 70 75 80

Ala Ala Val Val Lys Ala Ser Ala Leu Ala Leu Ala Glu Ala Tyr Leu
85 90 95

Arg Ala Ser Ala Leu Ser Ala Ala Ala Ser Ala Lys Ala Ala Ala Ala
100 105 110

Leu Lys Asn Ala Gln Gln Ala Gln Leu Asn Ala Gln Glu Lys Ser Leu
115 120 125

Ala Ala Leu Lys Ala Gln Ser Glu Glu Glu Ala Ala Ser Ala Arg Ala
130 135 140

Asn Ala Ala Thr Ala Ala Thr Gln Ser Ala Leu Glu Arg Ala Gln Ala
145 150 155 160

Ser Ser Arg Leu Ala Thr Val Ala Gln Asn Val Ala Ser Asp Leu Gln
165 170 175

Lys Arg Thr Ser Thr Lys Ala Ala Ala Glu Ala Ala Ala Thr Leu Arg
180 185 190

Gln Leu Gln Asp Ala Glu Arg Thr Lys Trp Ser Ala Asn Ala Ala Leu
195 200 205

Glu Val Ser Ala Ala Ala Ala Ala Ala Glu Thr Lys Thr Thr Ala Ser
210 215 220

Ser Glu Ala Ala Asn Ala Ala Ala Lys Lys Ala Ala Ala Ile Ala Ser
225 230 235 240

Asp Ala Asp Gly Ala Glu Arg Ser Ala Ser Thr Glu Ala Gln Ser Ala
245 250 255

Ala Lys Ile Glu Ser Val Ala Ala Ala Glu Gly Ser Ala Asn Ser Ala
260 265 270

Ser Glu Asp Ser Arg Ala Ala Gln Leu Glu Ala Ser Thr Ala Ala Arg
275 280 285

Ala Asn Val Ala Ala Ala Val Gly Asp Gly Ala Ile Ile Gly Leu Gly
290 295 300
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Glu Glu Ala Gly Ala Ala Ala Gln Leu Leu Ala Gln Ala Lys Ala Leu
305 310 315 320

Ala Glu Val Ser Ser Lys Ser Glu Asn Ile Glu Asp Lys Lys Phe
325 330 335

<210> SEQ ID NO 7

<211> LENGTH: 323

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 7

Ala Arg Glu Glu Val Glu Thr Arg Asp Lys Thr Lys Thr Ser Thr Val
Val Lys Ser Glu Lys Val Glu Val Val Ala Pro Ala Lys Asp Glu Leu

20 25 30

Lys Leu Thr Ser Glu Pro Ile Phe Gly Arg Arg Val Gly Thr Gly Ala
35 40 45

Ser Glu Val Ala Ser Ser Ser Gly Glu Ala Ile Ala Ile Ser Leu Gly
50 55 60

Ala Gly Gln Ser Ala Ala Glu Ser Gln Ala Leu Ala Ala Ser Gln Ser
65 70 75 80

Lys Thr Ala Ala Asn Ala Ala Ile Gly Ala Ser Glu Leu Thr Asn Lys
85 90 95

Val Ala Ala Leu Val Ala Gly Ala Thr Gly Ala Gln Ala Arg Ala Thr
100 105 110

Ala Ala Ser Ser Ser Ala Leu Lys Ala Ser Leu Ala Thr Glu Glu Ala
115 120 125

Ala Glu Glu Ala Glu Ala Ala Val Ala Asp Ala Lys Ala Ala Ala Glu
130 135 140

Lys Ala Glu Ser Leu Ala Lys Asn Leu Ala Ser Ala Ser Ala Arg Ala
145 150 155 160

Ala Leu Ser Ser Glu Arg Ala Asn Glu Leu Ala Gln Ala Glu Ser Ala
165 170 175

Ala Ala Ala Glu Ala Gln Ala Lys Thr Ala Ala Ala Ala Lys Ala Ala
180 185 190

Glu Ile Ala Leu Lys Val Ala Glu Ile Ala Val Lys Ala Glu Ala Asp
195 200 205

Ala Ala Ala Ala Ala Val Ala Ala Ala Lys Ala Arg Ala Val Ala Asp
210 215 220

Ala Ala Ala Ala Arg Ala Ala Ala Val Asn Ala Ile Ala Lys Ala Glu
225 230 235 240

Glu Glu Ala Ser Ala Gln Ala Glu Asn Ala Ala Gly Val Leu Gln Ala
245 250 255

Ala Ala Ser Ala Ala Ala Glu Ser Arg Ala Ala Ala Ala Ala Ala Ala
260 265 270

Ala Thr Ser Glu Ala Ala Ala Glu Ala Gly Pro Leu Ala Gly Glu Met
275 280 285

Lys Pro Pro His Trp Lys Trp Glu Arg Ile Pro Val Lys Lys Glu Glu
290 295 300

Trp Lys Thr Ser Thr Lys Glu Glu Trp Lys Thr Thr Asn Glu Glu Trp
305 310 315 320

Glu Val Lys



US 2017/0051025 Al Feb. 23,2017
36

-continued

<210> SEQ ID NO 8

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 8

Met Lys Ile Pro Ser Ile Leu Ala Val Ser Leu Leu Ile Trp Gly Leu
1 5 10 15

Ala Ser Gly Ala Arg Glu Glu Val Glu Thr Arg Asp Lys Thr Lys Thr
20 25 30

Ser Thr Val Val Lys Ser Glu Lys Val Glu Val Val Ala Pro Ala Lys
35 40 45

Asp Glu Leu Lys Leu Thr Ser Glu Pro Ile Phe Gly Arg Arg Val Gly
50 55 60

Thr Gly Ala Ser Glu Val Ala Ser Ser Ser Gly Glu Ala Ile Ala Ile
65 70 75 80

Ser Leu Gly Ala Gly Gln Ser Ala Ala Glu Ser Gln Ala Leu Ala Ala
85 90 95

Ser Gln Ser Lys Thr Ala Ala Asn Ala Ala Ile Gly Ala Ser Glu Leu
100 105 110

Thr Asn Lys Val Ala Ala Leu Val Ala Gly Ala Thr Gly Ala Gln Ala
115 120 125

Arg Ala Thr Ala Ala Ser Ser Ser Ala Leu Lys Ala Ser Leu Ala Thr
130 135 140

Glu Glu Ala Ala Glu Glu Ala Glu Ala Ala Val Ala Asp Ala Lys Ala
145 150 155 160

Ala Ala Glu Lys Ala Glu Ser Leu Ala Lys Asn Leu Ala Ser Ala Ser
165 170 175

Ala Arg Ala Ala Leu Ser Ser Glu Arg Ala Asn Glu Leu Ala Gln Ala
180 185 190

Glu Ser Ala Ala Ala Ala Glu Ala Gln Ala Lys Thr Ala Ala Ala Ala
195 200 205

Lys Ala Ala Glu Ile Ala Leu Lys Val Ala Glu Ile Ala Val Lys Ala
210 215 220

Glu Ala Asp Ala Ala Ala Ala Ala Val Ala Ala Ala Lys Ala Arg Ala
225 230 235 240

Val Ala Asp Ala Ala Ala Ala Arg Ala Ala Ala Val Asn Ala Ile Ala
245 250 255

Lys Ala Glu Glu Glu Ala Ser Ala Gln Ala Glu Asn Ala Ala Gly Val
260 265 270

Leu Gln Ala Ala Ala Ser Ala Ala Ala Glu Ser Arg Ala Ala Ala Ala
275 280 285

Ala Ala Ala Ala Thr Ser Glu Ala Ala Ala Glu Ala Gly Pro Leu Ala
290 295 300

Gly Glu Met Lys Pro Pro His Trp Lys Trp Glu Arg Ile Pro Val Lys
305 310 315 320

Lys Glu Glu Trp Lys Thr Ser Thr Lys Glu Glu Trp Lys Thr Thr Asn
325 330 335

Glu Glu Trp Glu Val Lys
340
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<210> SEQ ID NO 9

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 9

Gly Val Asn Thr Glu Leu Lys Lys Asp Gly Glu Leu Lys Glu Glu Ser
1 5 10 15

Tyr Glu Lys Ser Glu Ser Lys Ser Leu Lys Glu Ile Lys Glu Glu Arg
20 25 30

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

Glu Glu Glu Glu Lys Ser Lys Ser Leu Asn Leu Val Val Val Arg Glu
50 55 60

Lys Ile Thr Lys Leu Ser Ser Trp Leu Lys Glu Glu Lys Asp Ile Ser
65 70 75 80

Pro Leu Leu Glu Glu Lys Asn Gly Lys Gly Leu Leu Gly Leu Glu Asp
85 90 95

Val Thr Asp Glu Leu Asn Ile Ala Leu Lys Ser Leu Lys Glu Gly Lys
100 105 110

Lys Phe Asp Thr Trp Lys Phe Glu Lys Gly Ser Glu Asp Val Arg Ser
115 120 125

Leu Glu Glu Leu Asp Thr Ser Val Val Glu Leu Leu Lys Leu Ile Lys
130 135 140

Glu Gly Lys Thr Asp His Gly Ala Ile Asp Leu Glu Lys Asn Gly Lys
145 150 155 160

Val Leu Val Asp Leu Glu Lys Ile Ser Glu Asn Ile Leu Glu Thr Cys
165 170 175

Gly Ser Gln Lys Lys Thr Val Glu Val Val Asp Asp Lys Asp Lys Lys
180 185 190

Trp Asn Lys Glu Ser Gly Trp Lys Lys Asn Leu Asn Asp Leu Asp Trp
195 200 205

Lys Lys Asp Leu Asp Lys Asp Lys Val Gly Gly Gly Leu Leu Gly Gly
210 215 220

Leu Ser Gly Leu Leu Asn Ser Leu Lys Ser Glu Lys Gly Leu Leu Gly
225 230 235 240

Leu Leu Asn Lys Asn Gln Ile Glu Leu Leu Ile Pro Leu Ile Ser Glu
245 250 255

Ile Lys Lys Lys Asn Ile Asp Phe Asn Leu Phe Asp Ser Val Asp Ser
260 265 270

Val Glu Arg Asn Leu Asp Leu Lys Leu Phe Thr Ser Ser Val Ser Lys
275 280 285

Val Thr Glu Leu Leu Asn Lys Gly Ile Asp Ile Gln Thr Ile Leu Asn
290 295 300

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

Val Lys Gly Ile Phe Gly Leu Ile Gly Ser Leu Lys Arg Ser Leu Gly
325 330 335

Leu Glu Asn Ile Leu Asn Leu Pro Phe Lys Arg Ile Pro Leu Leu Lys
340 345 350
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<210> SEQ ID NO 10

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 10

Met Lys Tyr Met Leu Leu Leu Leu Ser Ile Phe Ile Cys Ala His Ile
1 5 10 15

Val Cys Ala Gly Val Asn Thr Glu Leu Lys Lys Asp Gly Glu Leu Lys
20 25 30

Glu Glu Ser Tyr Glu Lys Ser Glu Ser Lys Ser Leu Lys Glu Ile Lys
35 40 45

Glu Glu Arg Ala Ser Lys Ser Lys Ser Glu Arg Leu Lys Ile Arg Glu
50 55 60

Glu Lys Arg Glu Glu Glu Glu Lys Ser Lys Ser Leu Asn Leu Val Val
65 70 75 80

Val Arg Glu Lys Ile Thr Lys Leu Ser Ser Trp Leu Lys Glu Glu Lys
85 90 95

Asp Ile Ser Pro Leu Leu Glu Glu Lys Asn Gly Lys Gly Leu Leu Gly
100 105 110

Leu Glu Asp Val Thr Asp Glu Leu Asn Ile Ala Leu Lys Ser Leu Lys
115 120 125

Glu Gly Lys Lys Phe Asp Thr Trp Lys Phe Glu Lys Gly Ser Glu Asp
130 135 140

Val Arg Ser Leu Glu Glu Leu Asp Thr Ser Val Val Glu Leu Leu Lys
145 150 155 160

Leu Ile Lys Glu Gly Lys Thr Asp His Gly Ala Ile Asp Leu Glu Lys
165 170 175

Asn Gly Lys Val Leu Val Asp Leu Glu Lys Ile Ser Glu Asn Ile Leu
180 185 190

Glu Thr Cys Gly Ser Gln Lys Lys Thr Val Glu Val Val Asp Asp Lys
195 200 205

Asp Lys Lys Trp Asn Lys Glu Ser Gly Trp Lys Lys Asn Leu Asn Asp
210 215 220

Leu Asp Trp Lys Lys Asp Leu Asp Lys Asp Lys Val Gly Gly Gly Leu
225 230 235 240

Leu Gly Gly Leu Ser Gly Leu Leu Asn Ser Leu Lys Ser Glu Lys Gly
245 250 255

Leu Leu Gly Leu Leu Asn Lys Asn Gln Ile Glu Leu Leu Ile Pro Leu
260 265 270

Ile Ser Glu Ile Lys Lys Lys Asn Ile Asp Phe Asn Leu Phe Asp Ser
275 280 285

Val Asp Ser Val Glu Arg Asn Leu Asp Leu Lys Leu Phe Thr Ser Ser
290 295 300

Val Ser Lys Val Thr Glu Leu Leu Asn Lys Gly Ile Asp Ile Gln Thr
305 310 315 320

Ile Leu Asn Ala Lys Asn Gly Asp Glu Phe Asp Leu Ser Gly Lys Glu
325 330 335

Leu Lys Asn Val Lys Gly Ile Phe Gly Leu Ile Gly Ser Leu Lys Arg
340 345 350

Ser Leu Gly Leu Glu Asn Ile Leu Asn Leu Pro Phe Lys Arg Ile Pro
355 360 365
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Leu Leu Lys Leu

370
<210> SEQ ID NO 11
<211> LENGTH: 942
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 11
ggtttggagyg ggccgggcaa ctcegttgcce gagctegtga aaggtagege atcggccacce 60
gegtegaceyg ctgtgaccge tagatcagga cttagagccg gacaagtagce tttagcetteg 120
cagaaggatg ccgtactcca agctcaaget getgcatceeg cegegtcaga ggcgegeget 180
gectgecgate tgacggctaa acttagccaa gaatcggcat cagtgcaatc gecaggctgece 240
gccaaaggga aggaaacgga ggaggcagcet gttggtcaag ctagggetgg cctegagteg 300
gtgtccatgyg ccgcatcage cacatctgcet geccaaagaag catcgaccgce cgccaaagec 360
gcagcatceg cactatccac agcegtggtg caagcgaaaa tagctgagag ggcagccaaa 420
gctgaagetyg ttgectcegga cgaagccaag gccaaggcega ttgcagcagce caacttggeg 480
gctgaggeca gtgtagccge agaagcagcet ctcaaggecg agaaagtggce cgaagaagec 540
atcgcaagag cggcectetge aaaggctgec geaagagetyg ctgetgecege tctagectcee 600
tcgaaggaag cagccacggce cagcgcaaga aacgccgegyg aatccgaggce caggaacgaa 660
gtagctgtat tgatcgccga gattgataaa aagagtaggg aaatcgacgc agccagttceg 720
cttaatgcege gtgccgetge caaggcaage tcecaggaacg tagaaacggce gacaatcggg 780
gccaacatca actcttcgaa acaagtcgtg tcaattccag tggaaataaa gaaattcteg 840
gagccggaag tgtcaacatc atggagagaa gatgaagagg ttacgaaaga gaagaaggag 900
cacataaatc tgaacgactt cgacttgaag agcaacgtat tt 942
<210> SEQ ID NO 12
<211> LENGTH: 999
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 12
atgaagattc cagtattgct tgcaacgtge ctctaccttt geggatttge gtcegecggt 60
ttggaggggce cgggcaactc gttgccecgag ctegtgaaag gtagegcatce ggccaccgeg 120
tcgaccgetyg tgaccgctag atcaggactt agagccggac aagtagettt agettcgcag 180
aaggatgcceg tactccaage tcaagetget geatccegeceyg cgtcagagge gegegetget 240
geecgatctga cggctaaact tagccaagaa tcggcatcag tgcaatcgca ggetgccgece 300
aaagggaagg aaacggagga ggcagctgtt ggtcaagcta gggctggect cgagteggtg 360
tccatggeeg catcagecac atctgetgec aaagaagcat cgaccgcecge caaagcecgca 420
gcatccgeac tatccacage cgtggtgcaa gcgaaaatag ctgagagggce agccaaaget 480
gaagctgttyg ccteggacga agccaaggcece aaggcgattg cagcagcecaa cttggcegget 540
gaggccagtyg tagccgcaga agcagetcte aaggccgaga aagtggcecga agaagccatce 600
gcaagagcegyg cctcectgcaaa ggctgecgca agagetgetg ctgccgetet agectcecteg 660
aaggaagcag ccacggccag cgcaagaaac gecgceggaat ccgaggccag gaacgaagta 720
gectgtattga tcgecgagat tgataaaaag agtagggaaa tcgacgcagce cagttcgett 780
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aatgcgegtyg ccgcetgecaa ggcaagetcece aggaacgtag aaacggcgac aatcggggcece 840
aacatcaact cttcgaaaca agtcgtgtca attccagtgg aaataaagaa attctcggag 900
ccggaagtgt caacatcatg gagagaagat gaagaggtta cgaaagagaa gaaggagcac 960
ataaatctga acgacttcga cttgaagagc aacgtattt 999
<210> SEQ ID NO 13
<211> LENGTH: 870
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 13
cgegtgatta atcacgagtc cctgaagacg agcgaggata ttcaaggagyg atattcagca 60
ggaatagtcyg gtgatggatc tgacgcgett ggctcectceca tagaaaacgc ccaaaaagtce 120
gctegagegyg ctgaaaacgt gggcttgaat ctggaattgg gegcaggege gegtgetgece 180
agtgttgceg ctgctgecca ggccaaaaac acagaggctyg cggaagcagyg agcaaacgcce 240
getetggeeyg cegecattge caaacgggag gaagcgatta aagccagcga gatagcaaac 300
caattgttga ccaatgcagc aaaagcggca gaagcgactyg tatcggcaac gaagagggca 360
gcacaattga cggctgcage gaaagaagca accagagctt ctgcagecge tgctgaaget 420
gctacggagyg cccaggtaaa ggctaacgcce gattcaatca tcacgaagag ggctgcgatt 480
geegaggete aagetgcgge ggaagctcaa gttaaggegg caatcgecag aaaatcggea 540
gcgaattttt tggctaagge tcaaatagceg getgcegegg aatccgaggce cacgaaactce 600
geggecgaayg ctgtagtgge actaacaaac gccgaagtceg cegtgaacca ggctagaaac 660
gcacaggcaa acgcctcgac tcaagettcee atggetgtta gggtagattce tcaagcageg 720
aacgctgaag cagccgetgt agcgcaagec gaaactctet tggttacgge agaagetgte 780
gcagcetgegyg aggctgaggt tgcgaacaaa gecgccacat ttgcaaaaca gatcgtcaac 840
gagaagaaaa tacatgtagc aaagttggaa 870
<210> SEQ ID NO 14
<211> LENGTH: 927
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 14
atgaagattc cagcaatatt cgtcacgtct ctgctggtet ggggattgge cgagggccge 60
gtgattaatc acgagtccct gaagacgagce gaggatattc aaggaggata ttcagcagga 120
atagtcggtg atggatctga cgcgettgge tectccatag aaaacgccca aaaagtcget 180
cgageggetyg aaaacgtggg cttgaatctg gaattgggeyg caggcgcegeyg tgctgecagt 240
gttgccegetyg ctgeccagge caaaaacaca gaggctgcegg aagcaggagce aaacgccget 300
ctggecgeceg ccattgeccaa acgggaggaa gcgattaaag ccagcgagat agcaaaccaa 360
ttgttgacca atgcagcaaa agcggcagaa gcgactgtat cggcaacgaa gagggcagca 420
caattgacgg ctgcagcgaa agaagcaacc agagcttcetyg cagecgetge tgaagetget 480
acggaggcce aggtaaaggc taacgccgat tcaatcatca cgaagagggce tgcgattgee 540
gaggctcaag ctgcggcgga agctcaagtt aaggcggcaa tcgccagaaa atcggcageg 600

aattttttgg ctaaggctca aatagcggcet gecgeggaat cegaggcecac gaaactcegeg 660
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geecgaagetyg tagtggcact aacaaacgcce gaagtcegecg tgaaccaggce tagaaacgca 720
caggcaaacg cctcgactca agcttcecatg getgttaggg tagattctca agcagcgaac 780
gctgaagcag ccgetgtage gcaagecgaa actctettgg ttacggcaga agetgtcegea 840
getgeggagyg ctgaggttge gaacaaagcc gecacatttg caaaacagat cgtcaacgag 900
aagaaaatac atgtagcaaa gttggaa 927
<210> SEQ ID NO 15
<211> LENGTH: 949
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 15
ggcgtcegagyg aattcaagte ctcggcaacce gaggaggtga tcagcaaaaa cttagaagtce 60
gacctgttga aaaatgtgga cactagcgcg aaacgaagag agaacggcgce cccggtgete 120
ggcaagaaca cacttcaatc cctggagaag atcaagacgt cggcgagegt gaatgccaaa 180
gcagcagceeyg tggtgaaage gtcegetetg getcettgecag aggectattt gegagegtec 240
gecattgtcag ccgecgette agccaaggca gecgecgece tgaaaaatgce tcaacaageg 300
caattaaacg cccaggaaaa gtctttggece gegttgaaag ctcagtccga ggaagaggca 360
gettetgete gtgcaaacge agcaaccgcec gcgacacagt cggcactgga acgcgctcaa 420
gectecteca ggttagcaac ggtcgeccaa aacgtagceca gegacttgca gaaacggacce 480
agcaccaagg ccgcggcetga agccgetgece accctcagac aattacagga cgcggaacga 540
acgaaatgga gtgccaacgc tgccttagaa gtctccegecyg ctgcagetge cgcagaaacce 600
aagaccactg cctectegga ggccgcecaac gecgecgeca aaaaggcgge cgcgataget 660
tctgacgegg acggegegga aaggtceggea tctaccgagyg cacaatcage tgcgaagatce 720
gagagtgtgyg cagccgccga gggatccgece aactcggect ctgaggattce cegggccget 780
caattggaag cctccaccgce ggcgagagece aacgtggeceyg cagetgtegyg ggatggageg 840
attataggac ttggagagga agcgggtgcece geggctcagt tgcttgcaca ggcgaaggca 900
ttggccgaag ttagctcgaa atccgaaaat attgaggata aaaaatttt 949
<210> SEQ ID NO 16
<211> LENGTH: 1006
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 16
atgcagatcce caacgtttgt cgccatatge ttgctcacat cgggettggt gcacgcagge 60
gtecgaggaat tcaagtccte ggcaaccgag gaggtgatca gcaaaaactt agaagtcgac 120
ctgttgaaaa atgtggacac tagcgcgaaa cgaagagaga acggcgcccce ggtgetcgge 180
aagaacacac ttcaatccct ggagaagatc aagacgtegyg cgagcgtgaa tgccaaagca 240
gcagccegtygyg tgaaagcgte cgctetgget cttgcagagg cctatttgeg agegtccgea 300
ttgtcagceeg ccgcttcage caaggcagec gecgecctga aaaatgctca acaagcgcaa 360
ttaaacgcce aggaaaagtc tttggecgeg ttgaaagete agtccgagga agaggcagcet 420
tctgetegtyg caaacgcage aaccgecgeg acacagtegyg cactggaacyg cgctcaagece 480

tcctecaggt tagcaacggt cgcccaaaac gtagecageg acttgcagaa acggaccage 540
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accaaggcceg cggctgaage cgctgccacce ctcagacaat tacaggacgce ggaacgaacg 600
aaatggagtg ccaacgctgc cttagaagtce teecgecgetyg cagetgcecege agaaaccaag 660
accactgcct ccteggagge cgccaacgece gecgccaaaa aggcggcecge gatagettet 720
gacgcggacyg gcgeggaaag gtcggcatct accgaggcac aatcagetgce gaagatcgag 780
agtgtggcag ccgccgaggg atccgecaac teggectetyg aggattcceeyg ggccgetcaa 840
ttggaagcct ccaccgegge gagagccaac gtggecgcag ctgtegggga tggagegatt 900
ataggacttg gagaggaagc gggtgccgeg getcagttge ttgcacagge gaaggcattg 960
gccgaagtta gctcgaaatce cgaaaatatt gaggataaaa aatttt 1006
<210> SEQ ID NO 17
<211> LENGTH: 969
<212> TYPE: DNA
<213> ORGANISM: Apis mellifera
<400> SEQUENCE: 17
gcaagggaag aggtggagac acgggacaag accaagacct cgacagtggt gaaaagcgag 60
aaagtggaag tcgttgctcce cgctaaggat gaacttaaat taacgagcga gcctatcttt 120
ggaagaagag tgggaactgg agcatccgag gtggcatcta gcagceggtga agcecatcgeg 180
ataagtcttyg gagcagggca gtcageggca gagtctcagyg ccttggecge ctcegcaatce 240
aaaacggcag cgaacgccgce cataggegeg agegagcetta ccaacaaagt tgctgcetcta 300
gttgctggeyg cgactggtge gcaggcgaga gctacggecg cctectegag cgegttgaag 360

gecagettgg cgaccgaaga agceggcggaa gaggccgagg cggecgtgge tgacgecaag 420

getgeegegyg aaaaggcecga atcectggeg aaaaatcteg cgteggegag cgetegegeg 480
gecctetect ccgaaaggge gaacgaattyg gctcaagetg agagegetge ageggecgag 540
gegcaggeca agacagcage cgccgcecaaa gcagceggaaa tcgeccttaa ggtegetgag 600
atagcggtga aggcggaage ggacgcagca gctgecgeeg tggcagetge aaaggcaaga 660
geegtggeag acgeggecge tgcccegtgee gcagcecgtga acgccatege caaggeggaa 720
gaggaggcct cggcccaage agagaacgcece geceggtgttt tgcaagcage cgecteegec 780
geggeggaat cgegagecge tgcagetgece gecegetgeta ccteggagge ageggetgaa 840
getggecegt tggcaggtga gatgaaacca ccgcactgga aatgggaacyg gattectgtg 900
aagaaggagg agtggaaaac gtcaacgaag gaagaatgga aaacgacgaa tgaagaatgg 960
gaggtgaag 969

