WD 20061008163 PCT/ EP2005/ 007968 Reconbi nant spi der

silk proteins The present invention is directed to

reconbi nant spider silk proteins, nucleic acids,
wogtlogs1bdr t hese reconbi nant spider silk preatrgraes 007968

as well as hosts suitable fpr expressing those

nucleic acids. Furthernore, the present invention is

directed to a nethod of aggregati on of spider silk

proteins and the use of the proteins in the field of

bi ot echnol ogy and/ or nedi ci ne and other industria

fierds, in particarar Tn the manufactureof

aut onoti ve parts,RdcBmbirnt3pider stk pri@pst ruction, in
the processing of textiles and |eather, as mell as in

IF‘Q

food, electronic devices, drug dellvery and the |ike.
In this application, the follow ng abbreviations wll
The prggentBwentioNRs divetied wpestombivant spiger, silkngroteins] awleic acids, codmg for

e HEPATHARSHBET TR of SO OV A ol acL s e
acids. ¥ hﬂ@uyanaﬂle prSES, inselioni s dme‘bmd)ﬁb&whétht)@ of Békskoation of spider silk

protei é%ﬁyéﬁo%&}gt 9tﬁylgh$ﬁ%q1§gaor gnotegr_ljno]r@gy @mi/g]: medicine and other

ind usmih] ﬁhrdﬁ,l ifs particelpr iR WhmFactire I@ﬁﬁdtérh&tﬁreﬁfa% Gh B aifefaft constr‘uchon
coun S .per second; nean residu

in the ERRGIDE Of AU1eS AR I<G0PGHvELE: M qRnL B\ K an Brocessing of paper,

cometiBy, Wl SleRMEIRYRed, Bﬁlg, ddlivdy &¥g g likaor di nary physi cal
propertles (1). Anong the "different types of spider
silks, draglines are nost intensely studied. Dragline

In thls%ﬂ}#ﬁ&t,ogl%%elf&gd“}]g%%bp }ah?);]?w Vds spiders to build

franme g ‘as lifelines that
NR, noarrepgiigverstps ranipycillid regiyande petei H’(T G, FopraphE8-®-ivgansesid; GdmCl,

e N O e RO T
polyactytnngﬁmm didmabpinc&ediu ghﬂf Tﬂﬁﬁydrbbé}ﬁneﬂfyl)ﬁﬁﬁ{on%ﬁh%é CD circular

own nateria ne sil ks are general
dichrol SN el s ivd s i e Do e e eoand MAW, mean
residueSldi &l { M ESot IBRARIndd.COMMON repetitive architecture-(3;
4) . Variations of a single repeat unit, which can
- conprise up to 60 am no acids, are iterated severa
t N

Side S b BOSARRNA gk O30l i ARAYATE) Amons e
differentitypes eﬁISm@I sidks, draghnﬂscite most igersely chtuaiddi Dsagh@a eilkvnird fitilized by

I TR T SO H—

dragged behiadl. aﬁomﬁaesesuucbm hilgh ®hdills ihf&ﬁgﬁdﬁ)dsa‘dﬁfc&y are required. The
form cr al.ljne (3-sheet stacks

combxqp ié(a-é(?tﬁv.aq} %ggegﬂgsitrlegj t§1“} %Wﬁg‘twe{ssthg)is higher than that of most other known

materials (/;2). Dragline silks are generally composed of two major proteins whose primary

structures share a common repetitive architecture (3,4).

Variations of a single repeat unit, which can comprise up to 60 amino acids, are iterated several
times to represent the largest part of a dragline silk sequence. These repeat units comprehend a

limited set of distinct amino acid motifs. One motif found in all dragline silk repeat unifs is a



G@ycine rich notifs such as GGX or GPGXX adopt
flexi ble helical structures that connect crystalline
regions and provide elasticity to the thread (7).
whAcdba/dossal |y, all investigated dragline sil keggi:6dsme796s
conprise regions at their carboxyl termni that
di spl ay no obvious repetition pattern
(non-repetitive- or NR-regions). So far no function
block oftpikcabe as$i glheihet wsitinas én rsdlyithresdsi sevefak pbiyRdinine motifs form
hread.  Silk senby Vi V s . a remarkabl e
Crymlb?%@g}%egts%cﬁ bfeamaﬁ%r&rn?* t"§1‘$tﬁdpﬂ)te| ns are stored at
concentrations up to 50 % (w'v) (8) in the so-called
maj or anpul | ate gl and. Al though a 'd%/namc | oose
Glycmﬁerthlav tsrlerttamcgﬁxrrasGB@é% b dlsuilef belicehstrystusesethat connect
' (8) nore recent
crystal aégétgﬁ%%gﬁ gé ?%HEH ltd’éttcl)]? }g%:agrrt?)or mation for the
proter ns of the so called A Zone whi ch represents
of. th I
nadiiGellfl B PSBRR0 Srfiint 30k MR Crbmig rerigtsl B ot termin
that dlépﬂam 1 bbngiossotepétition) patiett thde]&ptrﬂalsormnﬂ@gﬁbﬂﬁs&pfar &o function

uid crystal Thredassenblyrsrnrtrated

could Qfﬁgﬁlﬁlj’dé‘) %‘ﬁiesrg%‘é'“%f“ 'ﬁ%gmﬂ hr ough the spinning

duct acconpani ed by ext ractl on of water, sodium and

chloride (14;15). At the sane tinme the concentrations
Silk agspmblyein it as [y tsmagksible progessp Spides Prasliemaillmodginneee stored at
ooncen%t)?ods'ﬁﬁ &@9@?%@&!)‘3& 8? ﬁgh@é’é ?dgl?ggeaicfr Qlla?e %han A?fthﬁa'é a "dynamic
loose f@twaégwtwm hars hesn erapossd fgythpmrcrtemgwtthm thén ragod aowptllatofland (8)

Far sever al

more r%r%tgtu(?ag Q‘?ﬁﬁs fbwar ea scoclacrtr))1 o & 6 fﬁs@' P&t lgggf)é\e 5B gplled A-Zone,
which hepursertto thedages sattvefdhagbind I(Qaa)sﬁ‘rhblhmm BdrRe@fabd@d protein solution

roms (RS g B A AT 8 e G € o 1113,
i nvesti gations concerning filnms made fromsilk

s _have_been perfornmed with silk fibroin, the
Thfeadr?aff %br‘ét‘féﬂ‘ﬁe% eFEeRAsags of e depq through thershaning (dkgicesampanied

by extrBHYRYF Wi sodfaind Knd blﬁ&@de"tlﬂi.ﬁj MR (ARG asE cBr'ic%mrahons of the

aqueous SO| utions or from solutions contal ni
more Imf@ar:rlwm@tagwn@pép@sphrtﬂmrem)crearscd aridghephl dromrffx@m 6.9 t0 6.3 (/4-

10, AL TS O 9P b3 888 e o

of the Pidesnabdnmem(17).conf or mat i ons, dependi ng on the sol vent
used. Wien cast into filns, proteins either naintain
the conformati on of the sol uble state or adopt a nore

For severat Ip&@bserslrﬂimraﬂ @ik akirgRdsi @A nof e ud¥B Aire@BS Bt KO EEBSHiBDIved and

e films with pethanol | eads to a further
reasserrq%ef wins ethg mprphelogics sughielims. Mvscirpstes) #anaflrls, hydrogels and
the likeBesi des silk fibroin, other silk proteins have al so
been enpl oyed to cast fil ns.

Most investigations concerning films made from silk proteins have been performed with silk
fibroin, the main protein component of the silk from the silkworm Bombyx mori. Silk fibroin
films can be cast from aqueous solutions or from solutions containing hexafluoroisopropanol

(HFIP), formic acid, and trifluoro acetic acid. In solution silk fibroins tend to adopt helical or



Vol I rath and co-workers investigated filnms nmade of
proteins extracted frommajor anpullate . gland of the
spi der Nephila senegal ensis. As-cast filnms nainly
WOR0EI0RE proteins in a random coil conf or neEdT/ER005/007968
when prepared from aqueous 3ol ution. Their structure
changed into 0-sheet wupon addition of potassium
chlorlde Further, filnms have been nmade from a
randorg Goil RRTPENAEPRSc depegdisgen thretol XFa e oYhemeastiinggyfiinpse proteins either
Thaintant ke &Bﬁﬁﬁhﬁbd “@tsm's s‘afubtehﬁatg Rk qgépt I\Jeﬂghrl E‘s]%le?\llcg ®nformation. In
using HFI P sol vent. In sol ut’lon
‘most caghs mrwssmg %f the filromvit tmatianal badsharagﬁlngertlmraasmf @-sheet content
e for [ ast to a
and crygtp ARG Bebli i FRIC LSRG R pI8RS 653 asoicty Bpployfl to cast fitms
Vollratham&ir talverkbrsoinvasaipatedifilag Irrladé iol ipeoteing Sxtfa%ﬁiirﬁ\{blﬁ aflajo¥mpullate
[ am.no, aci.d se nce., Sel e ve c em ca
sland e AP MGG SRR A BTN TSR D0ttt gre'ging in @ random
coil cotfidnhalibirwhes pRshed drdit @qicdus RBuiAWTABH RERAGES cﬁméﬂgn@ %o B-sheet
of . chemcal ]y reactive am no acid side_ chains

upon additipn PhPQtEsIYR chigrdeoF withepAHBo RgYe tyrmmade frpmra syathetic silk protein
denve&effb%{ ke &‘Fﬁgirfe' Rt bl%félﬁ""l\ﬁé@'p[‘ o hﬁe sﬂ@éruﬁl.?ﬂhzlgoc%wﬁeg using HFIP as
ter the Silk protein's and t ims
SOlVenb r1@ pelutipn thej rotemdidepied amm—h@cglomlc@rer denginglto agperetfissheet rich
i tei ns have been unravelled, stil
Cmﬂmﬁmnéfgﬂﬁgm ﬁgéﬁgﬁgﬁout the contribution of individua
silk proteins and their prinary structure elenents to

Unfortturrl]ﬁl?ely atf]g ggqber’%l 89 ?%w]cg?%z?gﬁ% eggrtagn%hlézﬂ sqé Jngcg? tis\/\fﬂ)&:straine{i

by its Aninoaudid séqlﬁd&mkmuv%m&aﬁﬁddlﬁ@ﬁmﬁ,of BN €8t 1stchﬁ§ possible 0 a
al.t hough, their no, ac uences are_rathe

very ligitg|exieng dye to '11?833‘& d&9°¢r@r‘r%/?@a‘lfl°§?efﬁlcﬁlfl3éfeéﬁfﬂve amino acid side

chains SRAt Ulhtairf dhidNSnASSENRYoxyL BRLAE trRkthat 'g%lc%dlﬁcaﬁ% vﬁthm the

i s sol ubl e even at hi gh CoRcentrations (18
natural fost ig gitenthe sitkswptgin seangﬁhpsgbfr filmis swonprtiesisit
filamentous structures under specific condltlons
(unpublished results). Scientific and comercia
‘While iserhe stegturalrispéctst eﬁjSpliChae Sillnpeminsgmrie dmemﬁnrhvalilad;,t stilldittle is known

t uri.n i.der Nat i v
sbour 8RR BF i S RrESEndibie® i Vire Fufiendments 1o e
assemigf me@emmpmdve atutlies io€ itled t\am ﬁﬂjmetdmgﬁnhaﬁk proteins of the garden

encount r ob] bot h sufficjent
spider DGeE0 rigal a&ﬁpéuyrq AR et o Fyposgh e sgpino acid
sequen@é%p R@S&iHen sittik dayl th Era% %ﬁla}kam | &iffedehk @Ammﬁ@uwassemb}y

a WD 2006/ 008163 005/ oo7 68 4 differént
Charad@aéﬂﬁﬁ Waulg ARPEr3 Uacspbableae\@ﬁoﬁt ihighsprngentegtionsy({8hehPE-4 is virtually

msolutgggtstﬁfégfdés?eg%ﬁfsgiﬂgfﬁ}élﬁ% S?Qgﬁhﬁ& &nger JJ%SﬁE?Bﬁcﬁﬁéﬂso(gnpubhshed

resultsgynt hesi zed t her eof showed different characteristics
in conparison to native spider silks. Expression of
partial dragline silk cDNAs in
Scientific and commercial interest initiated the investigation of industrial scale manufacturing of

spider silk. Native spider silk production is impractical due to the cannibalism of spiders, and
artificial production has encountered problems in achieving both sufficient protein yield and

quality thread-assembly. Bacterial expression yielded low protein levels, likely caused by a



mammal i an cell lines did yield silk proteins (e.g.
ADF-3) that could be artificially spun into 'silken
threads, albeit as yet of inferior quality.

WIROBDBBB9 rel ates to nmet hods and devi ces f QrCT/EP2005/007968
spinning biofilament protei4s into fibers. This
invention is particularly useful for spinning
reconbi nant, sil k proteins from aqueous sol utions and

differeghppeaR iMire (i Bacieriaeangtin spilershayrthelie eenesrithps erdon sadgetagapted to
th AR GddUb 8ui SHE daL

© °Xg’ff% duct |Son and 1%ﬂs‘]:e IS}Eaeg)‘:‘ﬁ%‘such ? F’ber%lS g,ggifgt@{zga aiermf showed different
charactgsigticsiip comparisgn tii Mﬂvgsmdertscblkmﬁmp%son efopaitial dsdglike silk cDNAs in

e S0 SR P 0B YERSRE BBl son

sﬂkenSthteladsgehbeISasyetbfamf@mrqixalinpsts is - as mentioned above
- inefficient (24) since some gene sections contain
codons not efficiently translated in bacteria. In

WOO3a6liopirelates tnBRodPdHdRIeRES 57 s@ﬂ&ngmﬂlém&@bfo@andomtupﬁf&s This
1S dlfflcult due to the repetitive nature of sil

inventioR, s grgjailery upRY ey PRarias ﬁF@H&ll‘ﬁnééi}%Pf%amsd%@m sﬁqmus solutions
and edbaRdifd M stFén?ﬁ\ SOt %@Qh@%x‘ﬁ&ﬁgﬁzt}b%@ '?nzfr‘ﬂﬁxlcf?é‘ée Quch as to render
~ using synthetic DNA nodules wth a codon usag
wmm%f@abp@éuqt@ntané use of s8gofibera Prasiipabls Jihoreith s is, dlsciosed 10 express
e VSRS, RGP RIS Uity o,
si |l ks (25 28) However, none of these protein deS|gns
I ons, t hat

core O RS LR Y T L PR 5 et
(24) smdm eoie gﬂﬁd eédtﬁzmsn@ntah@ cpdons @Bt effiBNaiY raRiAQ RRAVHE In addition,

| h h
N e A A P
order ﬁ&ﬂa&tﬂgé{é Yrdpbrtie@ion Qpﬁ@ﬁlﬁ@ﬁl%@:ms‘ Qlomn%hstﬁé{eﬁieg h@@been employed
nproved strength and flexibility, i1.e

using sqa%zpv% PNATmedule Wil & codop qsggeaadamqi tocthe C@TeSPmilrpzr%isEnslon host.
i t V,

Sy.nthelgg\égt%elsn\g&e Vo\%;cac Qc\glﬁ gggégﬂf%:ﬂ:?%}nlp? Pésgrﬁﬁluﬁe i Jepetitive regions of

spider gillsd a8y 8k Hownvmfpapmes@ these sryswredmgnt inchsiefathfeumﬂabeﬂ terminal NR-

regmm,lj{%ﬁqa&}gfo?&d Eﬁl dr%%gtsmgn to provide an inproved

regéilon of spider silk proteins
and a met hod for forn1ng threads made of these
Theref rateins. . Addi t.i naII IS an obcht of the
erofiie dt Syt PHSSHTEHTS ¢ BT MERIRV WoPropgp arcombingpt pilk spider

proteind Agvih€ altagded REQEttEhtics AU TH Hdr@Aadr, B K&l SafRbBitd F bemg expressed

pr.qQvi de. new protei ns and further nmaterials based
in hlghswf‘@ apd @mrwes et andsiegbiliy. kpbetics gualitaiorthemiors ; itis an object

of the BYELPIRES: ?ﬁﬂ% re&cﬁ%&nt ¥Qr 4&00R/ Q(thlgié ?Whlc can be convemently

CT/EPZOOS/OO 968 5 fil use |n |otec
expressegdii elrendy kmwm EPECESEION @ﬂdterasq de t edurtizp pbiectat! Iﬂummyenhon to provide

an 1mp¥bg§5'ﬁ$e{h%§ ’foxJ tﬁ]e %gr%éhswesgid%e %‘?teﬁ*g(,g‘é gg]eglé)g %%S,fomlé{g threads
made oé n;}bpepﬂotamt Aéalltlolia}lyhﬁ i ncté:@mdéthte pdsérit eBenttineth @Fdvadk improved

paper, %”P]% angeleather products. Additional objects are to provide new proteins and further

materials based on spider silk proteins such as spheres, nanofibrils, hydrogels, threads, foams,



are set forth in the dependent clains. The present
protei n engi neeri ng approach, which provides
reconbi nant spider silk proteins, conprising or
WeO0e6/a816Ag of synthetic repetitive spider sipde/EP2005/007968
protein sequences and/or aughentic NR-(non
repetitive) regions, reveals that proteins closely
resenbling authentic silk proteins can be produced
films fir use drh biotashuidogy, quia:ﬂﬁei, ;phérmacel;itihﬂ_dndldbﬁf h@éicatliqons, cosmetics, in
ex sSsiLon stemas well as the sinple and cheap
e]ecmm‘p‘li? 15 fsﬁyﬁtﬁ'srccé)ggneﬁ?‘sl\ﬂufi&ﬁe%er ei n, which can

puriticatio
easily be scal ed up, provides the basis for
T cht-effifi gt i ndustrial scale production of spider
ese SPIRKES FTceIVGf By dlerebleeigTaticr oSInE RndspedentsiatiaPoctrmicrybodiments
are setl¥BAR i MY 8§fch&at edinksegar di ng their contribution to
nmechani cal properties of the silk thread. However,
little is known about the nol ecul ar nmechani sms of
epd) V....: S e rds. .. . . .
The pisall prOSRe Stk sBhrbddis Wit Brob 8 KBmbinapt anider sl proteins,
comprisrignelr sensistingueft synthett eeretitie: sfiddr kék gasteiaseqpinc@rand/or authentic

) 2. [ademat u maj or . dragljne silk protejns ,
NR-(ig AR RIS IR BB sl Gt Pt protens can
be proBuiet] g hjght ields. (if lpueiosler, Gle BRuhal bPRGsioh Y@ 86 well as the simple
d hrrediat'n nat ur al &Br d.assen%%y on_protein )
and chigp PUIRCATORPTEESS PIRVISE] Pa et CEEHoS IV bioalsd parprovides the basis
for costpiitednt HidhHtrdliske Ffo@ﬁ&ioﬂ%f YWRa& sHRMRE BoRshsUsi Ng a
new y devel oped cl oni ng strategy, ich 1s based on
a conbi nati on of synthetic DNA nodul es and
Spider RSIR-gabRink fhad i ) parin _
P ersecoiﬁggrny Str r&%ﬁlﬁ gé&sﬁéf’%?ﬁf‘% ie%gng Eaglglrr ecggtfmi&gtﬁo" ® mechanical
properfiesoifethe sk theadt Hewewynlitie 9 reavipatotieiha snoleonta nedhdnisis of silk

i n i u re.elenents have diverse.. .
sssem P & RE B o B BB ST et o U iepiiod primary
structuree gliemmasts ref the gerden ngidehe (4range sdiodtdiatusp maira@hiing silk proteins

Si | teins  determned the.solybi]ity of the .
ADF-3 n‘r hdg{;]lp ¢ %‘Ptofigﬁe'ﬁ’g?e WhYEH ﬁ%}‘lﬁ?‘éﬁyegb “BL%atﬂFey ifengeenl conditions
involvebinshédigting natlesli iedd kiserbADbm Brofdid agﬁggaﬁon GAE i RkeSigated. Genes

. guch,as gﬁlg%flcatlon and increase o hosphate 7
coding g1, spifler, stkrIths ProfRine Wepe eFRsTaiods keing agiswhigyeioped Floning strategy,
which BR6EP ¥ cEBGRARMSH sPhthit o}?ﬁﬂk%@dtﬁ&l a%ﬁ'ﬁdl%—yraf)lfhned authentic gene

vitro. Strikingly this e% ect was pronounce
sequenggigi (Frevpasiag preserdans sbueipre, siohuilith eardarprgdtion t popértied of the
thed2QR- it [ £ -3.0r ADF-4,. indicati
syn fe{ﬁlﬁegtﬂ’riﬁ%glé éé\)regig(li glﬁag 's%lg% )})Qlénnaﬁgy:s:tﬁl.bc(t)tﬁ glemepts have ﬁverse infliiences on
proteinj ohiatacigtistivg. Rersttivd segivhs sqpraentingi thi i4pgest pirnst di@gline silk proteins

Acear di 1.0 irst, aspect, there |j. ovi ded a
L RN R S —
derivedTivd APFhahd ADBRE Fabtode sl A beilifichtidd! Md@indrease of phosphate

ﬁe uen gﬁ, and/ or b) one or nore authentic )
concenfEglibn, BBIEh RIS ST RSOV (i Gemirelyioausassd ik pateir ssibility in

vitro. StHEInglSCHIMCETRE wak Sréluhd@dinf &'%mtegﬁh diebtefi Q:gln.bﬁﬁng the carboxyl

. ?rotelns_fronythe maj or anpul I'a
terminal non-repetitive regions of ADF-3 or ADF-4, indicating that these regions play an

important role in initiating assembly of spider silk proteins.



gl and and/or from proteins derived fromthe
flagelliformgland, wherein the dragline proteins
are derived from Araneous di adematus and the
flagelliform proteins are derived from Nephila

cl avi pes. The tern1"synthet%§ repetitive sequence" as
used herein is to be understood as a reconbi nant
protei n sequence, which can not be found in nature,