<210> SEQ ID NO 18

<211> LENGTH: 1026

<212> TYPE: DNA

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 18

atgaagatcc catccatact cgeggtttee ctgetgatet ggggtttgge aageggegca 60
agggaagagg tggagacacg ggacaagacc aagacctcga cagtggtgaa aagcgagaaa 120
gtggaagtcg ttgctcccge taaggatgaa cttaaattaa cgagcgagec tatctttgga 180
agaagagtgg gaactggagce atccgaggtg gcatctagea geggtgaage catcgegata 240

agtcttggag cagggcagte agecggcagag tctcaggect tggecgecte gcaatccaaa 300
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acggcagcga acgccgccat aggcegcgage gagcttacca acaaagttgce tgctctagtt 360
gctggcegega ctggtgegca ggcgagaget acggccgect cctcegagege gttgaaggec 420

agcttggega ccgaagaage ggcggaagag gecgaggegg cegtggetga cgecaagget 480

gecgeggaaa aggccgaate cctggegaaa aatctegegt cggegagege tegegeggec 540
ctctecteeg aaagggcegaa cgaattgget caagetgaga gegetgcage ggecgaggeg 600
caggccaaga cagcagcocge cgccaaagca gcggaaateg cecttaaggt cgetgagata 660

geggtgaagg cggaagcegga cgcagcaget gecgecegtgg cagctgcaaa ggcaagagec 720

gtggcagacg cggccgetge cegtgecgca gecegtgaacg ccatcgecaa ggcggaagag 780
gaggcctegg cccaagcaga gaacgcecgece ggtgttttge aagcagecge ctecgecgeg 840
geggaatege gageegetge agetgecgee getgetacct cggaggcage ggetgaaget 900
ggccegttgyg caggtgagat gaaaccaccyg cactggaaat gggaacggat tcctgtgaag 960

aaggaggagt ggaaaacgtc aacgaaggaa gaatggaaaa cgacgaatga agaatgggag 1020
gtgaag 1026
<210> SEQ ID NO 19

<211> LENGTH: 1059

<212> TYPE: DNA

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 19

ggcgtaaata cagaattaaa aaaagatggt gaactaaagg aagagtctta tgagaaaagc 60
gagtcaaaga gtttaaaaga aattaaagaa gaacgtgctt caaaatcaaa aagtgaacgt 120
ttgaagattc gtgaagaaaa acgcgaagag gaagaaaaat ccaagagtct gaatctggte 180
gtggtcagag aaaagattac caaactttct tcatggctca aagaagagaa agatatcagt 240
cctettttgyg aagaaaaaaa tggcaaaggt ctattgggtt tggaagatgt cacggacgag 300
ttaaatatcg ctcttaaatc gttgaaggag ggcaaaaagt ttgatacttyg gaaattcgag 360
aaaggtagceg aagacgttcg ttcectttggaa gaacttgata cgagegtegt tgaactttta 420
aaattaataa aggaaggaaa aactgaccat ggtgctatag atttggagaa gaatggtaag 480
gtacttgtag atttggaaaa aatctcagaa aacatacttg aaacttgtgg atcacaaaag 540
aagactgtgg aagttgtaga tgataaagac aaaaaatgga ataaagaatc aggttggaaa 600
aaaaatctaa atgatctaga ttggaaaaaa gatttagata aagataaagt tggtggcggt 660
ttgcttggeg gtttaagtgg cctcttaaat agtttaaaat cagaaaaagyg tcttctaggt 720
cttttgaata agaatcaaat tgagttatta attcctttaa tcagtgagat aaaaaagaaa 780
aatatagatt ttaatctctt cgattctgtt gattctgtcg aaagaaattt agacttgaaa 840
cttttcacaa gttctgtttc aaaagttact gaattattaa ataaaggaat cgatattcaa 900
acaattttga atgcgaaaaa tggagatgaa ttcgatttaa gcggcaaaga attgaaaaac 960

gtcaaaggga tatttggttt gattggaagt ttgaaacgct cattaggatt agaaaatata 1020

ttgaacttac cgtttaaacg tatacctctg cttaaatta 1059

<210> SEQ ID NO 20

<211> LENGTH: 1116

<212> TYPE: DNA

<213> ORGANISM: Apis mellifera
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<400> SEQUENCE: 20

atgaaataca tgctcttgtt gctatctata ttcatctgtg cacatattgt atgegcagge 60
gtaaatacag aattaaaaaa agatggtgaa ctaaaggaag agtcttatga gaaaagcgag 120
tcaaagagtt taaaagaaat taaagaagaa cgtgcttcaa aatcaaaaag tgaacgtttg 180
aagattcgtyg aagaaaaacg cgaagaggaa gaaaaatcca agagtctgaa tctggtegtg 240
gtcagagaaa agattaccaa actttcttca tggctcaaag aagagaaaga tatcagtcct 300
cttttggaag aaaaaaatgg caaaggtcta ttgggtttgg aagatgtcac ggacgagtta 360
aatatcgcte ttaaatcgtt gaaggagggc aaaaagtttyg atacttggaa attcgagaaa 420
ggtagcgaag acgttegtte tttggaagaa cttgatacga gegtcegttga acttttaaaa 480
ttaataaagg aaggaaaaac tgaccatggt gctatagatt tggagaagaa tggtaaggta 540
cttgtagatt tggaaaaaat ctcagaaaac atacttgaaa cttgtggatc acaaaagaag 600
actgtggaag ttgtagatga taaagacaaa aaatggaata aagaatcagyg ttggaaaaaa 660
aatctaaatg atctagattg gaaaaaagat ttagataaag ataaagttgg tggcggtttg 720
cttggeggtt taagtggect cttaaatagt ttaaaatcag aaaaaggtct tctaggtett 780
ttgaataaga atcaaattga gttattaatt cctttaatca gtgagataaa aaagaaaaat 840
atagatttta atctcttcga ttectgttgat tctgtcgaaa gaaatttaga cttgaaactt 900
ttcacaagtt ctgtttcaaa agttactgaa ttattaaata aaggaatcga tattcaaaca 960

attttgaatg cgaaaaatgg agatgaattc gatttaagcg gcaaagaatt gaaaaacgtc 1020
aaagggatat ttggtttgat tggaagtttg aaacgctcat taggattaga aaatatattg 1080
aacttaccgt ttaaacgtat acctctgctt aaatta 1116
<210> SEQ ID NO 21

<211> LENGTH: 1660

<212> TYPE: DNA

<213> ORGANISM: Apis mellifera

<400> SEQUENCE: 21

atgaaataca tgctcttgtt gctatctata ttcatctgtg cacatattgt atgegcagge 60
gtaaatacag aattaaaaaa agatggtgaa ctaaaggaag agtcttatga gaaaagcgag 120
tcaaagagtt taaaagaaat taaagaagaa cgtgcttcaa aatcaaaaag tgaacgtttg 180
aagattcgtg aaggtaattc gtgagattca agattcaaat caattaaatt tgaaaattat 240
gaaagtagta ttgttaaatt ataagataga agattttatc taaaaaataa taaattaagc 300
tttttgtatt tttggatatt gtagatattt ttaatataga attcttataa agttaaaaaa 360
tattttataa attaaacaac tttttattat ttttatgatc taaaaattaa aaatttcaag 420
ttaaagttca aattaaaaat ttgtaaaaaa tatggaaaaa acataaaaat tgaatttgtt 480
gtaatttaaa aaggattttt attatttatt gattaattat gaatataagt tcgaaaaatc 540
ctaaatatta atgtttaaaa ttttaattct taacaaaata tatttaattt aattcttaac 600
aaagatacat ttaaagaatt tcgcaaattt aaaaattagg tttttaattt taagaatcaa 660
atggtaaaaa acattttaaa tttgaaatat ataaaagtaa atcttttaat cgacaaacgg 720
atgaatttat tgattagaaa aacgcgaaga ggaagaaaaa tccaagagtc tgaatctggt 780

cgtggtcaga gaaaagatta ccaaacttte ttcatggectce aaagaagaga aagatatcag 840
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tcctettttg gaagaaaaaa atggcaaagg tctattgggt ttggaagatg tcacggacga 900
gttaaatatc gctcttaaat cgttgaagga gggcaaaaag tttgatactt ggaaattcga 960

gaaaggtagc gaagacgttc gttcectttgga agaacttgat acgagcgtcg ttgaactttt 1020
aaaattaata aaggaaggaa aaactgacca tggtgctata gatttggaga agaatggtaa 1080
ggtacttgta gatttggaaa aaatctcaga aaacatactt gaaacttgtg gatcacaaaa 1140
gaagactgtg gaagttgtag atgataaaga caaaaaatgg aataaagaat caggttggaa 1200
aaaaaatcta aatgatctag attggaaaaa agatttagat aaagataaag ttggtggcgg 1260
tttgcttgge ggtttaagtyg gectcttaaa tagtttaaaa tcagaaaaag gtcttctagg 1320
tcttttgaat aagaatcaaa ttgagttatt aattccttta atcagtgaga taaaaaagaa 1380
aaatatagat tttaatctct tcgattctgt tgattctgtc gaaagaaatt tagacttgaa 1440
acttttcaca agttctgttt caaaagttac tgaattatta aataaaggaa tcgatattca 1500
aacaattttg aatgcgaaaa atggagatga attcgattta agcggcaaag aattgaaaaa 1560
cgtcaaaggg atatttggtt tgattggaag tttgaaacgc tcattaggat tagaaaatat 1620
attgaactta ccgtttaaac gtatacctct gcttaaatta 1660
<210> SEQ ID NO 22

<211> LENGTH: 308

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 22

Gly Gln Ser Ser Pro Leu Leu Glu Ile Val Gln Gly Ser Ala Ser Ala
1 5 10 15

Thr Ala Ser Thr Ala Val Thr Ala Arg Ser Gly Leu Arg Ala Gly Gln
20 25 30

Val Ala Val Ala Ser Gln Lys Asp Ala Thr Leu Gln Ala Asp Ala Ser
Ala Ala Ala Ala Ala Ala Ala Arg Ala Ser Ala Asp Gln Ser Ala Ser
50 55 60

Leu Ala Gln Gln Ser Ala Ser Leu Gln Ser Lys Ala Ala Ala Arg Ala
65 70 75 80

Lys Ser Ala Glu Glu Ser Ala Ala Ala Thr Ala Lys Ala Glu Leu Gln
85 90 95

Ala Glu Ser Ile Ala Ala Ser Ala Ser Ser Asn Ala Arg Glu Ala Ala
100 105 110

Ala Ser Ala Lys Ala Ser Ala Ser Ala Met Ser Ser Ala Ala Val Gln
115 120 125

Ala Lys Leu Ala Glu Lys Thr Ala Lys Asn Gln Ala Leu Ala Ser Glu
130 135 140

Glu Ala Lys Leu Lys Ala Ala Ala Ala Ala Ser Ala Ala Ala Ala Ala
145 150 155 160

Ser Ala Ala Ala Glu Ala Ala Leu Lys Ala Glu Arg Ile Ala Glu Glu
165 170 175

Ala Ile Ala Lys Ala Ala Ala Ala Lys Ala Ala Ala Arg Ala Ala Ala
180 185 190

Ala Ala Leu Asn Ser Ala Lys Glu Ala Ala Thr Ser Ser Ala Arg Ser
195 200 205
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Ala Ala Glu Ala Glu Ala Lys Ser Glu Val Ala Ile Leu Ile Ser Glu
210 215 220

Leu Asp Lys Lys Ser Arg Glu Val Ala Ala Ser Ala Ser Ala Lys Ala
225 230 235 240

Arg Ala Ala Ala Ala Ala Ser Ser Arg Asn Ala Glu Thr Ala Val Ile
245 250 255

Gly Ala Asn Ile Asn Val Ala Lys Glu Val Leu Ala Ile Pro Ile Glu
260 265 270

Pro Lys Lys Leu Pro Glu Pro Glu Leu Ala Leu Lys Glu Glu Asn Val
275 280 285

Ala Val Ala Ser Ser Glu Ser Glu Val Lys Val Glu Thr Ser Ser Glu
290 295 300

Ala Trp Ser Ile
305

<210> SEQ ID NO 23

<211> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 23

Met Lys Ile Pro Ala Leu Leu Val Thr Cys Leu Tyr Leu Trp Gly Phe
1 5 10 15

Ala Ser Ala Gly Gln Ser Ser Pro Leu Leu Glu Ile Val Gln Gly Ser
20 25 30

Ala Ser Ala Thr Ala Ser Thr Ala Val Thr Ala Arg Ser Gly Leu Arg
35 40 45

Ala Gly Gln Val Ala Val Ala Ser Gln Lys Asp Ala Thr Leu Gln Ala
50 55 60

Asp Ala Ser Ala Ala Ala Ala Ala Ala Ala Arg Ala Ser Ala Asp Gln
65 70 75 80

Ser Ala Ser Leu Ala Gln Gln Ser Ala Ser Leu Gln Ser Lys Ala Ala
85 90 95

Ala Arg Ala Lys Ser Ala Glu Glu Ser Ala Ala Ala Thr Ala Lys Ala
100 105 110

Glu Leu Gln Ala Glu Ser Ile Ala Ala Ser Ala Ser Ser Asn Ala Arg
115 120 125

Glu Ala Ala Ala Ser Ala Lys Ala Ser Ala Ser Ala Met Ser Ser Ala
130 135 140

Ala Val Gln Ala Lys Leu Ala Glu Lys Thr Ala Lys Asn Gln Ala Leu
145 150 155 160

Ala Ser Glu Glu Ala Lys Leu Lys Ala Ala Ala Ala Ala Ser Ala Ala
165 170 175

Ala Ala Ala Ser Ala Ala Ala Glu Ala Ala Leu Lys Ala Glu Arg Ile
180 185 190

Ala Glu Glu Ala Ile Ala Lys Ala Ala Ala Ala Lys Ala Ala Ala Arg
195 200 205

Ala Ala Ala Ala Ala Leu Asn Ser Ala Lys Glu Ala Ala Thr Ser Ser
210 215 220

Ala Arg Ser Ala Ala Glu Ala Glu Ala Lys Ser Glu Val Ala Ile Leu
225 230 235 240

Ile Ser Glu Leu Asp Lys Lys Ser Arg Glu Val Ala Ala Ser Ala Ser
245 250 255
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Ala Lys Ala Arg Ala Ala Ala Ala Ala Ser Ser Arg Asn Ala Glu Thr
260 265 270

Ala Val Ile Gly Ala Asn Ile Asn Val Ala Lys Glu Val Leu Ala Ile
275 280 285

Pro Ile Glu Pro Lys Lys Leu Pro Glu Pro Glu Leu Ala Leu Lys Glu
290 295 300

Glu Asn Val Ala Val Ala Ser Ser Glu Ser Glu Val Lys Val Glu Thr
305 310 315 320

Ser Ser Glu Ala Trp Ser Ile
325

<210> SEQ ID NO 24

<211> LENGTH: 293

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 24

His Val Val Lys Arg Asp Lys Glu Leu Lys Ala Pro Ala Leu Pro Glu
Leu Leu Gly Asp Gly Ser Asp Thr Leu Gly Ala Ser Met Glu Asn Gly

20 25 30

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

Asn Ala Ala Ala Arg Ala Ala Ala Ala Ala Ala Thr Lys Gln Ala Lys
Asp Thr Glu Ala Ala Glu Ala Gly Ala Ala Ala Ala Ile Ala Ile Ala
65 70 75 80

Ile Ala Lys Arg Glu Glu Ala Ile Lys Ala Ser Glu Leu Ala Ser Lys
85 90 95

Leu Leu Thr Ala Ala Ala Gly Ser Ser Glu Ala Ala Val Ser Ala Thr
100 105 110

Val Arg Ala Ala Gln Leu Thr Ala Ala Ala Ser Ala Ala Ala Lys Ala
115 120 125

Ser Ala Ser Ala Ser Glu Ala Ser Ala Glu Ala Gln Val Arg Ala Asn
130 135 140

Ala Glu Ala Asn Ile Ala Lys Lys Ala Ser Ala Ala Glu Ala Lys Ala
145 150 155 160

Ala Ala Glu Ala Gln Val Lys Ala Glu Leu Ala Lys Lys Ala Ala Ala
165 170 175

Gly Phe Leu Ala Lys Ala Arg Leu Ala Ala Ser Ala Glu Ser Glu Ala
180 185 190

Thr Lys Leu Ala Ala Glu Ala Glu Val Ala Leu Ala Lys Ala Arg Val
195 200 205

Ala Val Asp Gln Ser Gln Ser Ala Gln Ala Thr Ala Thr Ala Gln Ala
210 215 220

Ala Thr Ala Val Gln Leu Gln Ser Gln Ala Ala Asn Ala Glu Ala Ser
225 230 235 240

Ala Val Ala Gln Ala Glu Thr Leu Leu Val Thr Ala Glu Ala Val Ser
245 250 255

Ala Ala Glu Ala Glu Ala Ala Thr Lys Ala Thr Ser Trp Gly Glu Glu
260 265 270

Cys His Gln Arg Glu Lys Val Thr Phe Ser Glu Asp Arg Leu Asn Glu
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275

Arg Gln Asp Asn Trp

<210>
<211>
<212>
<213>

<400>

Met

1

Leu

Ala

Met

Arg

65

Lys

Ile

Leu

Ala

145

Glu

Lys

Glu

Lys

225

Thr

Ala

Glu

Trp

Arg
305

290

Lys

Ala

Leu

Glu

50

Thr

Gln

Ala

Ala

Ser

130

Ala

Arg

Ala

Ala

Ser

210

Ala

Ala

Glu

Ala

Gly
290

Leu

Ile

Glu

Pro

35

Asn

Glu

Ala

Ile

Ser

115

Ala

Lys

Ala

Lys

Ala

195

Glu

Arg

Gln

Ala

Val
275

Glu

Asn

PRT

SEQUENCE :

Pro

Gly

20

Glu

Gly

Leu

Lys

Ala

100

Lys

Thr

Ala

Asn

Ala

180

Ala

Ala

Val

Ala

Ser
260
Ser

Glu

Glu

SEQ ID NO 25
LENGTH:
TYPE:
ORGANISM: Bombus terrestris

313

25

Ala

His

Leu

Ile

Asn

Asp

85

Ile

Leu

Val

Ser

Ala

165

Ala

Gly

Thr

Ala

Ala

245

Ala

Ala

Cys

Arg

<210> SEQ ID NO 26

<211> LENGTH:

313

Ile

Val

Leu

Lys

Ala

70

Thr

Ala

Leu

Arg

Ala

150

Glu

Ala

Phe

Lys

Val

230

Thr

Val

Ala

His

Gln
310

Leu

Val

Gly

Val

55

Ala

Glu

Lys

Thr

Ala

135

Ser

Ala

Glu

Leu

Leu

215

Asp

Ala

Ala

Glu

Gln

295

Asp

280

Val

Lys

Asp

Ala

Ala

Ala

Arg

Ala

120

Ala

Ala

Asn

Ala

Ala

200

Ala

Gln

Val

Gln

Ala
280

Arg

Asn

Thr

Arg

25

Gly

Arg

Arg

Ala

Glu

105

Ala

Gln

Ser

Ile

Gln

185

Lys

Ala

Ser

Gln

Ala
265
Glu

Glu

Trp

Ser

10

Asp

Ser

Ala

Ala

Glu

90

Glu

Ala

Leu

Glu

Ala

170

Val

Ala

Glu

Gln

Leu

250

Glu

Ala

Lys

Leu

Lys

Asp

Ser

Ala

75

Ala

Ala

Gly

Thr

Ala

155

Lys

Lys

Arg

Ala

Ser

235

Gln

Thr

Ala

Val

Leu

Glu

Thr

Gln

60

Ala

Gly

Ile

Ser

Ala

140

Ser

Lys

Ala

Leu

Glu

220

Ala

Ser

Leu

Thr

Thr
300

285

Val

Leu

Leu

45

Asn

Ala

Ala

Lys

Ser

125

Ala

Ala

Ala

Glu

Ala

205

Val

Gln

Gln

Leu

Lys
285

Phe

Trp

Lys

30

Gly

Val

Ala

Ala

Ala

110

Glu

Ala

Glu

Ser

Leu

190

Ala

Ala

Ala

Ala

Val
270

Ala

Ser

Gly

15

Ala

Ala

Gly

Ala

Ala

95

Ser

Ala

Ser

Ala

Ala

175

Ala

Ser

Leu

Thr

Ala

255

Thr

Thr

Glu

Gly

Pro

Ser

Leu

Thr

80

Ala

Glu

Ala

Ala

Gln

160

Ala

Lys

Ala

Ala

Ala

240

Asn

Ala

Ser

Asp
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<212> TYPE: PRT
<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 26

Gly Ser Val Glu Leu Gly Ala Pro Lys Gln Glu Ser Val Leu Val Glu
1 5 10 15

Gln Leu Leu Leu Lys Asn Val Glu Thr Ser Ala Lys Arg Lys Glu Asn
20 25 30

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

Lys Ala Thr Ala Ala Ala Glu Ala Lys Ala Ser Ala Lys Val Lys Ala
50 55 60

Ser Ala Leu Ala Leu Ala Glu Ala Phe Leu Arg Ala Ser Ala Ala Phe
65 70 75 80

Ala Ala Ala Ser Ala Lys Ala Ala Ala Ala Val Lys Glu Ala Thr Gln
85 90 95

Ala Gln Leu Leu Ala Gln Glu Lys Ala Leu Ile Ala Leu Lys Thr Gln
100 105 110

Ser Glu Gln Gln Ala Ala Ser Ala Arg Ala Asp Ala Ala Ala Ala Ala
115 120 125

Ala Val Ser Ala Leu Glu Arg Ala Gln Ala Ser Ser Arg Ala Ala Thr
130 135 140

Thr Ala Gln Asp Ile Ser Ser Asp Leu Glu Lys Arg Val Ala Thr Ser
145 150 155 160

Ala Ala Ala Glu Ala Gly Ala Thr Leu Arg Ala Glu Gln Ser Ala Ala
165 170 175

Gln Ser Lys Trp Ser Ala Ala Leu Ala Ala Gln Thr Ala Ala Ala Ala
180 185 190

Ala Ala Ile Glu Ala Lys Ala Thr Ala Ser Ser Glu Ser Thr Ala Ala
195 200 205

Ala Thr Ser Lys Ala Ala Val Leu Thr Ala Asp Thr Ser Ser Ala Glu
210 215 220

Ala Ala Ala Ala Ala Glu Ala Gln Ser Ala Ser Arg Ile Ala Gly Thr
225 230 235 240

Ala Ala Thr Glu Gly Ser Ala Asn Trp Ala Ser Glu Asn Ser Arg Thr
245 250 255

Ala Gln Leu Glu Ala Ser Ala Ser Ala Lys Ala Thr Ala Ala Ala Ala
260 265 270

Val Gly Asp Gly Ala Ile Ile Gly Leu Ala Arg Asp Ala Ser Ala Ala
275 280 285

Ala Gln Ala Ala Ala Glu Val Lys Ala Leu Ala Glu Ala Ser Ala Ser
290 295 300

Leu Gly Ala Ser Glu Lys Asp Lys Lys
305 310

<210> SEQ ID NO 27

<211> LENGTH: 332

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 27

Met Gln Ile Pro Ala Ile Phe Val Thr Cys Leu Leu Thr Trp Gly Leu
1 5 10 15
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Val His Ala Gly Ser Val Glu Leu Gly Ala Pro Lys Gln Glu Ser Val
20 25 30