Acco‘fmhg B 4 Frst Fﬁb\é@t\/ fere id fdﬁ@éa d fe&?nf)ﬁ idel! Qi Proté’i‘ﬁ kés;lﬂprising

are-natura 6ccurr ng in spi protein
I i oa¢ eﬂmata:cswatheuhmeummmddr |sﬁleprcseaqlseqlmesespmdémn se

nor e S|nle repeat units, hco rise u .
635aﬁ¥1‘i’1 gt g gy ?ﬂ%" ng%ffiPF"éFY%/ SR&@‘?}"u?lﬁﬁ n@ﬁ%‘&’cen f’@lefem the
Conp?&iﬁ%ﬂ&:s aurd Igehl &0 roff sfiedis llﬁléjbrcﬁ&'hﬁl FroRf gk majcir ampullate

not i Those repeat units confer inter alia tensi
st reghintl anddbrefrast pokdins tlerivdde frohy émdﬂagﬁhﬁlhmng}ym@ewherem the
| ater, O formed from.th i der silk ot
o't £ G sEes gt R S e HElbE apd I Hageliiform
t he Bag&nt € dhfeSohNeihia CRRRELL i ve sequence of :
the invention, will be éxplainéd in detail below The
second component of the reconbi nant spider silk
TheRERt eéyathefic ﬁ-&;em'zw&qﬁéxﬁs’ asvisedhhareiyl ibeo bpras&stood Bs 2 recombinant

addition to the sy nthe ic,repetitive sequences or
PrOtETGHHGUSTED BHFS 40 BHicbtoOuFHb 1B RASHIEHRICh ds. however, derived from repea

unitf APRiEE R trabr B RUBiRE Tn §HEMANE SFotelCAS indicated above, those repetitive
non-repetitive sequences pl ay an inportant
seqmn@tqomase P15 @8 There SIRSIeIEPeRs Yeilh WhichreseaTise wa ke 60 amino acids. The
[
natgfr—éﬂﬁfj?é k:g@éhﬁéﬁ%ﬂ%ﬂ?ﬁéhé%ﬂd gri S%at%ﬁ%ﬂt?ekﬁﬁgﬁéftgﬂlﬁ& afid motifs. Those
repet hhm@hfdr hmerrélactndmﬂn amenggir mdeclasmxtb!awthvgthtﬁ@ﬁ hwhich may be later on
Co nts ﬁ tﬁ%lnt hetic repetitive sequences as
"Rﬁ* ﬂ%cxg 20 dﬁ efikiRroRS, repetitive sequences, have a
broader range of utility and can be yielded in
hi gher anmounts (see cha t r Ex es
The di t RRRS og Igﬁpé@tr undtsy W &?101{@; gg‘p flﬁ %L ﬁpr the synthetic repetitive

seqgohBk BEtht fvERRR! il Beex ?ﬁﬁk&@%@&ai‘l%@lbﬂded can be used
or sone specific applications. 7 These applications

are - inter alia - autonotive and aircraft parts
< _
The éé E%Wg&%;ﬁgﬁﬁeg ?S’eﬁo 1|n!mtas§qh Hggmgélﬁ b Cat ol hwhach mey be

prcsem whiaddition o Hhe agnthaicr napbmtr\essagﬂxews der algmd Icompnses one or more

lF)Fr@Otel ns a_:g reﬁkji.red. The ,?,erm aut h ntl (o q
autheabe AP RETHEYS R REUENGer Wﬁd“’ﬁd&? 1Y Segufposs play an important
" funSRAMEI0RAS tAERl asdemiplat ed from their natur al

envi ronnment w t hout perform ng substantial amendnents

in the sequence itself. The only nodification, which

RC{I}OSIngCC splcger sflk %&8‘@&5 dvﬁmﬂ"b%ﬁf cgﬁlﬁn@%ﬁﬁﬂédc rePQfitive sequences, are

also contemplated. Although the recombinant proteins showing both components, Le.

synthetic repetitive sequences as well as authentic non-repettive sequences, have a broader
range of utility and can be yielded in higher amounts (see chapter Examples below), the
recombinant spider silk proteins having only synthetic repetitive sequences included can be

used for some specific applications.



repetitive nucleic acid sequence is nodified in order
to adapt said sequence to the expression in a host
wi t hout changi ng the encoded am no aci d sequence.
Preferred sequences are NR3 (SEQ 1D NO 10; derived
from ADF-3) and NR4 ( SEQ I? NO 11; derived from
ADF-4). In both sequences, for nore-efficient
transl ation, the codon AGA (Arg), which is rarely
These a% ﬂ&%l}ﬁ&tﬁ'g '1Hter Eh Ola#.rton’(@ﬁe %ﬁ %r@ﬁ C&n?‘i[r ?3 ttH%é '3.9 well as
nmut agenesi s. erred aut hentic non-repetl A
wound sleqmesusmsahd frioapdditesstngs npimoathérveords, appiivetiansi imovkdch nb thread
seque . nuclelc aci d sequence of FlagN NR ( SEQ
stractar e B A S S LS NR (SEQ 1 D e 33 and
34) According to a preferred enbodi nent, the
onblnant %QEF r silk teins are derlved from
The tergb BHEPeTHF 2 8t Errsrne g Bhitenrdspy e nuslompeid sequences are

isolatedafBi thdfr Ena@ilran SnvaREmeht Htﬁ@ihtpf)&&ﬁinﬁﬁv gﬁfstaﬁﬁﬁ amhéfdMents in the
t he flagellrfornrgland According to a further

sequenggiselér Tecongnmedifieatinn, whird i geereirdite ogon- iseyhers thevauthentic non-
repetitiverHidfel lGeRl s@&t?eng@fs'r?{&ﬂﬁedf Q)F‘Befrlgc??cf’agl 001 {56003 the expression in a

non-repetitrve region (f age m prot'erns)
host withhat @ansaw?wteemhedr aminoresit segpertcet Freferned gequances are NR3 (SEQ ID

f on I| t.eiln f.a.natur \
o 15 4308 HORBER il AR BEPTNILS). ALt R i o
sequendel) Ofoe n}:ﬂt@tﬁcmt wmlxsléatlbﬁ iha ld:lodaﬂi e'ﬂ}}bgk@% whichiis g7re1y translated in
. genera rred. t el ect the dragline and/or
E.coli, ‘g?sdﬁiétﬁﬁefl%/oeﬁ?&gﬁﬁ)élﬁ‘@% C?Qr’BHﬁaa?r%fé‘Fl ne or flagelliform
proteins of orb-web spiders (Araneidae and

Araneoi ds). More referablﬁ the dragline proteins
Preferreg ayihspti poRgEpstitive sequpncss ef Hazellitermg profsjestere thereminmeacid sequence

and B £id Shulhae of‘l Sgﬂmm%e@rﬁq\rés gﬁgﬁgg@%a p‘ruga%ﬁigaq ID NOs:

Ar aneus crrcu par sus, ~Araneu mat us
33 and 306/ 008163 PCT/ EP2005/ 007968 8 Argi ope pi ct a,
Banded Garden Spider (Argiope trifasciata), Batik
Gol den Web Spi der (Nephila antipodiana), Beccari's
Accordiferit a@eﬁarcd (:ﬂjopdm;ﬂmgrthe mwmmy spiBirrsdk cprr@f-pms agp derived from

spider cé%hdlglpr @g?_r ﬁPﬁgav al& (? Cg%mg V\ﬁ}féﬁ ngroyems derived

ﬁomthgggggﬁfoﬁ@gﬁr (Argi ope aur antl a) Bol as Spi der
Or'dgari us furcatus), Bolas Spiders - Magnificent

Splder (Ordgari us nagnlflcus) Brown Sai |l or Spider

a na Legged .Spi der hbosc
Acoordp T B ol A e n . RO ey A ear e e derived
from th€ ﬁhmttérﬁﬁr&) noﬁfﬂ@iﬁﬂihe@@gldﬁ (FlagSPifstay profafs PiMdXdrahe carboxy terminal
mmon O b Weaver (NeoscoOna oxancensis),

non-repart% zleglrg@ (gggWow fnd\qkagime Er@g{sépg@aﬁtwal‘ry occuring spider silk
protein. CEBfeel SXaMptes(dFhtidas gro@éa%) will BhdieHehgY, Spi der

(Gast eracant ha arcuat a)
It 15 generally preferred to select the dragline and/or flagelliform sequences from dragline or

flagelliform proteins of orb-web spiders (Araneidae and Araneoids).

More preferably the dragline proteins and/or flagelliform proteins are derived from one or more

of the following spiders: Arachnura higginsi, Araneus circulissparsus, Araneus diadematus,



Cyrtophora nol uccensi s, Cyrtophora parnasia,
Dol ophones coni fera, Dol ophones turrigera, Doria's
Spi ny Spider (Gasteracantha doriae), Double-Spotted
wO0ew008es der ( Gast eracantha nmamosa), Doublmerhazbid@eroes
Tent Spider (Cyrtophora exagthematica), Acul eperia
ceropegi a, Eriophora pustul osa, Flat Anepsion
(Anepsi on depressium, Four-spined Jewel Spider
ArgiorteGaisth eBanclad Clasd of LEpitier $AtghaRayifasdints Xl @atO0dIMbWEP S§REr (Nephila

. (Eriophora, transparina), G ant Lichen_ O bweaver
annpo%‘ﬂ?% g}gcaﬁ'isc iﬁ’?te Nt 2&2’“‘@5?’8&6"9@?})’85?"6'& oppRRgp APidgr (Celaenia
excavdTRC Bl adkaghd- Wiaiss SpinyS SHIAkNGaskPacdtha (KGREHEEAGAMBRcllow Garden

asseltii), Tegenaria atrica, Heurodes turrita,

. h . | .
Spider| (SrgipRe aaya0Fiak BolgsiSmder (Qrdgarivs ScatnguBelan§pidgendaguificent Spider

. n ? .m i ¢ n .
(s 30 AT SOV 26001 e Nkl RN 0 g s
(Neosgomp irgfofexiozetd)a Grppeddblpck-Hemigd Bpidei €4y s)ieIcolyatr@p), Gemmon Garden
o ider (Nephilen i :
s QYLD by PP B8 s RSB B ke sy
Weaveg|jiiaaracatithe garopidowes Glipalides)), COvebBming 8pidd @RistEfaditha arcuata),
C mggi der.(Herennia ornatissinm %ﬁ' St. ,éndre_v\ls )
YTRORRP TS, MOYKLLERALS, Wp%ﬁg e IR ’oi nef o fen il dlg?lophones turrigera,
Doria'{ Gpfriy0Ppidera (Omi@adadihh; ddRasH | PoubleBpotRR w{g ‘Spider (Gasteracantha
pi der

rtophora hirta), Saint Andrew s Cross ]
mamm%%gﬁ)&gglek@y%r%%gﬁwéﬂ déarpritornEigthematicpacheiiepgga ceropegia,
Erioph®RC Gulaisss, . Fhit| Wekpsfiri S YePREiARPCRLAL ;
o Spi %/lbacke_d O bvvegr\)/er @%g%t er aggx%%ﬁlgﬁ%aﬁél?ri g??)n}e(rln %3“,’31 Spider
(Gasteggaithaogradripiase IGatdaadaiboYab Goider (Briaphom)tranSnarina), Giant Lichen

. r ' rd < Andr e 0SS, .
Orteff (BHhel B Sne 0 SR RGPS Sohle Sbunig hlad. HaleRs spiny
Spider (Raisteresanthd |hepeltils ) TegTnariangtitar HSpodier tufrdin K Ydand Cyclosa Spider
avat us).. Tri ul ar. . Spi, der rkys earjus),. . .
(C.y.clo%:Ji \/\Eglg?ﬂaif éigwelég%(gygt}y f%%gﬁ%&aﬁg%ﬁ%/g%gag ?géxpegsd}zgsg’n Spider (Araneus
mmﬁcﬁkaphaglzﬁsﬁp(_@ﬁd&SSpi&ﬁglEriNﬁQigll&gﬁai@di)@l‘_ﬂbﬂggel]iw gja}ub@ Spider (Cyclosa
. senegal ensi s Nephi | a madagascariensis and many nore =~
blﬁda)( %ﬁg?r H@%r(N§E)l?'\‘l§’€Ey5_s‘B%[é]i’3é§“,Si%é\§ul&l‘%‘ﬂo‘ﬂéﬁi SiAndigpst Cross Spider
(Argiopé edreied18d, OfmiMeflaP Tl Surll SHifdrTBeRhfia %ﬁ{dtigﬂaf, ORI St, Andrew's
Araneus di adematus and the fla iform proteins are

'

Cross gpifen/@agippoasalphiled Benabpjsies igﬁwpm@em@msaiussian Tent Spider
05,007 hg; M dyifingi i

il TRRAOSRT R C 9897 B8l R e Acusa

invention, it s be cl
(Acusigpi deecingubk Silutrei Argione n@irgiopel wrgeotam)i s8pipyekiesdn Orbweaver

_ dr ne,. s i es t m | so,.cont aj,n
(o SEMENGES RN, S5 7S DB, R SHB A Angs oo
(Argiomeﬁ)ednp!sle Aridhsy'o G8ose Bpider @ rgiypd l_ilé}thsiteﬂiggﬁ,gﬁkkls'tdgﬁ)f Spider (Poltys
a1 Spi-der silk.pr in . sequences mght be derived from
tepic G EF PR cladiihiol G BHEh SR RO PMEBELER Te-spined
Spider $RiedifdpactB lakistlLtH] Nephafl URREE S 4 ! RDARNELs, g‘@&;ﬂ senegalensis,

further exanple, it is also possible to design
Nephils gradagnceaiansis prdi@ranymece ffastfarther sisicr Bpesisst sferalsabeiew). Most

preferréd)aRe ARRIHY BRotSihs aird @REYddL h¥S ARAYS N G8dematus and the flagelliform

proteins are derived from Nephila clavipes.



wherein the different types are derived from

di fferent species. According to one preferred

enbodi ment, the dragline proteinis wild type ADF- 3,

WODRPsASIBASPD 1, MaSp Il and the flagellifor mqueyeesooross

is FLAG The term ADF-3/-4 4s used in the context of

MaSp proteins produced by Araneus di adematus (Araneus

di adematus fibroin-3/-4). Both proteins, ADF-3 and
In the cént@@ o tids inverition, it kikasd BE cIbd At latre@n¥iRinD $riddFRiIP rotein may not

anmpul late, spidroin Il1). The silk fiber has
only CWWE‘%SFQ"@FW@&%‘@@?%@%P“‘{ PeYpe Bhlsmidhalag eqmiain saguecenderived from
differeft §iddr %Fqﬂ:'i@,.r REQHSxARMEBAL Sne 8 MbleBnthSrid f'eg%tgve spider silk protein

crystalline polyners. These two segnents are
sequencepméghé be dgrivsd o aie fspeniesnthe quecr anore elithstasnonMegitive spider
: ' I 1.dr oj n J 1 (jmajor . .
st PR R BARY I nSBEE A 1 b ApShaliBR? ol i, 69 ible g desien
recombingnirspider si8npodtiimewbich ttreainyoloed thaacind tp@qeen epetitive sequence,

provi.ded i.s ADF- SEQ I D.NO. |) and/or ADF-4 (SEQ ID
Whermﬁlffe é)ﬁ',gregtrty%es\%?‘?e&&f’g; %ﬂlgr%é ‘fr.e'ltlsPeq’?' noted that two
, di fferent kinds of ADF-3 and ADF-4 codi ng sequences
nd proteins are contepplated in this_invention:
Accorify tefone prefersy TRAFTRR) s fraglinsaripieiice woll A BFgnaDF-4, MaSp

I, MaSPOFaéd tHehf@dp@iliform’ Poteth LsYREAG SBRUR y '
39\i}ar ia_ant et hegl?etofrfn té\ﬂr?codgql by SE I%ﬁ%ﬁ?ﬂ‘t ﬁl%—g@%?thgﬁcgmem of
MaSp protaing. pryduced dyAranepy siadsmaiue fdeneue diadgmptgs dfbroin-3/-4). Both

- U : U
Pt B T e P 8 Pt Pl i mg R R A spicroim
Further spider silk proteins, which can be used in
& hdis NV ien (i.e. alope or in conbipation wth
The sif ey L S0 i o PR s P gppormnous segmens
similamwnigid ceysallireppadymén Phdsdtabadgments are represented by two different
tei bi,cent %rilg%@i 12911272 }é@ 006/ 008163 | L
. proteing S Ep Y508/ B &P AR TP T3 Mase 1h (mgier amerdieterpidroin 1)
coded 5y dikfeiehOdeped)- | [ Araneus ventricosus] gif27228957

maj or anpul l ate gl and dragline silk protein-2
[ Araneus ventricosus]gil 27228959 anpullate spidroin

In'a fubthéNeRfdal EIASCULY. L] i :
R R 8308 Rashre: benbgHROPH (HQ 1D NO) andor

' ADF"“](EE@Z@NOI hepror vagiapithéredfe spi droin | [ Latrodectus
geonetricus]gil 13561998 nmjor anpullate spidroin I
[Argiope trifasciata]gil 13561984 nmmjor anpullate

It is netpd drabitwo Tiffeberyikimh HUABRGI @jdgh DFUBEGHSY Sequélicad bdd Broteins are

contem%ialtela #lr Eseinr\]fer?t oin(:j rI"l(gsit,nﬂ'xze Jh[}zlggyh Iplxﬁrsﬁtlada g%uggnc%i (!,.f %%%?34 ar?dl ADF-4
(herein: “wild type” sequence) and, second, a variant thereof, encoded by SEQ 1D NO: 1 (ADF-
3) and 2 (ADF-4). The wild type sequences were already published and are available under the
accession numbers U47855 and U47856 (SEQ 1D NO: § and 9),

Further spider silk proteins, which can be used in this invention (i.e. alone or in combination

with further proteins) and their database accession numbers are:

spidroin 2 [Araneus bicentenarius]gi{2911272



maj or anpul late spidroin 2 [Nephila

senegal ensi s] gi 113562012 nmjor anpullate spidroin 2

[ Nephi | a nadagascariensis]gil 13 562008 mmj or
WaR0e/A08K62 spi droin 2 [Latrodectus geonetri cURjTgEH2005/007968

13562002 According to anotH€r preferred enmbodi ment,

the flagelliformproteinis SEQID NGO 6 (Flag-N)

| .__and/ or SE D.NO ..7 (Fl ag- or a variant, thereof,
major GG fFte L drpeling s plote e 4 mets AR P YR e By AR
major | Atviitkier SlandH@VRYAE .silR| S0teRl X GAGhekd Q’éﬁirié{%‘ds]@i{’?&b@@d ampullate
.. flagelliformsequences nay be used herein, Tn
spidropgy} Neppilaypadagascanensigigih o 02P%gel 1 i form sil k protein
: [ [ hi ' ' 3646
maer E?E%‘”ea?% Si"?%?f?nlsﬂ? % ‘%8?%3?’#“351 s asies [ Nephi | a
major gmpviiaresdpin 48 clup gesrmeetprusiedi 136d9%bodi ment, the
) . spi J : ri ses one or nore
mqor%?ﬁ@ﬁg%#@ﬂé%g@pﬁgpviﬁﬁéﬁﬁéﬁ%@gﬂgg%¥gining one or nore
major ppytiteapidieind Argibps ngamtiajeiediig76 sequences. Those

a3l e WGy B B B8 PG 1 Comedi i

major afpeilatd spiivbiy 2l [Naplik seRddalessigkil B 58RI ne resi dues.
. _Preferably, the pal yal ani ne caontaini ng consensus
major argblBircpIdrin dANPB THORFRIITSS AT KD he ani no
major AGhEllROPURRE © [Phtrodetlul BN tridis[eiiPshabep)) or a vari ant
_ t hereof. Mddule A contains a 7polyal anine having 6
al ani ne residues. A further preferred pol yal ani ne

Accor&RE IPARINEpS di Wk ' of NO: .
coorfRE PRI R AR O R R il dEfe] SRECIDND: 6 (Fag)
and/orySES} QUNS: 7200 6f 008168 the@Hf, FRRG0Sh8NUR68vel kiquences derived by
: rding to a further preferred enbodi nent, in the.
ﬁm]w@%@%ﬁbinant spider silk protein of the invention
the synthetic repetitive sequence is derived from

ADF- 3 and .cqonpri ses one .or re_repeats of the amno .,
Howeyer 85 3‘:5%?8%3%*081“ Q’Hb%s’ﬁéz Ha%ﬂﬁ%ah PRAuEyceR may Reapiednerein, in
particul ft@ie@flowihg: nore general words, a synthetic

repetitive sequence nay al so contain the genera

notifs: GGX or GPGXX, i.e. glycine rich regions. As
Flagel Bt kméhlﬁ‘éteﬁ%\‘t?al H@ﬁ%?hi‘iae&m hki36E OVI de
& flexibility " to fhe p o;ein.gﬁgg?ﬁug,éto the thread
Flagelliformreitk protsin nantéal cécBrephitreiaevisgsigi@833sn8 k protein |
containing said notifs. It is noted that the
speci fic nodul es for the synthetic repetitive
In ones pgfiered eentifodirhant,i theertombingra nspides Gilk heoeRmbomgenioh® or more
gach %?her, i.e. anuIes 8repeat units; combi ning A
syntheté(h Je;aj 16 SRYPepces; conigipimg one ‘or more polyalanine containing consensus
sequences. Those polyalanine sequences may contain from 6 to 9 alanine residues. See, for

example SEQ ID NO: 1, containing several polyalanine motifs of 6 alanine residues.

Preferably, the polyalanine containing consensus sequence is derived from ADF-3 and has the
amino acid sequence of SEQ ID NO: 3 (module A) or a variant thereof. Module A contains a
polyalanine having 6 alanine residues. A further preferred polyalanine containing consensus

sequence, derived from ADF-4, is module C {SEQ ID NO: 5), containing 8 alanine residues.



al so enconpassed by the present invention. Although
t he nunber of the nodules to be introduced in the
spider silk protein is not restricted, it is

wer20pe0emd t o enpl oy a nunber of nodul es of #Ed¥EPr2005/007968
synthetic repetitive sequenge for each reconbi nant
protein which nunber is preferably ranging from5-50
nodul es, nore preferably 10-40 and nost preferably

bet ween 15- 35 nodul es. The synthetic repetitive
rises one or nore of (AQ

equenc eferably c
Accoriwg/tar M@ eI e‘ffé‘%ﬁr‘g?f!]ﬁ}tt i theigeprprinaat ;spigete sifke grotein of the
mvenﬂ(dﬁe tlﬁ)@%iﬂ@ﬁd ﬁ:pétﬁ%t e¥iBe RERHEOCROMS I§1-A@)a41§ 'coélfv\%e%%he or more

Qs or enever the synt eticrep
repeatg @ﬁl@é‘ol%ldd‘é%tie@woffﬂﬁdmm 4 (mpgulerf))y opa edriantihkneof.
conprise one or nore repeats of the amno acid
sequence of SEQ ID NO 5 (nodule C or a variant
In monelgenerafwords ammhét@epbtﬁbempema’faeiatsotchﬁtam\tbff @dnkeral motifs: GGX

h t| Itive sequence,is CI1
or GPEHGe 18 AT IS B tekiolt ST BPIRE RE: B8 el pyide flexibiliy
to the ppiahe tndsthhk 1@ thettRicdd fodined RSm thy &53bimBRaR sBidef Q@r@t@ﬁ%ontammg
(QAQ 16NR3, (AQ 12NR3, (AQ 24NR3, CLG6NR4™ and
said mPHE-™ b ot ei ns which conprise or consist of said
sequences. WO 2006/ 008163 PCT/ EP2005/007968 12 It is
noted that the above configuration of the synthethic
Itis nqngptégt, th¢ specidig Hedntes fqrihs sygthetierepetitive aeatiene@ o yistievgntion can also

be corl%n%ﬂ WRP kA GSthE, iaé l cﬁu}.@ éﬁe@@ﬁ? At %Q]lng%u%a lng Sf% and C etc. are

above, for exanple a Siite] Sompim

also egngmeésbsc e lpeestrakmﬂerit@n Altougho nheCnm’lHerabﬂ' t}gal yidoRs to be
g e be. use | es

mroddeof i IS SR W B Brieedi FUMRERPAS Sy o number of

moduiéﬂ ageﬂel syhihetie s@gtisne eez;ua:ﬁca foméﬁhlﬂ Q:SmetﬁﬁE rbt@nl\ﬁncfr%umber is

36. d, 38), I D NO
P’efe‘ag’ RS fmgh%?@%@%&l o @zand mﬁépsemm:ebptmen 15-
35nmﬂ@aet|t|ve sequence al so preferably conprises or
consi sts of Y8, Y16, Xs, X15, K8, K16. Furthernore,
it is also possible, to conbine those sequences

The syd@feliy %eﬁt‘i&'@%cg’ e alﬁ?%of}xlpal = ¢ 35 l ggnc!rg 0? EEQ) and/or (QAQ) as

reconbi nant sequen As” ex ove
repeat Heifsd Evengnens oesfertids me@sethetipalemtmvamum is @84, m@),1_4, {QAQ);s or
(QA Q}he exact sequences provided in the SEQ I D Nos. The

afi no acid sequences i ndicated herein al so

Whenever the synthetic repetitive sequence is derived from ADF-4, it may preferably comprise
one or more repeats of the amino acid sequence of SEQ ID NO: 5 (module C) or a variant

thereof, as mentioned above, wherein the overall synthetic repetitive sequence is Cyg or Ca.

Preferred embodiments for the complete recombinant spider silk proteins of the invention are
(QAQ)NR3, (QAQ)sNR3, (AQ)12NR3, (AQ)NR3, C(NR4 and C3;NR4 i.e. proteins which

comprise or consist of said sequences.



conprise variants. Thus, the am no acid sequences of
the proteins of the present invention also enconpass
al | sequences differing fromthe herein disclosed
woOU98s by ani no acid insertions, deleti ara/E@md/007968
substitutions. Preferably, Emno aC|d "substitutions"”
are the result of replacing one amno acid with
sim l.ar structural and/or

d.havi
tis R NAE e BsSap PRt SR oS eaft bis St G the A, Q and

C sys[aﬁ'p| AgedplitsSto AMofer aflegt ShilSditdldtbd ABSvTRYr BEIRIS! BPyatanine
the basis of si arity in polarity, charge,

contagE SRRIET) S GO Al o i iner e ssabamttsomay be used as
t he anphi pat hi ¢ nature of the resi dues invol ved. For
exanpl e, nonpol ar (hydrophobic) am no acids include
al ani ne, | eucine, isoleucine, valine, proline,

New RIbQ0S %1‘3@ Mfetict F%Q{i h?ﬁglaerﬁrég RV %D ei}a\gglﬂ"orm sequences are

neutral ani no aci yCI ne,
moduleh KGRI, NOy3t encnds), apy(Sag) Irli)eNOagpamags)nea (SEQAID NO: 39 and 40),

1R9 .vely charged (basic) am no acids
andYQéE@?%L arglnlgﬁ5 | ysine, and histidine; and

negatively charged (acidic) am no aC|ds i ncl ude

Thesyﬁﬁﬁ?rt'c .acid and {uta c acid. 13 "Insertions" or
IEFERSHEVe %?ﬂ%eﬂfgg S@ Rraisrably comarises gy eonsistapioVit. Yiet%s, Xie, Ke,

Ky, 5 amno acids, preferably about 1, 2 or 3 am no

aci ds. Am no acid additions typically are not nore

than 100, preferably not nore than 80, nore
F
e B e e P U ISP EVEL B8R 105 WA Rrt an
Flag in ppgerecombinant ssquénge.pr ot ei ns of the present invention

It is noted that only those additions are

contenplated in this invention, which do not
As expleiged abvwieythafafriat aditheeqlesics eibclbha@sinelrt sibd fé&ngtfedtt@ &he exact

d Th I
scquesiE BB HanS I To5 B, Bk B SBYPC g CFRYTEER hestt g oo

comprist-‘:l yerfidnit) Mhus, thtedriihb QAT se@len8ddRFithd pbleiSore %@%eﬂpmvenﬁon also
in a protein using reconbi nant DNA tec

’ acid
encompesy al SeAUETSER 6‘ffeﬁég freeihe hergin desnrbd sratiencpaby aming atigrinsertions,

deletion§ lahd bibétitufibsS does not require rmore than routine
experlnents for the skilled artisan. According to a

second aspect, there is prOV|ded a nucl eic acid
Pref: " ant, spi der _si
refr B ATTP i b RRully o HE SRR R B rfiop e with anothr
amino @oidi haging cimibar etrectued anqb’bot:lmrmSal qer)eSEQ 9] N@servatwe amino acid

replace%r%& DF- 3}6 3%,% s%?gag\ néﬂxay %gl %I%amsng similarity in polarity,

charge doll tbgiGy NB)iropRbisicity 9§ aropsitiGity) add/er %rahﬁ)m thd nattlt}@%? the residues
1 %i Ielc acids. These variants are each defined

involved, o F2BREE. BImPRIF Evdimpsebiekarion gcidy mekide B'@nlge,dn!dim isoleucine,

valine, §fbiglel QRGhyRBnGRITRSHBFhdO atd) BB Go%ar Heutral amino acids include
glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine; positively charged
(basic) amino acids include arginine, lysine, and histidine; and negatively charged (acidic) amino

acids include aspartic acid and glutarnic acid.



~SEQ ID NO 12-17, 32 and 34, provided that said

variants hybridi ze under noderately stringent

conditions to a nucleic acid which conprises the

sequence of SEQ ID NO 12-17, 32 and 34, or provided

that said variants conpri%% nucl ei ¢ aci d changes due

to the degeneracy of the genetic code, which code

for the sanme or a functionally equival ent am no acid
"Insertiéts" b Geliioheiafe Hhically HWARES0OIboRER @arh'ﬁ?o 11%5 %feé@ly about

and 34. The term "nucleic acid sequence” ers
1, 2 or } anwp 3pide-yhpino grid pdditient tiyafeg“b RTETION nmmem d:@ﬁ @fcferably not more

t t
than 80, AGR rofefeb ol 4% tn LA 30 oAOT bref B i ip 2Datmino gt which
are addqugqaremd(cg zmettg.t mtcoqhe Ipyateins off the lpcdsemtmmaon St fslm@ﬁ k4t only those

f_hy as. used herein, refers
addmon% ‘E %)l on undé? i oy Syt ‘F}eo‘h 14 n%ab‘l"@%e@eﬁ dhe desired
characteﬁsabdﬁ.thaﬁp'oiemmclb@ed}iwﬁﬂi of skill in the art, the

stability of duplex is a function of 14 sodiun1ion
concentration and tenperature (see, for exanple,
The varRaioh a06We® adlbe exPEARSHIBT detGhaRdd Sy syidnRRRNIRL ALY,
Manual 2a Ed. (Cold S r|ng Har bor Lag%%ator gﬁ ing insertions,
deleﬂoneﬂsﬂa\)?ﬁum@%% GEHOy acifseiped Brmédzsms rp@omhumnz BN feclmgiques and

oo ot oS 9SO T 02 S i i

expenme@tﬁé?réhQWMWOns t hat permt DNA to bind a
conpl ementary nucleic acid that has about 60%
identity, preferably about 75% identity, nore

Accordpgefce laaiflcynchlasgwct 8hepei ﬂeprbwtdﬁdtw rﬁlbmcDMd Dlée&ﬁéhce coding for a
0% i entlt sai d bein

b
recombg?’gifs‘qeléert &r&tpg}? z;,s sci @qeg]agp‘éee e eﬁg@ 8aERqey coding %or preferred
protemwelsm:?mb NOnNe( EADSIB 35 RASH t143ﬂ?<3&5€ W)gf‘é (FPAG-NT), 17

bridization in ormam
(FLAGééIMDE6ﬂngﬂiRBSPEFb9C2@RBDS at 42C, followed by
washing in 0.2 x SSPE, 0.2% SDS, at 65C According to
rovi ded whi ch conpri

il SPHES 185 R58 MRSk S PEOHL T B PP o o
having ex61B6IcNbURGHETS, inSerBlbRY AR deMioﬁQ aC QTR Ar tF@Uséauences of
nucl eic acids. This expression vector preferab

SEQ IDd‘tfrk:pTZi S’és’??.@né 3érprovided ﬁﬂg%cﬂbﬂﬁs&ﬁtsﬂ@@ﬁﬁﬁe Qﬁderﬂilﬁieia@iﬁkmngent

condlhogshg)p él%??%g/%gfh g@%gegei:\ A efcg‘ﬁqt-]g{) SI 12—17, 32 and 34, or

provided thay R6P VartigtDéonin?ise nhifl 68 dRNGnESSNDL 18 SRUERERracdd b the genetic
ression vector can conmprise a transcriptional

code, “’E'ﬁgtc"é%rfﬁ? hei geat adwriBnllopayigleny agenerid % Bramtleic acid

sequencObf SEGMBNG havi B9, 34 egul atory role in gene
- expreSsion, for exanple, pronoters or enhancers, (2)

a structural or coding sequence which is transcribed

R 0 ote| nd. ( 3)
The tem L‘S)%é{?%@ %ebéeﬁg?ﬁ%tp | ongmolpg YR 6’2 ﬂaﬁa‘gﬁ‘%ﬁ AT fscsedysnee of
these nude@}:ubﬂldéﬁ: terBisr"madieic atid Umidt "polyntieiastid” beruseb@tdrdhay @Ak herein

to refer 182 heteropolymer of nucleotides.

Stringency of hybridization, as used herein, refers to conditions under which polynucieotide

dupiexes are stable. As known to those of skill in the art, the stability of duplex is a function of



eukaryoti c expression systens preferably include a

| eader sequence enabling extracellular secretion of
transl ated protein by a host cell. Alternatively,
where reconbi nant protein is expressed w thout a

| eader or transport sequenge, it may include an

am no-term nal nethionine  Tresidue. This residue nay
or may not be subsequently cleaved fromthe expressed

sodmmri%ﬁoégﬂbé?ﬂﬁﬁon ﬁﬁ@ttﬁhﬁerﬁﬂrep(s‘&f ' ‘fj&" Sxariph2! sREHRGCT: al., Mo]ecu]ar
According to a preferred embodi nent, the vector is

Cloning;| A L-abatatory Magial 2 \Bsc {Geld SpiinghHarbert babaivitgry, (1988)). Stnngency
[ ctor systen1
vt RSOOSR RN el 20 V51 O
case to case, a nodification of the vector nay be
vi,ral ve ors

s e B R e BT i T st e

DNA t€bigd aroabﬂp%ﬁlenﬁ%aﬁlll@ﬁc aclﬁﬁ\ét Hat about 5ovﬁaszﬁfrsdlﬁgfe$aei36about 75%
preferred enbod he vector is the cloning

*denutyv@aedirefﬁf&lw QU dabi Ry 1o the Ve wigh Q‘FafPfrthE@*’Ptf’%@!deﬂmy to
said DNDD beiflf eﬁye&ﬁfi# ﬁfétfeﬁeﬁeﬁr%%ﬁab?jiﬁ Hsde-Had s gé’rﬁ CD‘[‘[&‘J%’]S are conditions

VeCtOI‘ISSOWIﬁﬁ(% OW ng properties a
equivalepd je Rybaglezation in §(°g Horanmpiids: pcraﬂeohﬂr(wogh@n, b bia¥BPEL, &% SDS at

ac, sGlARBY HOBREI) > EsspEl 045, goatfpldced and sear ess
0 syn

constr ction etic enés no ot her vector is
known t hat prOV|des this ablllty). According to a
reis ({ vi.ded an ex

Accordgg e b RGRBE it B0 RER M pETRIRE I PR eRUBRRisngd mucii

acids. Pd&%iaﬁ@daﬁbﬁpﬁessmdvdﬁfw iOprovided, il Qin@ridesS QAL QADEES acids. This
Accordln a fifth aspect, there is provided a _
CXPrEssiog Y HanRY COTTISENOTFT TRIE FESWAGT SP@ICRER. Wng 1§TTE fhexpression

vector” VE&eRllly a?ef&? f ﬂonﬁd pRBANE or Dhisfek 052 itus & RBSh:, M“ Epressing 2

has been transf orned with the vector as defi ned
polypepiige/peotein Trpn o SNARNAS qupcmaar%rmemesmnl vedtoT tdn somprise a

transcriéﬁcrﬁltgkh ufft c&%bhmﬁ% aﬁaa%’sénlaﬂ‘fi e&é %{eﬁ{eﬁf gf e%ents having a

er nor e ost aryo
regulatapy eﬁenakgcye EXpreseiml, |femexaeipﬂf;, mbmmerscmi bnhay@ast(Z) 6 edtrhuctural or

cocing e AR 5 S TS BT SR o, SRR ) oo

transcnp’ti’c&f irtageh bed tts:ﬁnﬁtu)tﬁ%[herﬁzei |Sta®tual NOSE itended Avhisehn yeast or
r ef er abl is Saccgg cereV|S|ae

eukaryOQe | PRSI FXFERY AR WCTEE i lgadsh SEdiense erabiing ggtraceliular

secretio| 4 €A%l prois BPUA %ostpgélly NRE&RRively, where recombinant protein 1s
expressed without a leader or transport sequence, it may include an amino-terminal methionine
residue. This residue may or may not be subsequently cleaved from the expressed recombinant

protein to provide a final product.

According to a preferred embodiment, the vector is a plasmid or a viral vector, which preferably

1s a baculovirus system or a vaccinia virus vector system. Further viral vector systems may also

be used. From case to case, a modification of the vector may be needed. Examples for further
viral vectors are adenoviruses and all negative-strand RNA-viruses, e.g. rabies, measles,

RSV, etc.



15a As insect cells Lepidoptera insect cells may
preferably be used, nore preferably cells from
Spodoptera frugi perda and from Tri choplusia ni. Most
preferably, the insect cell is a Sf9, Sf21 or high
five cell. One advantage,qf insect cell expression
system for exanple regardi ng bacterial systens,
resides in the fact that the proteins produced are
gl ycosyl ated, thereby being a target for degradation

by mcroorganisms. This characteristic npy be %f R
According fpoprefemed embodimentaths|vestoy 1§ the, Bloping|VaCigt PABHAL ¢ wed in Figure
: . khe si Lk %lz& ¥Saf ehldat ARIEOTH:O VvedBr isNshowing the
6 or in %Es\ﬁé %lgl’nc’%ivgﬂ%ﬁ% ogi cal degradat i on i's WD £
followingAR O3 Gh6 3d ¥authg€2005/ 007968 16 desired. This
characteristic may in particular find application in

1.higha:§§kgf§‘dén%_ : Set b oRROcINAHE Jectekspsur e and cover age

enever the host is a plant cell, the plant

cell preferably is derived. fram.tobacco .
2. allows graellsHang SRS AP & P denedre oS dhn i fbva tat
: ion of spider silk proteins is provided,
povdcs?%%%ﬁ?@?ng the follow ng steps: a) preparing a
protein solution containing unoriented spider silk
proteins as defined herein;, b) exposig% t he. sol ut.i on
Accordiry tepafoerth iaspes), theye Hrpravided g exFRs I Yyer: W 18 <@ JApTISCS
recqveri ng the, preegi.pi ' [ ' )
the muclqis G PEENCS PHSTEE Harean PugBL gt SLULAy SRk )
are produced by transform ng a suitabl e host as
Accordifietd RemiRbovRt Whr i@ predtied aonorehnmen diost, aidtieh has been
I scl osed herein, and expressing the spider silk
transformgehwith lkeyectasiap éﬁﬁ@d@@ﬁﬁgti ons. The aggregation
trigger is preferably selected fromacidification,
- r.ef er ably; 4 whth theo¢assisulfipfbstaivat e
Dmdo“%ﬁaa%@%ﬁ%ﬁ%%gFgggfggﬁéﬁ%@gferably rotating the
protein solution and applying shearing forces. The
triggering step turned out to be essentiay for orred
The hosiRis i mprobarybiic ael Inaltissase; Kioeli or Beeiius Bifuliy grepgpderred.
: surprisingly shown by the inventors that in
particular the above nentioned trigger factors
FurtherrSS0AE Bdst ey BYgreabayotancall, psefedbly & marmahan eplhgplant cell, yeast
hich is a highly wanted result in particular from
cell or ap insER@ERt r i al poi nt of view Reference in this

connection is made to the chapter "Results"
The mammalian cell preferably is a CHO, COS, HelLa, 293T, HEH or BHK cell.

It is also preferred to use a yeast cell as a host cell, which preferably is Saccharomyces

cerevisiae, Schizosaccharomyces pombe, Pichia pastoris, Candida albicans .or Hansenula

polymorpha.



bel ow, in which the influence of these trigger
factors on the reconbi nant spider silk proteins of
the invention is explained: the influence of each
trigger factor may vary between the different
reconbi nant spider silk protgjyns of this invention
however, it can be seen as a general concept that
those trigger factors in vitro show an unexpectedly
hi gh i nfluence on all reconbinant proteins, which
. CO I se.the conponents of the present invention,
As Insgct ggﬁsr i‘ﬁ’é‘gqpﬁrﬁv é“nsgﬁdc"ﬂs diaih B’E‘F?STP petei ¥edempregprstezably cells from
- AI - .
SPo N RS RTbTg ot & isasm, 521 r
high fivec¥.EP2005/ 007968 17 single trigger factor, but also
conbi nations of those nay |lead to the best way of
aggregate spider silk proteins of the invention.
One advmweeof jnsédt celhexprebsioe sysieredior beamplb repaniptgimdtetial systems, resides

e T bk PR S e iin
microon@hiiens. Shisctharasietisticnat s sRinpoeth@Piop exariyné, i€ he field of medicine,

naturally occurin r nthetic. The t hod further o
Whe‘nCVﬁTr g'{eeﬁxa]g tﬁ‘:‘?}é}&!&ﬁ&r *ng@geq VI Ussyiith %P‘Fﬁ o@@pgc&i degradation is
proteins prepared in step a) or recovered in.c) into

filanments, nanofibers and threads by a suitable

nmet hod. For this purpose, spinning nethods may be
used, which are per se known in the art. For exanpl e,
a dope solution of spider silk protein is extruded
through a spinneret to forma biofilanent. The
resulting biofilanment can be drawn or stretched.
Whenever both crystalline and anorphous arrangenents
of nol ecules exist in biofilanments, drawi ng or
stretching will apply shear stress sufficient to
orient the nolecules to make themnore parallel to
the walls of the filanment and increase the tensile
strength and toughness of the biofilanent. The dope
solution may contain the reconbinant silk proteins of
the invention and/or authentic silk proteins from
one or nore spider species, or silk proteins from
different silk-producing genera, for exanple, a

m xture of silk proteins fromspiders and B. nori. In
the nost preferred enbodinents, the silk proteins
are dragline and/or flagelliformsilks fromN.

cl avi pes or A. diadematus, particularly the proteins
MaSpl, MaSpll, ADF-3, ADF-4 and Flag. In alternate
enbodi nents, the dope solution contains a m xture of
silk proteins and one or nore synthetic polyners or
natural or synthetic biofilanent proteins.

Preferably, the dope solution is at least 1% 5%

10% 15% wei ght/volunme (w v) silk protein.