Leu Val Glu Gln Leu Leu Leu Lys Asn Val Glu Thr Ser Ala Lys Arg
35 40 45

Lys Glu Asn Gly Ala Pro Lys Leu Gly Glu Ser Thr Ala Ala Ala Leu
50 55 60

Ala Ser Thr Lys Ala Thr Ala Ala Ala Glu Ala Lys Ala Ser Ala Lys
65 70 75 80

Val Lys Ala Ser Ala Leu Ala Leu Ala Glu Ala Phe Leu Arg Ala Ser
85 90 95

Ala Ala Phe Ala Ala Ala Ser Ala Lys Ala Ala Ala Ala Val Lys Glu
100 105 110

Ala Thr Gln Ala Gln Leu Leu Ala Gln Glu Lys Ala Leu Ile Ala Leu
115 120 125

Lys Thr Gln Ser Glu Gln Gln Ala Ala Ser Ala Arg Ala Asp Ala Ala
130 135 140

Ala Ala Ala Ala Val Ser Ala Leu Glu Arg Ala Gln Ala Ser Ser Arg
145 150 155 160

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

Ala Thr Ser Ala Ala Ala Glu Ala Gly Ala Thr Leu Arg Ala Glu Gln
180 185 190

Ser Ala Ala Gln Ser Lys Trp Ser Ala Ala Leu Ala Ala Gln Thr Ala
195 200 205

Ala Ala Ala Ala Ala Ile Glu Ala Lys Ala Thr Ala Ser Ser Glu Ser
210 215 220

Thr Ala Ala Ala Thr Ser Lys Ala Ala Val Leu Thr Ala Asp Thr Ser
225 230 235 240

Ser Ala Glu Ala Ala Ala Ala Ala Glu Ala Gln Ser Ala Ser Arg Ile
245 250 255

Ala Gly Thr Ala Ala Thr Glu Gly Ser Ala Asn Trp Ala Ser Glu Asn
260 265 270

Ser Arg Thr Ala Gln Leu Glu Ala Ser Ala Ser Ala Lys Ala Thr Ala
275 280 285

Ala Ala Ala Val Gly Asp Gly Ala Ile Ile Gly Leu Ala Arg Asp Ala
290 295 300

Ser Ala Ala Ala Gln Ala Ala Ala Glu Val Lys Ala Leu Ala Glu Ala
305 310 315 320

Ser Ala Ser Leu Gly Ala Ser Glu Lys Asp Lys Lys
325 330

<210> SEQ ID NO 28

<211> LENGTH: 338

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 28

Gly Lys Pro Leu Ile Ala Asn Ala Gln Ile Gly Lys Val Lys Thr Glu
1 5 10 15

Thr Ser Ser Ser Ser Glu Ile Glu Thr Leu Val Ser Gly Ser Gln Thr
20 25 30

Leu Val Ala Gly Ser Glu Thr Leu Ala Ser Glu Ser Glu Ala Leu Ala
35 40 45
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Ser Lys Ser Glu Ala Leu Thr Ser Glu Ala Glu Ile Ala Ser Val Thr
50 55 60

Thr Lys Asp Glu Leu Ile Leu Lys Gly Glu Ala Ile Thr Gly Lys Lys
65 70 75 80

Leu Gly Thr Gly Ala Ser Glu Val Ala Ala Ala Ser Gly Glu Ala Ile
85 90 95

Ala Thr Thr Leu Gly Ala Gly Gln Ala Ala Ala Glu Ala Gln Ala Ala
100 105 110

Ala Ala Ala Gln Ala Lys Ser Ala Ala Ala Ala Ala Ala Asn Ala Gly
115 120 125

Glu Ser Ser Asn Ser Ala Ala Ala Leu Val Ala Ala Ala Ala Ala Ala
130 135 140

Gln Gly Lys Ala Ala Ala Ala Ala Ala Ala Ala Thr Lys Ala Ser Leu
145 150 155 160

Glu Ala Ala Asp Ala Ala Glu Glu Ala Glu Ser Ala Val Ala Leu Ala
165 170 175

Arg Ala Ala Ser Ala Lys Ala Glu Ala Leu Ala Ser Thr Ala Ala Ala
180 185 190

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

Gln Ala Glu Ala Ala Ala Ala Ala Glu Ala Gln Ala Lys Ala Ala Ala
210 215 220

Ala Ala Lys Ala Thr Gln Leu Ala Leu Lys Val Ala Glu Thr Ala Val
225 230 235 240

Lys Thr Glu Ala Asp Ala Ala Ala Ala Ala Val Ala Ala Ala Lys Ala
245 250 255

Arg Ala Val Ala Asp Ala Ala Ala Ser Arg Ala Thr Ala Val Asn Ala
260 265 270

Ile Ala Glu Ala Glu Glu Arg Asp Ser Ala Gln Ala Glu Asn Thr Ala
275 280 285

Gly Val Ala Gln Ala Ala Leu Ala Ala Ala Glu Ala Gln Asp Ser Cys
290 295 300

Ile Gly Ala Ala Ala Thr Pro Arg His Ser Ser Ser Tyr Ala Trp Trp
305 310 315 320

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

Arg Thr

<210> SEQ ID NO 29

<211> LENGTH: 357

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 29

Met Lys Ile Pro Ser Ile Leu Ala Val Ser Leu Leu Val Trp Gly Leu
1 5 10 15

Ala Ser Ala Gly Lys Pro Leu Ile Ala Asn Ala Gln Ile Gly Lys Val
20 25 30

Lys Thr Glu Thr Ser Ser Ser Ser Glu Ile Glu Thr Leu Val Ser Gly
35 40 45

Ser Gln Thr Leu Val Ala Gly Ser Glu Thr Leu Ala Ser Glu Ser Glu
50 55 60
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Ala Leu Ala Ser Lys Ser Glu Ala Leu Thr Ser Glu Ala Glu Ile Ala
65 70 75 80

Ser Val Thr Thr Lys Asp Glu Leu Ile Leu Lys Gly Glu Ala Ile Thr
85 90 95

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

Glu Ala Ile Ala Thr Thr Leu Gly Ala Gly Gln Ala Ala Ala Glu Ala
115 120 125

Gln Ala Ala Ala Ala Ala Gln Ala Lys Ser Ala Ala Ala Ala Ala Ala
130 135 140

Asn Ala Gly Glu Ser Ser Asn Ser Ala Ala Ala Leu Val Ala Ala Ala
145 150 155 160

Ala Ala Ala Gln Gly Lys Ala Ala Ala Ala Ala Ala Ala Ala Thr Lys
165 170 175

Ala Ser Leu Glu Ala Ala Asp Ala Ala Glu Glu Ala Glu Ser Ala Val
180 185 190

Ala Leu Ala Arg Ala Ala Ser Ala Lys Ala Glu Ala Leu Ala Ser Thr
195 200 205

Ala Ala Ala Ala Asn Thr Arg Ala Ala Leu Gln Ala Glu Lys Ser Asn
210 215 220

Glu Leu Ala Gln Ala Glu Ala Ala Ala Ala Ala Glu Ala Gln Ala Lys
225 230 235 240

Ala Ala Ala Ala Ala Lys Ala Thr Gln Leu Ala Leu Lys Val Ala Glu
245 250 255

Thr Ala Val Lys Thr Glu Ala Asp Ala Ala Ala Ala Ala Val Ala Ala
260 265 270

Ala Lys Ala Arg Ala Val Ala Asp Ala Ala Ala Ser Arg Ala Thr Ala
275 280 285

Val Asn Ala Ile Ala Glu Ala Glu Glu Arg Asp Ser Ala Gln Ala Glu
290 295 300

Asn Thr Ala Gly Val Ala Gln Ala Ala Leu Ala Ala Ala Glu Ala Gln
305 310 315 320

Asp Ser Cys Ile Gly Ala Ala Ala Thr Pro Arg His Ser Ser Ser Tyr
325 330 335

Ala Trp Trp Lys Leu Arg Ile Thr Ser Leu Ile Val Ile Leu Ser Pro
340 345 350

Arg Asn Arg Arg Thr
355

<210> SEQ ID NO 30

<211> LENGTH: 422

<212> TYPE: PRT

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 30

Gly Asn Ser Glu Ser Gly Glu Asn Trp Lys Asn Gly Glu Ser Ser Glu
1 5 10 15

Ser Gly Lys Asn Trp Arg Asn Ser Gly Ser Ser Glu Ser Gly Lys Asn
20 25 30

Trp Lys Asn Gly Gly Ser Ser Glu Ser Asn Lys His Trp Lys Asn Gly
35 40 45

Gly Ser Ser Glu Ser Gly Glu Lys Trp Lys Asn Ser Glu Ser Ser Glu
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50 55 60

Ser Gly Lys Asn Trp Lys Asn Ser Gly Ser Ser Glu Ser Gly Lys Asn
65 70 75 80

Trp Lys Asn Gly Gly Ser Ser Glu Ser Asn Lys His Trp Lys Ser Gly
85 90 95

Gly Ser Ser Glu Ser Gly Glu Lys Trp Lys Asn Ser Glu Ser Gly Asn
100 105 110

Lys Gly Lys Ser Ser Lys Ser Ser Glu Ser Trp Lys Ser Asn Glu Asn
115 120 125

Ser Lys Asn Asp Gly Ser Trp Lys Ser Ser Glu Glu Ser Glu Lys Trp
130 135 140

Lys Asp Gly Lys Ala Val Ala Glu Asp Ser Val Ser Ile Asn Trp Ala
145 150 155 160

Asp Val Lys Glu Gln Ile Ser Asn Ile Ala Thr Ser Leu Glu Lys Gly
165 170 175

Gly Asn Leu Glu Ala Val Leu Lys Ile Lys Lys Gly Glu Lys Lys Ile
180 185 190

Ser Ser Leu Glu Glu Ile Lys Glu Lys Ile Ser Val Leu Leu Lys Trp
195 200 205

Ile Gln Glu Gly Lys Asp Thr Ser Ser Leu Leu Asp Leu Lys Glu Gly
210 215 220

Ser Lys Asp Ile Ala Ser Leu Lys Glu Ile Lys Gly Lys Ile Leu Leu
225 230 235 240

Ile Val Lys Leu Val Asn Glu Gly Lys Asp Thr Ser Gly Leu Leu Asp
245 250 255

Leu Glu Ala Ser Gly Lys Val Ile Leu Glu Leu Gln Ser Ala Ile Glu
260 265 270

Lys Val Leu Val Lys Ser Glu Lys Val Thr Lys Val Ser Glu Val Ser
275 280 285

Gly Leu Val Lys Ser Lys Thr Val Ser Asp Ile Lys Pro Leu Gln Ala
290 295 300

Val Ile Pro Leu Ile Leu Glu Leu Gln Lys Thr Asp Ile Asn Leu Ser
305 310 315 320

Thr Leu Asn Lys Trp Ser Thr Val Asn Val Asn Ser Ile Asp Lys Glu
325 330 335

Arg Val Thr Lys Thr Val Pro Val Leu Leu Gln Ser Met Lys Gly Gly
340 345 350

Glu Asp Ile Gln Asn Leu Leu Ser Ala Lys Gly Ala Lys Lys Leu Gly
355 360 365

Ile Ser Ala Leu Asp Leu Gln Ala Val Gln Gly Ala Leu Gly Val Val
370 375 380

Gly Lys Leu Ser Ser Gly Gly Ala Leu Asn Ser Lys Gly Leu Leu Asn
385 390 395 400

Leu Lys Asp Gly Ala Ser Val Leu Gly Ala Gly Lys Ile Gly Gly Leu
405 410 415

Ile Pro Leu Pro Lys Leu
420

<210> SEQ ID NO 31

<211> LENGTH: 927

<212> TYPE: DNA

<213> ORGANISM: Bombus terrestris
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<400> SEQUENCE: 31
ggccagaget cacctetget cgagatcegtg cagggtageg cgtceggecac cgcatccacce 60
getgtgaceyg ctagatccgg acttegtgcece ggtcaggtag cegtggectce gcagaaggat 120
gecacactte aggcagatge ctcageggcece gecgeggecg ctgcacgege ttecgecgac 180
cagtcggeca gtctagecca acagtceggeg tetttgcagt ccaaagetge cgccagagca 240
aaatcagccg aggagtcage ggcagctacg gecaaagecg agttgcagge agaatccatt 300
gectgcatetyg ccagttccaa tgccagagag getgcagegt cegcaaaagce ctecgcatcece 360
gcgatgtcat cggcectgccegt gcaggcgaaa ctcgctgaaa agacggccaa gaatcaaget 420
ctggetteeg aagaagccaa actcaagget gecgecgetyg ccagegcage agcagcagece 480
agcgecgeceg ccgaggcage cctgaaaget gagagaatag cggaagaagce catcgcecaag 540
geggecgetyg ccaaagcage cgccagagcec getgcagecg cgttaaactce cgecgaaggaa 600
geegecacga gcagcgcaag gagcgecgcece gaagcecgaag ctaagagcga agtcgctata 660
ctgatcageg aactcgacaa gaagagcagg gaagtcegeeg cttecgegte cgccaaggca 720
cgegetgetyg ctgeggetag ctccagaaac gcagaaacgyg ctgttatcegyg agctaacate 780
aatgtggcca aagaggtctt ggcgattcce atcgagccaa agaaacttcece ggagcecagag 840
ctggegttga aagaagagaa tgtcgeggte gegagctcag agagtgaagt gaaggtagaa 900
acgagcagcg aagcatggtc aatttaa 927
<210> SEQ ID NO 32
<211> LENGTH: 984
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 32
atgaagattc cagcactgct cgtaacgtge ctectaccttt ggggettege gtceegecgge 60
cagagctcac ctctgetega gatcgtgecag ggtagegegt cggecaccge atccaccget 120
gtgaccgcta gatccggact tcegtgeeggt caggtagecg tggcctegca gaaggatgece 180
acacttcagg cagatgcctc agcggecgece geggecgetyg cacgegette cgcecgaccag 240
tecggecagte tagcccaaca gtceggegtet ttgcagteca aagectgccge cagagcaaaa 300
tcageccgagg agtcageggce agctacggece aaagccgagt tgcaggcaga atccattget 360
gcatctgeca gttccaatge cagagaggct gcagegtccg caaaagectce cgcatccgeg 420
atgtcatcgg ctgcegtgca ggcgaaactce gectgaaaaga cggccaagaa tcaagetcetg 480
gcttecgaag aagccaaact caaggcetgcece gecgetgeca gegcagcagce agcagccage 540
geegecgeeyg aggcagcecect gaaagcetgag agaatagcegg aagaagcecat cgcecaaggeg 600
geegetgeca aagcagccge cagagcecgcet gecagecgegt taaactccgce gaaggaagec 660
gccacgagea gcgcaaggag cgccgecgaa gecgaagcta agagcgaagt cgctatactg 720
atcagcgaac tcgacaagaa gagcagggaa gtcgecgett cegegtcecege caaggcacgce 780
getgetgetyg cggcectagete cagaaacgca gaaacggcetg ttatcggagce taacatcaat 840
gtggccaaag aggtcttgge gattcccatce gagccaaaga aacttcecgga gecagagcetg 900
gegttgaaag aagagaatgt cgcggtcgeg agctcagaga gtgaagtgaa ggtagaaacy 960

agcagcgaag catggtcaat ttaa 984



US 2017/0051025 Al

55

Feb. 23,2017

-continued
<210> SEQ ID NO 33
<211> LENGTH: 882
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 33
cacgtggtga agcgcgacaa ggagctcaag gecccggett taccggaact actcggtgat 60
gggtctgaca cgcteggtge ctcgatggag aacgggatca aagtcgecag agcatcgcag 120
aatgtgggtce tgagaacaga gttgaatgca gecgegeggyg ctgcagecge tgctgegace 180
aagcaggcca aagacacaga ggccgcggaa getggagegyg ccegetgcegat tgccatcget 240
atcgccaage gtgaagaagce tatcaaagca agcgaattag ccagcaagtt gttgacagece 300
geggetgggt ccagecgaage tgcegtgtca gegacggtga gggcggegca attgacggec 360
gcagctageyg cagcectgccaa agcttcectgca tecgectetg aggcttetge cgaagcccag 420
gtgagggcca acgccgaagce aaacatcgcec aagaaagctt cggcagetga agcaaaagec 480
gcagccgaag cccaggttaa ggcggaactc gccaagaaag cggccgecegg tttettaget 540
aaggctagac tagcggccag cgccgaatcce gaggccacta aactcgcage cgaagctgaa 600
gtagcactgyg ctaaggccag agtcgecgte gaccagtcege agagcgcaca ggcaaccget 660
accgctcaag ctgccacage cgttcagetg cagtctcaag cagctaacge ggaagectcece 720
gectgtagcac aggctgaaac tctgetggte acggcggaag cegtcetetge cgeggaagec 780
gaagccgcega ccaaagctac cagttgggge gaagaatgtce atcaacgaga aaaagttacyg 840
tttagcgaag atcgattaaa cgagagacaa gacaattggt ag 882
<210> SEQ ID NO 34
<211> LENGTH: 942
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 34
atgaagattc cagcaatact ggttacgtct ctgetggtet ggggtggtet ggccgaggge 60
cacgtggtga agcgcgacaa ggagctcaag gecccggett taccggaact actcggtgat 120
gggtctgaca cgcteggtge ctcgatggag aacgggatca aagtcgecag agcatcgcag 180
aatgtgggtce tgagaacaga gttgaatgca gecgegeggyg ctgcagecge tgctgegace 240
aagcaggcca aagacacaga ggccgcggaa getggagegyg ccegetgcegat tgccatcget 300
atcgccaage gtgaagaagce tatcaaagca agcgaattag ccagcaagtt gttgacagece 360
geggetgggt ccagecgaage tgcegtgtca gegacggtga gggcggegca attgacggec 420
gcagctageyg cagcectgccaa agcttcectgca tecgectetg aggcttetge cgaagcccag 480
gtgagggcca acgccgaagce aaacatcgcec aagaaagctt cggcagetga agcaaaagec 540
gcagccgaag cccaggttaa ggcggaactc gccaagaaag cggccgecegg tttettaget 600
aaggctagac tagcggccag cgccgaatcce gaggccacta aactcgcage cgaagctgaa 660
gtagcactgyg ctaaggccag agtcgecgte gaccagtcege agagcgcaca ggcaaccget 720
accgctcaag ctgccacage cgttcagetg cagtctcaag cagctaacge ggaagectcece 780
gectgtagcac aggctgaaac tctgetggte acggcggaag cegtcetetge cgeggaagec 840
gaagccgcega ccaaagctac cagttgggge gaagaatgtce atcaacgaga aaaagttacyg 900
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tttagcgaag atcgattaaa cgagagacaa gacaattggt ag 942
<210> SEQ ID NO 35
<211> LENGTH: 942
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 35
ggtagegtygyg aactcggtge ccccaagcag gagtctgtcee tegtggagca getcectattg 60
aagaacgtgg agactagtgc gaagcgaaag gagaacggceg caccgaaact cggcgagagce 120
acagctgegg ctetggetag taccaaggca actgcagecyg cagaggctaa ggcatccgece 180
aaagtgaaag cttctgectt ggcccteget gaggetttet tgegtgegte ggcagegttt 240
getgetgett cagecaaage tgctgecget gtaaaggaag caacgcaggce acagttgetg 300
gcacaggaga aggctttgat agcgttgaaa actcaatctg agcaacaagc tgectctget 360
cgegeggacg ccgeggetge cgcagecgta tecgegetag aacgcgcecca ggectectee 420
agagcagcca cgaccgecca agacatctee agegatctgg agaaacgtgt cgccacctca 480
geegetgety aagcaggtge caccctcaga geggaacaat cegecgegca atcgaaatgg 540
tcegecgeac tggecgecca aaccgecget getgcageceyg ctatagaage aaaggcecace 600
gettectecag aaagcaccge tgccgetact agtaaggccg cegtgttgac cgetgacact 660
agcagcgcag aagctgecge tgcageggag gcacaatceg cttegeggat cgcaggtaca 720
gcagccaceyg agggatccge caactgggcet agcgagaact cgegtaccge acaactggaa 780
gettecegect cagecgaagge caccgcagcece gcagetgteg gagatggage tattatagga 840
cttgcacggg acgctagtgce cgcagctcag gecagccgcag aagttaaage cttagcetgaa 900
gctagtgcca gcecttaggtge ttcagaaaag gacaagaaat ga 942
<210> SEQ ID NO 36
<211> LENGTH: 999
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 36
atgcagatcce cagcgatttt cgtcacgtge ctgctcacat ggggectggt gcacgcaggt 60
agcgtggaac tcggtgccce caagcaggag tctgtcecteg tggagcaget cctattgaag 120
aacgtggaga ctagtgcgaa gcgaaaggag aacggcgcac cgaaactcegyg cgagagcaca 180
gectgeggete tggcectagtac caaggcaact gcagcecgcag aggctaaggce atccgccaaa 240
gtgaaagctt ctgecttgge cctegetgag getttettge gtgegtegge agegtttget 300
getgettecayg ccaaagctge tgccgetgta aaggaagcaa cgcaggcaca gttgetggea 360
caggagaagg ctttgatagc gttgaaaact caatctgage aacaagctge ctctgetcege 420
geggacgeeyg cggetgcecge agecgtatce gegctagaac gegeccaggce ctectccaga 480
gcagccacga ccgeccaaga catctccage gatctggaga aacgtgtege cacctcagece 540
getgetgaag caggtgccac cctcagagceg gaacaatccg ccgcegcaatc gaaatggtec 600
geegeactygyg ccgeccaaac cgcecgetgcet gecagecgceta tagaagcaaa ggcecaccget 660
tcctecagaaa gcaccgetge cgctactagt aaggecgeceyg tgttgaccege tgacactage 720

agcgcagaag ctgccgetge ageggaggca caatccgett cgeggatege aggtacagca 780
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gccaccgagyg gatccgccaa ctgggetage gagaactcege gtaccgcaca actggaaget 840
tcegectcag cgaaggecac cgcagecgca getgtceggag atggagcetat tataggactt 900
gcacgggacyg ctagtgccge agctcaggca gecgcagaag ttaaagectt agetgaaget 960
agtgccagcet taggtgcttc agaaaaggac aagaaatga 999
<210> SEQ ID NO 37
<211> LENGTH: 1017
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 37
ggcaaaccac tcattgccaa tgcgcaaata gggaaggtca agaccgaaac gtcatcgtet 60
tcagagattg agacgttggt atcaggaagc cagacattgg tggcaggaag tgagacattg 120
gcttcagaaa gcgaggcatt ggcgtcaaaa agcgaggcat tgacgtcaga agccgagata 180
gcgagegtga caacgaagga cgagctcata ctaaagggceg aagctatcac tggaaagaaa 240
ctaggaaccg gggcegtegga agtageggeg gectetgggyg aggctatcege aactacccett 300
ggcgegggac aagctgcage agaggcacaa gcagccgcecg cegcegcaagce aaaatcagea 360
geggcagetyg cegegaatge aggtgaatcce agcaacagtg ctgctgegtt ggttgetget 420
gcagctgcayg cacaaggaaa agcggcetgcece gecgcagcag ccgcgacgaa ggctagetta 480
gaggccgeayg acgcectgctga ggaagetgag teggeegtgg ccttggetag ggetgectec 540
gcaaaggcgyg aagcgctcege atcgaccgece getgetgega ataccegtge tgetctccaa 600
gcggaaaaat cgaacgagct ggcgcaagct gaggctgcag cegccgecga ageccagget 660
aaagccgeceg ctgctgecaa ggcaacacaa ctegecctta aagttgccga aactgeggtyg 720
aaaacggaag cagatgcagc agctgccgece gttgeggeeg caaaagccag agcagtcgca 780
gacgcageeyg cgtectegtge gaccgecagtg aacgccattg ctgaagegga agaaagagac 840
tctgcacagg cggagaacac cgctggtgta gcacaagcag cgctegetge tgcggaagca 900
caagactcct gcatcggege tgccgegact cctaggcatt cgtegageta tgcatggtgg 960
aagcttagga taacatcctt gatcgtcatt ctatcgccac gcaatcgacg tacttaa 1017
<210> SEQ ID NO 38
<211> LENGTH: 1074
<212> TYPE: DNA
<213> ORGANISM: Bombus terrestris
<400> SEQUENCE: 38
atgaagattc catcgatact cgcggtgtce ctgetggttt ggggtcetgge cagegcagge 60
aaaccactca ttgccaatgc gcaaataggg aaggtcaaga ccgaaacgtce atcgtcttca 120
gagattgaga cgttggtatc aggaagccag acattggtgg caggaagtga gacattgget 180
tcagaaagcg aggcattggce gtcaaaaage gaggcattga cgtcagaagce cgagatagceg 240
agcgtgacaa cgaaggacga gctcatacta aagggcgaag ctatcactgg aaagaaacta 300
ggaaccggygyg cgtcggaagt agcggeggcece tcetggggagg ctatcgcaac tacccettgge 360
gecgggacaag ctgcagcaga ggcacaagca gccgcecgecg cgcaagcaaa atcagcageg 420
gcagcetgeeyg cgaatgcagg tgaatccage aacagtgcetg ctgegttggt tgetgetgea 480

getgcagecac aaggaaaagc ggctgecgece gcagcagecg cgacgaaggce tagettagag 540
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gccgcagacg ctgctgagga agctgagtceg gecgtggect tggcetaggge tgcctecgeca 600
aaggcggaag cgctcgcatce gaccgcceget getgcgaata cccgtgetge tctecaageg 660
gaaaaatcga acgagctggce gcaagctgag gctgcagccg ccgcecgaagce ccaggctaaa 720
gccgecgetyg ctgccaagge aacacaactc gcccttaaag ttgccgaaac tgcggtgaaa 780
acggaagcag atgcagcagc tgccgcegtt gecggccgcaa aagccagagce agtcgcagac 840
gcagccgegt ctegtgegac cgcagtgaac gccattgetg aagcggaaga aagagactcet 900
gcacaggcgg agaacaccgc tggtgtagca caagcagcgce tcegetgctgce ggaagcacaa 960

gactcctgceca tecggegetge cgcgactect aggcattcegt cgagctatgce atggtggaag 1020
cttaggataa catccttgat cgtcattcta tcgccacgca atcgacgtac ttaa 1074
<210> SEQ ID NO 39

<211> LENGTH: 1411

<212> TYPE: DNA

<213> ORGANISM: Bombus terrestris

<400> SEQUENCE: 39

ggaaattcgg aaagcggcga aaattggaag aacggtgaaa gctccgaaag cggcaaaaat 60
tggaggaaca gcggaagcte cgaaagcgge aaaaattgga agaatggegg aagctcagaa 120
agcaacaaac attggaagaa cggtggaage tcggaaageg gegagaaatyg gaaaaacagt 180
gaaagctceceg aaagcggcaa aaattggaag aacagcggaa gctccgaaag cggcaaaaat 240
tggaaaaacg gcggaagcte ggaaagcaac aaacattgga agageggtgg aagctcggaa 300
agtggcgaga aatggaaaaa cagtgaaagce ggaaataaag gcaaaagctce aaaaagcagce 360
gaaagttgga agagcaacga aaactcgaag aacgacggca gctggaagag cagtgaagaa 420
tcagaaaagt ggaaagatgg taaagcagtg gcggaagaca gegttagtat aaactgggca 480
gatgtcaaag agcagattag caacattgct acatccttag aaaagggtgyg taacctegag 540
getgtattga aaataaagaa aggagaaaag aaaatttcaa gtttggagga aatcaaggag 600
aaaatctetyg tcctactgaa atggattcaa gaaggcaaag atactagcag cctattagat 660
ttgaaagagg gtagcaagga tattgcgteg ttgaaagaaa tcaaaggaaa gatccttttg 720
attgttaaat tagtgaacga agggaaagac actagtggtc ttttagattt agaagcgagt 780
ggcaaagtaa ttttagaatt gcaaagcgcc atagaaaagg ttctcgtaaa gtcagaaaag 840
gtaaccaaag tatctgaagt ttccggttta gtaaaaagca aaactgtctce ggacataaaa 900
ccgettcaag cagtaattcee tttaatcett gaattgcaaa aaacagacat taaccttagt 960

accttaaaca agtggtccac tgttaacgta aattctatag ataaagaacg cgtcacgaaa 1020

acggttccag tgctceccttca atccatgaaa ggaggcgaag atattcagaa ccttttgagt 1080

gcgaaaggtyg caaagaaact tggcattagt gectttggact tacaggcagt tcaaggagct 1140

cttggegtgg ttggaaagct aagttcaggt ggtgcgttga actcaaaagg cttgttgaac 1200

ttgaaagacg gcgctagtgt gttaggtgca ggaaaaatcg gaggattaat tectttaccg 1260

aaactttaag agatagaccg ataaaggcag atatactctc ggaagatttt tttggaagtt 1320

gaatagtccg caaaaaaatt atctctgatt attataattt agcctaaaat attaaataaa 1380

atggagaaat aacgttgaaa tatataaata a 1411
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<210> SEQ ID NO 40

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 40

Ser Gly Pro Arg Leu Leu Gly Gly Arg Ser Ala Ala Ser Ala Ser Ala
1 5 10 15

Ser Ala Ser Ala Glu Ala Ser Ala Gly Gly Trp Arg Lys Ser Gly Ala
Ser Ala Ser Ala Ser Ala Lys Ala Gly Ser Ser Asn Ile Leu Ser Arg
35 40 45

Val Gly Ala Ser Arg Ala Ala Ala Thr Leu Val Ala Ser Ala Ala Val
50 55 60

Glu Ala Lys Ala Gly Leu Arg Ala Gly Lys Ala Thr Ala Glu Glu Gln
65 70 75 80

Arg Glu Ala Leu Glu Met Leu Thr Leu Ser Ala Asp Lys Asn Ala Glu
85 90 95

Ala Arg Ile Leu Ala Asp Asp Thr Ala Val Leu Val Gln Gly Ser Ala
100 105 110

Glu Ala Gln Ser Val Ala Ala Ala Lys Thr Val Ala Val Glu Glu Glu
115 120 125

Ser Ala Ser Leu Asp Ala Ala Ala Val Glu Ala Glu Val Ala Ala Ala
130 135 140

Thr Ser Lys Ser Ser Ala Gly Gln Ala Leu Gln Ser Ala Gln Thr Ala
145 150 155 160

Ala Ser Ala Leu Arg Thr Ser Ala Arg Ser Ala Leu Thr Ala Leu Lys
165 170 175

Leu Ala Arg Leu Gln Gly Ala Ala Ser Ser Asn Ala Ala Arg Met Met
180 185 190

Glu Lys Ala Leu Ala Ala Thr Gln Asp Ala Asn Ala Ala Ala Gln Gln
195 200 205

Ala Met Ala Ala Glu Ser Ala Ala Ala Glu Ala Ala Ala Ile Ala Ala
210 215 220

Ala Lys Gln Ser Glu Ala Arg Asp Ala Gly Ala Glu Ala Lys Ala Ala
225 230 235 240

Met Ala Ala Leu Ile Thr Ala Gln Arg Asn Leu Val Gln Ala Asn Ala
245 250 255

Arg Ala Glu Met Ala Ser Glu Glu Ala Glu Leu Asp Ser Lys Ser Arg
260 265 270

Ala Ser Asp Ala Lys Val Asn Ala Val Ala Arg Ala Ala Ser Lys Ser
275 280 285

Ser Ile Arg Arg Asp Glu Leu Ile Glu Ile Gly Ala Glu Phe Gly Lys
290 295 300

Ala Ser Gly Glu Val Ile Ser Thr Gly Thr Arg Ser Asn Gly Gly Gln
305 310 315 320

Asp Ala Ile Ala Thr Ala Glu Ala Ser Ser Ser Ala Ser Ala Val Gly
325 330 335

Ile Lys Lys Thr Ser Gly His Trp Gly Ser Gly Lys Trp Ser Arg Val
340 345 350

Ser Lys Gly Lys Gly Trp Ala Ser Ser Asn Ala Asp Ala Asp Ala Ser
355 360 365
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Ser Ser Ser Ile Ile Ile Gly Gly Leu Lys Arg Gly Gly Leu Gly Ser
370 375 380

Glu Ala Ser Ala Ala Ala Ser Ala Glu Ala Glu Ala Ser Ala Gly Thr
385 390 395 400

Leu Leu Leu

<210> SEQ ID NO 41

<211> LENGTH: 422

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 41

Met Lys Ile Pro Ala Ile Ile Ala Thr Ser Leu Leu Leu Trp Gly Phe
1 5 10 15

Ala Ser Ala Ser Gly Pro Arg Leu Leu Gly Gly Arg Ser Ala Ala Ser
20 25 30

Ala Ser Ala Ser Ala Ser Ala Glu Ala Ser Ala Gly Gly Trp Arg Lys
35 40 45

Ser Gly Ala Ser Ala Ser Ala Ser Ala Lys Ala Gly Ser Ser Asn Ile
50 55 60

Leu Ser Arg Val Gly Ala Ser Arg Ala Ala Ala Thr Leu Val Ala Ser
65 70 75 80

Ala Ala Val Glu Ala Lys Ala Gly Leu Arg Ala Gly Lys Ala Thr Ala
85 90 95

Glu Glu Gln Arg Glu Ala Leu Glu Met Leu Thr Leu Ser Ala Asp Lys
100 105 110

Asn Ala Glu Ala Arg Ile Leu Ala Asp Asp Thr Ala Val Leu Val Gln
115 120 125

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

Glu Glu Glu Ser Ala Ser Leu Asp Ala Ala Ala Val Glu Ala Glu Val
145 150 155 160

Ala Ala Ala Thr Ser Lys Ser Ser Ala Gly Gln Ala Leu Gln Ser Ala
165 170 175

Gln Thr Ala Ala Ser Ala Leu Arg Thr Ser Ala Arg Ser Ala Leu Thr
180 185 190

Ala Leu Lys Leu Ala Arg Leu Gln Gly Ala Ala Ser Ser Asn Ala Ala
195 200 205

Arg Met Met Glu Lys Ala Leu Ala Ala Thr Gln Asp Ala Asn Ala Ala
210 215 220

Ala Gln Gln Ala Met Ala Ala Glu Ser Ala Ala Ala Glu Ala Ala Ala
225 230 235 240

Ile Ala Ala Ala Lys Gln Ser Glu Ala Arg Asp Ala Gly Ala Glu Ala
245 250 255

Lys Ala Ala Met Ala Ala Leu Ile Thr Ala Gln Arg Asn Leu Val Gln
260 265 270

Ala Asn Ala Arg Ala Glu Met Ala Ser Glu Glu Ala Glu Leu Asp Ser
275 280 285

Lys Ser Arg Ala Ser Asp Ala Lys Val Asn Ala Val Ala Arg Ala Ala
290 295 300

Ser Lys Ser Ser Ile Arg Arg Asp Glu Leu Ile Glu Ile Gly Ala Glu
305 310 315 320
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Phe Gly Lys Ala Ser Gly Glu Val Ile Ser Thr Gly Thr Arg Ser Asn
325 330 335

Gly Gly Gln Asp Ala Ile Ala Thr Ala Glu Ala Ser Ser Ser Ala Ser
340 345 350

Ala Val Gly Ile Lys Lys Thr Ser Gly His Trp Gly Ser Gly Lys Trp
355 360 365

Ser Arg Val Ser Lys Gly Lys Gly Trp Ala Ser Ser Asn Ala Asp Ala
370 375 380

Asp Ala Ser Ser Ser Ser Ile Ile Ile Gly Gly Leu Lys Arg Gly Gly
385 390 395 400

Leu Gly Ser Glu Ala Ser Ala Ala Ala Ser Ala Glu Ala Glu Ala Ser
405 410 415

Ala Gly Thr Leu Leu Leu
420

<210> SEQ ID NO 42

<211> LENGTH: 392

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 42

Arg Val Ile Glu Ser Ser Ser Ser Ala Ser Ala Gln Ala Ser Ala Ser
1 5 10 15

Ala Gly Ser Arg Gly Leu Leu Gly Lys Arg Pro Ile Gly Lys Leu Glu
20 25 30

Trp Gly Lys Glu Glu Lys Lys Leu Glu Glu Leu Asp Glu Glu Ser Leu
35 40 45

Asn Glu Ala Ala Leu Lys Val Gly Ile Lys Asn Gly Gly Leu Asp Val
50 55 60

Ala Lys Gly Ala Ala Val Leu Glu Ala Ala Met Ser Asp Val Ala Thr
65 70 75 80

Leu Thr Asp Gln Arg Ser Leu Val Asp Leu Gly Leu Gly Pro Val Ala
Asn Glu Ala Glu Ile Leu Ala Glu Ala Gln Ala Ala Thr Ser Ala Gln
100 105 110

Ala Gly Ala Val Ala Asn Ser Ala Ala Glu Arg Ala Ile Ala Ala Met
115 120 125

Glu Met Ala Asp Arg Thr Glu Tyr Ile Ala Ala Leu Val Thr Thr Lys
130 135 140

Ala Ala Lys Ala Ala Glu Ala Thr Met Ala Ala Thr Ala Arg Ala Thr
145 150 155 160

Ala Ala Ala Ser Ala Ser Lys Ile Ser Ser Gln Glu Ser Ala Ala Ser
165 170 175

Ala Ala Asn Ala Ala Asn Ala Glu Ala Lys Ala Asn Ala Ala Ser Ile
180 185 190

Ile Ala Asn Lys Ala Asn Ala Val Leu Ala Glu Ala Ala Ala Val Leu
195 200 205

Ala Ala Thr Ala Ala Lys Ala Lys Glu Ser Ala Met Lys Ser Leu Ser
210 215 220

Ala Ala Gln Ala Ala Ala Lys Ala Gln Ala Arg Asn Ala Glu Ala Ser
225 230 235 240

Ala Glu Ala Gln Ile Lys Leu Ser Gln Ala Arg Ala Ala Val Ala Arg
245 250 255
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Ala Ala Ala Asp Gln Ala Val Cys Ser Ser Gln Ala Gln Ala Ala Ser
260 265 270

Gln Ile Gln Ser Arg Ala Ser Ala Ser Glu Ser Ala Ala Ser Ala Gln
275 280 285

Ser Glu Thr Asn Thr Ala Ala Ala Glu Ala Val Ala Thr Ala Asp Ala
290 295 300

Glu Ala Ala Ala Gln Ala Glu Ala Trp Val Met Ser Leu Lys Asn Asp
305 310 315 320

Leu Trp Leu His Leu Asn Met Lys Gly Glu Ala Lys Ala Glu Gly Glu
325 330 335

Ala Val Ser Ile Ser Lys Gly His Arg Gly Gly Ile Arg Ser Gly Ser
340 345 350

Ile Ser Glu Ala Ser Ala Glu Ala Ser Ser Asn Val Ser Met Gly Gly
355 360 365

Arg His Gly Arg Lys Asp Leu Val Ser Glu Ala Leu Ala Gly Ala Ser
370 375 380

Ala Gly Ser Ser Ala Asp Ser Leu
385 390

<210> SEQ ID NO 43

<211> LENGTH: 411

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 43

Met Lys Ile Pro Ala Ile Leu Val Thr Ser Leu Leu Ala Trp Gly Leu
1 5 10 15

Ala Ser Gly Arg Val Ile Glu Ser Ser Ser Ser Ala Ser Ala Gln Ala
20 25 30

Ser Ala Ser Ala Gly Ser Arg Gly Leu Leu Gly Lys Arg Pro Ile Gly
35 40 45

Lys Leu Glu Trp Gly Lys Glu Glu Lys Lys Leu Glu Glu Leu Asp Glu
50 55 60

Glu Ser Leu Asn Glu Ala Ala Leu Lys Val Gly Ile Lys Asn Gly Gly
65 70 75 80

Leu Asp Val Ala Lys Gly Ala Ala Val Leu Glu Ala Ala Met Ser Asp
85 90 95

Val Ala Thr Leu Thr Asp Gln Arg Ser Leu Val Asp Leu Gly Leu Gly
100 105 110

Pro Val Ala Asn Glu Ala Glu Ile Leu Ala Glu Ala Gln Ala Ala Thr
115 120 125

Ser Ala Gln Ala Gly Ala Val Ala Asn Ser Ala Ala Glu Arg Ala Ile
130 135 140

Ala Ala Met Glu Met Ala Asp Arg Thr Glu Tyr Ile Ala Ala Leu Val
145 150 155 160

Thr Thr Lys Ala Ala Lys Ala Ala Glu Ala Thr Met Ala Ala Thr Ala
165 170 175

Arg Ala Thr Ala Ala Ala Ser Ala Ser Lys Ile Ser Ser Gln Glu Ser
180 185 190

Ala Ala Ser Ala Ala Asn Ala Ala Asn Ala Glu Ala Lys Ala Asn Ala
195 200 205

Ala Ser Ile Ile Ala Asn Lys Ala Asn Ala Val Leu Ala Glu Ala Ala
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210 215 220

Ala Val Leu Ala Ala Thr Ala Ala Lys Ala Lys Glu Ser Ala Met Lys
225 230 235 240

Ser Leu Ser Ala Ala Gln Ala Ala Ala Lys Ala Gln Ala Arg Asn Ala
245 250 255

Glu Ala Ser Ala Glu Ala Gln Ile Lys Leu Ser Gln Ala Arg Ala Ala
260 265 270

Val Ala Arg Ala Ala Ala Asp Gln Ala Val Cys Ser Ser Gln Ala Gln
275 280 285

Ala Ala Ser Gln Ile Gln Ser Arg Ala Ser Ala Ser Glu Ser Ala Ala
290 295 300

Ser Ala Gln Ser Glu Thr Asn Thr Ala Ala Ala Glu Ala Val Ala Thr
305 310 315 320

Ala Asp Ala Glu Ala Ala Ala Gln Ala Glu Ala Trp Val Met Ser Leu
325 330 335

Lys Asn Asp Leu Trp Leu His Leu Asn Met Lys Gly Glu Ala Lys Ala
340 345 350

Glu Gly Glu Ala Val Ser Ile Ser Lys Gly His Arg Gly Gly Ile Arg
355 360 365

Ser Gly Ser Ile Ser Glu Ala Ser Ala Glu Ala Ser Ser Asn Val Ser
370 375 380

Met Gly Gly Arg His Gly Arg Lys Asp Leu Val Ser Glu Ala Leu Ala
385 390 395 400

Gly Ala Ser Ala Gly Ser Ser Ala Asp Ser Leu
405 410

<210> SEQ ID NO 44

<211> LENGTH: 375

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 44

Asn Leu Leu Lys Glu Ser Lys Ala Ser Ala Ser Ala Ser Ala Ser Ala
1 5 10 15

Ser Ala Arg Ala Ser Gly Lys Lys Asn Leu His Val Leu Pro Leu Pro
20 25 30

Lys Lys Ser Glu His Gly Ile Val Ile Asp Lys Ser Val Phe Asp Ile
35 40 45

Lys Asp Val Val Leu Ser Ala Val Asp Glu Ile Asn Gly Ala Pro Lys
Leu Gly Leu Gly Trp Lys Lys Val Ser Met Gly Val Glu Arg Ala Glu
65 70 75 80

Ala Asn Ala Ala Ala Ala Ala Glu Ala Leu Ala Met Ile Lys Lys Ile
85 90 95

Ala Met Ala Arg Ser Ser Ala Tyr Val Gln Ala Ala Trp Ala Ser Ala
100 105 110

Gln Ala Ser Ala Asp Ala Leu Ala Ser Ala Arg Val Ala Gln Ala Ser
115 120 125

Gln Glu Ala Ala Glu Ala Lys Gly Arg Ala Ala Ser Glu Ala Leu Ser
130 135 140

Arg Ala Ile Glu Ala Ser Ser Arg Ala Asp Ala Ala Ala Ala Ala Thr
145 150 155 160
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Leu Asp Ala Met Asp Arg Thr Met Glu Asn Ala Arg Ala Ala Asn Ala
165 170 175

Ala Gln Thr Gln Ala Ser Gly Gln Ala Glu Asn Ala Asn Arg Ser Ala
180 185 190

Ala Ala Ile Leu Ala Ala Leu Leu Arg Ile Ala Glu Ala Ser Ala Leu
195 200 205

Asn Asn Glu Ala Ala Val Asn Ala Ala Ala Ala Ala Ala Ala Ala Ser
210 215 220

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

Ala Gly Gln Ala Ser Thr Ala Ala Glu Glu Ala Gln Ser Ala Gln Glu
245 250 255

Ala Ala Asp Lys Asn Ala Glu Leu Thr Thr Val Met Leu Glu Lys Ala
260 265 270

Ser Ala Asp Gln Gln Ala Ala Ser Ala Arg Ala Asp Tyr Tyr Thr Ala
275 280 285

Ser Thr Glu Ala Glu Ala Ala Ala Gln Ala Ser Ala Ile Asn Ala Leu
290 295 300

Arg Asp Gly Ile Val Val Gly Met Gly Asn Asp Ala Gly Ala Ser Ala
305 310 315 320

Gln Ala Met Ala Gln Val Glu Ala Leu Ala Arg Ala Ser Glu His Lys
325 330 335

Ala Leu Gly Glu Lys Lys Lys Gly Leu Val Trp Gly Tyr Gly Ser Lys
340 345 350

Gly Ser Ser Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Glu Ala Ser
355 360 365

Ser Arg Leu Gly Lys Asp Trp
370 375

<210> SEQ ID NO 45

<211> LENGTH: 394

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 45

Met Lys Ile Pro Ala Ile Leu Val Thr Ser Phe Leu Ala Trp Gly Leu
1 5 10 15

Ala Ser Gly 2Asn Leu Leu Lys Glu Ser Lys Ala Ser Ala Ser Ala Ser
20 25 30

Ala Ser Ala Ser Ala Arg Ala Ser Gly Lys Lys Asn Leu His Val Leu

Pro Leu Pro Lys Lys Ser Glu His Gly Ile Val Ile Asp Lys Ser Val
50 55 60

Phe Asp Ile Lys Asp Val Val Leu Ser Ala Val Asp Glu Ile Asn Gly
65 70 75 80

Ala Pro Lys Leu Gly Leu Gly Trp Lys Lys Val Ser Met Gly Val Glu
85 90 95

Arg Ala Glu Ala Asn Ala Ala Ala Ala Ala Glu Ala Leu Ala Met Ile
100 105 110

Lys Lys Ile Ala Met Ala Arg Ser Ser Ala Tyr Val Gln Ala Ala Trp
115 120 125

Ala Ser Ala Gln Ala Ser Ala Asp Ala Leu Ala Ser Ala Arg Val Ala
130 135 140
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Gln Ala Ser Gln Glu Ala Ala Glu Ala Lys Gly Arg Ala Ala Ser Glu
145 150 155 160

Ala Leu Ser Arg Ala Ile Glu Ala Ser Ser Arg Ala Asp Ala Ala Ala
165 170 175

Ala Ala Thr Leu Asp Ala Met Asp Arg Thr Met Glu Asn Ala Arg Ala
180 185 190

Ala Asn Ala Ala Gln Thr Gln Ala Ser Gly Gln Ala Glu Asn Ala Asn
195 200 205

Arg Ser Ala Ala Ala Ile Leu Ala Ala Leu Leu Arg Ile Ala Glu Ala
210 215 220

Ser Ala Leu Asn Asn Glu Ala Ala Val Asn Ala Ala Ala Ala Ala Ala
225 230 235 240

Ala Ala Ser Ala Leu Gln Ala Lys Ala Asn Ala Ala Ser Gln Ala Thr
245 250 255

Ala Arg Ala Ala Gly Gln Ala Ser Thr Ala Ala Glu Glu Ala Gln Ser
260 265 270

Ala Gln Glu Ala Ala Asp Lys Asn Ala Glu Leu Thr Thr Val Met Leu
275 280 285

Glu Lys Ala Ser Ala Asp Gln Gln Ala Ala Ser Ala Arg Ala Asp Tyr
290 295 300

Tyr Thr Ala Ser Thr Glu Ala Glu Ala Ala Ala Gln Ala Ser Ala Ile
305 310 315 320

Asn Ala Leu Arg Asp Gly Ile Val Val Gly Met Gly Asn Asp Ala Gly
325 330 335

Ala Ser Ala Gln Ala Met Ala Gln Val Glu Ala Leu Ala Arg Ala Ser
340 345 350

Glu His Lys Ala Leu Gly Glu Lys Lys Lys Gly Leu Val Trp Gly Tyr
355 360 365

Gly Ser Lys Gly Ser Ser Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala
370 375 380