More preferably, the dope solution is as nmuch as 20%
25% 30% 35% 40% 45% or 50%wWv silk protein. In
preferred enbodi nents, the dope sol ution contains
woubasasted al |y pure spider silk protein. |n gmedrirseioss
enbodi ments, the dope has ggpH of approximately 6.9.
17a According to a sixth aspect, there is provided
the use of the proteins as defined above, or threads
desired. h'élnieco;harad:tndsttihenﬁ}'r &l garotulini i epplchibgy inandirermaterials and wound
closurdE %()np ?ordlng to a seventh aspect, there is
5 SF% FOEEt R e of the proteins as defined above, or
threads thereof, for the manuf act ure of wound cl osure
- Oor coverage systens, ording to an ei ghth aspect,
Whengygg the host 1§ QA éﬁ”vtthf‘eplé%téegﬁ’“tfﬁéb‘pir‘%fl@‘l fogm bdcp.erptato, corn
and toffaRyve, or threads thereof, for the manufacture of
repl acenent material s, preferably artificial
cartilage or tendon materials. According a ninth
AccorBPRE s, ARCkBebe) sPRBbETE Rl Bt shidfs B pRAERS % provides
CmnmﬁﬁmuﬁaﬁﬂMMwumﬁqmutonnt|ve and alrcraft parts.

o preiie s Bt oufyt SRILPE GPeyied SRES R b srdelieosiesin
b) eXpmpg the eolerion prep@ed il to 1Y bREANNrgEd didCi al
cartil age g naterlals autonotive parts or
<) recoﬂﬁ??%thﬁg’éeﬁlﬂ‘tﬁte RIS SHE PEXSIN onst r uct i on, whi ch
conprlse a protein as defined above, or a thread
hereof, or_which are obtained by a nethod as defined

meef%%b\ﬂéﬁ spiiee SHARTAgins gsedin sica bane Rrgypeschy, traniprminigs suitable host as-
define® raQ(Wed\ﬁgh % WEBFbr R %@Hf‘ct id ng&g&éeg'hggéirg &E‘gg"?g;%“l ag?tthe spider silk

spider silk protein as ove
gene unggsispitdhieeopditions.t here is prOV|ded atextile or
| eat her product, conprising a reconbinant spider
silk protein as defined above. According to a
The agg'ﬂganm‘entggelas pederably keleeted ﬁ'o:}nrzmﬂlﬁ&doﬁ referably ta agﬂ-ﬁﬁf about 1,

nsi stin protein as defin
pO‘aSS‘é‘ : /E&egad‘.%dﬁ“’r‘? anigg aﬁ‘ffsg fsféﬁ‘tyﬁofé%%@? protera @%1“11%“ and applying
shearitff ﬁbded%e&ﬂ@édnﬁ? S$tep QlirnbdTBkiad be eaRfkid F& P ePformAP R mtAsd of this
or-consisting of a protein as defined above

nventigcording to a fifteenth aspect, there is prOV|ded a
sphere, bead, thread or fiber, conprising a protein
as defi ned above, or a thread thereof, and a f rther

It was syrpasingly seown betheriptentses thgt iofpagp:mue the abp¥qinentamed trigger factors

et LSRN B B RO Y, DB By PR S
from apnoduisihet pant ofl view oRgleiesdeng tas commrsti@t isn@d@fto ehedhaptel [Results™
below, in which the influence of these trigger factors on the recombinant spider silk proteins of
the invention is explained: the influence of each trigger factor may vary between the different
recombinant spider silk proteins of this invention, however, it can be seen as a general concept
that those trigger factors in vitro show an unexpectedly high influence on all recombinant
proteins, which comprise the components of the present invention, i.e. repetitive and / or non-

repetitive regions. Furthermore, it can be derived from the results provided herein that not a



as defined above or which is based on (QAQ 8NR3,
(QAQ 16NR3, (AQ 12NR3, (AQ 24NR3, C16NR4 or C32NR4,
(QAQ 8, (QAQ 16, (AQ 12, (AQ 24, C16 or C32. WO
w2006 @88163 PCT/ EP2005/ 007968 18 By "dope sgditr00%i007968
is nmeant any liquid mxturgsthat contains silk
protein and is anenable to extrusion for the
formation of a biofilanment or filmcasting. Dope
single ¢rgagt fagtos, hwaylstabfmﬂ)mﬂnmmbﬁﬂ)osa’ma)aldﬁﬂ tol the'béso way of Blghegate Spldel'

i gher order aggregates including, for
Sﬂkpr&%mgn?{hem Pr@ trinmers, and tetranmers. Normally,

dope solutlons are aqueous sol utions of pH 4.0-12.0
H rﬁy %ﬁ t han 40% or gani cs or chaotropic
°W3%F§=elﬁﬁ "E woie *@Fé}lamegbodﬂﬁéotorsﬁact%rmthe@nsieumlknmtems of the

present @iVedtich, 30Y canoﬁlﬁ@% Pﬁl@dvt%rﬁllsotﬂér SRR r&eﬂ?%%ﬁable whether
et may i ncl ude ad Ives to enhance preservati on, ?

natura %EWPF$9f$®ﬂw%®rkablllty of the solution. By
“"filament" is neant a fiber of indefinite |ength,

from nanoscal e and m croscopic length to
The mptbppgfuﬂ(g\emreﬁrabi}{ e@nrisey thastep of Siidrkng ﬂuﬁpm&ﬁmﬂﬁépared in step a) or

eI R A S S ™

regardlng how to spin spider silk proteln flbers may
For thi found.in &ﬁ$60099 é @ as et al.), published
ot ’5 BP?"SEASP‘%'@%W THAY Be §s5 d’i% HE BEf ﬁﬁéineWﬁ ihijpe art. For example,

a dOpersefuﬁbﬁ‘ BE §hiddr ik PRI iLoxtiuBG SRILER . sﬁin'ngrepiro%ﬁh Q‘cbuﬁﬁ ment. The
resent invention may be provi ded the

resu]ttqg El@%lqmegt cafs by dpyyeF S§chkedpr\7@5b@ewfpb‘1§]d ms;a]lﬁr@r and amorphous
arrang Mt o Pma RN BdstSih %%f;}zcl‘mﬂgg &%H% O?Q%l'etgl% Ry Qi fapfl%sshear stress

detail ed description o process
sufficignf t¢ griensftles metecules thepketheixao! psllel Admemm alf lthye, filament and

L ese i.avention may preferably
mcreasi ﬁgﬁ t%gg ?%m Ehe% Iagylp%lﬁ%fs %Sc the bl gfa“ﬁ‘fﬂ‘ ification method,
conpri sing exposing the expressed spider silk
ote ns to heat denatu atlo at 60- ?O preferab
9

The doph SofSiet gl 65 TAPITBh BoraiRS A Gif ShvArEder authentic

silk pré@fds FR0 ondVbor nﬂi%@fsﬁﬁébéﬁécﬁg%lszlﬁoerMnSA‘?or@ld'i@é? sitk-producing
e proteins/threads as define

expl ai ned above
*gencray foF g4  TBEHES @831ﬂ]hpﬂoﬁelsffr<ém grigers and Bt swhinb thgynost preferred
embodﬂfh@“so Ehe MBI Srofehs RE kAP MaHP ﬁa%{!ﬁfo%%ﬂfc??}o“{ K, % lavipes or A.

wound cl osure or coverage syste suture
diadematys, n?g@cqlaflynﬁerm@ngelwyswr th@pﬂha\mﬁ -3, ADFgenyd m@ In alternate

embod%%qgl &Q%ﬁg’ sﬁg&ﬁg&qg% 9 9117%@1:"&: of srlk proteins and one or more synthetic

polymers or natural or synthetic biofilament proteins.

Preferably, the dope solution is at least 1%, 5%, 10%, 15% weight/volume (w/v) silk protein.
More preferably, the dope solution is as much as 20%, 25%, 30%, 35%, 40%, 45%, or 50% w/v
silk protein. In preferred embodiments, the dope solution contains substantially pure spider silk

protein. In preferred embodiments, the dope has a pH of approximately 6.9.



Furthernore, the proteins/threads may preferably be
used for the manufacture of replacenent materials,
preferably artificial cartilage or tendon naterials.
Addi tionally, the threads/flbers of the invention can
be used in the manufacture of7#redical devices such
‘as nedi cal adhesive strips, skin grafts replacenent

_ f '
R ERTS ool Bt TS, AR B BBt RERRL aov, o

L _thréﬁbtheﬁieofbxlrlltheﬁclﬁrdfafotechﬁ&bcrj; mad/agme@leﬁlte.al ner fabric,

bag or- purse straps, -cable, rope, adhesive binding

':75 materi.al, . non- adhesi ve_ bindi.ng material, strappi
AC?FH 182 sexgRtb ARRERY éheé%%ﬁel?rgwéﬁ% thepseof thg profeiny as de ined above, or,

thr& Akt foP e R RLdAE of W%ﬁh@ EloRER 0k h&%rga%f sggﬂeﬁl' »
I exible partition material, sports equ
|n fact, in_ nearly any use of fiber or fabrlc for
Acqiiilinly thiag leighdimgspicet, Siteresgirhvided thel wrstoif ¢t groteims as defined above, or

oG5, SET SRR TR BBl gt crts

or eRddymawedilkng, bead-1i ke partlcles use in a
n1xture with other conpositions is also cont enpl at ed

y the present invention. It is explicitely noted
AC%%QW&%@%@@P@&F dheter i prayiged dha pemel dre pigicippeldefined above, or
t.ei in the

thr s el B R P R R T RS,
(textiles) and | eather, autonotive covers and parts,
Acajrdmgaéta temhsispm,t them imtcmicﬁmil asmndveldsm&&)ridovéx’age systems, suture
ure an roces The reconbi nant

nuf ac ng of. pa o
mal R o e S BriePHS Brierany risRaR ea .w@nftep ARG automotive

parBdfi gt Qs&h! il 95&aRRnstlefi 'vﬂuéwgo Breff %dgt}égﬁlgd above, or

and 't hus, the present invention is a so I'recte
a th@@qdether@of ar whkich ar¢abteingdh by haathabasalsfinod siwtve.
conprising cel lul ose and/or keratin and/or collagen

Ac&)qg’m s %1?] Ql' genth ag ecé( gp re%s%r&égecf %Had)eﬁﬁ{oﬁ chnpnsmg a recombinant

I nve a er

sm@m@ﬂhphﬁmnm@deMﬁMﬁbh@ protei ns of the present
_invention are incprporated are show ng i nproved .

- ¢ch acterlst% in particular inproved tensile '
Aceyrdiagde 1 Brelile appesh rtéfﬁatlﬁ Prosiidedng figxdite or {qggher product, comprising a

recérﬁﬁﬁgﬁ’t’s@ﬁf& STP x%?é'mﬁé ?éﬁrﬁﬁ‘%@%ﬁs of the invention may

be used'as a c atlng textile and | eat her
products, thereby conferring stability and durability
Actapdinpeo g tttechtipaspdefe therelinprovsdddia gal ot eiftrsn bomprising or consisting of

show applicability for coating |eather
ap%ﬁ%%a%@g? gaﬁg% in this case, tanning and its
negative effectes for environnment can be avoi ded or

Ac@irdihgast ar fRAmeedh Woed0WRi008 1?(%\43@37 @iﬁﬁgﬁlf&o {9BBnts and stents

20, Unless ot herwi se defi ned, t echni ca
conaprisaig: grrqopsistatened aprewhasrdelinedakeret he same meani ng
Accordmg to a fifteenth aspect, there is provided a sphere, bead, thread or fiber, comprising a
protein as defined above, or a thread thereof, and a further fiber, the fiber not being of spider
origin and preferably being a plant derived fiber or a synthetic fiber.

According to a sixteenth aspect, there is provided a film comprising or consisting of a protein
as defined above or which is based on (QAQ)sNR3, (QAQ)¢NR3, (AQ)12NR3, (AQ)4NR3,
CisNR4 or  CpNR4,  (QAQ)s,  (QAQNs, (AQhz, (AQs, Cis or  Ch



as commonly understood by one of ordinary skill in
the art to which this invention pertains. All
publ i cations, patent applications, patents, and other
- woebewesiees nmenti oned herein are incorporat ebor®ioos/o07968

reference in their entiretyg In case of conflict, the
present specification, including definitions, wl]l
control. In addition, the materials, nethods, and

By "depeasqbiites:” as enebitl angtliqaid wéxtom! thiatasodtah@tsilk ippéteinded it Qmenable to

be limting, The jnyention .S now further illustrated
extrusy$y 90 B ocRion s WE RSB e P duriaps sy aigogeontain, in
additiGNVro@int Miéndntird, BMHBO ordEf _@?@gaﬂeﬁ Ghehiinlg fart éx@?n%% dHnfirs, trimers
constructing synthetic spider silk genes. (A) The ’
and teframgers nly oY edqne soREARY Arecgueass spiutiensodf pH #ési2.0 and having less
than 40RB#)d, | ' ' Ne > ;
R o e b e gy PBRe s FB 561 dontn any
organifj sebients) or chapirepjc gaets.cpetismaydnélade adibtispaoeenhnngi preservation,
1 : es and nodul e multinmers. (B)
stabxhﬁg?%e\?ﬁ?l}tggﬁggﬁ%gﬁﬁgg ing of two nodul es was
acconpl i shed by ligating two appropriate plasnmd
nef L nts. The..vector, icillin resistance gene . )
By ﬁ[aﬂba“ggle’\%a‘%eaPEe&%}?S’E Bt i’ Rpeiy, engive: e TraRseaie oad fejproscopic
length Ité teapthg of wenileel gheater VEIILESs aGRAK] FRdhot, iR gy dhd"plvester as an
odon of .e% h nodule. (D) Mdule nultinmers were
exampge&’iﬁ%‘@tto}éeé‘cl 14PNsi ngl e modul es resulting in
control |l ed assenbly of synthetic genes. (E) Am no
aci d sequences _of designed silk nodul es were derived
Furthey (ipformatioyl regarding hopr &1 spits sy sillapdotaibriikers Bngurte found in
s spi ger . Si f i J/-1aqs of .
Wom(?set?gﬁbql(%gég;fass%Lﬁs’p?%%ﬁ%dg Jl\%&%r%edjzzgto %ﬁ%’gﬁh 'tgf’fq &yporated herein by
referengest ern blotting with an anti-T7-tag anti body. (B)
Proteins were subjected to SDS-PAGE followed by
silver staining. Due to weak staining of (AQ 12 and
Furthe(righ€) (Be tspidercailikt pratsins of thdpresdniB@entWASmbyBE BRSRIA as films or the
like. i el ect r.gni ggl I % éC) Fl yorescence em ssion spectra of
S 10 &7 F FRIE LK BIGEeAn Bioguetsih WhICRiaSRINaIRE Ste S s required.
wavel engt hs of 280 nm (straight line) or 295 nm
_(dotted line), respectively. Fiqure 3 Secondary
For 2 nigre deteilrddesmription aihibe arogess of rrah@gt%ﬂms isgefepd thethaptiet Rxamples.
proteins. (A) CD spectra of rep-proteins (straight
~lines), repNR-proteins (dotted |ines) and NR-proteins
Additiqnablingthel snsthed Jof Weer rreseneinoendizg 1y @orablBnchBaim stgshdand/or c) a

prlfR 0 ol BG83 RS LSRR, P S dcrtrion
at 60-99e asfiratly 40-822C futhowhd Ibe ddéiioh g afyivhhed k@pidd Kf 600-1400 mM,
preferaﬁlgcgggggp%%& 90C (straight line), followed by cooling

‘ed |line).

As already explained above, the proteins/threads as defined herein may be used in the field of
biotechnology and/or medicine, preferably for the manufacture of wound closure or coverage

systems, suture materials for use in neurosurgery or ophthalmic surgery.



Figure 4 Aggregation of synthetic spider silk

proteins. Aggregation of proteins was determ ned

after incubation for | hour in buffer (control), in

woleoquoesence of 300 mM NaCl, or 300 nM KCl, pc@Eiribislooross

or in the presence of 300 pot assi um phosphat e.

Bars for proteins derived ffom ADF- 3: |ight grey;

fromADF-4: dark grey. Figure 5 Cloning strategy for
Furthe@t18] the %@t@ﬁsﬁﬂ#&ﬁdb Qﬁdycpr@afe%%l bé LeddNos IR Emsth diifre gﬁr}gﬁ’lacement

ee Figure . ngl e nmodul es were connecte&

mate”ﬁ‘érﬁﬁefﬁﬁ?g]tylaﬁ%ﬁ% ceuaxjagggr W@fiq’“ matends.er o- nul ti ner es (b)

(c) shows the amino acid sequences of designed

flagelliformsilk nodul es derived fromflagelliform
Additignally, fheothesids/{arag) the uwwnﬂ@pmahfbac D 1pe:he nh‘ang&kﬁxreﬁ of medical

vect or

dev:cekﬁuc%;hg%n%i?caﬁfx& HeSivE Is tpls, osr}l i afgtla g ﬁﬁ’egl(eﬂﬁ y%ame(lsg\) argdu surgical mesh;
and in $phée esigé of nﬂdstbg’l ﬁﬂi&omn&uﬁillpt@ﬁlcbysucﬁ Ga RISk fabnc bullet-proof

t B fibrils f
SRS TR O TR
adheswmlﬁlﬁdhﬁgfmmﬂal s{r@;pu@ mMefisIOhitbhblivel QW68 Qn@}ﬂaresa‘g)rfrﬁ@%gnstmctlon
investi gatg SEM (C). For cutting the fibri
mateﬂ@u?f%ﬁé‘&%f piigg @af&rlﬁfz Hexibls moftition anaterisb spede eduéimment; and, m fact, in
nearlyfaﬁ9 USE G Gver dr FbREP YRR %fjt&@e Qt@n frO gﬁ&f&tgt are desired

froma éA Q 24NR3 sol ut1 on. Foam ge frer at e
characiofig NRaA Sattability rend (ugy Of:lﬂtﬁsmb @nﬁ@@r pretiudt on wistr Byrn) ﬁNIR4as a dry

spray E@'a@ﬁg ?[géd }Za ga%%@ §r ug%'éﬁpil? glélo \}'g ]:j i nt het cl:ocr:np%smléns is also

pr ot
Contengrlmﬁhﬁthtmﬂnhlrwegtmmat e foll oned by di aI yS| s agai nst

5 mM pot assi um phosphate pH 8.0 (straight line) or

di ssolved in HFIP (dotted line). Figure 9: C16 film

Itis expl&ﬁttelyf rio®sah tRat 206 b3t pletaredQipplida@ng oF thddpilier El'llgﬁfﬁﬁtm% Qf the present
ectra of protein filnms made from (AQ 24N

m"e““@ie“g B IS T ERCER @nd rRSpReESing ot pthing ofabii¢ dwmhs)mdaleather

automdlive @61drY afD patsP bRt QA héidH AaRHaN qgs ml ééz1ﬁ Fhd¥hanufacture and
CD-spectroscopy (dotted line). The f

processiRfd{adbent | y processed with 1 M pot aSSI um phosphat e
' and re WD 2006/ 008163 PCT/ EP2005/ 007968 22 anal yzed.
Due to inaccuracies in defining the thickness of the
The re¢qnibrimant @m&ombwmmf the pradeit enventied malyi ‘rgaux(ﬁed.lo cellulose and

keratin M%j ccgﬂaggﬁ r%ﬁ aq%gg#ig;‘g? Sitn %1{51816 I;,Faa[l%l)ﬁ!hfeﬂ to g ngper or a skin

care arﬁfl‘fanrcaaea’lprodwpd:dmyg?sﬁfg édllu]@ﬁ@&%ﬂkaf&fﬁ' dr@r GolisHeh Jand the spider
Tk Qg ¥Q/{)t§;lcur ed when thE carw rou(ng of Cl6 were

silk profeipy Qfthe grepen IpERTin: wrs T E#aEpd BHF gare ipraduggs, in which the

protein lof QR pERER ROHEGN e fihdofforated are showing improved characteristics, in

particular improved tensile strength or tear strength.

Furthermore, the recombinant spider silk proteins of the invention may be used as a coating for
textile and leather products, thereby conferring stability and durability to the coated product, The
silk proteins in particular show applicability for coating leather products, since in this case,

tanning and its negative effectes for environment can be avoided or at least reduced.



wi t hout EDC activation (-). (‘B) Activity of coupled
(3-gal actosi dase was nonitored using X-Gl as
substrate. The occurrence of a blue precipitate

wiog@ees enzyne activity only on filns thatPCTI;:ﬁ%%mw@
been activated with EDC (+) whi | e non-acti vat ed

films only showed residual é)nzyrmtl c activity (-).
Figure 12: AFMimage of Cl16 nanofi bers. Figure 13:

Unles$ WHEQGSR) EerRE@RAN B8Rl SnkOscRARAL AL ﬁsedﬁ'le%iﬁ %a\;le the LiGe meaning

stress/strain behavior of the crosslink
as conprppniy vadesstporkexi ong efrasdintry skidl in thfcarntoewhmthmmverﬁnohqaeﬂains All

pubiicgmd'm paté:n.? @tgh‘%ar]tgl ' Iglgeg) hé#?%)%r}:ﬁgerg gxfe %@r}xeeﬁilté grre lgcorporated

by referensesh |ﬂrdnedlt1m1}zi In Gtasecnf&ssﬂhcm &Edarésleﬁxespeﬂﬂ&aﬂ% Kisicladiing definitions,
ur,e 16:_ Concentrati on

e | on
will "8‘@5’& encemcﬁ’ tﬁ%@agelnngaalgﬂln‘?ﬂ% fssxamples e dinsatjveognly and not
intend®d fo bddirdicihg.bot h the crosslinked and the
non-crossl i nked hydrogel s. Both networks have storage
nmodul i that are proportional to the concentration

The inS&1#RR 8ndve FigtheMYRuBRGY % 3k ﬁ’l-E/aE %&%ﬁ%ﬁn%ﬁ which are

EXAMPLES EXPERI MENTAL RES Mat er

showiggthe follopdigied from Merck KGaA (Darnstadt, Germany) if
not otherw se stated. Manipul ation and nodification
of DNA was performed as described previously (19).
Restriction enzynes were obtained from New Engl and

o) 4003, AT AR T\ AT o

compr';sﬁ_t :rﬁsitm:caion omewasqm&ﬂf for rrRtiulel Srllultgn&'iﬂalﬁorf tr( / Qrid9B8RRN and for
. . | ol 1 gonucl eotl des were

excisirg s E6T kDB b di s o 998 gnststiopaty)spacer region

was replatedChyo fHoB@ieS bRDMoWEE %M%&@r@%lﬂemlﬁeﬁ% Eonrfe idg of two modules
strain DH OB .from Novagen (Madison ,

was agso@fishedt by disghing o cAparoprige vdesd fpmwntSA meomcrcgs ampicillin
resista®@S2Ré L4 Wﬁﬁre@&ﬁﬁﬁitéﬁe GITQ&I&Q 10! RARPEAEY 1 dn%gg D& Thodules were

gener at ed 'l and was ‘create
confinegh withini thg ftrvtocosiquﬁ@tactc Hwﬂulgom)clvbdulledmﬂhm@fs‘l were connected like

single &%{WT%%%TT%W éﬁgse'%ﬁ no ac1 sequences of

design¢dBETHHBRACEANBIIVET GAT MIGEEHEANSEGESTKDF-3 and ADF-4.
CCATGGATCCTCCTC) (SEQ ID NGO 19). Anneal i ng was
acconpl i shed by decreasing the tenperature of a 50

Flguremmhdlgdls ¢ty sitd hroRmdCAgatLiees Tobddkdbdant &RBrSefns Wore detected
after westemvglottmg with an anti-T7-tag antibody. (B) Proteins were subjected to SDS-PAGE
followed by sitver staining. Due to weak staining of (AQ);; and (QAQ); the contrast of the
image was increased electronically. (C) Fluorescence emission spectra of purified C|;NR4 are
shown with excitation wavelengths of 280 nm (straight line) or 295 nm (dotted line),

respectively.