Glu Ala Ser Ser Arg Leu Gly Lys Asp Trp
385 390

<210> SEQ ID NO 46

<211> LENGTH: 422

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 46

Ser Glu Leu Glu Ser Glu Ala Ser Ala Ala Ala Ser Ala Gln Ala Glu
1 5 10 15

Ala Ser Ser Ser Gly Arg Ser Gly Lys Leu Ser Ala Ser Gln Ala Ser
20 25 30

Ala Ser Ala Ser Ala Ser Ala Ser Ala Gly Ser Arg Gly Gly Ser Lys
35 40 45

Gly Gly Trp Gly Gln Leu Arg Arg Gly Asp Val Lys Ser Glu Ala Lys
50 55 60

Ser Ala Ala Ala Ile Ala Val Glu Gly Ala Lys Ile Gly Thr Gly Ile
65 70 75 80

Gly Asn Thr Ala Ser Ala Ser Ala Glu Ala Leu Ser Arg Gly Leu Gly
85 90 95

Ile Gly Gln Ala Ala Ala Glu Ala Gln Ala Ala Ala Ala Gly Gln Ala
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100 105 110

Glu Val Ala Ala Lys Ser Cys Glu Leu Ala Asp Lys Thr Thr Ala Lys
115 120 125

Ala Val Ala Met Val Glu Ala Ala Ala Glu Ala Glu Ile Glu Val Ala
130 135 140

Asn Gln Glu Val Ala Ala Val Lys Leu Ser Thr Trp Ala Ala Lys Ala
145 150 155 160

Ala Arg Ile Val Glu Glu Asp Ser Ala Ala Val Arg Ala Ala Ala Gly
165 170 175

Lys Leu Leu Leu Ala Ala Arg Ala Ala Ala Ala Ala Glu Arg Arg Ala
180 185 190

Asn Glu Glu Ser Glu Ala Ala Asn Glu Leu Ala Gln Ala Ser Ser Ala
195 200 205

Ala Ala Ala Glu Ala Glu Ala Lys Ala Asn Ala Gly Arg Glu Ala Ala
210 215 220

Ala Ala Ala Leu Ala Ile Ala Glu Ala Ala Val Ala Ile Glu Gln Glu
225 230 235 240

Ala Val Ile Leu Ala Arg Lys Ala Gln Asp Ala Arg Leu Asn Ala Glu
245 250 255

Ala Ala Ala Ala Ala Ala Met Asn Ala Arg Val Ile Ala Ser Ala Glu
260 265 270

Ser Glu Ala Ser Glu Asp Leu Glu Asn Arg Ala Ser Val Ala Arg Ala
275 280 285

Ser Ala Ala Gly Ala Ala Glu Ala Lys Ala Ile Ala Thr Asp Ala Gly
290 295 300

Ala Thr Ala Glu Ile Ala Ala Tyr Ser Trp Ala Lys Lys Gly Glu Leu
305 310 315 320

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

Ser Lys Ser Glu Val Glu Ala Met Lys Ile Thr Arg Gly Gln Val Gln
340 345 350

Glu Val Lys Lys Ile Ser Thr His Lys Gly Gly Trp Gly Trp Gly Lys
355 360 365

Glu Gly Arg Ser Lys Val Ser Ser Asn Ala Ser Ala Arg Ala Ser Ala
370 375 380

Ser Ala Asn Ala Ala Ala Gly Ser Leu Gly Ser Lys Trp Gly Arg Gln
385 390 395 400

Leu Ser Ala Ser Ser Ala Ser Ala Asp Ala Asn Ala Glu Ala Asp Ser
405 410 415

Gln Leu Leu Lys Val Trp
420

<210> SEQ ID NO 47

<211> LENGTH: 441

<212> TYPE: PRT

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 47

Met Lys Ile Pro Ala Ile Leu Ala Thr Ser Leu Leu Ile Trp Gly Leu
1 5 10 15

Val Gly Ala Ser Glu Leu Glu Ser Glu Ala Ser Ala Ala Ala Ser Ala
20 25 30
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Gln Ala Glu Ala Ser Ser Ser Gly Arg Ser Gly Lys Leu Ser Ala Ser
35 40 45

Gln Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Gly Ser Arg Gly
50 55 60

Gly Ser Lys Gly Gly Trp Gly Gln Leu Arg Arg Gly Asp Val Lys Ser
65 70 75 80

Glu Ala Lys Ser Ala Ala Ala Ile Ala Val Glu Gly Ala Lys Ile Gly
85 90 95

Thr Gly Ile Gly Asn Thr Ala Ser Ala Ser Ala Glu Ala Leu Ser Arg
100 105 110

Gly Leu Gly Ile Gly Gln Ala Ala Ala Glu Ala Gln Ala Ala Ala Ala
115 120 125

Gly Gln Ala Glu Val Ala Ala Lys Ser Cys Glu Leu Ala Asp Lys Thr
130 135 140

Thr Ala Lys Ala Val Ala Met Val Glu Ala Ala Ala Glu Ala Glu Ile
145 150 155 160

Glu Val Ala Asn Gln Glu Val Ala Ala Val Lys Leu Ser Thr Trp Ala
165 170 175

Ala Lys Ala Ala Arg Ile Val Glu Glu Asp Ser Ala Ala Val Arg Ala
180 185 190

Ala Ala Gly Lys Leu Leu Leu Ala Ala Arg Ala Ala Ala Ala Ala Glu
195 200 205

Arg Arg Ala Asn Glu Glu Ser Glu Ala Ala Asn Glu Leu Ala Gln Ala
210 215 220

Ser Ser Ala Ala Ala Ala Glu Ala Glu Ala Lys Ala Asn Ala Gly Arg
225 230 235 240

Glu Ala Ala Ala Ala Ala Leu Ala Ile Ala Glu Ala Ala Val Ala Ile
245 250 255

Glu Gln Glu Ala Val Ile Leu Ala Arg Lys Ala Gln Asp Ala Arg Leu
260 265 270

Asn Ala Glu Ala Ala Ala Ala Ala Ala Met Asn Ala Arg Val Ile Ala
275 280 285

Ser Ala Glu Ser Glu Ala Ser Glu Asp Leu Glu Asn Arg Ala Ser Val
290 295 300

Ala Arg Ala Ser Ala Ala Gly Ala Ala Glu Ala Lys Ala Ile Ala Thr
305 310 315 320

Asp Ala Gly Ala Thr Ala Glu Ile Ala Ala Tyr Ser Trp Ala Lys Lys
325 330 335

Gly Glu Leu Ile Asn Pro Gly Pro Leu Pro Lys Ile Ile Ser Val Asn
340 345 350

Ala Asp Leu Ser Lys Ser Glu Val Glu Ala Met Lys Ile Thr Arg Gly
355 360 365

Gln Val Gln Glu Val Lys Lys Ile Ser Thr His Lys Gly Gly Trp Gly
370 375 380

Trp Gly Lys Glu Gly Arg Ser Lys Val Ser Ser Asn Ala Ser Ala Arg
385 390 395 400

Ala Ser Ala Ser Ala Asn Ala Ala Ala Gly Ser Leu Gly Ser Lys Trp
405 410 415

Gly Arg Gln Leu Ser Ala Ser Ser Ala Ser Ala Asp Ala Asn Ala Glu
420 425 430

Ala Asp Ser Gln Leu Leu Lys Val Trp
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435 440

<210> SEQ ID NO 48

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 48

agcgggeage gecttactegg cggcagateg geecgegteeg cgteggette cgettegget
gaggcgtegyg cgggeggttyg gaggaaaage ggcegcatceg ctteegette cgetaagget
ggtagcagca acatcctcag cegegtggga gettegaggg cggecgegac gttggteget
tcegeegegyg tggaggecaa ggcgggtete cgtgecggea aggcaaccege cgaggagceag
agggaggctt tggaaatget caccttgtee gecgacaaga atgecgagge gegtatcectg
gecgacgaca cggccegttet ggttcaagge agegcecgagg cacagteggt cgecgecgeg
aagaccgteg cggtcegagga agagtccget tecttggatg cggecgcagt tgaageggag
gtcgcagecg ccacgtcgaa atcgtegget ggecaagcac tccagtcege acagaccegec
gecatctgete tcagaacttce cgccaggage gecttgacgg cectcaaget ggecacgectce
caaggcgegyg cttctagecaa cgetgecagg atgatggaaa aggegetgge cgcecacccag
gacgcaaatg ccgccgecca gcaagctatyg geggcecgaga gtgcagecge agaagcageg
getategegyg cagcgaaaca atcggaggeg agagacgecg gegecgagge caaggecged
atggcagcac tcatcaccge ccagaggaat ctegtgecagg ccaatgccag ggcggaaatg
gcaagcgagg aagccgaatt ggattcgaag tctagagegt ccgacgccaa ggtgaacgec
gttgctegty cggcectecaa gtccagcata cgcagagatg aacttatcga gatcggeget
gagttcggeca aggccagegg cgaggtgatt tccaccggca cgegttecaa cggeggtcaa
gacgccateg ccaccgecga ggcatcgagt agegegteeg cegteggeat caagaaaaca
agcggacact gggggagegg aaaatggagt cgtgtctceca agggtaaagg atgggettece
tcgaatgegg acgctgacge cagcagcage ageatcatca teggeggtet caaacgegge
ggccteggtt cggaagecte tgcggcaget tccgcagaag cggaagette cgecggeaca
ctcectgetgt aa

<210> SEQ ID NO 49

<211> LENGTH: 1269

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 49

atgaagatcc cagcgataat cgcaacgtce cttctectet ggggtttege cagegecage
gggcegeget tacteggegg cagatceggee gegtecegegt cggetteege tteggetgag
gegteggegyg geggttggag gaaaagegge gcatccgett cegetteege taaggetggt
agcagcaaca tccteageeg cgtgggaget tegagggegg cegegacgtt ggtegettece
geegeggtgyg aggccaagge gggtctcegt gecggcaagg caaccgecga ggagcagagg
gaggctttgg aaatgctcac cttgtccegee gacaagaatg ccgaggegeg tatcctggec
gacgacacgg ccgttctggt tcaaggcage gccgaggcac agtceggtege cgecgegaag

accgtegegyg tcgaggaaga gteegettee ttggatgegg cegeagttga ageggaggte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1212

60

120

180

240

300

360

420

480
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gcagccgeca cgtcgaaatc gtcggetgge caagcactcce agtccgcaca gaccgccgca 540
tctgctcetca gaacttcecge caggagegec ttgacggcecece tcaagctggce acgectccaa 600
ggcgeggett ctagcaacgce tgccaggatg atggaaaagg cgctggccge cacccaggac 660
gcaaatgceg ccgcccagca agctatggeg gecgagagtg cagccgcaga agcagegget 720
atcgecggcag cgaaacaatc ggaggcgaga gacgccggeg ccgaggccaa ggccgcecatg 780
gcagcactca tcaccgccca gaggaatctc gtgcaggcca atgccagggc ggaaatggca 840
agcgaggaag ccgaattgga ttcgaagtct agagcegtceg acgccaaggt gaacgccegtt 900
gctegtgegg cctecaagtce cagcatacgce agagatgaac ttatcgagat cggcgctgag 960

tteggcaagg ccageggcga ggtgatttee accggcacge gttcecaacgyg cggtcaagac 1020
geecatcgeca cegecgagge atcgagtage gegtceegecg teggcatcaa gaaaacaagce 1080
ggacactggg ggagcggaaa atggagtcgt gtctccaagg gtaaaggatg ggcttcecteg 1140
aatgcggacg ctgacgccag cagcagcage atcatcateg geggtctcaa acgeggegge 1200
cteggttegg aagcectctge ggcagcttcee gcagaagegg aagcttceccge cggcacactce 1260
ctgctgtaa 1269
<210> SEQ ID NO 50

<211> LENGTH: 1179

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 50

cgggtcateg agtccagete gteggettee geacaggegt cggeatcegge cggctcegaga 60
ggcctgeteg gtaaacggece gattggcaag ctcegagtggg gcaaggagga gaagaaactce 120
gaagaactcg acgaggaatc gctcaatgag gccgctctga aggtceggeat caagaacgge 180

ggattggatg tcgcgaaggg cgcggcagte ctegaggcag cgatgagcega cgtegegacce 240

cttacggatc agegttetet tgtggatete ggtcteggece cggtegegaa cgaggccgag 300
atcctggegyg aggcgcagge cgccacgage geccaagetg gegetgtege taatagegece 360
geggagegtyg cgatcegegge gatggagatg gcecgacagaa ccgaatatat tgeggeactt 420
gtcaccacca aagccgccaa agctgecgag gccactatgg cegctactge cegtgecace 480
gecgeegect cagectccaa gatatccagt caggaatcag ccgcategge cgetaacgec 540
gccaacgecg aagccaagge caacgcecgcet tccataateg ctaacaaggce gaacgecgte 600
ctggectgagyg ccgeegecgt actegeagee actgetgeca aggecaagga atcggegatg 660
aaatcgctta gegeegetca ggecgecgee aaggcacaag ccaggaacge cgaggectece 720
gecgaagete agatcaaact ttcccaggece agggccgeog tggcacgege tgecagecgat 780
caggcegtet gttectecca ggctcaggee gcaagtcaga tacaatcgag ggcatccegca 840
tccgaatceg cggcategge acaatcagag accaacaceg cegeggecga ageggtegece 900
accgctgacyg ccgaagegge cgcgcaagcet gaagegtggg tcatgteget gaagaacgat 960

ctgtggctge atctcaacat gaagggtgag gccaaggcecg aaggcgaggce cgtttcgatce 1020

agcaaaggac atcgeggegg tatcaggteg ggcagcatet cggaagcecag cgecgaggca 1080

agcagcaacg tttccatggg cggacgtcat ggacggaagg acctcgtctce tgaagcgtta 1140

gcgggagceat cagcgggcag cagtgccgac tcecctttga 1179
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<210> SEQ ID NO 51

<211> LENGTH: 1236

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 51

atgaagattc cagcgatact cgtgacgtct ctectegect ggggattage cageggecgg
gtcatcgagt ccagctegte ggettecgea caggegtegg catcggecgyg ctegagagge
ctgcteggta aacggecgat tggcaagete gagtggggea aggaggagaa gaaactcgaa
gaactcgacg aggaatcget caatgaggece gectctgaagg teggcatcaa gaacggegga
ttggatgtcg cgaagggcge ggcagtecte gaggcagega tgagcgacgt cgegacectt
acggatcage gttctettgt ggatcteggt cteggecegg tegegaacga ggecgagatce
ctggeggagyg cgcaggecge cacgagegece caagetggeg ctgtcegetaa tagegecgeg
gagcgtgega tcgeggegat ggagatggee gacagaaccg aatatattge ggecacttgte
accaccaaag ccgccaaage tgeccgaggece actatggeeg ctactgeccg tgccaccgece
gecgecteag cctccaagat atccagtcag gaatcagecg catcggecge taacgecgec
aacgccgaag ccaaggccaa cgecgettee ataatcgeta acaaggcgaa cgecgtectg
getgaggecyg ccgecgtact cgcagecact getgccaagg ccaaggaatce ggcgatgaaa
tcgettageg ccgetcagge cgecgecaag gcacaageca ggaacgecga ggectecegece
gaagctcaga tcaaactttc ccaggccagyg gccgecegtgg cacgegetge agecgatcag
geegtetgtt ccteccagge tcaggecgca agtcagatac aatcgaggge atccgeatec
gaatccgegg catcggcaca atcagagacce aacaccgecg cggecgaagce ggtegecacc
getgacgecyg aageggcecge gcaagcetgaa gegtgggtcea tgtegetgaa gaacgatctg
tggctgcate tcaacatgaa gggtgaggece aaggecgaag gegaggeegt ttcegatcage
aaaggacatc gcggeggtat caggteggge ageatctegg aagecagege cgaggcaage
agcaacgttt ccatgggegg acgtcatgga cggaaggacce tegtctctga agegttageg
ggagcatcag cgggcagcag tgccgactce ctttga

<210> SEQ ID NO 52

<211> LENGTH: 1128

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 52

aatctectta aggagtcgaa agetteegeg tcegegteeg cgtecgette cgegagggece
agcggcaaga agaatcttca cgtgttgeca ttaccgaaga aaagcgagca tggcatcegtg
atcgacaagt cggtgttcga catcaaggat gtagtgetga gegeggtega cgagatcaac
ggcgcccega aacteggect gggatggaag aaggtcagca tgggggtgga gegegecgag
gegaacgcag ccgctgecge cgaggcattyg gegatgatca agaagattge catggeccege
agcagtgcat acgtccagge ggectgggea tcggeccagg catcagetga cgecattgget
agcgccaggyg tggcacagge gtctcaggag getgeggagg caaagggtag ageggettece
gaggcgctet ccagagcecat cgaagcatce tegegageeg atgeggcage cgetgegacyg

ctggacgcga tggaccgcac catggagaac gcgagggegg caaatgeege gcaaacgcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1236

60

120

180

240

300

360

420

480

540
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gccagcggece aagctgagaa cgcaaatcgce agegctgetg ccatcctege agetctgceta 600
cgtatcgegg aggcatccge gttgaacaac gaggccgegg tcaacgeggce cgceggcecgca 660
gccgcagegt ctgcccttca ggccaagget aacgcggett ctcaagcaac cgccagagec 720
gcaggacagg cgtcgacggce cgccgaagag gcgcaatccg cccaagaagc cgccgataag 780
aacgcggagce tgaccacggt catgctcgaa aaggctagtg ctgatcaaca ggcggcatcce 840
gctagggetg actactacac cgcctcaacc gaggccgaag ccgctgcaca ggegtcetget 900
atcaacgcac tcagggacgg aatagttgtc ggaatgggaa atgacgctgg cgcatcggec 960

caagcgatgg cacaggtaga agctcteget cgegecageg agcacaaggce gttaggcgag 1020
aagaagaagg gcctggtttyg gggctacgga agcaagggca gtagctcege cagcegcatce 1080
gccagcgect ccgceccgaage atcctcgaga ctcecggaaagg actggtag 1128
<210> SEQ ID NO 53

<211> LENGTH: 1185

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 53

atgaagatac cagcgatact cgtgacgtce ttectegect ggggactgge cagegggaat 60
ctccttaagg agtcgaaage tteegegtee gegtecgegt cegetteege gagggecage 120
ggcaagaaga atcttcacgt gttgccatta ccgaagaaaa gcgagcatgyg catcgtgatc 180
gacaagtcgg tgttcgacat caaggatgta gtgctgageg cggtcgacga gatcaacgge 240

gecccgaaac tceggectggg atggaagaag gtcagcatgg gggtggageyg cgecgaggeg 300
aacgcagcceg ctgccgecga ggcattggeg atgatcaaga agattgccat ggeccgcage 360
agtgcatacg tccaggegge ctgggeateg geccaggeat cagetgacge attggetage 420

gecagggtgg cacaggegte tcaggaggcet geggaggcaa agggtagage ggettecgag 480

gegeteteca gagecatcga agcatecteg cgagcecgatg cggcagecge tgegacgetg 540
gacgcgatgg accgcaccat ggagaacgceg agggcggcaa atgccgegca aacgcaggec 600
agcggccaag ctgagaacge aaatcgcage getgetgeca tectegeage tcetgetacgt 660
atcgcggagg catcegegtt gaacaacgag geegeggtea acgeggeege ggcecgceagece 720
gecagegtetyg ccecttcagge caaggctaac geggettcete aagcaaccge cagagecgea 780
ggacaggcegt cgacggcecge cgaagaggceg caatccgece aagaagccgce cgataagaac 840
geggagetga ccacggtcat getcgaaaag gctagtgetg atcaacagge ggeatceget 900
agggctgact actacaccge ctcaaccgag gecgaageeg ctgcacagge gtcetgetate 960

aacgcactca gggacggaat agttgtcgga atgggaaatg acgctggege atcggeccaa 1020
gcgatggcac aggtagaagce tctegetege gecagegage acaaggegtt aggcgagaag 1080
aagaagggce tggtttgggg ctacggaage aagggcagta gctccgcecag cgcatccgece 1140
agcgcectecg ccgaagcatce ctcgagactce ggaaaggact ggtag 1185
<210> SEQ ID NO 54

<211> LENGTH: 1269

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 54
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agcgagctceg aatcggaagce gagtgcggeg gcegtctgege aagcggaagce gtcoctegtet 60
ggtcgcteeg gcaaactgtce cgegtctcag gcttccegeca gegegtceege cagegegtca 120

gecggeagea gaggtggcag caaaggtgge tggggccage tccgecegtgyg tgatgttaag 180

agcgaggcga agagcgecge cgcgategeg gtegaaggag ctaaaategg caccggaatce 240
ggaaataccg cgtcecgcatce cgcggaggeg ctctcacgag gacteggeat cggacaggeg 300
gecgeggagyg cgcaagecge agcecgcaggt caggcagagg tegecgegaa ategtgegaa 360
cttgccgaca agaccaccge caaagceggte gecatggteg aageggcage cgaggccgaa 420
atcgaggtgg ccaatcagga ggtcgcagece gtcaaattat cgacttggge cgctaaagca 480
gcaaggatag tcgaggaaga cagcgccgece gtgagggegg ctgccggcaa attgettttg 540
gecgegagag ctgcegecge cgcecgagaga cgcegccaacg aggaatccga ggeggecaac 600
gaacttgcte aagegtcatce tgcegetgee gecgaggecog aagccaaagc gaacgeegge 660
cgtgaggeceg ctgcegetge cttggetate gecgaggeeg cegtcegecat cgaacaagaa 720
gecgteattt tggctcgcaa ggcacaagat gcccgtttga atgctgaage cgecagecgec 780
getgegatga acgcccegtgt catcgettee gecgaatceg aggccagtga agatctggag 840
aatcgegeta gtgtggegeg tgccagtgeg geeggtgeeg ctgaggcaaa ggctatcegece 900
accgatgeeg gegecactge cgagategeg gectacagtt gggecaagaa gggcgaactg 960

atcaaccceg gecegttgee gaagatcatce agegtcaacyg ccgatctgte caagagcgag 1020
gtecgaggcca tgaagatcac ccggggtcaa gtacaggaag tcaagaaaat cagcactcac 1080
aaaggtggct ggggatgggg aaaggaagga aggtcgaagg tatcttccaa cgctagtgcece 1140
agagctagtg ccagcgcecaa tgcagecgece ggtagcecteg gcagcaaatyg gggaagacaa 1200
ctatcegecat catccegegte ggctgacgece aacgccgaag ccgacagceca gttgetgaaa 1260
gtgtggtga 1269
<210> SEQ ID NO 55