Figure 3 Secondary structure and temperature transitions of spider silk proteins. (A) CD-spectra
of rep-proteins (straight lines), repNR-proteins (dotted lines) and NR-proteins (long dashes) were
recorded at 20°C. (B) Mean residue weight (MRW) ellipticities of soluble spider silk proteins



increment of 0.1 Cs. Msmatched doubl e strands were
denatured at 70C fol |l owed by another tenperature
decrease to 20C. After repeating the 20C 70C- 20C
woyslsmogien tines, ten additional cycles Wer crgp0s007968
performed with a denaturing,tenperature of 65C. The
resulting cloning cassetté was ligated with a
pFast bacl vector (Invitrogen, Carlsbad, California,
were méafired hOBDt RS whitk thBatBG 1 hthaidsitd grekednk +o W(strang,ht line), followed
restriction enzyme recognition sequences wer
by cooljpg tor By ddaiisddinehi s  cl oning step. The resul t| ng new
cl oning vector was named pAZL. Coning of silk
nodul es and NR-regions into the pAZL vector. Three
Figurexhridgeregaiion afpenthetss ghader vidid profaimmAgbregatioagifipnateias s determined

' DF 3 ADFE- 4
ater i o PR R Qe b g i s pamm i,
at pH I:mdn I’dlel.;ﬁengﬁce dE300 e @O thssign phogpha BEBYrafoy pf¥ins derived from ADE-

3 hg‘“‘i IE?%%%Ig:!&é%&gﬁ%ﬂfﬁ‘rAGCGCCGCAGCGGCAGCGGCTGGT

GGCTACGGTCCGGGCTCTGG(’JOAGOAGGG) (SEQ ID NO 20) and A2
GCT GECCAGAGCCCGGACCGT AGCCACCAGCCGCT GCCGCT GOGRCGCTA
Flg“feciﬁ@nm@ soeie®y B0 saBgugtingsonthetrolmslifomopsier silk genes (see Figure 1).

Single gﬁ%@%@%@&@f 6 §§1@0 n%lmereg H) asQell as hetero-mu]tlmeres (b). (c)
aered e Av R k I@]Sﬁ@ﬂ cfénMéE fr@zﬁ)ﬂagelhform

silk pr%%ﬂ%@mmemwm

CCO (SEQID NO 23), d

Fiour ( T.TCTAGCCCGGCT CCGECCCEEG
g ﬁ%@%&&@iﬁ&é@ﬁ%‘ﬁﬁ@&& GGCCCGEGTGECTACGGTCCTG
GCG GTCCGGG) (SEQ ID NO 24) and C2
. ( GCGACCGT AGCCACCCGEECCAG
Figurepf: W?é@m&wcmmmmmm by
scannif g diSetrobrAtTele st | ) NodloRodil? f!}l%edgﬁ)c"\ﬁhﬁ visualized by atomic
syntheS|zed and annea ed as describ aove ‘and

force mirgsaopy (hgighh inferenapan). (GoR) Micrefityd §¢rex¢d\hvt(AQBs§R3 andstigated by

?EM (?g?:%_ E%tg% (ﬂ)‘géqgﬂ?g Samg’ f ul%@lelﬂ:ﬁ'ﬁxg%% %g@ '(?Ff‘%t grosses&ctf n,focu5ed Ga'
ion beden wfas L@ﬂs(l})r(él) fFVlau}nm_umted i‘}rﬁlﬁé{@)zﬂ'\;ﬁf& esotumiphi {H) Fbalygenerated
from « CooRAR R h B b e R B ridhraneioes o o

26) NR3r

GAAGCTT.TCATTA GCAAGGCECT TGAGCT ACAGATTG ( SE
Fxgurel -speftfﬁ of,\@znlthetlc silk proteins (AQ)»NR3 and Cjq d%sséivede 6 M

guanidin %‘MTN%%T@W TG §§t@sslupn l\ﬁos&ﬁ?e pH 8.0

and
(straight MWW%RMM@@TG@CTAATCATTTG) (SEQ,
ID NO 29).

Figure 9: Cy; film cast from a 2% w/v C,¢ solution in HFIP.

Figure 10: CD-spectra of protein films made from (AQ)sNR3 and C,s. Films were cast from a
protein solution in HFIP directly on a plain quartz glass and analyzed by CD-spectroscopy
(dotted line). The film was subsequently processed with 1 M potassium phosphate and re-



For Fl ag sequences, the follow ng priners and
cassettes may be used: PCR-Priner: FLAG N chr-sense:
(SEQ ID NGO 43) 5'-
TGGGCGAAAGCAGCGGAGGECGAT- 3" FLAG N-sdWemidshon7o6s
(SEQ ID NO. 44) 5' - 22 ,
GAAAAGAACCTTTCATTAGCCTGEECTGTATGGTCC- 3'
FLAG C-chr-sense: (SEQ ID NO 45) 5'-
analyzehNARA GCATRSREFSST PATITECheahikess Df o oacleeaL6@uld not be
detemg EP2005/ 007968 25 FLAG C-chr-anti: (SEQ ID NG
'5' - GAAAAGAAGCTTTCATTAGCCATAAGCGAACATTCTTCCTAC 3!
Aigos for repetiti ve sequences from whi ch cassettes

Flguréff i eM%S%%frat?otne%C;N%? ths Cast ﬁ{) Gﬁﬂ? scﬁutio(nsa% ;lrc?celéslcgd with potassium

phospﬂ'm Wﬁﬁg Afmmﬂ— W&Qarboxyl
GECAEGT T.CCEECCCEEGTEECT Mod

groupsvoi %p@;gj: ag%vate@ég@gup@ ﬁQC Ag)cogtvrast oniy httle ﬂuorescem bound to films
» ' . A . ﬁee .3 ’ 4 A . _

AR e e o e G

as substat¢.sPwcmc)rese of Shel I@emawgﬁuﬁted enzyme activity only on films that

had b@% %%ﬁ%&%@ 1ns o T%\Wzymaﬁc

activitgp.( spacer)-cs: (SEQ ID NGO 50) 5'-
GATGGTCAGCT CT TCAGAGAT CGT GATCGGEGCCGT CCBCACCATCAATAGT GA
TGTC CAGATCTTCAATGATGGTGGTGCCACC- 3'

Figure 12: AFM image of C,¢ nanofibers.

witho

Figure 13: Hydrogels prepared of Ci¢ nanofibers,

Figure 14: The stress/strain behavior of the crosslinked and non-crosslinked hydrogels at a

concentration of 10 mg/ml.

Figure 15: Frequency dependence of the storage modulus (G’) and loss modulus (G™) for both

the crosslinked and non-crosslinked fiber networks at a concentration of 20 mg/mi.

Figure 16: Concentration dependence of the storage modulus at a frequency of 0.5 Hz for both
the crosslinked and the non-crosslinked hydrogels. Both networks have storage modulj that are

proportional to the concentration squared [0]2.



Mbdul e K- (GPGGAGGPY)-ds: (SEQ ID NO 51) 5'-
TCOGGGCGGT GCTGROGGT CCGT ACGGCCCT GET GGCGCAGGT GGGCCATATG
GTCC  GGGOGGTGOGGGCGGTCOGTACGE 3' Modul e

W6 DERBEASCPY) - cs: (SEQ I D NO 52) WD 2006/ 008463
PCT/ EP2005/ 007968 26 5 23 20051007568
GT ACGGACCGCCCGCACCGCCCGGACCAT AT GECCCACCT GCGCCACCAGEGEC
ACGGACCGCCAGCACCGCCCGGACC- 3' Modul e X- ( GGX) - ds:
EXA ID NO 53)
5' - TAGCGCT GGTGECGCCGGT GRCGCAGGT GACT CTGECGGT GCGEGRCGGT T
COGG 3' Module X-(GGX)-cs: (SEQ ID NO 54)
EXPERIMENNAGXROECEPNRESCCAGAGCCACCT GCGCCACCGECGCCACCAGCGL
CACC - 3" PCR-products and pAZL vector were |igated
after digestion with Ncol and H ndlli. C oning of
Matergymﬂhemw@hnwg obiginad frvel Memk IOGR (Darehscids Geprmathyl) @ﬁndt Ddtherwise

st WS SR o kDo BOL P BRORE o SBEE hyiust (19

Restnafdnl emlzﬁnts Weranblagiel drom Noe MRilon RifH ((B‘é'lréﬁy, NM” @@A) &nd ligase
Iransla ed in E coli, was nmutated to CGI (Ar

from };rﬁu[ne Blgﬁcaerﬁpa ne, Sap é,upcggnmﬂ, SdeiExV)s DNfopurification wasgperformed

using GBSO CBib@R QfildeyNEBRkAnG). Sﬂ%lcsdligjén&@é'bﬁﬁes were obtained from
Connecting of two gene fragments e.d. sin
MWG Bigisrie 4G (Ransbas fesrmangr 41 stonir. fergivems p e@t—:m(he &. coli strain

DHIOB%nPﬁébégﬁﬁhﬁde&fn theyghpni ng strategy. For this
pur pose t vect or, “contai ning the desi gnat ed

5'-term nal gene fragnent was digested wth Bsal and

Cbnstrgg%lén ?/V}'g% Lr'rlgsra]z%‘g vectgrc tﬁL %ogg ng Iﬁal;]sg Q%FhS%%gngl g?fa s complementary
to oner gorettd b}eBgflﬂ(dﬁdg%hd[B) wasLdrgagd Warﬁlfealtdg&wﬁﬁpﬁ@&id @Itg%nucleohdes

cor PIRRTAG SRR M SR RmRgE g of e e L

(SEQ (IBZINGreCBrans ceﬁ%p@ﬂ@"ﬂcbﬂ%}ﬁﬁ@@ﬁ@@mﬂq dG’P'@i&_ﬁIT'TCGTC
i cati on of corr ect constructs

i dent
CCAT&&M‘E@%‘S?S%(%Q%{ DNRgi®)- fowsaling wes accpmplished by decreasing the
tempe@RREO RFLLY0 {Bnil/ 8! @ach REBEnIMUotide GBlufon 'frdth 955 %0 20°C with an

inerement of 0.1°C/s. Mismatched double strands were denatured at 70°C followed by another
temperature decrease to 20°C. After repeating the 20°C-70°C-20°C cycle ten times, ten
additional cycles were performed with a denaturing temperature of 65°C. The resulting cloning
cassette was ligated with a pFastbac! vector (Invitrogen, Carlsbad, California, USA) digested
with Bgill and Hindlll. Both restriction enzyme recognition sequences were destroyed upon this

cloning step. The resulting new cloning vector was named pAZL.

Cloning of silk modules and NR-regions into the pAZL vector. Three amino acid modules derived
from the dragline silk proteins ADF-3 and ADF-4 (Fig.1E) were back translated into a DNA
sequence considering bacterial codon usage. Corresponding complementary DNA
oligonucleotides Al (TCCGTACGGCCCAGGTGCTAGCGCCGCAGCGGCAGCGGCTGGT
GGCTACGGTCCGGGCTCTGGCCAGCAGGG) (SEQ  ID NO:  20) and A2
(CTGCTGGCCAGAGCCCGGACCGTAGCCACCAGCCGCTGCCGCTGCGGCGCTAGCAC



These were gradually nmultinmerized and optionally
linked with NR-regions. Finally, synthetic gene
constructs as well as NR-regions were excised from

wbheospigies vector with BamH and Hi nd/ 11 and dargab&dos7oes
with the bacterial expressi?¥n vector pET21 a
(Novagen) |ikew se digested, WO 2006/ 008163

crodRRE AR 90 6Re BB . 4P Babfic BheangoqamaaTcanc

AGGMTGG@DA@CA@G@OCM@CA@UA&E@@?(SE@?ID NBLH YW (cTGCT
Se encl n CGene expressi on n wer e

aoch ER T e RS AT b Acab g T b oG TACE)

(SEQ @ ! Pllé 2P Qﬁm@écéé@cmdﬁc&@@cgﬁémé%%%mcccmo

. Before induction with 1
TGGC(TPA&@GBEQﬁ%@ﬁﬁm@ﬁ@mﬁémmw@@@%ﬁ@cﬁma@@'ﬁccmccc

aTCCRE) SR RS 2 et e AR eeAPRa o R Wgaocccas

ATG%@E(NF@GWWQGGWWTAMGGGW(@&@GCM@@M]GGCTO

AT AT HB00T 4% 0HEiD SITBAGh 1 cocres

above bief Dgaged Wil Gielmly\#dcfbr digedvkd Witkops gl dna BBERJGNRhﬂe :fbﬁéjoft Dider silk

genes (Jgé (QN%S:Z% V= Jfl M%ﬁq&%}l S@%ﬁ%ﬁﬁ?ﬁﬁ Q@p@ Vancouver,

Canadiar wegted aafulifbd 3 hoptR Of iddUCHE ON fydw:ic Cebks
JipXDTGSSI naglgltRB and%m wer e hdak?vested aftg:r(r?g birfers:  NR3f

(GAAADLATEEGF Qo T EREN R TWBA TET Gler 8EQs U3 p éKH ed6), NR3r

f i
(GAARKCAARCOTTSCRETWRICERSC AR TR GATTG) (gFQ 1D NoO:
27), NRAEREAA AMATOA TGGGAGIATGGOCCATGTECTTIC) SSEQND NO: 28) and

i (AP B T B DT e 1o

NO: 29. HDY UW2200/ KE76 ul trasoni cator (Bandelin, Berlin,
Germany) and genonmic DNA was di gested by incubati ng
cell lysates wwth 0.1 ng/nml DNase |I (Roche,

For FldyRaiMRaies, teab oWty paineks 3anddMsddiet apbe filedf or 60 min.

I'nsol ubl e cell fragments were sedinented at 50, 000xg
: -~ and 4C for-30 mn. Soluble E. coli proteins of
pCR-Ph¥sat €es containing (AQ, 2, (AQ, 2NR3, (QAQ 8,
T T (QAD 8BNR3, C 6 and C,6NR4 were precipitated by heat
denaturation at 80C for 20 nmin while |ysates
contai ning NR3 and NR4 were heated to 70C for the
FLAGsl‘é-nbr-lseﬁgtﬂf‘pE& 1B NGB .43Pr eci pi tated proteins were
enoved by sedinentation at 50,000xqg for 30 mn.

3 GA@W‘RAEF (}@CGW’?@%%@@{A%I e during heat

denaturation, were precipitated with 20% anmoni um
sul phat e (800 mvp ((AQ) 2, (AQ,2NR3, (QAQR
FLAG(W §NQ3(SE§%§D NR4) or 30% ammoni um sul phat e

nd N 4) at room tenperature and
5 GAMA@AR@WCATTAGCCTGGGCTGTATGGTCC -3

FLAG-C-chr-sense: (SEQ ID NO: 45)
5’- GAAAAACCATGGGTGCTTATTATCCTAGCTCGC - 3¢



centrifugation at 10,000xg for 10 m n. Pellets of

(AQ 12, (AQ"NR3, (QAQ S8, (QAQ 8NR3, NR3 and NR4

were rinsed with a solution containing the sane

wooasosteat i on of ammoni um  sul phate as used g@hep2005/007968

precipitation and di ssolvedyd n 6 M guani di ni um

chloride (GdnCl), In contrast C 6 and C 6NR4 were

washed with 8 M urea and di ssolved in 6 M guani di ni um
FLAGU-ayaita (SEQ®MEONIg) Al | proteins were dialyzed

agai nst 10 mM NH4 Preci pitates WD 2006/ 008163
5 GWAMWBE%AMAMM@G@H@M@T@T’HD&?AS -\ger e

renmoved by sedinmentation at 50, 000xg for 30 nmin and

the remaining soluble silk proteins were

| yophi lized. Priar to 5 aI sis | yophilized protein

Of repeifive sequencas Irog S sseqlics wele generated: i g ysis

agai nst appropri ate buffers Aggregat es were renoved

by sedi nentation at 125,6000xg for 30 min. Protein
ModuRONEEBPGGA-HQSEQEIENGe gy M ned photonetrically in a

1 cmpath length cuvette at 276 nm using cal cul at ed
5- extinction coefficients (Table 1) (23). ldentity of
TCCOIKEE @GTS CRaEGQOOA COTaLOPA AT COGIREECH TT U G CGGGTGGCT
ACCHITERRCELaTTIE@eLCCebata@phaCes -3 * ( SDS- PAGE; 10%

Tris-Aycine gels for proteins > 20 kDa and 10 - 20%

Tris- Tricine gels (Invitrogen) for proteins < 20

| of.t t I l'id
Modul?ﬁ’éé@ﬁ‘@é*%%ﬂ?&d@nﬁ A0S (M1 [ pore, B 11erica, M

’ USA) and detection using a nouse anti- T7 nonocl onal

ALCE%E RR b 889 cCeG
e e B seaptponce

vvas visualized wusing the ECLPIs western bl ot

detection kit from Amer sham Bi osci ences (Pi scat anay,
Modulbldp-(dphash)-ds: BEQIDIV@eH. Fl uorescence spectra were

recorded on a Fl uoroMax Spectrofl uoroneter (Jobin
5-  Yvon Inc, Edison, NJ, USA). Spectra were taken using
TGGCAGST AT @A RCATHCAN GATC OO GAIC AIVDA QT ATTGA TAIOT GG GACGGCCCGAT
CACGHTIGIORGHRASHEITYATEATTaGEet 3ane (Tris) / HC (pH 8.0)

at roomtenperature. Integration tine was | s, step

size was O. 5 nm and band widths were 5 nm

ok SR E AR U0 3 B

5». dichroism (CD) spectra were obtained using a Jasco

GATGE“I%A&E?]@& REAC ARG GRFLRIIC M ERGR \CERFE TGATGTC
CAGA A § %ggbngtl ona ‘IE% A ‘%‘t@g

apan ctra taken at a protein

concentratlon of 150 pg/m in 5 mM Tris/HC (pH 8.0)

ina 0.1 cmpath length quartz cuvette at 20 C. Scan
Module HeE@PO@SGROY)-Us(BEQ, ID NDep1)si ze was 0.2 nm

integration tine was set to 1 s and band wi dth was |

5~ nm Four scans were
TCCGGGCGGTGCTGGCGGTCCGTACGGCCCTGGTGGCGCAGGTGGGCCATATGGTCC

GGGCGGTGCGGGCGGTCCGTACGG - 37

Module K-(GPGGAGGPY)-cs: (SEQ ID NO: 52)



averaged and buffer-corrected. Thermal transitions
were analyzed with a heating / cooling increnent of
I Cmnat 220 nm Solubility assay. To determ ne the
witeeobgimkisgoncent rati on of sol ubl e proteins, q)éf,ﬁg(,dg}og-,%s
(=0.1 % (wv)) solution i4 10 mM Tri s/ HCL pH 8
was concentrated by ultra filtration using a 10, OOO
Da nol ecul ar weight cut off pol yether sulfone
5’- nmenbrane (Vivascience AG Hannover, Germany). WO
GTA(X@@ﬁCQGSIQS}@QCEGUCER?@Q@CQ%%&d@cﬂtefrt}Q@CCACCAGGGCCGT

ACGGNC@GE@AG@ﬁ@@b@@o@ﬁﬁcta&en fromthe solution until
the protein started to precipitate. Sanples were

diluted in 10 MM Tris pH 8.0 to determ ne protein
concentration photometrically. Aggregation assay.
Modulg X-(GempileSHID ¥@: 3 ed to 1 ng/m in 10 mv

5 OB B b RS S GBS idbrrecoo

concentrations of 300 MM The effect of

acidification was investigated by adding HO to a

final concentration of 100 mm (pH = 1). Al sanples
ModuMe{-EeGREBD A ed IBINOOSH) tenperature for 1 hour.

Protein precipitates viere renoved fromall sanples
5°-GGIAA GEGCAEGCAINMHRCAA GALE QOO IGEGCCAT AGOCa0t AEGA GCGCCACT
-3 anmount of the remaining soluble protein was

determ ned photonetrically. Since the sum of sol uble

and aggregated protein had to equal the initia

t Iub n er cens f )
PRt AT UReF D Bl BRI Rl B St ingh. oniog of
synthetlt'l ewdnbma{ weIII as DCRbpredpisoteqiliad fif tinrédlfcenent &4 tAd l:Mnmg cassette's

t of protei S_. A cloning strategy

spacery ESGTAR I AGerBIRI PRS (EREES” st QPR RteR, the codon
AGA @uif)eitidiCissRieHefrarkiddd BENES:, ivihs RARLEL ehﬂt%%ﬁm' NR3 and NR4

i nefficient ; 4) since sonme gene sections confaln
using Ry gitachseiséfPi ciently translated in bacteria. In

addi tion, gene mani pul ati on and anplification by PCR

is difficult due to the repetitive nature of silks.
Constryetionr dlefynthstic mpéker isifhteengy dpeneitieg of tvapigeter fragrhdats e.g. single

. b
modul%ré %%gﬁlg%mltﬁjn%g IOP%ﬁAI%%log regent%ﬁ}{e b%sgzgsg e{fgféegnéomng strategy. For
this puadmpﬁeqb% tehor, wataisy hie designaeodi eamingh gh@Siagment was digested

ti,c re obt.ained mhlch oded for
with 53 B0 B BB o e Bl Worpanel S et esicispted with
BseRl ald Bl fe’%ﬁecﬁ%ély (FigN®)! Bightioh, oINS pRiprikRGIRnid BhShéhts yielded the
eS| i ncluded the carboxyl term nal NR-regions

connecpﬂ;ato at & Ve faei frremantsgandglddnte | reeonstityion oY ghe @ALL vector's
amplclﬂﬁ\é'@ilﬁﬂ%@ géhes(ﬁﬁmvﬁﬁ& ﬁbm&'téagdéﬁﬁ'@&n%g ?6{ ggr?gct Sdh@fucts,

| owed control I'ed conbi nati on of er ent
synthetlc DNA nodul es as wel | as authentic gene
F Jef d
oo QAIRRL, U LU Ba S5 P MO8, 088 g 0 o)
These p’leacgh@laﬂﬁrrmﬂumesgﬂdt drelt opgionally linked with NR-regions. Finally, synthetic

gene constructs as well as NR-regions were excised from the pAZL vector with BamHI and

Hindlil and ligated with the bacterial expression vector pET21a (Novagen) likewise digested,



genes, and recognition sites for the restriction
enzynes BseRl and Bsgl (Fig.lA). Since recognition
and cl eavage sites of these enzynes are 8 (BseR ) or

wb2oldangicy nucl eotides apart, translation st@ilg@efoo7ees
stop codons as well as addliﬁonal restriction sites
required for the excision of assenbled genes could

. he it e to the spacer. WO 2006/ 008163
provigiie EARIIR] HOYEEE SQUGR) (SERTBINO 10 pdige stampnaci(a0). The fdelity
of all 6RREEIs WRHARMMd /BN AWRSuehgRbaced by a synthesi zed

DNA nmodul e (far nodul e deS|gn see bel ow).

Subsequently two nodul es could be joined in a

SPSEPOP oty
Gen B B RSB A e v, s
were gropvendi 0iAc 160B fredivge o andIfe. Eahi. |Bﬁme)1dtgﬁlﬁrvaﬂﬁd mM [PTG

(isom!?%yl %elgt?ﬁ’{s‘ fac s}dS‘ gzlglwege d,hﬁgf]m aﬁf @ fhe ctaﬁeeo{)mqm, (AQ)NR3,
(QAQ%equEﬁ@:@Q)gEﬁalahéd) 28°d inntkie tave of@Hly KBNRENCOR I NRY r&s?ectlve!y

|ne codon IS naturally abundan
Atterfie Sl o Rt B4 S esort Al o s comien Bedia (21) and
the feGOukcH (Anidas (Ielgih! bebtle thiiR1ibg OGiht Pn2aPER &395 wwere shifted to
restriction endonuclease recognition sites

25°C ofr Y0a- respapisieht Colls expriseiRg éﬁ@he.ﬁftvalam,r{@ws,dQAQ)st Cig and

CNRSISWE 'Eﬁﬁréstedsbﬁk?% -4 h&rebf 20 ﬁfcellst r&ngg I\H& and NR4 were
cassette' s el enments renal ne unc anged pon

harvesigdcpfign| @ baves i zation, a variety of nodul e
conbi nati ons coul d be constructed (Fig. | D). Design,
synthesis and purification of synthetic spider silKks.

Proteiff ymurifioaémt &lells ohos eembmndtchg\hlhne B8l/g buffpr B&r&duﬁﬁag@:nﬁ\/l N-(2-

ryaro R b2l LR REHRG 5D RRRES] pATY 305 b Noch, 0.2 moim

lysozyaenSigmisARiric IR, padit, M0, YUS Adeatdl ihiBdted 2k U8 Yor 30min. Cells were
structure of ADF-3 largely consists of repeat units,

lyzed Rag jopHicaiqn ysygs i RA W22OME B wirassisaien Randelist, BetlingGarmany) and
genomPOIDN AR AR Bigedt®@et b - m&ﬁﬁgﬁg‘ o 1 éa&g' \Wt}g'"balf n(ilﬂ?aﬁNasF I (Roche,

units is determ ned by varying nbers
MannhgmgGermpgyhind 8 me Mg@pat HIC \fer §@qmen&soi@bleﬁdbﬂ Bagaments were

sedlméiix?fﬁi' QL%O}O‘A’% aﬂ@%bei%f 39”1]% i Tdulege £t 6L proten% \ﬁﬁi)hsgtﬁg containing

derived romthe ani ne contalnlng
(AQ)12s dBdR3( FAQE) (QAQMWndCrmdmﬂ & BMRHE\derQ grecrpltatgd by heat
n ts o, stu
denatufg 1? i té‘?%dr%? dff)eng’{'ﬁ1 ‘?’@ Sf’al ?atffn‘iof‘g‘m%]%ra% 4y e’ﬁﬁ?ﬁﬁ@e@ 70°C for
the samelength Oﬁhmaeﬁeommkbdm&eﬁs WREHemol @l e@intentAEdl a030,000xg for 30
t were nultinerized to
min. SRR Vo R S HEia e PO e PeprE piaged with 20%
ammorimtsiphste (soer?nm QIA.QJABS()A@'%Q)R%Z (Qﬁ@ﬂi @B@gﬁm Tae 2pd CisNR4 ) or

repetltlve part enera osed

30% agimegiuan el (1200 medde ANRE mnd Nﬂ@mt amrmgemmuyresﬁnddmwsted by
cemnfa@hb@tat Q@@OOXEhi%r 1BVER HBeCOFRARSS (AFERRSAIHA O MBAQ)NRS,

and eS|gne one consensus
NR3 and NR4 were rinsed with a solution containing the same concentration of ammonium

sulphate as used for precipitation and dissolved in 6 M guanidinium chloride (Gdm(1). In
contrast Cis and CgNR4 were washed with 8 M urea and dissolved in 6 M guanidinium
thiocyanate (GdmSCN). All proteins were dialyzed against 10 mM NH,HCO:. Precipitates



modul e termed C (Fig.] E), which the inventors
multimerized to obtain the rep-protein Cl6. The
nunber of nodul e repeats in all synthetic genes was

W@m@@ﬁ]sfgg code for proteins of simlar nol e4l@hgosnoress
mass (-' 50 kDa). ADF-3 anggADF 4 bot h display

honol ogous NR-regions at their carboxyl termni,
conprising 124 and 109 am no acids respectively.

fome@mﬂngﬁﬂwﬂ@%r@eah&&df bNBRBLAlGHD 201D INBLE £
ol 1 11 ec YD 2006/ 008163 BT/ EPS00S/ 007508 & 437 g9 min and the

WHIWSO‘&H& B dprateinsr eicelraphitizadoPrioade enhlabis dyqphdizsd quotein was
dissolVarif 6chrAgSdCNOLIHL & ?g It se F%ﬁ) r%%}éte fglhi% 1% )Aggregates were

di rect ed nut agenesi s ee nat
removath by sfdmentatidr) atoi2ft,@{b)><gyfnt B@trmcn Jenes conathativas wtrddetermined

Photorﬁ&ﬂ?ﬂélpﬁg a\gﬂec!rl]'rg ggtn ?e vg{te %h2%6aqul1té Bﬁ% I z?clxa{l}lgﬁc{] gwgmcnon coefficients
(Table(IAQ3).ANESBity ém@)emumas aﬁ(ﬁrﬁiﬂaﬁ NR4odidd @bﬂéc@ﬁaﬂfété’ PERBactNBimide gel

| t bact
T e T e e
Tricind @kls q\haﬁkr@énﬁ ForapraRisUaN 205 Hbﬁ}a‘ﬂﬂlo@sfeﬁ 8P biodidg08nto WoByvinylidene

i d ‘t‘? of the proteins_was confirmne
ﬂuorldFﬁﬁld Sbmmmaﬁas (Midlinege, BalricaoMide $/Sdv) raed ﬁétéct@galsmma iguse anti-
T7 m(ﬁ\%@ﬁ)hﬂeaﬁtﬁgdﬁe{ﬂ%i%ﬁs] l@%@ﬁ@?%&?&&% a%ﬂ&gﬂogglrw%emxxdase

F ot ei ns
conJugafépiswéldﬁgh a’n&O&P)I asrsgpourianyr arttibods Htadu@'smacttimy was visualized

using tHPEéEMJS Westeﬁﬁ%l&weégtg aﬁ gorgi rgl%{am déhtog g%%d@%éf\%y?%l USA).

gration velocitli en su
ThIS ef fect m ght be caused by aberrant bindi ng of
sulfate to the rote S du%lto di fferen

F!uare%cence )f-{% rcgcengﬁﬁggctrﬁ%% ICoId e n(ﬁ] # &luprgiylag ﬁBq?trB%luqrﬁtgeter (Jobin
Yvon Ipl’: CEd$ons NI NeS AL [Spe@aswerBesdea %§1n§ Wl grott@NGh&entrBE A &F 108 pg/ml in
ntlrugéfttln reveal ed traces of proteins with | ower
10 m]ﬁol gsydipxypst Ianupqrﬁqthanep(@wr atHgn&tHf8.0) at room temperature.
Integrati6P Re V911 &1 &8p siBl RAI 09 ngf add i@ WMidithd glerte%gnrﬁ‘ cﬁzﬁﬁ%) and 5 nm

to these protelns identified them as ' kK pro
(emissipg); Rgspegtisebt of their carboxyl-tern1na| end.

Anal yzi ng each purified protein by SDS-PACE and
: silver staining, no further proteins were detected in
Secondgh)| stpreotreianaipsie pardtV eirsular &ilcgroi&irBICDPEmea Wepsbtiied using a

sasco A4pLI SRRk YRS SIS IINEH B IERSULLO Tl ot eocence |,
Lid., Tkayo@){apah:atAlepeaﬂﬂ v»felre:mklas ﬁtﬁmgﬁ}t@gggﬁdeﬁﬁatﬁyﬁldfyffsgﬁjgﬂﬁﬁm 5 mM
s QP S T Rt o e s RS e 20 i,

step siZBPial @2 $h) krepFObR AR v%@@@trﬂosiesdaﬁdr%ﬂﬁ QRAARES 1 nm. Four scans were
fl uorescence em ssion upon excitation wth él

averagsgl pfidy bpiigrecopeepd. | Heireal frovsitiops eontaantypest with Eh@amlng / cooling

incremdt 8F 8CASin ABbEHL,0N average contain 1.5% of
trypt ophane (30). Fluorescence neasurenents of all

silk protein preparations reveal ed em ssion
Solubility assay. To determine the maximal concentration of soluble proteins, a 1 mg/ml (=0.1%
(w/v)) solution in 10 mM Tris/HC] pH 8.0 was concentrated by ultra filtration using a 10,000 Da

molecular weight cut off polyether sulfone membrane (Vivascience AG, Hannover, Germany).



spectra akin to the spectrum of tyrosine, which
occurs abundantly in the silk proteins. In contrast,
no tryptophane fluorescence coul d be detected,
wiomb@isBg high purity of the protein prepargiigsosmooross
(data exenplarily shown for29C16NR4 in Fig. 2B).
Bacterlal production of synthetic silk proteins in
ks yi el ded protein anounts

en r flas |
At disfit I B SABP RS SR ekt Ts(oo| fYan DI [5F Pt AHed torpsecipitate.
Sampledd@RAilitdh 10V TAQ pAB. Of dRiHhink §fbteiR Q:Qﬁc%ht'?atﬁﬁ hotometrically.
Ilter of culture nedium Fernentation of cel &hs
npl oyed in order to |nvest|gate WO 2006/008163

Aggre %c{n??%ﬂ@éﬁ%ﬁ%él@?we%ﬁag gf???i% b n ﬁ@%ﬁs 0. For testing

ionic effieets erosilkdpiogein agﬁrcﬁage,obattm wirtOadgindl t@ G@alnmphtentrations of 300 mM.
t t _of I
The ef;f?c? %?%c&fi\éf‘é!atyoen \gssortn?t\elsg gz%g(? Ib %dcﬁrﬁ%ﬁ(ﬁ e cérﬁn;%l g e %QBP% af 100 mM

(pH =ngnAll sappits tmeﬁeendtbmd fat roSﬁtﬁm@aﬁmrS fot UCHour.€Pri@8: precipitates were
roteins

i nvestigated b ect.roscopy...Rep-
removg FGFT &l SEHRET P& FYBFORION B 11U AIPEAS [n d the amount of the
remaitiRS tsoGLel pRkiP vedseiAemihdd pRAbmhastalNR- SRt BleNfim of soluble and
reveal ed spectra |ndicative of high secondary

aggregafed, BROfRiR ]E‘Sn'toe?ﬂ“al e dutitlegnoyy dfesaiuhie nretging Jbmpercentage of
aggreéa%ﬁiﬂ'@{égﬁéﬁdw bt ehidingy %%S!r&n?lgf{ﬁé ﬁﬁourﬁs;rb?csbfuﬁ %rotem from the
R-proteins roughly Corresponded to a I on
lmﬁﬁhmmﬁh@nméﬁﬂfMﬁ@“NR-spectra wei ght ed accordlng to
their share in the repNR-proteins. Although a m nor
structural change within the rep-regions or
RESUNRSdomai ns upon mutual |inking can not be excl uded

1 o b B oDl PR BT o
bacterﬂl Qlaﬁtbdk()dhefﬁeﬂéﬁlﬂ (B dikdeehep peteeidatiflaNBdntain S.‘bﬂd)r{"sl ﬂ&' é‘fﬁmently

ra . of ﬁﬁfNanotarm were simlar to CD-sp
translii 1A DARler i oA BEjCoRenIANOP AP aBpl ficagipp Y P@Rr‘%éﬂ%ﬂ“ due to
the refNtiv@Gh@EE S QI SR d}ﬁéisto(lf}@d@ﬁ%ét@pﬂpé%lepgﬁ lpl@&g)sﬂk proteins, cloning
Sil k-proteins refold after thernal chem c

strategigs dgy¢Ipesn| eaplover waisg ﬁ@éb@twgll‘% mepdutes arlthcaw@qiges}sagy adapted to the
corres@'dﬁ‘% Qiﬁr@s%fb%p){c)éﬂpgpnth&?ct %Qrec Qﬁgﬁ@t\b%& coded for proteins
r WET e o or rep-

ature transitrons serve
reseml]dmgt e repdtisveveesioB0d gridkr HIG (AR28f ﬂmpd:rta!my,clmd&am“ these protein

served f ther i.n 1f ol.ded
desxgn?mc udggﬁ'ne(cg%oﬁ) r(r‘gla E\Jgreggnﬁthé ?rggw%b? quqaﬁ n lg
at | east partially structured, thernal unfolding of
t he stru tured r should b et ect abl e at
The mg?rgﬂ)}'gfig ffpgﬂﬁéﬁaé‘[%g ONMNZSIAIREY %%Qgplg,at ag%@eqog{rp]\]ﬁéi combination of

differehh@ifRtic DN folihieNss WaT & RBRahY g%e(fléd% §.nﬁ§e Qémré%vector PAZL

tenperature transitions were 6 NR3
was des(eney FOMRBIINBACTITIE CHONRAYIth ASPRREE BFliag 86 pleﬁhgldsrsfor synthetic

enes, 34 1RBLAdD sitdU kS 68 lenty28d Bl AAS B0
BERES e e co%gletg réverSE%ECI en;ﬂﬁ& Lery T ARSBldr {%e.14). Since
recognition and cleavage s1tes of these enzymes are 8 {BseRI) or 12 (Bsgl) nucleotides apart,

translation start and stop codons as well as additional restriction sites required for the excision of

assembled genes could be positioned close to the spacer.



reversibility of the structural changes upon heating
expl ained the high recovery of soluble silk proteins
after the heat step enployed during protein

wiolbheghdogi@s i on. Tris was used to buffer all %Mﬂzgﬁﬁm%s
i nvestigated by CD spectros®opy, because of good
spectral properties and little <capacity to pronote

silk protein aggregation. Due to the strong
In a firg Ring Yienethg SpEGsH eegian off PAEL avas Bepigced by astynthesissdsDNA module

(for rntobﬁe desi GQ'T sebB8lo rmjbgélu?ﬁg nt?\ég%&{ugeq 5%\%:1 ?E %1%%%@11@-'&1@0&(1 way

upon he t1ng
(see m%wésf andumethpdsaard FigohRy. Eﬂ‘xe somklemmnm ¥ssingle phhagipbatmions GG

(SEHSEZ%E {3 ngl{tls 5& e%l'n %&e‘;dgo A eaﬁl pvglltthﬁ ﬁ%éf @Wegeggse %?ctgnnectmg

two modtles Famhg). ammagma hequm&neqmmﬁ te ihk 6ed ynodeNe vt Bbrined to a

o el A LR SR 50 ot

moduleh aduld Bed el Attt tHeeedto Sdatck B RERicHidn @ﬁfoﬁu&&{se 1ecogn1t10n
|nflu nced é thermal |y i nduced changes of the pH

sites wifeh, 2 FRERoRGPiIER AHEEIFHENEY A SepRneRbnenthegurangement of
the cléiifh d28RALYERMEAR rQRaiSRCHRAMH ¥ §§Jnu@$lg LaBRultimerization, a variety
I nvestigated by neasuring C|rcu ar r0|s of
of mogulp pgratinasioas epsild be qurstsudindf Feg: 1D)af t er d| al ysi s agai nst
6 M @aHCl and renaturation by dialysis against Tris
Buf fer. The identical spectra of the initial and the
Desigt; @*jua‘bqjsdmp mt‘iﬁi?m&miCﬁ dyiadsie dpidbvatilke Nithalitadntors chose the dragline silk
a not sh

. Th
protei SOl u%) :élr ? y of 42?% Verﬂ?ﬁ %a\r%gl ﬁpgdt HAFRFH ‘ffg#q’%ﬂf“st ‘ﬁgf”’f‘piaws for the

synthenep:emttulct\seTEeq;uﬂﬁngadedtﬂﬁe@rp@Iﬂrar)t Otr@®k® d¥i ADF- 3pfa9;__,e¢}l' Ronsists of
nce traﬁlons in the dope, silk proteins have to be

repeat Wf‘lj‘hl S AEIPTISTE CPRSEREA SHENCe R GIDRT oMM Shbength of
individifal YWpE& rhnft?Ps‘de@&Hnﬁ&m}R/d?jhﬁL %bﬂ%etﬁ %Menlﬁgnfc’@b@@(f ToCmimic the

identify rlnaty structure el enents det erm ni ng
repeﬁt%wewqﬂ?q 9t ARFS prectesignas! tvonised desn @oe eodwsd @#resdA aved derived
t rati
from 8 G- Hadifi GARGARL é&gggﬁeq%ﬁgea(g[&ei B S &BP& ndRleStermed Q
.contameég“aurdbm§ offthet CEEGQQergeimﬁz &o @lfudy HiffeNRE thog’mqu)eal ﬁmts one or two Q

modul& P%%éﬁ]glgéu%g] X a?e dg{(])tdu &ﬁtg]ﬂh@(g%rzhgqg K}\e,‘,sg/ repeat units were

multm(eﬁiﬁi\ﬂa@enernteSpﬂhétlcv@nys éo'ﬁ&@ for ih)a re;Bﬂtlbe priofedisQidpSproteins) (AQ)»
p med a gel-like solid upon further concentration
ml(C%@@fa not shown). Thus, solubility of the silk
proteins was solely deternined by their repetitive
sequences and was not influenced by the NR-donain.

The fep‘iftﬂag Mt BES Kaengrbnermeposethpletsiale Aorstrved nplsettungs displaying
only sﬁ%ﬂtkvaﬁﬁt@&ﬁ | 78 idVedRRe %Be@the&@%ﬁaﬂ%é il )ée%%ned Ol consensus

ructure H 1 ons, as potassi um and
modulgmnwbeﬂﬁmlﬁil whuch dlassinzentors mudtinesized obtamuhatepsjrbtlcm Cyé. The
numbe?%i?ﬂ(ﬁﬂé% e g’?@éggc n%?%eé Qv%gségo gl ttg cgge for protems of similar

molecular mass (~ 50 kDa).