<211> LENGTH: 1326

<212> TYPE: DNA

<213> ORGANISM: Myrmecia forficata

<400> SEQUENCE: 55

atgaagattc cagcgatact tgcgacgtee ctectcatet ggggtettgt cggegecage 60
gagctegaat cggaagcegag tgcggeggeyg tctgegcaag cggaagegtce ctegtetggt 120
cgcteeggea aactgtecge gtetcagget teegecageg cgtecgecag cgegtcagece 180

ggcagcagag gtggcagcaa aggtggcetgyg ggccagetee gecgtggtga tgttaagage 240

gaggcgaaga gcgccegecge gatcegeggte gaaggagcta aaatcggcac cggaatcgga 300
aataccgegt ccgcatcege ggaggegete tcacgaggac teggcategg acaggeggec 360
geggaggege aagcecgcage cgcaggtcag gcagaggteg cegegaaatc gtgegaactt 420
gecgacaaga ccaccgcecaa ageggtcegece atggtcgaag cggcagecga ggecgaaatc 480
gaggtggcca atcaggaggt cgcagcecgtce aaattatcga cttgggecge taaagcagea 540
aggatagtcg aggaagacag cgccgeegtyg agggeggetg ceggcaaatt gettttggece 600
gegagagetyg ccgeegecge cgagagacge gccaacgagg aatccgaggce ggccaacgaa 660

cttgctcaag cgtcatctge cgetgecgee gaggecgaag ccaaagcegaa cgecggecgt 720
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gaggccgetg cecgctgectt ggctatcgec gaggccgecg tegcecatcga acaagaagec 780
gtcattttgg ctcgcaaggce acaagatgcc cgtttgaatg ctgaagccgce agccgecget 840
gcgatgaacg cccegtgtcat cgecttcecgec gaatccgagg ccagtgaaga tctggagaat 900
cgecgectagtg tggcegegtge cagtgeggec ggtgccgcetyg aggcaaaggce tatcgecacce 960

gatgccggeyg ccactgccga gatcgeggece tacagttggg ccaagaaggg cgaactgatce 1020
aaccceggee cgttgecgaa gatcatcage gtcaacgecg atctgtccaa gagcgaggte 1080
gaggccatga agatcacccg gggtcaagta caggaagtca agaaaatcag cactcacaaa 1140
ggtggctggyg gatggggaaa ggaaggaagg tcgaaggtat cttccaacgc tagtgccaga 1200
gctagtgeca gegecaatge agccgecggt agecteggea gcaaatgggg aagacaacta 1260
tcegeatcat ccgegtegge tgacgccaac gecgaagecg acagcecagtt gctgaaagtg 1320
tggtga 1326
<210> SEQ ID NO 56

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 56

Ser Lys Ser Tyr Leu Leu Gly Ser Ser Ala Ser Ala Ser Ala Ser Ala
1 5 10 15

Ser Ala Ser Ala Ser Ala Gly Gly Ser Thr Gly Gly Val Gly Val Gly
Ser Val Ile Ser Gly Gly Asn Asn Ile Ile Arg Gly Ala Ser Thr Thr
35 40 45

Ser Val Thr Leu Ala Ala Ala Ala Ala Glu Ala Lys Ala Ala Leu Asn
50 55 60

Ala Gly Lys Ala Thr Val Glu Glu Gln Arg Glu Ala Leu Gln Leu Leu
65 70 75 80

Thr Ala Ser Ala Glu Lys Asn Ala Glu Ala Arg Ser Leu Ala Asp Asp
85 90 95

Ala Ala Val Leu Val Gln Gly Ala Ala Glu Ala Gln Ser Val Ala Ala
100 105 110

Ala Lys Thr Val Ala Val Glu Gln Gly Ser Asn Ser Leu Asp Ala Ala
115 120 125

Ala Ala Glu Ala Glu Ala Ala Ala Ala Ala Ser Arg Val Ser Ala Gln
130 135 140

Gln Ala Leu Gln Ala Ala Gln Thr Ser Ala Ala Ala Ile Gln Thr Ala
145 150 155 160

Ala Gly Ser Ala Leu Thr Ala Leu Lys Leu Ala Arg Lys Gln Glu Ala
165 170 175

Glu Ser Asn Asn Ala Ala Glu Gln Ala Asn Lys Ala Leu Ala Leu Ser
180 185 190

Arg Ala Ala Ser Ala Ala Thr Gln Arg Ala Val Ala Ala Gln Asn Ala
195 200 205

Ala Ala Ala Ser Ala Ala Ser Ala Gly Ala Ala Gln Ala Glu Ala Arg
210 215 220

Asn Ala Tyr Ala Lys Ala Lys Ala Ala Ile Ala Ala Leu Thr Ala Ala
225 230 235 240

Gln Arg Asn Tyr Ala Ala Ala Lys Ala Ser Ala Ser Ala Gly Ser Val
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245 250 255

Val Ala Glu Gln Asp Ala Gln Ser Arg Ala Ala Asp Ala Glu Val Asn
260 265 270

Ala Val Ala Gln Ala Ala Ala Arg Ala Ser Val Arg Asn Gln Glu Ile
275 280 285

Val Glu Ile Gly Ala Glu Phe Gly Asn Ala Ser Gly Gly Val Ile Ser
290 295 300

Thr Gly Thr Arg Ser Ser Gly Gly Lys Gly Val Ser Val Thr Ala Gly
305 310 315 320

Ala Gln Ala Ser Ala Ser Ala Ser Ala Thr Ser Ser Ser Ser Ser Ser
325 330 335

Ser Gly Ile Asn Lys Gly His Pro Arg Trp Gly His Asn Trp Gly Leu
340 345 350

Gly Ser Ser Glu Ala Ser Ala Asn Ala Glu Ala Glu Ser Ser Ala Ser
355 360 365

Ser Tyr Ser Ser

370

<210> SEQ ID NO 57

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 57

Met Lys Ile Pro Ala Ile Ile Ala Thr Thr Leu Leu Leu Trp Gly Phe
1 5 10 15

Ala Asp Ala Ser Lys Ser Tyr Leu Leu Gly Ser Ser Ala Ser Ala Ser
20 25 30

Ala Ser Ala Ser Ala Ser Ala Ser Ala Gly Gly Ser Thr Gly Gly Val
35 40 45

Gly Val Gly Ser Val Ile Ser Gly Gly Asn Asn Ile Ile Arg Gly Ala
Ser Thr Thr Ser Val Thr Leu Ala Ala Ala Ala Ala Glu Ala Lys Ala
65 70 75 80

Ala Leu Asn Ala Gly Lys Ala Thr Val Glu Glu Gln Arg Glu Ala Leu
85 90 95

Gln Leu Leu Thr Ala Ser Ala Glu Lys Asn Ala Glu Ala Arg Ser Leu
100 105 110

Ala Asp Asp Ala Ala Val Leu Val Gln Gly Ala Ala Glu Ala Gln Ser
115 120 125

Val Ala Ala Ala Lys Thr Val Ala Val Glu Gln Gly Ser Asn Ser Leu
130 135 140

Asp Ala Ala Ala Ala Glu Ala Glu Ala Ala Ala Ala Ala Ser Arg Val
145 150 155 160

Ser Ala Gln Gln Ala Leu Gln Ala Ala Gln Thr Ser Ala Ala Ala Ile
165 170 175

Gln Thr Ala Ala Gly Ser Ala Leu Thr Ala Leu Lys Leu Ala Arg Lys
180 185 190

Gln Glu Ala Glu Ser Asn Asn Ala Ala Glu Gln Ala Asn Lys Ala Leu
195 200 205

Ala Leu Ser Arg Ala Ala Ser Ala Ala Thr Gln Arg Ala Val Ala Ala
210 215 220
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Gln Asn Ala Ala Ala Ala Ser Ala Ala Ser Ala Gly Ala Ala Gln Ala
225 230 235 240

Glu Ala Arg Asn Ala Tyr Ala Lys Ala Lys Ala Ala Ile Ala Ala Leu
245 250 255

Thr Ala Ala Gln Arg Asn Tyr Ala Ala Ala Lys Ala Ser Ala Ser Ala
260 265 270

Gly Ser Val Val Ala Glu Gln Asp Ala Gln Ser Arg Ala Ala Asp Ala
275 280 285

Glu Val Asn Ala Val Ala Gln Ala Ala Ala Arg Ala Ser Val Arg Asn
290 295 300

Gln Glu Ile Val Glu Ile Gly Ala Glu Phe Gly Asn Ala Ser Gly Gly
305 310 315 320

Val Ile Ser Thr Gly Thr Arg Ser Ser Gly Gly Lys Gly Val Ser Val
325 330 335

Thr Ala Gly Ala Gln Ala Ser Ala Ser Ala Ser Ala Thr Ser Ser Ser
340 345 350

Ser Ser Ser Ser Gly Ile Asn Lys Gly His Pro Arg Trp Gly His Asn
355 360 365

Trp Gly Leu Gly Ser Ser Glu Ala Ser Ala Asn Ala Glu Ala Glu Ser
370 375 380

Ser Ala Ser Ser Tyr Ser Ser
385 390

<210> SEQ ID NO 58

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 58

Gly Val Ile Gly Pro Asp Thr Ser Ser Ser Ser Gln Ala Ser Ala Ser
1 5 10 15

Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ser Ser Ala Ser Ile Gly
20 25 30

Tyr Asn Glu Leu His Lys Ser Ile Asn Ala Pro Ala Leu Ala Val Gly
35 40 45

Val Lys Asn Gly Gly Val Asp Val Ala Lys Gly Ala Ala Val Val Glu
50 55 60

Ser Ala Ile Ser Asp Val Ser Thr Leu Thr Asp Asp Arg Thr Leu Asn
65 70 75 80

Gly Leu Ala Ile Ile Gly Asn Ser Ala Glu Ser Leu Ala Arg Ala Gln

Ala Ser Ser Ser Ala Ser Ala Gly Ala Lys Ala Asn Ala Leu Ile Lys
100 105 110

Gln Ser Ile Ala Ala Ile Glu Ile Thr Glu Lys Ala Glu Tyr Leu Ala
115 120 125

Ser Ile Val Ala Thr Lys Ala Ala Lys Ala Ala Glu Ala Thr Ala Ala
130 135 140

Ala Thr Ala Arg Ala Thr Ala Val Ala Glu Ala Ala Lys Val Ser Ser
145 150 155 160

Glu Gln Phe Ala Ala Glu Ala Arg Ala Ala Ala Asp Ala Glu Ala Lys
165 170 175

Ala Asn Ala Ala Ser Ile Ile Ala Asn Lys Ala Asn Ala Val Leu Ala
180 185 190
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Glu Ala Ala Thr Gly Leu Ser Ala Ser Ala Gly Lys Ala Gln Gln Ser
195 200 205

Ala Thr Arg Ala Leu Gln Ala Ala Arg Ala Ala Ala Lys Ala Gln Ala
210 215 220

Glu Leu Thr Gln Lys Ala Ala Gln Ile Leu Val Leu Ile Ala Glu Ala
225 230 235 240

Lys Ala Ala Val Ser Arg Ala Ser Ala Asp Gln Ser Val Cys Thr Ser
245 250 255

Gln Ala Gln Ala Ala Ser Gln Ile Gln Ser Arg Ala Ser Ala Ala Glu
260 265 270

Ser Ala Ala Ser Ala Gln Ser Glu Ala Asn Thr Ile Ala Ala Glu Ala
275 280 285

Val Ala Arg Ala Asp Ala Glu Ala Ala Ser Gln Ala Gln Ala Trp Ala
290 295 300

Glu Ser Phe Lys Arg Glu Leu Ser Ser Val Val Leu Glu Ala Glu Ala
305 310 315 320

Asn Ala Ser Ala Ser Ala Ser Ala Gly Ala Leu Ala Ser Gly Ser Ser
325 330 335

Ser Ser Gly Ala Ser Ser Ser Ala Asp Ala Ser Ala Gly Ala Ser Ser
340 345 350

Tyr Gly Ser Leu Gly Gly Tyr Arg His Gly Gly Ser Phe Ser Glu Ala
355 360 365

Ser Ala Ala Ala Ser Ala Ala Ser Arg Ala Glu Ala Ala
370 375 380

<210> SEQ ID NO 59

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina
<400> SEQUENCE: 59

Met Lys Ile Pro Ala Ile Phe Val Thr Ser Leu Leu Ala Trp Gly Leu
1 5 10 15

Ala Ser Gly Gly Val Ile Gly Pro Asp Thr Ser Ser Ser Ser Gln Ala
20 25 30

Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ser Ser Ala
35 40 45

Ser Ile Gly Tyr Asn Glu Leu His Lys Ser Ile Asn Ala Pro Ala Leu

Ala Val Gly Val Lys Asn Gly Gly Val Asp Val Ala Lys Gly Ala Ala
65 70 75 80

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

Thr Leu Asn Gly Leu Ala Ile Ile Gly Asn Ser Ala Glu Ser Leu Ala
100 105 110

Arg Ala Gln Ala Ser Ser Ser Ala Ser Ala Gly Ala Lys Ala Asn Ala
115 120 125

Leu Ile Lys Gln Ser Ile Ala Ala Ile Glu Ile Thr Glu Lys Ala Glu
130 135 140

Tyr Leu Ala Ser Ile Val Ala Thr Lys Ala Ala Lys Ala Ala Glu Ala
145 150 155 160

Thr Ala Ala Ala Thr Ala Arg Ala Thr Ala Val Ala Glu Ala Ala Lys
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165 170 175

Val Ser Ser Glu Gln Phe Ala Ala Glu Ala Arg Ala Ala Ala Asp Ala
180 185 190

Glu Ala Lys Ala Asn Ala Ala Ser Ile Ile Ala Asn Lys Ala Asn Ala
195 200 205

Val Leu Ala Glu Ala Ala Thr Gly Leu Ser Ala Ser Ala Gly Lys Ala
210 215 220

Gln Gln Ser Ala Thr Arg Ala Leu Gln Ala Ala Arg Ala Ala Ala Lys
225 230 235 240

Ala Gln Ala Glu Leu Thr Gln Lys Ala Ala Gln Ile Leu Val Leu Ile
245 250 255

Ala Glu Ala Lys Ala Ala Val Ser Arg Ala Ser Ala Asp Gln Ser Val
260 265 270

Cys Thr Ser Gln Ala Gln Ala Ala Ser Gln Ile Gln Ser Arg Ala Ser
275 280 285

Ala Ala Glu Ser Ala Ala Ser Ala Gln Ser Glu Ala Asn Thr Ile Ala
290 295 300

Ala Glu Ala Val Ala Arg Ala Asp Ala Glu Ala Ala Ser Gln Ala Gln
305 310 315 320

Ala Trp Ala Glu Ser Phe Lys Arg Glu Leu Ser Ser Val Val Leu Glu
325 330 335

Ala Glu Ala Asn Ala Ser Ala Ser Ala Ser Ala Gly Ala Leu Ala Ser
340 345 350

Gly Ser Ser Ser Ser Gly Ala Ser Ser Ser Ala Asp Ala Ser Ala Gly
355 360 365

Ala Ser Ser Tyr Gly Ser Leu Gly Gly Tyr Arg His Gly Gly Ser Phe
370 375 380

Ser Glu Ala Ser Ala Ala Ala Ser Ala Ala Ser Arg Ala Glu Ala Ala
385 390 395 400

<210> SEQ ID NO 60

<211> LENGTH: 376

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 60

Gly Val Pro Lys Glu Leu Gly Thr Ser Ile Ser Ser Ala Ser Ala Ser
1 5 10 15

Ala Ser Ala Ser Ala Ser Ala Thr Ala Ser Ser Ser Ser Lys Asn Val
20 25 30

His Leu Leu Pro Leu Lys Ser Glu His Gly Ile Val Ile Asp Lys Ser
35 40 45

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

Gly Ala Pro Asn Ile Gly Leu Gly Leu Lys Gln Val Ser Leu Ala Leu
65 70 75 80

Ala Lys Ala Gln Ala Ser Ala Gln Ser Ser Ala Glu Ala Leu Ala Ile
85 90 95

Ile Lys Lys Ile Val Ala Leu Leu Ile Ser Ala Tyr Val Arg Ala Ala
100 105 110

Glu Ala Ala Ala Arg Ala Ser Ala Glu Ala Leu Ala Thr Val Arg Ala
115 120 125
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Ala Glu Gln Ala Gln Lys Ile Ala Glu Ala Lys Gly Arg Ala Ala Ala
130 135 140

Glu Ala Leu Ser Glu Leu Val Glu Ala Ser Gln Lys Ala Asp Ala Ala
145 150 155 160

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

Ala Ala Thr Ser Ala Gln Thr Lys Ala Ser Gly Glu Ala Glu Asn Ala
180 185 190

Asn Arg Asn Ala Ala Ala Thr Leu Ala Ala Val Leu Ser Ile Ala Lys
195 200 205

Ala Ala Ser Gly Gln Gly Gly Thr Arg Ala Ala Val Asp Ala Ala Ala
210 215 220

Ala Ala Ala Ala Ala Ala Ala Leu His Ala Lys Ala Asn Ala Val Ser
225 230 235 240

Gln Ala Thr Ser Lys Ala Ala Ala Glu Ala Arg Val Ala Ala Glu Glu
245 250 255

Ala Ala Ser Ala Gln Ala Ser Ala Ser Ala Ser Ala Gln Leu Thr Ala
260 265 270

Gln Leu Glu Glu Lys Val Ser Ala Asp Gln Gln Ala Ala Ser Ala Ser
275 280 285

Thr Asp Thr Ser Ala Ala Ile Ala Glu Ala Glu Ala Ala Ala Leu Ala
290 295 300

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

Thr Ala Ser Ser Ser Ala Gln Ala Ser Ala Gln Ala Ser Ala Leu Ala
325 330 335

Arg Ala Lys Asn Ala Arg Pro Lys Ile Lys Gly Trp Tyr Lys Ile Gly
340 345 350

Gly Ala Thr Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Gln
355 360 365

Ser Ser Ser Gln Gly Leu Val Tyr
370 375

<210> SEQ ID NO 61

<211> LENGTH: 395

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 61

Met Lys Ile Pro Ala Ile Leu Val Thr Ser Phe Leu Ala Trp Gly Leu
1 5 10 15

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

Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Thr Ala Ser Ser Ser Ser
35 40 45

Lys Asn Val His Leu Leu Pro Leu Lys Ser Glu His Gly Ile Val Ile
50 55 60

Asp Lys Ser Lys Phe Asn Ile Arg Lys Val Val Leu Ser Ala Ile Asp
65 70 75 80

Glu Ile Asn Gly Ala Pro Asn Ile Gly Leu Gly Leu Lys Gln Val Ser
85 90 95

Leu Ala Leu Ala Lys Ala Gln Ala Ser Ala Gln Ser Ser Ala Glu Ala
100 105 110
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Leu Ala Ile Ile Lys Lys Ile Val Ala Leu Leu Ile Ser Ala Tyr Val
115 120 125

Arg Ala Ala Glu Ala Ala Ala Arg Ala Ser Ala Glu Ala Leu Ala Thr
130 135 140

Val Arg Ala Ala Glu Gln Ala Gln Lys Ile Ala Glu Ala Lys Gly Arg
145 150 155 160

Ala Ala Ala Glu Ala Leu Ser Glu Leu Val Glu Ala Ser Gln Lys Ala
165 170 175

Asp Ala Ala Ala Ala Gly Thr Thr Asp Ala Ile Glu Arg Thr Tyr Gln
180 185 190

Asp Ala Arg Ala Ala Thr Ser Ala Gln Thr Lys Ala Ser Gly Glu Ala
195 200 205

Glu Asn Ala Asn Arg Asn Ala Ala Ala Thr Leu Ala Ala Val Leu Ser
210 215 220

Ile Ala Lys Ala Ala Ser Gly Gln Gly Gly Thr Arg Ala Ala Val Asp
225 230 235 240

Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Leu His Ala Lys Ala Asn
245 250 255

Ala Val Ser Gln Ala Thr Ser Lys Ala Ala Ala Glu Ala Arg Val Ala
260 265 270

Ala Glu Glu Ala Ala Ser Ala Gln Ala Ser Ala Ser Ala Ser Ala Gln
275 280 285

Leu Thr Ala Gln Leu Glu Glu Lys Val Ser Ala Asp Gln Gln Ala Ala
290 295 300

Ser Ala Ser Thr Asp Thr Ser Ala Ala Ile Ala Glu Ala Glu Ala Ala
305 310 315 320

Ala Leu Ala Ser Thr Val Asn Ala Ile Asn Asp Gly Val Val Ile Gly
325 330 335

Leu Gly Asn Thr Ala Ser Ser Ser Ala Gln Ala Ser Ala Gln Ala Ser
340 345 350

Ala Leu Ala Arg Ala Lys Asn Ala Arg Pro Lys Ile Lys Gly Trp Tyr
355 360 365

Lys Ile Gly Gly Ala Thr Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala
370 375 380

Ser Ala Gln Ser Ser Ser Gln Gly Leu Val Tyr
385 390 395

<210> SEQ ID NO 62

<211> LENGTH: 424

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 62

Ser Glu Leu Val Gly Ser Asp Ala Ser Ala Thr Ala Ser Ala Glu Ala
1 5 10 15

Ser Ala Ser Ser Ser Ala Tyr Gly Ser Lys Tyr Gly Ile Gly Ser Gly
20 25 30

Ala Val Ser Gly Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser Ala Ser
35 40 45

Ala Ser Ala Ser Ser Ala Pro Ala Ile Glu Gly Val Asn Val Gly Thr
50 55 60

Gly Val Ser Asn Thr Ala Ser Ala Ser Ala Glu Ala Leu Ser Arg Gly
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65 70 75 80

Leu Gly Ile Gly Gln Ala Ala Ala Glu Ala Gln Ala Ala Ala Ala Gly
85 90 95

Gln Ala Ala Ile Ala Ala Lys Ser Cys Ala Leu Ala Ala Lys Ser Thr
100 105 110

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

Leu Ala Glu Ser Ala Arg Lys Ala Thr Arg Leu Ser Ala Glu Ala Ala
130 135 140

Lys Ala Ala Ala Glu Val Glu Lys Asp Leu Val Gly Leu Arg Gly Ala
145 150 155 160

Ala Gly Lys Leu Asn Leu Ala Ala Arg Ala Gly Ser Lys Ala Gln Glu
165 170 175

Arg Ala Asn Glu Asp Ser Ile Glu Ala Asn Glu Leu Ala Gln Ala Thr
180 185 190

Ala Ala Ala Gly Ala Glu Ala Glu Ala Lys Ala Asn Ala Ala Gln Glu
195 200 205

Ala Gly Ala Ser Ala Leu Ala Ile Ala Gln Ala Ala Leu Asn Ile Glu
210 215 220

Gln Glu Thr Val Lys Leu Thr Arg Gln Ala Gln Asn Thr Arg Leu Arg
225 230 235 240

Ser Glu Asn Ile Leu Ala Ala Ala Ser Asn Ala Arg Ala Ile Ala Ser
245 250 255

Ala Glu Ala Glu Ala Ser Ser Asp Leu Asn Asn Arg Ala Asn Ala Ala
260 265 270

Arg Ser Asn Ala Arg Ala Ala Ala Glu Thr Arg Ala Val Ala Thr Glu
275 280 285

Ala Ala Ser Thr Ala Glu Ile Ala Ala Tyr Ser Ser Ser Glu Lys Gly
290 295 300

Glu Ile Thr Asn Pro Gly Pro Leu Pro Lys Ile Val Ser Val Thr Ala
305 310 315 320

Gly Leu Thr Gln Asn Glu Ile Ala Gly Ser Gly Ala Ala Ala Ser Ala
325 330 335

Ser Ala Ser Ala Leu Ala Ser Ala Ser Ala Gly Ala Gly Ala Gly Ala
340 345 350

Gly Ala Gly Ala Gly Ala Ser Ala Gly Ala Gly Ala Val Ala Gly Ala
355 360 365

Gly Ala Gly Ala Gly Ala Gly Ala Ser Ala Gly Ala Ser Ala Gly Ala
370 375 380

Asn Ala Gly Ala Gly Ala Ser Ser Leu Leu Leu Pro Gln Ser Lys Leu
385 390 395 400

His Pro Ile Ser Arg Ser Ser Ala Ser Ala Ser Ala Ser Ala Glu Ala
405 410 415

Glu Ala Asn Ser Ser Ala Tyr Ala
420

<210> SEQ ID NO 63

<211> LENGTH: 443

<212> TYPE: PRT

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 63
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Met Lys Ile Pro Ala Ile Leu Ala Thr Ser Leu Phe Val Trp Gly Leu
1 5 10 15