ADF-3 and ADF-4 both display homologous NR-regions at their carboxyl termini, comprising

124 and 109 amino acids respectively. Gene sequences coding for these regions were amplified




synthetic silk proteins. Since we were unable to

imtate the authentic assenbly process, which

requires pre-orientation of the involved proteins as

wbebRedes the 1iquid crystalline dope (33), Wer/EpP05007968

performed an aggregation asday starting with protein

sol utions not displaying orientational order. None

of the tested rep-, repNR- and NR-proteins displayed
by PCR; i ‘qu@%l’mb)@’@ﬁ%‘gﬂtﬁbéﬁwal SEPRFSSigTetere changeditogdotiersuitable codons
by sxt?ﬁlﬁczfér(]isrplétggﬁ!n%ﬁg gs%g nf.zﬂéﬁ}]sgéerlrd 1? H&cﬁlglts:}e}r‘]gg&g <2l of the synthetic genes
used cplﬁdgig)e‘q:))mbfﬁgd IWﬂﬂlelyt dppatpeiatstaethentic MBetgidmryidfing @ases coding for the

NGRS GRALSARL RO LER0N: Wik ) oSt Bl cou v

expresedl dggr egati on was observed. In contrast to sodi um
pot assi um has previously been reported to
specifically pronote WO 2006/ 008163 PCT/ EP2005/ 007968

After Batidal KyrRiggisQURpr&Bink 34re puffifed HYO4 ﬂ@a’i's!éﬁ]fglliﬂvﬁrd' #l€an ammonium
al so, showed _no .influence on solubility of the
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protelns epen |n on their primacy structure.
silk preteinst(Fiasvor I/’*d)ﬂ’im(tﬁch At egitroteias |ao¢h atl umemalnEha$$ImMar molecular
ly er it :
h
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This eﬁgg [nhghrt)b'e cgms@dl bz ﬁberamebzpdmg oﬁamhdyftthfa& to elﬁhmt)ﬂ&ﬁxs dbeto different

car si on of .spider.silk proteins
amino 3814 EoAHeRof ediEF . Vel oy SR PRley et Biket ogidys ful lngtn
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them gx?ﬁ -Sgr A2 éspah?f(ggh@@éar@ﬁ?l %g)gﬁlg% | )g%a[béz;rll%each R\Jrlﬁed protein
by SDSﬂ) AGE andiihar steisizony Iﬁl@eb ywter%wmdieweteq 4584 peptedn preparations

el SORARIAALSTY €L o B SR b i

Inmdemriig}nt wea¥ mmoravglahitbiead839 eXdiagoriind flidhasphatmisslon if tyrosmes
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ionic strength, proteins were incubated with sodium chloride. However no aggregation was

observed. In contrast to sodium, potassium has previously been reported to specifically promote



protonation of the silk proteins' carboxyl groups was
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aut hentic NR-regions, reveals that proteins closely
resenbling authentic silk proteins can be produced
at high yields. The bacterial expression system as
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cost-efficient industrial scale production of spider
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round cross section with a diameter of 4 pm(Fig
Accord?ncg’ tg))UveL}ékyFe?aaEEmtﬁnsic unfolding of proteins can be predicted based on their net
charge and mean hydropathicity. The net charge of a protein is used to calculate a "boundary"
hydropathicity. If the mean hydropathicity of the protein is below the "boundary" value, the
protein is predicted to be intrinsically unfolded (35;36). In accordance with the presented results
the repetitive sequences (QAQ)g and (AQ)); are bredicted to be intrinsically unfolded (Table 1).
Intrinsic unfolding of a protein means that interactions of the amino acid residues with the
surrounding solvent are more favourable than with amino acids of the same or other poiypeptide

chains. Accordingly, (QAQ)s and {AQ); are soluble even at high concentrations. In contrast, C

displays a hydropathicity slightly above the boundary value. While still revealing properties of



Protein foans (Fig. 7e,f) were generated from
sol utions containing 2.5 nmM ammoni um peroxodi sul fate
(APS), 100 pMm
wOr2065(0d8183 - bi pyri dyl ) di chl ororut heni un(l1) ( R¢aprod/dthoss
10% (W v) (AQ 24NR3 or 2%3%w/ v) CLl6NR4. The protein
solutions were frothed up wwth air. To stabilize the
resulting foam structure proteins were crosslinked by
mtnns&)ﬂﬂ?&lxﬂ‘dﬂﬂ&i ‘pﬁbtéihsﬁ irf¥rectiond Mct\ﬁéeﬁ%@yﬁeﬁﬁdbﬂcﬁd?ns Iaﬁnpect)f?ﬁng more
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the dragline silk protggl % K%lgw%hgﬁ)a%,%%ég‘g%}r{%dchﬂ%grgf ADF-4
Compa@?iirfaé:né spi der Araneus di adematus (see al so above for

further explanations). They chose these two different

protei ns based on previ ous observations that ADF-3

In corgmst aDEpaitys regibhs, AR -dowaide repredenty eslydd smhblayfraction of splder silk
solubility and
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assumgth ghat ot rblﬁhfd‘fumlysei%eda%aﬂm Fprthsiingarmmation atiost thslfcmmon of the
NR-dofin Wi (Rﬁﬁ]ﬁ'éisﬁrHéH inREgs Pl %gfe? gorp of }ﬂég@ﬁ dr&téﬁ? jpon treatment

proteins could also be~dire I SSO
with fagtossknowmgo indueeibe assenblynfsilk mO(tﬁ@ inofvopR edueing negatlve charges by

U i nfl uen of t
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di sp ed
the Nr{.\?ﬂéﬁ"i‘?"bn‘ﬁ{‘ i RRIFPEY ACY Z8MR35e 6r acidibertigr by (ice6) and the wekly
aggregdifly Oyt in b SrdtBf Wil s‘éﬁ_sﬁ?vffe fd'brotonation. Thus charge reduction of the

repetitive region and the presence of the NR-domain are required for efficient aggregation.
Similar results were obtained when phosphate was added to the protein solutions. Phosphate, like
other lyotropic ions is known to increase the surface tension of water, promoting hydrophobic
interactions (37). In the case of spider silk proteins it is likely that the addition of phosphate
initiates interactions between the hydrophobic poly-alanine motifs, causing the aggregation of
the proteins. Accordingly aggregation of (AQ);; was higher than of (QAQ)s which contains one
third less poly-alanine motifs than (AQ);. Cjs displaying the longest and highest number of



i ncreased a-helical content (Fig.8). 6.2 Film
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with | M potassi um phosphate resulted in the

The m@%\ﬁﬁsﬁxsbptﬂls%héﬂcleﬁgm tht vl ‘é}‘I g&s tfilg {3 %%e%fggfatus o%' the silk

Secondary structure To~Investig
proteifsy dpRrdoingins okaveheegor ditusd ntof rfdrxms d1slutf&ier bsdedndiaieys (38). Further

| nvesti.q ectroscao

oligonftrhEin b gl A8 1 BUERL S8 Sl (ot EF PSP senges reauired
for iniﬂﬂ&gm‘ggr@ado:ﬂ%mhms ai;sﬁmth@t boleen0otifidr@ tha- Bedur @ formation of
intermSRALENL 10). After -processing wwth I M

BS’F‘& SR c“grf?osphat e, films reveal ed spectra with a

single mninmmat 218 nmwhich is typical for a

(3-sheet. rich structure. Thus, the transition from
The prisang profein GREINSErpE 2ppinagte Whidhermbines isyythesier iepétisive dequences with

authen&® NIEF SRR, Qﬂfveglp?hﬁ %t@h@cﬁ n‘? #91%[161%%{1{}1?& T{) %rgg:ms can be

a-helix to (3-sheet
producefheat dighnyiskds. Shabiabierigl, epidssion wsten crspedlbds the Sirle and cheap

pr e S RT3 By s v
scale ﬂ!xoﬂ&ctlpnmfesméeraslmel PRIl aaeased thé i pré@ntOftudies, the molecular
R N AN R

knowledilg,s sequied fon agifnilg ﬂ%&rﬂﬁﬂgt floepaatifom T&io%b‘frﬁﬂpf)&?e%se and for
hem cal, stability Ims is identical to

gamm%?e"f PasHals rﬁ%rrhlfrfﬁchafﬂ&aﬁél@ad QWG'CQ’S%WHQGS ADF- 4 and
that of natural dragline silk. Previous studies

correl ated assenbly properties and stabilities of
Assemplysof spider sill derivedmaateins

The following experiments were performed to demonstrate that proteins derived from spider sitk
sequences ADF-3 (SEQ ID NO:1} or ADF-4 (SEQ ID NO:2) can be assembled into
morphological distinct forms. Proteins (AQ)4NR3 and C);NR4 were constructed, produced and
prepared in aqueous solutions as described in Biochemistry 2004 Vol.43 pp. 13604-11362. If not



directly with the am no acid sequences of the silk

proteins. It therefore can be concl uded, that

properties of spider silk filns can directly be

wodisive®ds by altering the primary structure afcrigieosnoress
silk protein via manipul ati®n of the corresponding
silk gene. 6.5 Filmnodification Many applications of
roteipn fi,lns, require the pr nc .specific .

other i e, PPist” Sfifs' el THL R et Py oyl gminomethan
(Tris)gidst rate, that our spider silk protein filns can

be nodified with small organic nol ecules as well as

bi ol ogi cal nacronol ecul es Iike proteins, the
1. SpHefdsonmophor  fl uorescein and the enzyne

(3-gal actosi dase were chem cally coupled to processed
Proteipghorss| digplayimeedianeieps| rhnmingbgiweashi- & wedl 2 byn 6L 78)avéragenerated by

ddinSb&f o S -.C16 using
adding§ gt@%ﬁ"@?@%%ﬁ%@nﬁ %@fgﬁf&“&%bodi i m de (EDC)
(for details of the reactions see suppl enentary

2_ng%%g%ial i ndi cated below). The filns were then

ated with ethyl enediam ne | eading to the
Nanofitoilndispleying iadrteaanba@eenh? ahé ABind (Fig. Ti)6LerafdriRd %g@h’cﬁlbating a

1% (R b Sl A e, %%E%ﬁgggg%% |y WO 2006/ 00816

fl uorescei ni sothi ocyanate resulting in the efficient
_coval ent |inkage of the fluorescein (Fig. I 1A via
3. Migrofihsds | on of a stable thiourea derivative. Simlarly,
For thieT6Ma0h UF RitroiBril™ aGhQRIHasssy, Y - RRE bl
_ér Cle films Ied#ﬂbnthe fo?ﬁation gﬁha i§g§%§%~§% e@gé%?FSk“wy
mjectedaniodkYM pptessivs: pifospl@kepRd, foriningraystaiie drep of erotein folaion. After

. S i . - gal [ whi ch
a8 8503 o 9 9R0 1000  ly E up. Aes

enzy
additioabincutgtiod tiswol 1 midixf aied pfotdinibril( Gulitdead?4vas @SR protein drop at

arae 8 gt 5 S5 s SV ahes T il isplaued a ound cross
sectio, Withsald)aniSeraf 4 stb@ig #,®. (Fig. 1 | B). 6.6 Concl usion
Herein, it could be denonstrated that protein filns

can be obtained fromsynthetic spider silk- proteins.

4. Foahge filnms, which initially were water soluble, can be
processed with potassium phosphate |eading to

Proteifpans i(Rigol Tgd) Iwary agherated | som sedijtons reginiegd®t niMr ammonium

peo B RORES 80 B0 PRSI Er SAFT o) n 04 o

(AQ):NRH d1% c:v/szpfaurllutsufTh?(pmmmomtms rga@gcﬁﬁl:]esi uphwith 4R o stabilize the
.preperties o e filns ar ased on the prijnar

resti PR BT mpled e et &b on i 1l T gpmpagunesin

lamp fb0] geim @itradoeols PNKSN09S RoNss sheu20f6enm). Foim®weieSbRYhdAby dried at
specific properties. Since different functional :

93°C. ol ecul es can be covalently attached to the films
surf ace,

5. Gels
C16NR4 nanofibrils at 1% (w/v) concentration displayed 2 gel like appearance which easily could
be disrupted by agitation or shearing. To improve the mechanical propertics of the gel APS and

Rubpy were allowed to enter the gel by diffusion to yield final concentrations of 10 mM APS



a great variety of technical or nedical applications
can be approached in the future. 6.7 Supplenentary
materials and results Preparation of protein
wBQbisiobs1es Protein production and purificati QrMBSes00796s
performed as descri bed pre\‘/3 ously. To obtain aqueous
sol utions of (AQ 24NR3 and“Cl16, |yophilized protein
was di ssolved in 6 Mguanidinium thiocyanate at a
and 10DQRE Rﬂbﬁ)ﬁtﬁkﬁéﬁ ight #HAubg Fbsshking Ydee %e&%ﬂu)ydlﬂ'e@élé%ﬁiﬂ stable gels
agai nst mM pot assi um phosphate pH 8 Aggr ega
COUIdWe?béﬂm@rfﬁtgeag)oy sedi nentation at |5, OOOxg for 10 m n
Protein concentrations were determ ned
photonetrically in a lcmpath | ength cuvette at 276
6. Filmsm usi ng cal cul ated extinction coefficients of 73950
IvFlcm'l for (AQ 24NR3 and 46400 MIicm 1l for Cl6.
Al ternatively, |yophilized silk proteins were
6.1 Sehib&st}ita/ﬁdpﬂﬂiefﬁlktﬂrmeirﬁ hexaf | uor oi sopr opanol (HFI P).
In ord WO 2006 1008%63 PCT/ EP2 05/ 007968 42 Seconda
n ordeIP Fett TS dRQ RIS LRF BY% 8xthetic §il '&rﬁ’r%?@?n ((\ij4NR3 and Cie,
which SRe€drivad \BRRE tHbdragI R iSHbEind APSG QmZ]@DF-él from tge garden spider
ctropol arimeter (Jasco International Co.
Amne#dﬁ grtsmal 4 865) alsosplerveriar Bmh%wbanéncmsbﬂémm§hmrtéeaear«ermfferent

proteind bad B %eﬁf'ufhs oﬁ%ﬁﬁg ﬁﬁl{ RB of an%qgffp g/amveh ? H@Avan{reﬁ display

pot assi um phosphat e
a marlqeéiﬁgcilfferqmabqhmmvee@aehrm Somﬂ@y =t rasswmgu rAqvgcnisl éoﬂlm,ons of both

vt 8, B B 95 IR0 M LR HEES s

and suﬂme(]lImEre@DVMHEfShH sieinyt dialFidanpaiispe v Yilsbu?@r Suthk B.mM potassium
set to S

prospi e e bR oaroRons e b8 Gume aburiondga, Measuring

circulaFdikio BRAIAD) GabtddEin Solufionstvaatd afdifidreia 1 eRegtdbfithe Qﬂo6solvents on
filmsurfaces Filns were f’)r epared by spreadi ng 15
secondary stipeture. 4 agsopgy APt Both prafEippdisplayeden BH-tnsrtnen vath a single

miniméftat ¥olalel Bl BelodA0BMnEWARAY; ?Inki&ﬁ‘tw%foflél:xjng’ nly! tahdBin Y618 protein

i ncubated for 5 mnutes wth M pot assi um
(Fig.8)plasepist dhe mﬁ@t@rofrmﬂswrn@mmm HFWadleqiqyed anbmnymuglram a@s— 202 nm

and an%@?ﬁfl?rﬁo ?’Bﬁg‘f T g@@ 42%3 4 hgaﬁll(%}) E\%P (%gfn %hcg _1501’ndlfbtbve of an

increaspdvii-helatahgdntedy (Hg.8di met hyl ami nopr opyl ) car bodi i mi de
(EDC) and 20 nmM N hydroxysul fo-succi ni mi de (NHS).
Subsequent |y et hyl enedi am ne was added to yield a

6.2 Filthifgradatieoncentrati on of 500 nM After 2 h of
i ncubation filnms were thoroughly rinsed with water.

Films wqry, g5t gn RO RIS SPGB AR GRSt Tof G Thespurements) from HFIP

solutions containing 2% w/v protein. After evaporation of the solvent, (AQ)»4NR3 and Ci4 both
formed transparent films that could easily be peeled off the surface (Fig.9 and data not shown).
Assuming complete evaporation of the solvent and the density of the protein film to be identical
with the reported value of 1.3 g/cm® for spider dragline.silk, the thickness of the films was
calculated to range from 0.5 to 1.5 um. As-cast (freshly prepared) films made of either protein
dissolved upon contact with water. Since water insolubility is a prerequisite for most applhications
of protein films, the inventors looked for a processing method in order to render films insoluble.

Potassium phosphate has been known to induce aggregation and formation of chemically stable



ng/ M fl uorescei ni sot hi ocyanate in 100 mM sodi um

carbonate pH 9.0, followed by rinsing with water and

air-drying. 2. Coupling of (3-gal actosidase to C16
whiz2oéBrossi6s aces Filns were prepared and acti Vaigakp3susnoross

descri bed above. After 15 mon of incubation wth EDC

/' NHS, films were rinsed with water and subsequently

i ncubated for 2 h with a solution containing 100

structyseyy ¢ff the 3mglayad sidjs pepdgies. Arcondingly? PoFessig (inubitingPof as-cast films
with 13»}?0{;%11}?910 %)ﬁ’ﬁec‘)esul‘?gdtﬁ the LIOH rﬁ&ggfhﬁlh?%tgg vb%{r msoﬁ%le state.
enzymatic activity was este t
(3-gal act osi dase assay (3-gal actosidase coupl ed f| | ms
were | bated for 16 h at roomtenperature with a
6.3 Segooqdm?’l %HL{ Cont ai ni ng 100 nmM sodi um phosphate pH 7.0,
To inlddtigdvd piod siswdmuia plopetied@f the pbtamoRian] Wvir setbhdirg surbQure was

. mM ( 3- ner capt oet hano

*“"eSt@a‘Bﬁg g}‘rg%ZLSPEFFF‘&F‘B’J’?, Sﬁaﬁqﬁ’ins (%’gﬁﬁ’rq B SRS B Y o gighma at 208 nm

and Zﬁom&cau\é@o@ﬁl@ﬁ QORESA Bl EPRO0S/ AR %ﬁﬁessﬂ% wﬂr 1M potassmm
Addi ti onal rogels The repetitive part of IS

phosplsh &ifras reyeaé@sf-/ﬁpe@évdwwf a gingle ﬂgh@%ﬁ%ﬁvwlmdpgéymmwwr a p-sheet

: ' aw v a Th nvent

rich Sg‘{lcﬁﬁjﬁ. X’h&?htg«g? %g?%ﬂéﬁb té?ls‘&aér{dgoc]il% nﬁtﬁnedg%tﬁelr&sgngéa’é paralieled a

convenyivd wif Ghetpestant s&ondBSIAKAANRAASCRGEYEBENGESRSGPCGY GPGGP)
(SEQID NO 5), which was nultinmerized to obtain the
rep-protein Cl6, which will result in a protein of a

6.4 Cheml@rshmlitymass of 48 kDa. Cl6 silk gene was expressed

inthe E. coli strain BLR [ DE3] vage . Cells were )
To tesgﬂ*swﬁe%al stepiditynflims ese exRasbioah sugnidprs hgdrochloride
and 6 M"Et%fdxrﬁﬁl'n"ﬁhzb ahat@ M st B, (AlsSQRrRRY ot bg’th?i"oteins as well as processed
t hi ogal act osi , cells were shifted to ?

films Q{dAIRNRY e?sqr@@pidﬂp &y thgsesdenafurastsofn gontrestt nr@wssed:fems of C4 could

oy YB3 5 550 A O i
identicgl E)Sld:hi\/@’d‘edmnkﬁndwtlgmmﬂmtam anrhasstriioied AMH-¢ aﬂcﬁdﬂﬁ@\hatura] dragline
ef.ore _d
sitk. RSB v FeRE b PPl ok By LBk Rt Bhsetres -
dlrectlﬂ_t\hlntlfx%gaﬂm@ ackdseqdbnogs of &llﬁckilkgtﬁ?otgmﬂﬂt tHeRdors Qlla:hl Bt @oncluded, that
Sl teLns, were 0 I ze riQr to analysi
properf e SIF Dot AP barRaieg Ry Arive We AWK ructure of the

silk pré©inl \eyRanipYlatindd e & indf sliPpMeTris / HC .
Aggregates were renoved by sedinentation at 125, 000xg

for 30 mn. Protein concentrations
6.5 Film modification

Many applications of protein films require the presence of specific functionalities on the film’s
surface. In order to demonstrate, that our spider silk protein films can be modified with small
organic molecules as well as biological macromolecules like proteins, the chromophor
fluorescein and the enzyme P-galactosidase were chemically coupled to processed C¢ films. The
coupling was achieved by activating surface exposed carboxyl groups of Cys using 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) (for details of the reactions sec supplementary
material indicated below). The films were then incubated with ethylenediamine leading to the

formation of an amide. The remaining free amino group of ethylenediamine was subsequently



were determ ned photonetrically in a lcmpath I ength
cuvette at 276 nmusing cal culated extinction
coefficient (40). Cl6 self-assenbled into nanofibers
wolososept rati ons between 5 and 30 ng/ nl  af t¥ddifsnoress
addition of 10 %wv of mgghanol (Fig. 12).
Strikingly, at the concentrations used the nanofi bers
led to the formation of fiber network representing
coupleﬂy@l ﬂgg@tcmms@ﬂrﬁodyynht@@elhlsng outhe effant yoxhhnﬂlhrﬂcﬁgﬁ)tlﬁﬁﬂe BMorescein
e nmechanj ca

T
(Fie. B 18 RS T REVganoummasTalre SuPUsBOFIPRn of p-galactosidase
with ED&RPRtivaed @, THins(18d % th@'f@bfﬁdtl@ﬁlo}” ‘Ahﬁcﬂ:l 158}1% Uétggc?f } cant ok? groups of

éRub py) were allowed to enter the gel
Cis ang grijfag] gmiphae. done bsing aesidies) oftp- a@aqwndasswhnu WeDORIkssible at

the enfHRPY surfle. ﬂﬁtﬂgﬂ%@%ﬁsﬂ B! d¥sulh %%ldﬁ'egelll%s ‘3 éﬁl?ct?mdaﬁ]e activity

were crossli y exposrtion to Vi Sl ol e
~ could e deimged ewsingarfpbrowp-4-chidrn-3Cinigly [-FDygal &3)pyrantyide (X-Gal) as a
163 PCT/ EP2005/ 007968 44 Dynam c rheol ogi ca
mmﬁﬁ%%@@% gﬁénts of the crosslinked and non-crosslinked
hydrogels were performed using a Physica MCR 301
66C:m‘t a 25 nm Pl ate-Pl ate geonetry. The gap between
opHEsion pper plate and t he sanpl e dish was set by first

HereinM\Wolld Beh@emtppedtedtial Brodddld Hdnt 0Bt 8d szammmﬁab@m%eh@ Spider silk
surface of the sanple. The upper plate was | owere

proteing.e The dlipy Which ﬁlmaély Wi Yater ﬁ@lﬁm@op@m@etm@eﬁ@dnﬁim potassium
phosp}i‘afér Eﬁdﬁ@@o WAk HhORBAMY Ahidh s Mnfaj (ﬁoiregigl;errg ﬂ{ b rﬂgqy applications.