Val Gly Ala Ser Glu Leu Val Gly Ser Asp Ala Ser Ala Thr Ala Ser
20 25 30

Ala Glu Ala Ser Ala Ser Ser Ser Ala Tyr Gly Ser Lys Tyr Gly Ile
35 40 45

Gly Ser Gly Ala Val Ser Gly Ala Ser Ala Ser Ala Ser Ala Ser Ala
50 55 60

Ser Ala Ser Ala Ser Ala Ser Ser Ala Pro Ala Ile Glu Gly Val Asn
65 70 75 80

Val Gly Thr Gly Val Ser Asn Thr Ala Ser Ala Ser Ala Glu Ala Leu
85 90 95

Ser Arg Gly Leu Gly Ile Gly Gln Ala Ala Ala Glu Ala Gln Ala Ala
100 105 110

Ala Ala Gly Gln Ala Ala Ile Ala Ala Lys Ser Cys Ala Leu Ala Ala
115 120 125

Lys Ser Thr Ala Gln Ala Val Ala Leu Val Glu Lys Val Ala Arg Ala
130 135 140

Glu Val Asp Leu Ala Glu Ser Ala Arg Lys Ala Thr Arg Leu Ser Ala
145 150 155 160

Glu Ala Ala Lys Ala Ala Ala Glu Val Glu Lys Asp Leu Val Gly Leu
165 170 175

Arg Gly Ala Ala Gly Lys Leu Asn Leu Ala Ala Arg Ala Gly Ser Lys
180 185 190

Ala Gln Glu Arg Ala Asn Glu Asp Ser Ile Glu Ala Asn Glu Leu Ala
195 200 205

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

Ala Gln Glu Ala Gly Ala Ser Ala Leu Ala Ile Ala Gln Ala Ala Leu
225 230 235 240

Asn Ile Glu Gln Glu Thr Val Lys Leu Thr Arg Gln Ala Gln Asn Thr
245 250 255

Arg Leu Arg Ser Glu Asn Ile Leu Ala Ala Ala Ser Asn Ala Arg Ala
260 265 270

Ile Ala Ser Ala Glu Ala Glu Ala Ser Ser Asp Leu Asn Asn Arg Ala
275 280 285

Asn Ala Ala Arg Ser Asn Ala Arg Ala Ala Ala Glu Thr Arg Ala Val
290 295 300

Ala Thr Glu Ala Ala Ser Thr Ala Glu Ile Ala Ala Tyr Ser Ser Ser
305 310 315 320

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

Val Thr Ala Gly Leu Thr Gln Asn Glu Ile Ala Gly Ser Gly Ala Ala
340 345 350

Ala Ser Ala Ser Ala Ser Ala Leu Ala Ser Ala Ser Ala Gly Ala Gly
355 360 365

Ala Gly Ala Gly Ala Gly Ala Gly Ala Ser Ala Gly Ala Gly Ala Val
370 375 380

Ala Gly Ala Gly Ala Gly Ala Gly Ala Gly Ala Ser Ala Gly Ala Ser
385 390 395 400

Ala Gly Ala Asn Ala Gly Ala Gly Ala Ser Ser Leu Leu Leu Pro Gln
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405 410 415

Ser Lys Leu His Pro Ile Ser Arg Ser Ser Ala Ser Ala Ser Ala Ser
420 425 430

Ala Glu Ala Glu Ala Asn Ser Ser Ala Tyr Ala
435 440

<210> SEQ ID NO 64

<211> LENGTH: 1119

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 64

agcaagtcgt acctettagg ctecatcegeg tetgetteeg cttecgette cgecteggea 60
tcagcgggag gaagcaccgg cggegtegge gteggatctg taatatcegg tggcaacaac 120
atcatcagag gagcttcgac cacatcegtg acattggecag cegecgcage ggaggccaag 180
gcagctctga atgctggaaa agcgactgte gaagagcaaa gggaagegtt acagttgetce 240
accgegtecg ctgaaaaaaa cgccgaggeg cgttecttgg cegacgatge ggecgtteta 300
gttcagggty ccgctgagge gcaatceggte gecgecgega agacggtege ggtcgagceaa 360
ggatccaact ctctggatge agectgcagee gaagcggaag ccgecgecge cgeatccagg 420
gtatcggece agcaggcact ccaggecgeyg cagacctceg ccgecgetat tcaaaccget 480
gecggtageg ccectgacgge tcetcaaattyg gcacgcaaac aggaagcgga atccaataat 540
gecgecgaac aggcaaataa agcattggece ttaagtcegeg cagccagege tgecactcaa 600
cgageegtgg cagctcagaa cgeggetgee geatcagegg ctteggetgg agecgcacaa 660
getgaggcaa ggaacgcecta cgccaaagece aaagcagcga tagetgetet tacggecgec 720
caaagaaatt acgccgegge caaggctage gcaagegegg gtagegtggt ggecgaacaa 780
gatgctcaat ctagagcgge cgatgccgag gtgaacgeeg ttgeccaage cgetgeccga 840
gecagegtte gcaatcagga gatcgttgaa atcggegegg aattcggcaa cgecagegge 900
ggagtgatct cgaccggcac acgttcettee ggaggcaagg gtgtcteegt taccgetgga 960

gctcaggceta gegegtecge ttecgcgacce tectectecet cctectecte cggcatcaac 1020
aaaggacatc ccagatgggg gcacaattgg ggtttaggtt cttcggaagce gtcagcaaac 1080
gctgaageceg aaagcagcgce ttectcttat tcatcttaa 1119
<210> SEQ ID NO 65

<211> LENGTH: 1176

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 65

atgaagatcc cagcgataat cgcaacgacce ctecttetet ggggtttege cgacgcecage 60
aagtcgtacce tcttaggete atcecgegtet gettecgett cegetteege cteggcatca 120
gegggaggaa gcacceggegg cgteggegte ggatctgtaa tatccggtgg caacaacatc 180
atcagaggag cttcgaccac atccgtgaca ttggecageeg cegecagegga ggccaaggca 240
getetgaatyg ctggaaaage gactgtcgaa gagcaaaggg aagcgttaca gttgetcacce 300
gegteegetyg aaaaaaacge cgaggcegegt tecttggeeg acgatgegge cgttetagtt 360

cagggtgeceg ctgaggegea atcggtegee gecgegaaga cggtegeggt cgagcaagga 420
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tccaactcte tggatgcage tgcagccgaa gcggaagccg ccgecgecgce atccagggta 480
teggeccage aggcactcca ggccgcgcag acctcegeeg ccgctattca aaccgcetgec 540
ggtagcgecce tgacggctct caaattggca cgcaaacagg aagcggaatc caataatgec 600
gccgaacagg caaataaagc attggcctta agtcgcgcag ccagcgctge cactcaacga 660
gccgtggecag ctcagaacgce ggctgccgea tcageggett cggetggage cgcacaagcet 720
gaggcaagga acgcctacgc caaagccaaa gcagcgatag ctgctcttac ggccgcccaa 780
agaaattacg ccgcggccaa ggctagcegca agcgcgggta gegtggtgge cgaacaagat 840
gctcaatcta gagecggccga tgccgaggtg aacgccegttg cccaagcecge tgcccgagec 900
agcgttcgea atcaggagat cgttgaaatc ggecgcggaat tcggcaacgce cageggcgga 960

gtgatctcga ccggcacacg ttcetteccecgga ggcaagggtyg tceteccecgttac cgectggaget 1020
caggctagcg cgtcecgctte cgcgacctcee tectectect cectectecgg catcaacaaa 1080
ggacatccca gatgggggca caattggggt ttaggttctt cggaagcgtc agcaaacgct 1140
gaagccgaaa gcagcgctte ctettattca tcettaa 1176
<210> SEQ ID NO 66

<211> LENGTH: 1146

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 66

ggagtcatag gtcccgacac gtcctcatceg teccaggcat cggcatcegge atcggcegtca 60

gecatcggegt cggcatcatc gtcggcatceg atcggttaca acgaactcca taaatcgatc 120

aatgcgeceg ccttggeggt cggegtcaag aacggeggag tggatgtege caagggegeg 180

gecgttgteg aatcagegat atccgacgta tcgactctaa ccgatgateg tacgttgaac 240
ggtctegeta tcatcgggaa tagegecgag agtctggcaa gagcacagge ttectegage 300
gecagegecyg gcegcaaaage caatgcetcete atcaaacaat cgatagegge tatagagatc 360
accgaaaagg cagagtacct tgegtcgate gtegecacca aggcagegaa ggcecgecgag 420
gecacagegg ccgcgaccge tegegecact geegtegeeg aggctgecaa ggtttecage 480
gagcaattcg cggccgagge acgcegeggeco gecgacgeog aagccaaggce caacgecget 540
tccatcateg ccaacaaage gaacgecgte ctegeggagg cagecacegg acttagegece 600
agcgctggea aagcccaaca atcggegace agggegttge aagecgcacg agetgecget 660
aaggctcaag ccgaacttac ccagaaagcce gctcaaatet tagtcctecat tgetgaagece 720
aaagccgecg tgagccgage aagegecgat caatcegtet gtacgtceca ggcacaagece 780
gccagtcaga ttcaatcgag agcctcecgeg gecgaatceg cggcategge tcaatcggaa 840
gccaacacca ttgcggcecga ggceggteget agagctgacg ccgaggeggce cagtcaaget 900
caagcgtggyg ccgaatcctt caaacgcgaa ctetegagtg tegttttgga ggecgaggece 960

aatgcctegg ctagtgccte ggctggtgce ctggccagtg gtagcagcag ctcgggcgceg 1020

agttccagcg cggatgccag cgccggagcg agcagctatg gatccttggg cggatatcga 1080

cacggcggaa gcttcagega ggcatcggea geegegteag cggecagteg cgecgagget 1140

gcgtaa 1146

<210> SEQ ID NO 67
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<211> LENGTH: 1203
<212> TYPE: DNA
<213> ORGANISM: Oecophylla smaragdina
<400> SEQUENCE: 67
atgaagattc cagcgatatt cgtgacgtcet ctgctegect ggggactege cageggcegga 60
gtecataggte ccgacacgte ctcatcgtcece caggcatcgg catcggcatc ggegtcagea 120
tcggegtegg catcatcgtce ggcatcgatce ggttacaacyg aactccataa atcgatcaat 180

gegecegect tggeggtegg cgtcaagaac ggcggagtgg atgtegecaa gggegeggec 240

gttgtcgaat cagcgatatc cgacgtatcg actctaaccg atgatcgtac gttgaacggt 300
ctcgetatca tcgggaatag cgccgagagt ctggcaagag cacaggcette ctegagegece 360
agcgecoggeg caaaagccaa tgctctcate aaacaatcga tageggcetat agagatcacce 420
gaaaaggcag agtaccttge gtcgatcgte gccaccaagg cagcgaaggce cgecgaggec 480
acagcggeceg cgaccgeteg cgecactgee gtegecgagg ctgecaaggt ttcecagegag 540
caattcgegyg ccgaggcacg cgeggecgece gacgecgaag ccaaggccaa cgecgettece 600
atcatcgeca acaaagcgaa cgccgtecte geggaggcag ccaccggact tagegecage 660
getggcaaag cccaacaatc ggcgaccagyg gegttgcaag ccgcacgage tgecgctaag 720
getcaagecyg aacttaccca gaaagcecgcet caaatcttag tectcattge tgaagecaaa 780
gecgeegtga gecgagcaag cgccgatcaa tcegtetgta cgteccagge acaagecgec 840
agtcagattc aatcgagage ctecegeggece gaatcegegg categgetca atcggaagece 900
aacaccattyg cggccgagge ggtegctaga getgacgeeg aggeggcecag tcaagctcaa 960

gcgtgggeceg aatccttcaa acgcgaactce tcgagtgteg ttttggaggce cgaggccaat 1020
gccteggeta gtgectegge tggtgccectg gecagtggta gcagcagetce gggcgcgagt 1080
tccagegegg atgcecagege cggagcgage agetatggat cettgggegyg atatcgacac 1140
ggcggaaget tcagcgagge atcggcagcece gegtcagegg ccagtegege cgaggcetgeg 1200
taa 1203
<210> SEQ ID NO 68

<211> LENGTH: 1131

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smargdina

<400> SEQUENCE: 68

ggtgtcecta aagagttggg aacttccatt tctteegegt cegeatcege atccgeatec 60
gecatcegega ccgegtecte cagtagcaag aatgttcact tattaccatt gaaaagegag 120
catggcatcg taattgacaa gtcaaaattc aacatcagaa aggtagtgtt gagcgcaatc 180
gatgagatca acggcgcgec caacatcggt ctgggattga aacaggtcag tttggegetc 240
gcaaaagcce aggctagtge tcaatcgage gccgaggcat tggcaatcat caagaaaatc 300
gtcgegetee tcatctegge ctacgtcaga gcagccgagg cegeggeteg ageatcegec 360
gaagctttag ctaccgttag ggctgcggaa caagcgcaaa aaattgetga agegaagggt 420
agagcggetyg ctgaggeget ctecgagtta gtegaggegt cecagaagge cgatgeggeg 480
gecgegggaa cgacggacge gatcgaacge acctaccagg atgccagage ggecacttec 540

gcacagacca aggccagcegg cgaagcecgag aatgctaate gcaatgetge cgecaccectce 600
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gcggeggtet tgagcatcge taaggccgec tccggtcaag gaggcacteg agccgetgtce 660
gatgcagctg ctgcecgcectge cgccgcagec gctctgcatg ctaaagctaa cgeggttteg 720
caagctacca gcaaagcagce cgctgaagct agagtcgegg ctgaggaggce agcatccegec 780
caggcatcceg cctcagcaag cgcacagctg accgcacaat tagaggagaa agtcagcgcc 840
gatcaacaag cagcctcecge cagtactgat acctccgetg ctatageccga ggctgaaget 900
gccgegttag cgtccaccgt caacgcgatc aacgacggag tggtcatcgg attaggaaat 960

accgccagtt cttcectgcecca agettcecgca caggccagtg ctctegcecteg cgcaaaaaat 1020
gcgegeccta aaataaaggg ctggtacaaa atcggaggceg cgacttccgce ttetgcaage 1080
gcatcggeca gegettecge ccagtcatcce tcgcaaggac tggtatacta g 1131
<210> SEQ ID NO 69

<211> LENGTH: 1188

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 69

atgaagattc cagcgatact cgtgacgtee ttectegect ggggactgge cagegggggt 60
gtcectaaag agttgggaac ttccatttet tcegegteeg catccgeatce cgeatcegea 120
tcegegaceg cgtectecag tagcaagaat gttcacttat taccattgaa aagcgagcat 180
ggcatcgtaa ttgacaagtc aaaattcaac atcagaaagg tagtgttgag cgcaatcgat 240
gagatcaacg gcgcgcccaa catcggtetyg ggattgaaac aggtcagttt ggegetegea 300
aaagcccagg ctagtgcetca atcgagegee gaggeattgg caatcatcaa gaaaatcgte 360
gegetectea tceteggecta cgtcagagca gecgaggeeg cggctegage atccgecgaa 420
getttageta ccgttaggge tgcggaacaa gcgcaaaaaa ttgctgaage gaagggtaga 480
geggetgetyg aggegetete cgagttagte gaggcegtcce agaaggccga tgeggeggec 540
gegggaacga cggacgcgat cgaacgcacce taccaggatg ccagagegge cactteegea 600
cagaccaagg ccagcggcga agccgagaat gctaategea atgetgeege cacccetegeg 660
geggtettga gcatcgetaa ggcegectee ggtcaaggag gcactcegage cgetgtegat 720
gecagctgetyg cegetgecge cgcagecget ctgcatgeta aagctaacge ggtttegeaa 780
gctaccagca aagcagcecge tgaagctaga gtcegeggetyg aggaggcage atccgeccag 840
gecatcegect cagcaagcege acagctgacce gcacaattag aggagaaagt cagegecgat 900
caacaagcag cctcegecag tactgatace tcegetgeta tagecgagge tgaagetgece 960

gcgttagegt ccaccgtcaa cgcgatcaac gacggagtgg tcatcggatt aggaaatacce 1020
gccagttett ctgcccaage ttecgcacag gccagtgcte tcegcectegege aaaaaatgceg 1080
cgccctaaaa taaagggctg gtacaaaatc ggaggcgcga cttcecgcectte tgcaagcgca 1140
tcggecageg cttecgcecca gtcatecteg caaggactgg tatactag 1188
<210> SEQ ID NO 70

<211> LENGTH: 1275

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 70

agcgaactcg tcggatcgga cgcgagegeg acggeatctg ctgaagegte agcatcgtca 60
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tccgcatacg gtagcaagta tggtattggt agtggtgcetg tctcceggtge atcagccagce 120
gcctectgeca gegegtcetge tagegcatca gecagcagtg ctecccgcegat cgaaggagta 180
aacgttggca ccggagtcag taacaccgct tcecgegtceceg cagaagctct ctcececgtgga 240
ctcggecatceg gacaagcgge tgccgaageg caagccgctg ccegetggcca agceggcegatc 300
gctgcgaaat cgtgegeget agcggccaag agcaccgctce aageggttge cctggttgag 360
aaagtggccc gcgccgaggt agatctggec gaaagcgcga gaaaggctac aagattatcg 420

gcagaagcag ccaaggcagce ggcggaagte gagaaggacce tcgteggtet gagagggget 480

gecggtaaac tgaatctgge tgcgagagee ggttctaaag cccaagaacyg cgccaacgaa 540
gactctatag aggctaacga acttgcccaa gcaacggeeg ccgecggtge cgaggcetgaa 600
gccaaggega atgccgecca ggaggcagge gectcegett tggecatege ccaagecgec 660
cttaacatcg agcaagagac tgttaaattg acccgecagg cccagaatac tcegtctcaga 720
tctgaaaata ttetegecge ggccagcaat geccgegeca tegettceege tgaggecgag 780
gccagtagtyg atttgaataa tcgtgcgaat gcagegegtt ccaatgeccyg agetgetgec 840
gagaccagag ccgtagctac cgaagccgcet tctaccgecg agatcgcage ttatagttea 900
tccgagaaag gcgagatcac caatcceggt cctetgecca agatcgtcag tgttaccgca 960

ggtctgacce agaacgaaat agcgggatca ggagcggcceg ctagtgctag tgccagtget 1020
cttgccagtg ccagtgcegg tgccggtgce ggtgcaggtg caggagccgg tgcaagtgca 1080
ggagcceggty cagttgcagg tgcaggagcece ggtgcaggag ceggtgctag tgecggageg 1140
agtgccggag cgaatgcegg tgccggtgce agcagtttac tcecttgccgca gagtaaactce 1200
catccaatct ccaggtctte cgecctcectgcee tceegettecg ccgaggccga agctaacagt 1260
tcggegtatg cgtaa 1275
<210> SEQ ID NO 71

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Oecophylla smaragdina

<400> SEQUENCE: 71

atgaagattc cagcgatact tgcgacgtee cttttegtet ggggtettgt cggegecage 60
gaactcgteg gatcggacge gagegegacyg gcatctgetg aagegtcage ategtcatec 120
gcatacggta gcaagtatgg tattggtagt ggtgctgtet ceggtgcatc agecagegec 180
tctgecageg cgtetgetag cgcatcagee agecagtgete cegegatcega aggagtaaac 240
gttggcaccyg gagtcagtaa caccgcttee gegtccegecag aagctctete cegtggacte 300
ggcatcggac aageggctge cgaagcegcaa gecgctgeeg ctggecaage ggegateget 360
gecgaaatcegt gegegctage ggccaagage accgctcaag cggttgecct ggttgagaaa 420
gtggccegeg ccgaggtaga tetggecgaa agcegcegagaa aggctacaag attatcggea 480

gaagcagcca aggcagcegge ggaagtcgag aaggaccteg teggtetgag aggggetgec 540

ggtaaactga atctggctge gagagcecggt tctaaagcce aagaacgcgce caacgaagac 600
tctatagagg ctaacgaact tgcccaagca acggecgeeg ceggtgecga ggctgaagece 660
aaggcgaatyg ccgcccagga ggcaggegece tcegetttgg ccatcgecca agecgecctt 720

aacatcgage aagagactgt taaattgacce cgecaggecec agaatactceg tctcagatcet 780
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gaaaatattc tcgccgegge cagcaatgcec cgegccatcg cttcecgetga ggccgaggec 840
agtagtgatt tgaataatcg tgcgaatgca gcgcgttcca atgcccgage tgctgcecgag 900
accagagccg tagctaccga agccgcttcet accgccgaga tcegcagctta tagttcatcce 960

gagaaaggcg agatcaccaa tccecggtect ctgcccaaga tcegtcagtgt taccgcaggt 1020
ctgacccaga acgaaatagc gggatcagga gcggccgcta gtgctagtgce cagtgctcett 1080
gecagtgeca gtgeeggtge cggtgecggt gecaggtgcag gagcecggtge aagtgcagga 1140
geeggtgcayg ttgcaggtge aggagecggt gcaggagecg gtgctagtge cggagcgagt 1200
gccggagega atgeccggtge cggtgccage agtttactet tgccgcagag taaactcecat 1260
ccaatctcca ggtcttcecege ctetgectee gcecttecgecg aggccgaage taacagttceg 1320
gcgtatgegt aa 1332
<210> SEQ ID NO 72

<211> LENGTH: 562

<212> TYPE: PRT

<213> ORGANISM: Mallada signata

<400> SEQUENCE: 72

Ala Val Leu Ile Ser Gly Ser Ala Ala Gly Ala Ser Ser His Asn Ala
1 5 10 15

Ala Gly Ala Ala Ala Ala Ala Arg Ala Ala Leu Gly Ala Ser Gly Ala
Ala Gly Leu Gly Ala Ala Ser Gly Ala Ala Arg Arg Asn Val Ala Val
35 40 45

Gly Ala Asn Gly Ala Ala Ala Ala Ser Ala Ala Ala Ala Ala Ala Arg
50 55 60

Arg Ala Gly Ala Ile Gly Leu Asn Gly Ala Ala Gly Ala Asn Val Ala
65 70 75 80

Val Ala Gly Gly Lys Lys Gly Gly Ala Ala Gly Leu Asn Ala Gly Ala
85 90 95

Gly Ala Ser Leu Val Ser Ala Ala Ala Arg Arg Asn Gly Ala Leu Gly
100 105 110

Leu Asn Gly Ala Ala Gly Ala Asn Leu Ala Ala Ala Gly Gly Lys Lys
115 120 125

Gly Gly Ala Ile Gly Leu Asn Ala Gly Ala Ser Ala Asn Val Gly Ala
130 135 140

Ala Ala Ala Lys Lys Asn Gly Ala Ile Gly Leu Asn Ser Ala Ala Ser
145 150 155 160

Ala Asn Ala Ala Ala Ala Ala Ala Lys Lys Gly Gly Ala Ile Gly Leu
165 170 175

Asn Ala Gly Ala Ser Ala Asn Ala Ala Ala Ala Ala Ala Lys Lys Ser
180 185 190

Gly Ala Val Gly Leu Asn Ala Gly Ala Ser Ala Asn Ala Ala Ala Ala
195 200 205

Ala Ala Lys Lys Ser Gly Ala Val Ala Ala Asn Ser Ala Ala Ser Ala
210 215 220

Asn Ala Ala Ala Ala Ala Gln Lys Lys Ala Ala Ala Asp Ala Ala Asn
225 230 235 240

Ala Ala Ala Ser Glu Ser Ala Ala Ala Ala Ala Ala Lys Lys Ala Ala
245 250 255
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Ala Val Ala Glu Asn Ala Ala Ala Thr Ala Asn Ala Ala Ser Ala Leu
260 265 270

Arg Lys Asn Ala Leu Ala Ile Ala Ser Asp Ala Ala Ala Val Arg Ala
275 280 285

Asp Ala Ala Ala Ala Ala Ala Asp Asp Ala Ala Lys Ala Asn Asn Ala
290 295 300

Ala Ser Arg Gly Ser Asp Gly Leu Thr Ala Arg Ala Asn Ala Ala Thr
305 310 315 320

Leu Ala Ser Asp Ala Ala Arg Arg Ala Ser Asn Ala Ala Thr Ala Ala
325 330 335

Ser Asp Ala Ala Thr Asp Arg Leu Asn Ala Ala Thr Ala Ala Ser Asn
340 345 350

Ala Ala Thr Ala Arg Ala Asn Ala Ala Thr Arg Ala Asp Asp Ala Ala
355 360 365

Thr Asp Ala Asp Asn Ala Ala Ser Lys Ala Ser Asp Val Ser Ala Ile
370 375 380

Glu Ala Asp Asn Ala Ala Arg Ala Ala Asp Ala Asp Ala Ile Ala Thr
385 390 395 400

Asn Arg Ala Ala Glu Ala Ser Asp Ala Ala Ala Ile Ala Ala Asp Ala
405 410 415

Ala Ala Asn Ala Ala Asp Ala Ala Ala Gln Cys Asn Asn Lys Val Ala
420 425 430

Arg Val Ser Asp Ala Leu Ala Leu Ala Ala Asn Ala Ala Ala Arg Gly
435 440 445

Ser Asp Ala Ala Ala Glu Ala Gln Asp Ala Val Ala Arg Ala Ser Asp
450 455 460

Ala Ala Ala Ala Gln Ala Asp Gly Val Ala Ile Ala Val Asn Gly Ala
465 470 475 480

Thr Ala Arg Asp Ser Ala Ile Glu Ala Ala Ala Thr Ala Gly Ala Ala
485 490 495

Gln Ala Lys Ala Ala Gly Arg Ala Gly Ala Ala Ala Ala Gly Leu Arg
500 505 510

Ala Gly Ala Ala Arg Gly Ala Ala Ala Gly Ser Ala Arg Gly Leu Ala
515 520 525

Gly Gly Leu Ala Ala Gly Ser Asn Ala Gly Ile Ala Ala Gly Ala Ala
530 535 540

Ser Gly Leu Ala Arg Gly Ala Ala Ala Glu Val Cys Ala Ala Arg Ile
545 550 555 560

Ala Leu

<210> SEQ ID NO 73

<211> LENGTH: 588

<212> TYPE: PRT

<213> ORGANISM: Mallada signata

<400> SEQUENCE: 73

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

Leu Gln Leu Ala Thr His Cys Ser Ser Thr Ala Val Leu Ile Ser Gly
20 25 30

Ser Ala Ala Gly Ala Ser Ser His Asn Ala Ala Gly Ala Ala Ala Ala
35 40 45
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Ala Arg Ala Ala Leu Gly Ala Ser Gly Ala Ala Gly Leu Gly Ala Ala
50 55 60

Ser Gly Ala Ala Arg Arg Asn Val Ala Val Gly Ala Asn Gly Ala Ala
65 70 75 80

Ala Ala Ser Ala Ala Ala Ala Ala Ala Arg Arg Ala Gly Ala Ile Gly
85 90 95

Leu Asn Gly Ala Ala Gly Ala Asn Val Ala Val Ala Gly Gly Lys Lys
100 105 110

Gly Gly Ala Ala Gly Leu Asn Ala Gly Ala Gly Ala Ser Leu Val Ser
115 120 125

Ala Ala Ala Arg Arg Asn Gly Ala Leu Gly Leu Asn Gly Ala Ala Gly
130 135 140

Ala Asn Leu Ala Ala Ala Gly Gly Lys Lys Gly Gly Ala Ile Gly Leu
145 150 155 160

Asn Ala Gly Ala Ser Ala Asn Val Gly Ala Ala Ala Ala Lys Lys Asn
165 170 175

Gly Ala Ile Gly Leu Asn Ser Ala Ala Ser Ala Asn Ala Ala Ala Ala
180 185 190

Ala Ala Lys Lys Gly Gly Ala Ile Gly Leu Asn Ala Gly Ala Ser Ala
195 200 205

Asn Ala Ala Ala Ala Ala Ala Lys Lys Ser Gly Ala Val Gly Leu Asn
210 215 220

Ala Gly Ala Ser Ala Asn Ala Ala Ala Ala Ala Ala Lys Lys Ser Gly
225 230 235 240

Ala Val Ala Ala Asn Ser Ala Ala Ser Ala Asn Ala Ala Ala Ala Ala
245 250 255

Gln Lys Lys Ala Ala Ala Asp Ala Ala Asn Ala Ala Ala Ser Glu Ser
260 265 270

Ala Ala Ala Ala Ala Ala Lys Lys Ala Ala Ala Val Ala Glu Asn Ala
275 280 285

Ala Ala Thr Ala Asn Ala Ala Ser Ala Leu Arg Lys Asn Ala Leu Ala
290 295 300

Ile Ala Ser Asp Ala Ala Ala Val Arg Ala Asp Ala Ala Ala Ala Ala
305 310 315 320

Ala Asp Asp Ala Ala Lys Ala Asn Asn Ala Ala Ser Arg Gly Ser Asp
325 330 335

Gly Leu Thr Ala Arg Ala Asn Ala Ala Thr Leu Ala Ser Asp Ala Ala
340 345 350

Arg Arg Ala Ser Asn Ala Ala Thr Ala Ala Ser Asp Ala Ala Thr Asp
355 360 365

Arg Leu Asn Ala Ala Thr Ala Ala Ser Asn Ala Ala Thr Ala Arg Ala
370 375 380

Asn Ala Ala Thr Arg Ala Asp Asp Ala Ala Thr Asp Ala Asp Asn Ala
385 390 395 400

Ala Ser Lys Ala Ser Asp Val Ser Ala Ile Glu Ala Asp Asn Ala Ala
405 410 415

Arg Ala Ala Asp Ala Asp Ala Ile Ala Thr Asn Arg Ala Ala Glu Ala
420 425 430

Ser Asp Ala Ala Ala Ile Ala Ala Asp Ala Ala Ala Asn Ala Ala Asp
435 440 445

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

Ala Leu Ala Ala Asn Ala Ala Ala Arg Gly Ser Asp Ala Ala Ala Glu
465 470 475 480

Ala Gln Asp Ala Val Ala Arg Ala Ser Asp Ala Ala Ala Ala Gln Ala
485 490 495

Asp Gly Val Ala Ile Ala Val Asn Gly Ala Thr Ala Arg Asp Ser Ala
500 505 510

Ile Glu Ala Ala Ala Thr Ala Gly Ala Ala Gln Ala Lys Ala Ala Gly
515 520 525

Arg Ala Gly Ala Ala Ala Ala Gly Leu Arg Ala Gly Ala Ala Arg Gly
530 535 540

Ala Ala Ala Gly Ser Ala Arg Gly Leu Ala Gly Gly Leu Ala Ala Gly
545 550 555 560

Ser Asn Ala Gly Ile Ala Ala Gly Ala Ala Ser Gly Leu Ala Arg Gly
565 570 575

Ala Ala Ala Glu Val Cys Ala Ala Arg Ile Ala Leu
580 585

<210> SEQ ID NO 74

<211> LENGTH: 1689

<212> TYPE: DNA

<213> ORGANISM: Mallada signata

<400> SEQUENCE: 74

getgtattga tttetggtte ggctgetggt gettectcac acaatgetge tggtgeaget 60
gcagcagcca gagctgectt aggegettet ggggcetgcag gtttaggtge tgeatctggt 120
getgcaagaa gaaacgtage agttggtgcet aacggtgeeg ccgecgetag tgetgeaget 180
gecagctgeca gacgagetgg cgctattgge ctaaatggag cagctggage taatgtaget 240
gtcgetggty gcaaaaaagg aggtgctget ggattaaatg ctggegetgyg tgettettta 300
gtatctgcag ctgcaagacg aaatggagcce cttggactta acggtgcagce tggagcaaat 360
ctcgecageag ctggtggcaa aaaaggaggt gctattggat taaacgetgg agcatcagece 420
aatgttggtyg ccgctgetge caagaaaaat ggagecatag gacttaacte agetgettca 480
gctaatgetyg ccgctgecge tgctaaaaaa ggtggageca ttggattgaa tgetggaget 540
tcagcaaatyg ctgctgetge cgectgecaag aagagtggag ctgttggatt aaatgcetgga 600
gettetgeta acgetgetge tgctgetgee aagaaaagtg gagetgttge tgecaattec 660
getgetteag caaatgcage tgctgetgca caaaagaaag ccgctgetga tgecgcaaat 720
getgetgett ctgaaagtge tgctgetget gecagccaaga aagccgecge tgttgetgaa 780
aatgcagetyg ccaccgecaa tgeccgettca getttacgta aaaatgcatt agecattgece 840
agtgatgcag cagctgteeg tgctgatgee getgecgeeg cegetgacga tgctgctaaa 900
gctaacaacg ctgctteceg tggaagtgat ggtttaactg ccegegecaa tgecgecact 960

ttagccagtg atgctgccceg tagagctage aatgcagcaa cagctgccag cgatgctgcece 1020

actgaccgat tgaacgccgce caccgctgct agcaacgcetg ccactgcteg tgcaaatgcece 1080

gccacacgtg ccgatgatgce cgccactgat geccgacaatg ctgcttcaaa ggccagtgat 1140

gtatcagcta ttgaagccga caacgctgca cgagctgctg atgctgatgce tatcgctacce 1200

aaccgtgeecg ctgaagcaag cgatgctgct gctattgecg ctgatgccge tgccaatget 1260
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gctgatgeceg ctgcccaatg taataacaaa gttgcccgag taagtgatgce cttagctcetce 1320
gccgcectaatg ctgectgeccg aggatctgat geccgeccgcectyg aagctcaaga tgctgttgece 1380
agagcaagtg acgctgccgce tgcccaagct gatggtgttg ccattgccgt aaatggagcet 1440
actgcgagag actcagcaat tgaagccgct gctactgcetg gagctgccca agctaaagcece 1500
gctggacgtyg ctggagectge tgcagctggt ttaagagctg gtgccgctag aggtgctgece 1560
gctggtagtyg cccgeggtcet agectggagga ttagctgcag gttccaatgce tggaatcgeg 1620
gctggtgcag cttcectggatt agcaagaggce gcagctgctg aagtttgegce agctagaata 1680
gcattgtaa 1689
<210> SEQ ID NO 75

<211> LENGTH: 1767

<212> TYPE: DNA

<213> ORGANISM: Mallada signata

<400> SEQUENCE: 75

atggcagcegt cgaacaaaat catcttcage tttttageta ttgttetatt acaacttgec 60
acacactgtt catcaacage tgtattgatt tctggttegg ctgetggtge ttectcacac 120
aatgctgetyg gtgcagetge agcagccaga getgecttag gegettetgg ggetgcaggt 180
ttaggtgctyg catctggtge tgcaagaaga aacgtagcag ttggtgctaa cggtgccgece 240
gecgetagtyg ctgcagetge agetgecaga cgagcetggeg ctattggect aaatggagea 300
getggageta atgtagetgt cgetggtgge aaaaaaggag gtgctgetgyg attaaatget 360
ggcgetggtyg cttetttagt atctgcaget gcaagacgaa atggagecct tggacttaac 420
ggtgcagetyg gagcaaatct cgcagcaget ggtggcaaaa aaggaggtge tattggatta 480
aacgctggag catcagccaa tgttggtgee getgetgeca agaaaaatgg agccatagga 540
cttaactcag ctgcttcage taatgetgee getgecgetg ctaaaaaagg tggagcecatt 600
ggattgaatg ctggagcttc agcaaatgcet getgetgeeg ctgccaagaa gagtggaget 660
gttggattaa atgctggagc ttctgctaac getgetgetg ctgctgecaa gaaaagtgga 720
getgttgetyg ccaattccge tgcttcageca aatgcagetg ctgctgcaca aaagaaagec 780
getgetgatyg ccgcaaatge tgctgettet gaaagtgetg ctgctgetge agecaagaaa 840
gecgeegety ttgctgaaaa tgcagetgece accgccaatg ccgettcage tttacgtaaa 900
aatgcattag ccattgccag tgatgcagca getgteegtg ctgatgeege tgecgecgece 960

gctgacgatg ctgctaaagce taacaacgct gecttceccgtg gaagtgatgg tttaactgece 1020
cgcgccaatg ccgccacttt agccagtgat gctgccegta gagctagcaa tgcagcaaca 1080
getgecageyg atgetgccac tgaccgattg aacgccgceca cegetgetag caacgcetgec 1140
actgctegtg caaatgccge cacacgtgcce gatgatgecg ccactgatgce cgacaatgcet 1200
gcttcaaagg ccagtgatgt atcagctatt gaagccgaca acgctgcacg agctgctgat 1260
gctgatgceta tcegctaccaa ccgtgcceget gaagcaageg atgcectgectgce tattgecget 1320
gatgccgetyg ccaatgetge tgatgcceget geccaatgta ataacaaagt tgcccgagta 1380
agtgatgcct tagctctege cgctaatgct gctgccecgag gatctgatge cgccgctgaa 1440
gctcaagatg ctgttgccag agcaagtgac gctgccgctg cccaagctga tggtgttgece 1500

attgccgtaa atggagctac tgcgagagac tcagcaattg aagccgctgce tactgctgga 1560
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getgeccaag

gecgctagag

tccaatgetyg

gtttgcgcag

ctaaagcege

gtgctgcege

gaatcgcegge

ctagaatagc

<210> SEQ ID NO 76
<211> LENGTH: 975

<212> TYPE:

DNA

tggacgtgct ggagctgetg cagetggttt aagagetggt

tggtagtgce cgeggtetag ctggaggatt agetgeaggt

tggtgcaget tctggattag caagaggegce agetgetgaa

attgtaa

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Honeybee silk protein

frame optimized for plant expression

pPET14b and pVECS)

<400> SEQUENCE: 76

atggctagag

gagaaggttg

ttcggaagaa

getatttete

tctaagactg

cttgttgety

aaggcttete

aaagcagcetg

getgetettt

gaagctcaag

gagattgetyg

agagctgtgg

Jaagaagagyg

getgetgety

gaagcaggac

gtgaagaaag

tgggaggtga

aagaggttga

aagttgtgge

gagtgggaac

ttggagctgg

ctgctaacge

gtgctactgg

ttgctactga

ctgagaaggc

cttetgagag

ctaagaccge

taaaagctga

ctgatgcage

cttcagetca

agtcaagagc

cacttgetgg

aagagtggaa

agtga

<210> SEQ ID NO 77
<211> LENGTH: 324

<212> TYPE:

PRT

gactagggat

tccagctaag

tggagcettet

acaatcagca

tgctattggt

tgctcaaget

agaggctgcet

tgagtctett

ggctaatgag

tgctgetgee

ggcagatgcet

agccgecagg

agctgagaac

agcagcagcec

tgaaatgaag

aacttctaca

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Honeybee silk protein
open reading frame optimized for plant expression
translational fusion)

<400> SEQUENCE: 77

Met Ala Arg Glu

1

Val Val Lys Ser

Leu Lys Leu Thr

35

Ala Ser Glu Val

5

20

Glu Val Glu Thr

Glu Lys Val Glu

Ser Glu Pro Ile

40

Ala Ser Ser Ser

(Xenospira4)
(before sub-cloned into

aagactaaga cttctactgt

gatgagctta agttgactte

gaagtggett cttctagtgg

gcagagtcete aagctcettge

gettetgage ttactaacaa

agagctactyg ctgcttette

gaagaagctg aagctgetgt

gctaagaace ttgettetge

cttgctcagyg ctgaaagtge

aaagcagctyg agattgetet

geegeegeag ccegtggeage

getgetgetyg ttaacgetat

gcagetggtyg ttcttcaage

getgeegeag ctacttetga

ccaccacatt ggaagtggga

aaagaggaat ggaaaactac

Arg Asp Lys Thr
10

Val Val Ala Pro
25

Phe Gly Arg Arg

Gly Glu Ala Ile

1620

1680

1740

1767

open reading

ggtgaagtct 60
tgagccaatt 120
agaggctatt 180
tgcttcteag 240
ggtggcagcet 300
ttetgctett 360
tgcagatgct 420
tagtgctaga 480
tgcagctgcet 540
taaggtggca 600
tgcaaaagct 660
tgctaaggct 720
agctgcaagt 780
agcagcagct 840
gaggattcca 900
taacgaagag 960
975
(Xenospira4) encoded by
(without
Lys Thr Ser Thr
15
Ala Lys Asp Glu
30
Val Gly Thr Gly
45
Ala Ile Ser Leu
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50 55 60

Ala Gln Ala

70

Ala Glu Gln Ala

75

Gly Ala

65

Gly Ser Ser Leu

Thr Ala Ala

85

Ser Lys Asn Ala Ala Ile Gly Ala Ser Glu

90
Val

Ala Ala

100

Val Ala Ala

105

Lys Leu Gly Thr Gly Ala Gln

Thr Ala Ala

115

Ala Ala Ala

125

Leu Ser Leu

120

Ser Ser Ser Lys

Ala Ala

130

Glu Glu Ala Glu Ala

135

Ala Val Ala Ala

140

Asp Lys

Glu
145

Ala Glu Ala Ala

155

Leu Asn Leu Ser Ala

150

Lys Ser Lys

Ala Ala Glu Ala Glu

170

Ser Asn Leu Ala Gln

165

Leu Ser Arg

Ala Ala Ala Ala

180

Glu Ala Gln Ala Lys Thr Ala Ala Ala

185
Ala

Glu Ile

195

Ala Val Ala

200

Leu Lys Glu Ile Ala Val Lys

205

Ala
210

Ala Ala Ala Ala Val

215

Ala Ala Ala Ala

220

Asp Lys Arg

Ala Ala Ala Ala Ala Ala Ala Val Asn Ala Ile

235

Asp
225

Arg
230

Glu Glu Glu Ala Ala Gln Ala Glu Asn Ala Ala

250

Ser
245

Gly

Ala Ala Ala Ala Ala Ala Glu Ser Ala Ala Ala

265

Ser
260

Arg

Ala Ala Thr

275

Glu Ala Ala Ala

280

Glu Ala Leu

285

Ser Gly Pro

Met Glu Ile Pro Val

300

Lys Pro Pro His

290

Trp Lys

295

Trp Arg

Glu
305

Thr Thr

310

Trp Lys Ser Lys Glu Glu Trp Lys Thr Thr

315

Trp Glu Val Lys

Ala

Leu

Ala

110

Thr

Ala

Ser

Ala

Ala

190

Ala

Ala

Ala

Val

Ala

270

Ala

Lys

Asn

Gln
80

Ser

Thr
95

Asn

Arg Ala

Glu Glu

Ala Ala

Ala Arg

160

Glu
175

Ser
Lys Ala
Glu Ala
Val Ala

Ala
240

Lys

Leu Gln

255

Ala Ala

Gly Glu

Lys Glu

Glu Glu

320

1-45. (canceled)

46. A silk polypeptide, wherein at least a portion of the
polypeptide has a coiled coil structure, and wherein the
polypeptide comprises an amino acid sequence which is at
least 40% identical to any one or more of SEQ ID NO:1,
SEQ ID NO:2, SEQ ID N0O:22, SEQ ID N0O:23, SEQ 1D
NO:40, SEQ ID NO:41, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ 1D
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D
NO:26, SEQ ID NO:27, SEQ ID NO:44, SEQ ID NO:45,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:7, SEQ 1D
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, or SEQ ID NO:63, and

wherein the silk polypeptide is fused to at least one other
polypeptide; or

wherein the silk polypeptide is present in a silk fiber or
copolymer and crosslinked to a surface of interest.

47. The silk polypeptide of claim 46, wherein

i) the portion of the polypeptide that has a coiled coil
structure comprises at least 10 copies of the heptad
sequence abcdefg, and wherein at least 25% of the
amino acids at positions a and d are alanine residues, or

ii) the portion of the polypeptide that has a coiled coil

structure comprises at least 10 copies of the heptad
sequence abcdefg, and at least 25% of the amino acids
at positions a, d and e are alanine residues.

48. The silk polypeptide of claim 46 which is fused to at
least one other polypeptide.

49. The silk polypeptide of claim 46, wherein the silk
polypeptide is present in a silk fiber or copolymer and
crosslinked to a surface of interest.

50. A product comprising at least one silk polypeptide of
claim 46.

51. The product of claim 50, wherein the product is
selected from the group consisting of: a personal care
product, textiles, plastics, and biomedical products.
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52. A vector comprising: a polynucleotide which encodes
a silk polypeptide, wherein at least a portion of the poly-
peptide has a coiled coil structure, and wherein the silk
polypeptide comprises an amino acid sequence which is at
least 40% identical to at least any one or more of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:40, SEQ ID NO:41, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ 1D
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D
NO:26, SEQ ID NO:27, SEQ ID NO:44, SEQ ID NO:45,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:7, SEQ 1D
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, or SEQ ID NO:63; and

a heterologous promoter operably linked to the polynucle-

otide.

53. A composition comprising the vector of claim 52, and
one or more acceptable carriers.

54. A recombinant host cell comprising a polynucleotide
which encodes a silk polypeptide, wherein at least a portion
of the polypeptide has a coiled coil structure, and wherein
the silk polypeptide comprises an amino acid sequence
which is at least 40% identical to at least any one or more
of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:56,
SEQ ID NO:57; SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:42, SEQ ID NO:43,
SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:5, SEQ 1D
NO:6, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:44,
SEQ ID NO:45, SEQ ID NO:60, SEQ ID NO:61, SEQ 1D
NO:7, SEQ ID NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ
ID NO:46, SEQ ID NO:47, SEQ ID NO:62, or SEQ ID
NO:63; and

wherein

a) the polynucleotide is operably linked to a heterologous

promoter, and/or

b) the recombinant host cell is a bacterial, yeast or plant

cell.

55. The recombinant host cell of claim 54, wherein the
silk polypeptide comprises an amino acid sequence which is
at least 50% identical to at least any one or more of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:40, SEQ ID NO:41, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ 1D
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D
NO:26, SEQ ID NO:27, SEQ ID NO:44, SEQ ID NO:45,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:7, SEQ 1D
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, or SEQ ID NO:63.

56. The recombinant host cell of claim 54, wherein the
silk polypeptide comprises an amino acid sequence which is
at least 70% identical to at least any one or more of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:40, SEQ ID NO:41, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ 1D
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D
NO:26, SEQ ID NO:27, SEQ ID NO:44, SEQ ID NO:45,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:7, SEQ 1D
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, or SEQ ID NO:63.

57. The recombinant host cell of claim 54, wherein the
silk polypeptide comprises an amino acid sequence which is
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at least 80% identical to at least any one or more of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:40, SEQ ID NO:41, SEQ ID NO:56, SEQ ID NO:57,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:24, SEQ 1D
NO:25, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:5, SEQ ID NO:6, SEQ 1D
NO:26, SEQ ID NO:27, SEQ ID NO:44, SEQ ID NO:45,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:7, SEQ 1D
NO:8, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:46,
SEQ ID NO:47, SEQ ID NO:62, or SEQ ID NO:63.

58. The recombinant host cell of claim 54, wherein the
polynucleotide comprises a nucleic acid sequence which is
at least 40% identical to any one or more of SEQ ID NO:11,
SEQ ID NO:12, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:48, SEQ ID NO:49, SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:33, SEQ 1D
NO:34, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:66,
SEQ ID NO:67, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:35, SEQ ID NO:36, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:17, SEQ 1D
NO:18, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:70, SEQ ID NO:71, or SEQ ID
NO:76.

59. The recombinant host cell of claim 54, wherein the
polynucleotide comprises a nucleic acid sequence which is
at least 50% identical to any one or more of SEQ ID NO:11,
SEQ ID NO:12, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:48, SEQ ID NO:49, SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:33, SEQ 1D
NO:34, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:66,
SEQ ID NO:67, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:35, SEQ ID NO:36, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:17, SEQ 1D
NO:18, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:70, SEQ ID NO:71, or SEQ ID
NO:76.

60. The recombinant host cell of claim 54, wherein the
polynucleotide comprises a nucleic acid sequence which is
at least 70% identical to any one or more of SEQ ID NO:11,
SEQ ID NO:12, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:48, SEQ ID NO:49, SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:33, SEQ 1D
NO:34, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:66,
SEQ ID NO:67, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:35, SEQ ID NO:36, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:17, SEQ 1D
NO:18, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:70, SEQ ID NO:71, or SEQ ID
NO:76.

61. The recombinant host cell of claim 54, wherein the
polynucleotide comprises a nucleic acid sequence which is
at least 80% identical to any one or more of SEQ ID NO:11,
SEQ ID NO:12, SEQ ID NO:31, SEQ ID NO:32, SEQ 1D
NO:48, SEQ ID NO:49, SEQ ID NO:64, SEQ ID NO:65,
SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:33, SEQ 1D
NO:34, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:66,
SEQ ID NO:67, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:35, SEQ ID NO:36, SEQ ID NO:52, SEQ ID NO:53,
SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:17, SEQ 1D
NO:18, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:70, SEQ ID NO:71, or SEQ ID
NO:76.

62. The recombinant host cell of claim 54, wherein the
portion of the silk polypeptide that has a coiled coil structure
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comprises at least 10 copies of the heptad sequence abedefg,
and wherein at least 25% of the amino acids at positions a
and d are alanine residues.

63. The recombinant host cell of claim 54, wherein the
portion of the silk polypeptide that has a coiled coil structure
comprises at least 18 copies of the heptad sequence abedefg,
and wherein at least 25% of the amino acids at positions a
and d are alanine residues.

64. The recombinant host cell of claim 54 which is a
bacterial cell.

65. A process for preparing a silk polypeptide comprising
cultivating the recombinant host cell of claim 54, under
conditions which allow expression of the polynucleotide
encoding the polypeptide, and recovering the expressed
polypeptide.