After finding adequate gap SI e sa
Compatnﬁ@n ohihsl dhemigal stabilibes efdfilms @ade fiomame different synthetlc splder silk

proteind ShOLAR! QMY Prbherd AL Thins L S8 BUH PEALED 380 8re of the

con ant va nan1c rhedl ogy
protemweﬂalsp&rvﬁtﬂrhvambsabiertocy&nﬁrmdk ammlas lﬁ;at &qrpi mnﬁgmép}aymg specific

const an S
proper g S HnER < RBritel MAlsSRER B pecanaPub 4o e giedis surace,
a great Vo @ 0f fea}tm@m &r thadigdl Bgplfcaiéfs can b@aﬁ’p@o%ﬁéﬁh the/¥alre.

i mges of the dried hydrogels indicate that the

nanofi bers are approximately 3 nrn in dianeter and

appear to be semflexible, with a persistence |ength

on the sane order of magnitude as their length '
6.7 Sunplsmganiasy waierialyng reseltst he nanof i bers al so appear to

l%fmeﬁngﬁﬁnﬁégg&ﬁﬂoﬁ}rUCthe Fromthe AFM i mages it

cou etermned, if the branch-1like
Proteingirodustion end amra’lqahyas wea perfdomad ek elgscribed mhtopﬂjf YTebbtain agueous

f nof | ber SSmlar . .
sohcios, B (AP BRE M Srd> BV IR ek S RoR o g Bippidiniom
thiocyanste anb icowitr4ibe df R0 aeE/mS bhk sub[@é@kﬁtl y’ldldl@ﬁ&ﬂ&gfafn@tt 53§1M potassium

astic behavior. stress is applied
phosphatﬁéaiﬁggclg@rggﬁtqs CVREG EETR0Y %y sedimentation at 15 (PO%XB for 10 min. Protein

concentrations were determined photometrically in a lem path length cuvette at 276 nm using
calculated extinction coefficients of 73950 M'em™ for (AQ)24NR3 and 46400 M'em™! for Cis.
Alternatively, lyophilized silk proteins were dissolved directly in hexafluoroisopropanol (HFIP).



networks the strain changes slowy with tine and is

proportional to the applied stress. Figure 14 shows

the stress/strain behavior of the crosslinked and

wohswofss! | nked hydrogel s at a concentrati girifpachQ00796s

ng/ M. The non-crosslinked , 16 sil k hydrogel has an

initial shear nodul us of.§ Pa. However, as stress

is increased the non-crosslinked hydrogel shows a
SecondFRBucnfehahig®E i on response to stress, and after a

strain of 20%the response is relativel¥ linear. Wth
Far-UY fiscalgs disgrodsm €SB) sprstra eterp pRiained tusinges Jasee dé$ epestropolarimeter

L aj % A Sy I e :

(asco 40 el 28 ol P b FRARCS oY iR werp kgt 2 proten
concerittaom 0fi 2060 pg/siliinkedM pisessiunephwphae (1Hh&.0) or H3P imk&d cm path.

engts APk 203 P B AR 02 VBt i
HFIP @ad sptepll bhaspisih q@alzqies of & reai? andfair3Pie B 006hR8EH/3nt. Scan
PCT/ EP2005/ 007968 5 nam c .vi scoel asti c .
speed W%%é‘ﬁl“@ MRt %ev&rzetwédﬁr?o%emg@rlmak@a Was Beio hepndpand wifith was 1
nnLFﬁ@r&ghya@ﬁ”W@@gggntration of 20 mg/ M reveal that the
storage nodulus (G ) and the | oss nodulus (G') are
very dependent on the oscillation frequency (co) in

Film m&ifcddds hi gh w and | ow w range (Figure 15). The
net wor k denonstrates vi scous behavior at | ow

1. CouphirgpidhwiesseinrdC el sidadeehavi or at noder at e

. i i r , Hz, 0 rved
s ESSUBIEUES bl SLOTIVTr3h APl PR BBEENGRor e
well phatr Adier eviparugjbe df pEIR; fams metanpickbataddfon Stmisutes wéth 1tM potassium

what, woul d be .expected.froma liquid, crystalline )

PhosPHEKT A0 BSipE )Y CBEES FROPTYT STolps me arthatefl Ragebesen for 15 min
with 190! seMydmegeiphalis®etihfeplitmse Gyl YMES)VpECOO] 260 ineM  1-ethyl-3-(3-

. behavior that is much_different than that which is
dimethylasunqreepyliqarbpdinaide iED4D | 4pdcfO gaM Adeirewygplficginimide (NHS).

SubseduBh@HERYIERdiamibl Wak fidel & PERAVAR cScehBRion of 500 mM. Afier 2 h of
non-crosslinked fiber network, the storage nodulus o

incubatipre fimsowere ithireuphl ¥ finsed withtweatarkFinglhn ddms wersonabated fertl h with 1
| ' - ' f, i . .
ol b AUELE B TR\ lrhE oI RBO 8 i wi

water aldrmoAByngt es a hi gher storage and | ower | oss nodul us
than . that whjch i seryed in the non-crosslinked
2. Conp{ Bk kBRIt G PBRSEHER. t he st or age modul s of
Films WBR prépassd driakRevAi¥HAO@RErited aBbe) A tick 18 Mih RAtincbatioh sziah EDC /

non-crosslinked network for all concentrations teste
NHS, félp}sgmr%ng@}} withoygrend SW@W@@I’ wp@atqdn@r 2 §vyfhaywolution containing
' Sii d ssld
100 pEBE bl os b £ TN U L MV ERBERET S B Keg) (rBS). Afir
thorouglclidigewein 8BRACazymatid deavicas as wofted oross Ifilm kkedack] near
sem fl exi bl e bi opol ynmer networks, where the
persistence length is larger than the nesh size, the

B-galabSiia@assdul us of the pol ymer

B-galactosidase coupled films were incubated for 16 h at room temperature with a solution
containing 100 mM sodium phosphate pH 7.0, 10 mM potassium chloride, 1 mM magnesium
sulfate, 50 mM B-mercaptoethanol and 2 mg/ml 5-bromo-4-chloro-3-indolyl-B-D-
galactopyranoside (X-Gal).



network is expected to have a dependence of [c],
which is close to that of the crosslinked Cl6 silk
hydrogel . In the case of linear semflexible
Wblzgﬁ%bgﬁ@?r networ ks that are ent angl ed but 'i'@tl‘/EP20051'007968
crosslinked, the storage nggulus is expected to have
a nmuch | ower concentration dependence of [c]. Such a
dependency has been shown to be valid for other
bi opol yners such as F-actin, but does not describe
t he dependency of the non- crosslinked silk hydr ogel .
7. Addifipral hydsegelpancy coul d be explained if the
branch-1i ke structures observed in the AFM i nages
are real physical branches in the pol ynmer networKk.
The reifttiiivsmmt afjADietlisl geserally eotpeaertffedsingle nbrislesae'd Ioépeat unit displaying

only s@g y\gaﬁ%’?(g}es]t @ﬁé E%‘%g%l(ﬁsgﬁ%rsblgéf &E%ﬂ var\lleg 1Ops an %%831%1'5-:(1 One ¢onsensus

T e 08 oL Fey, oo Dorhas L 2
yner. networ 163 PCT/E 5/ 007 4

which s RENMHEGEY aRE™ fgo TeBgyP eiAt @ei ¥t SIS 1hia protein of a

mokmﬁﬁgﬁ%ﬁgg4§pggl of a branched seniflexible polynmer
networ k. However, the storage nodul us scaling

behavi or of the hydrogels can not be expl ained

W Ll E P
Cu 155 U BEn [ BTV 2 LU [9EJP NG BEGRPERN g oo o
37°C @008 /m)gi8m6 30 RCTHER2 6053 W%&ndim?ion TABL E hMSHITEL (leapropyl-6-D-
thlog,a}%ctgp § E:elf:“sls";ke% sh%%f 2& tE)?SL elélls L&reg? %ﬁ%ﬁ%ﬁ%kﬁm g %Eitllc 1on,

C16NRDF, DF A AQL2 ie R3 R4 R3 R3 4 nol ecul ar

s prefgoay pgtied o dgsciibed i ipeifich & 61,007 Hellis o5 Bty washed with
§ M uded 200 dR4d8 KO0 gdhdfinil®2BiodyHhal (BALSUNY RN dlaiydis against 10

Mcm i]6 charged anino acid
mM NH4HCOs. Precipitates formed during dialysis were removed by sedimentation at 50,000xg

for 30 min and the remaining soluble silk proteins were lyophilized. Prior to analysis lyophilized
protein was dissolved in 6 M GdmSCN followed by dialysis against 10mM Tris / HCL.
Aggregates were removed by sedimentation at 125,000xg for 30 min. Protein concentrations
were determined photometrically in a lem path length cuvetie at 276 nm using calculated

extinction coefficient (40),

Ci self-assembled into nanofibers at concentrations between 5 and 30 mg/ml after the addition
of 10 % w/v of mefhanol (Fig. 12). Stirikingly, at the concentrations used the nanofibers led to the
formation of fiber network representing hydrogels. C4 hydrogels could easily be disrupted by
agitation or shearing. To improve the mechanical properties of the gel ammonium
peroxodisuifate {APS), and Tris(2,2-bipyridyl)dichlororuthenium(ll) (Rubpy) were allowed 1o
enter the gel by diffusion to yield final concentrations of 10 mM APS and 100uM Rubpy. To
gain ci.imf:nsiomllljr stable gels proteins were crosslinked by exposition to visible light from a

tungsten lamp for 1 min (IV) (Fig. 13).



residues 0/0 0/0 O/16 2/2 2/2 2/2 2/2 2/18 /2 2/6 s
(positive / negative) rand average ol ydropathicity
1.252 0.987 0.464 .401 0.438 0.918 0.710 0.294 6:628_
wbgmmmglﬁg, GRAVY) " nornalized ydr opat hi CI ty %T%Pg&;,ﬂm%s
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diameter and appear to be se:mx&eyzlb]e, with a persistence length on the same order of magnitude
as their length (Figure 12). Many of the nanofibers also appear to have a branched structure.
From the AFM images it could not be determined, if the branch-like structures are physical

branches in each polymer fiber or are a result of nanofiber bundling.

Similar to most concentrated polymer networks the hydrogel of recombinant Cs spider silk
protein demonstrates viscoelastic behavior. When a stress is applied to the viscoelastic Cq silk
networks the strain changes slowly with time and is proportional to the applied stress. Figure 14
shows the stress/strain behavior of the crosslinked and non-crosslinked hydrogels at a
concentration of 10 mg/ml. The non-crosslinked Cis silk hydrogel has an initial shear modulus
of .38 Pa. However, as stress is increased the non-crosslinked hydrogel shows a higher
deformation response to stress, and after a strain of 20% the response is relatively linear. With
increasing stress the network continues to deform until a strain of 90% is reached, where the
non-crosslinked hydrogel ruptures and flows. Unlike the non-crosslinked fiber networks, the
crosslinked networks show a linear viscoelastic response over all strains, has a much higher

shear modulus of 820 Pa, and ruptures at a lower strain of 30%.
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sequences,
Unlike the behavior of the non-crosslinked fiber network, the storage modulus of the crosslinked

fiber network is nearly constant at all frequencies, except at the highest frequencies tested. The
crosslinked C silk hydrogel also demonstrates a higher storage and lower loss modulus than

that which is observed in the non-crosslinked network.

As would be expected, the storage modulus of the crosslinked hydrogel is higher than that of the
non-crossiinked network for all concentrations tested (Figure 16). However, unexpectedly the
storage moduli of both crosslinked and non-crosslinked networks increase with concentration {c]
and have a [c}’ dependence. In the case of crosslinked lincar semiflexible biopolymer networks,
where the persistence length is larger than the mesh size, the storage modulus of the polymer
network is expected to have a dependence of [¢], which is close to that of the crosslinked Cj¢ silk
hydrogel. In the case of linear semiflexible biopolymer networks that are entangled but not
crosslinked, the storage modulus is expected to have a much lower concentration dependence of
[c].-Such a dependency has been shown to be valid for other biopolymers such as F-actin, but

does not describe the dependency of the non-crosslinked silk hydrogel.

This discrepancy could be explained if the branch-like structures observed in the AFM images
are real physical branches in the polymer network. The storage modulus of a branched
semiflexible polymer network would be expected to show a concentration dependency between

what would be expected for the crosslinked and non-crosslinked polymer network.
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¢ Molecular mass of engineered proteins includes the T7-tag.
® Extinction coefficients were calculated according to Gill & Hippel (23).
¢ Charged amino acid restdues refer to silk gene sequences only; T7-tags comprise an additional
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450 455 460 dAdn dy Pro Gy A@n dn dy Pro Gy A@n
Gn dy Pro dy An Gn 465 470 475 480 dy Pro dy
GndAn dy Pro Tyr Ay Pro Gy Ala Ser Ala Ala Al a
wodBocifed9> Ala Ala Ala Gy Ay Tyr Ay Prg,
Gy%ﬁn Gn dy Pro Ay 59 505 510 Gn @& nc@ﬁﬁz@%ﬁmwss
Gy Gn dn Gy Pro val Ay @n dy Pro Tyr Ay 515
520 525 Pro Gy Ala Ala Ser Ala Ala Val Ser val dy
Gy Twrak@wg, Pr and@ imaSBor, 53 H. FUEBS) FbeorHart pBecin Ablabifityy Methods
Val er Ala Ala Ala Ser Arg Leu Ser Ser 545 550
E"’ym%/aéjélégﬁwo Ala Ala Ser Ser Arg Val Ser Ser Al a Val
S8r Ssporet) A/AlndeerE. SGfosk/ b., AbWsIRR0R/ Q@Bd}&ﬁ’onsewed c termini
PCT/ EP2005/ 007968 56.Ser Gy Pro %Egr Asn A n Ala
of SpigPSSHE KNPy the T upullpy slond anhactane! iydhe sék thread,
BzomagoﬂoM@z!tiessgrSIﬁ g4s5er Asn Pro Gy Leu Ser Ay Cys Asp
Val 595 600 605 Leu Val Gn Ala Leu Leu Gu Val Val
88r AKata.ely apdl Doglittle) & Bu(19830 A6 san@poncthyd der diplaying the

' i 59 YA Ser Ala A n Tyr
f . B
hydmpg%gc %%%C%é @ff%tek‘{rﬁrﬁép (M 1 qu (? y @n Ser Val Ala
@On AHaeciegrigh,aD64%18€50C. W21©S€h213m21J1a>R6¢01ph, R. and Scheibel, T,
(2004) Primary structure elements of dragline silks and their contribution to protein solubility

and assembly, Biochemistry 43, 13604-13612.



<212> PRT <213> Araneus di adematus <400> 2 Met Al a
Ser et Thr Ay Ay An @n Mt Ay Arg Ala Ala Arg
Ala 1 5iD15 dy Ser Ser Ala Ala Ala Ala Ala Ala

wol BocaRsissd Yy Ser Ay Ay Tyr 20 25 30 dy Pr 1@1‘%0(@7‘%6’7968

<110>

<120>

<130>

«140>
<141

<150>
<151>

«160>

<170>

<210>

«<21il>

<212

<213>

<4003

Gn dy Pro Ser Ay Pro Vai3 Ala Tyr Ay Pro Gly

40 . 45 dy Pro Val Ser Ser Ala Ala Ala Ala Ala Ala
Ala Ay Ser dyskPouencbQiblMg0 Ay Ay Tyr Ay Pro
GQu Asn Adn Ay Pro Ser Ay Pro dy Gly Tyr 65 70 75
80 Ay Pro Gy dy Ser Gly Ser Ser Ala Ala Ala Al a

Ser Ay Pro Ay Ay Tyr Ay
Pro"gsaéh %&%5:%15? *8er @y Pro 100 105 110 Ay
Ay Ser Gly Ay Tyr Gy Pro dy Ser Gn Ay Pro Ser
Ay Pro 115 120 125 WD 2006/ 008163 PCT/ EP2005/ 007968
SRecapiinahy sBiderSerlkAbectAlze Ala Ala Ala Ala Ala Ala
Ser Ay Pro Ay 130 135 140 dy Tyr Ay Pro Gy Ser
Gn dy Pro Ser Ay Pro Ay Ala Tyr Ay 145 150 155
16Q;.FPro Ay Gy Pro Ay Ser Ser Ala Ala Ala 5er Ay
Pro Ay Gy Tyr 165 170 175 dy Pro @Ay Ser A n dy
Pro Ser Gy Pro Ay Ay Ser Ay @Ay Tyr 180 185 190

UsS 60/590,196
2004-07-22

55

PatentIn version 3.1
2

653

PRT

Araneus diadematus

1

Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Asp Pro Asn Ser

1

5 10 15

Ala Arg Ala Gly Ser Gly Gln Gln Gly Pro Giy Gln Gln Gly Pro Gly

20 25 30

Gln Gln Gly Pro Gly Gln Gln Gly Pro Tyr Gly Pro Gly Ala Ser ala

35 40 45

Ala Ala Ala Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly Gln Gln Gly

850

55 60

Pro Ser Gln Gin Gly Pro Gly Gln Gln Gly Pro Gly Gly Gin Gly Pro



o Gdy Ser Gn Ay Pro Ser Ay Pro dy Ay Pro
a Ser 195 200 205 Ala Ala Ala Ala Ala Ala Al a
a Ser Ay Pro Ay Ay Tyr dy 210 215 220 Pro
159N Gy Pro Ser Gy Pro Ay Ala Tyr
y 225 230 235 240 &ro Ay Ser b5er R 00rses
y Pro Gly Ay Tyr Ay Pro Gy 245 250 255 Ser
y Pro "Ser Ay Pro dy Al a Tyr Ay Pro®@y Qy
y 260 265 270 Ser Ser Ala Ala Ala Ala Ala Al a
Wy B4 sk yr1Br MaChya Ghy al¥ra1a2dly @80 ¢8%;,d Yy Pro
n é&n Ay Pro Ser @y Pro Ay Ay Byr ny Pro
0 295 300 GIy Pro GIy Ser Ser Ala Ala Ala Al a
2 Gg‘é a1 305 310 315 320 dy Tyr

i & ¥red sré}%%ar%vo ¥ &y vl Tyr
5330335 Pro y Gy Pro Ay er Ser Ala Ala
a Ala Ala Ala Ay 5er 340 345 350 Ay Pro-dy
rTy a Gl 2Px 216l MaAsTe Gy o WsRralySefo Gy sBE0 Gy
555360 365 Ay T® Ay Pro Ay Q2 Ser Ay Ser Ser
Ala Ala Ala Ala Al a AIaV\D2006/008163

1y IRCHLERR00R] Q07908 30,870, 218, 30 Al dube B O

390 395 400 Gly Pro Ay Gly Ser Gy Ay Tyr Ay Pro

Ay Ser dn dy Pro Ser
Ala ser Ala Ala Ala Ala Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly
145 150 155 160

< ¥ o<<
P>

g0t

&5

'UQU)Q%EQQ

[9]

ca’E'kmca%

Tyr

NPRRQQQ

Pro

_U"‘i
e

&> 0
q;(‘ﬁ’ D < <o < <
2

Gly s

w

Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Pro Tyr Gly
165 170 175

Pro Gly Ala Ser Ala Ala Ala Ala Ala Ala Gly Gly Tyr Gly Pro Gly
180 185 130

Ser Gly Gln &ln Gly Pro Gly Gin Gln Gly Pro Gly Gly Gln Gly Pro
185 200 205

Tyr Gly Pro Gly Ala Ser Ala Ala Ala Ala Ala Ala Gly'Gly Tyr. Gly
210 - 215 2240

Pro Gly Ser Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln
225 230 235 240

Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala Ala
245 250 255

Ala Ala Ala Gly Gly Tyr Gly Pro Gly Tyr Gly Gln Gln Gly Pro Gly
260 265 270

Gln Gln Gly Pro Gly Gly €ln Gly Pro Tyr Gly Pro Gly Ala Ser Ala
275 280 285

Ala Ser Ala Rla Ser Gly Gly Tyr Gly Pro Gly Ser Gly Gln Gln Gly
280 2885 300

Pro Gly Gln Gin Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gily Ala
308 310 315 320



405 410 415 dy Pro Ay Ala Ser Ser Ala Ala Ala Al a
Ala Ala Ala Ala Ser Gy 420 42S 430 Pro Gy Ay Tyr
Gy Pro dy Ser An Ay Pro Ser Ay Pro Ay Ala 435
wédostiddss TYr Ay Pro Ay Ay Pro Gy Ser Serpﬁlﬁzdﬂsﬁm%s
Ala Ser Gy Pro Gy 450 455 460 dy Tyr Gy Pro
Ser An Ay Pro Ser Ay Pro Gy Ala Tyr Gy 465 470
Ser Alj7R38E Abr Sy dly BroTy Friedre Sdy %raew glml a Al a
Ala Ala Af"a Ser Ay 485 380 495 Pro Ady*dy Tyr Ay
Pro Ay Ser An Qy Pro Ser Ay Pro Ay dy 500 505
Gln c1peSaly APgcl vidVire@y B0cH VparoGy EycBio Ay
Gy Pr@ Ay Ala 515 520 525 Ser Alazshla Ala Ala Al a
Ala Ala Ala Ala Ser Gy Pro Gly Gly Tyr 530 535 540

' Gn dy Pro ro @y Tyr dn
oy mgdfrery & TERs gy WHsTER0T 45 BE0UE SR Tyr Gy
Pro Ser Pro Ser Ala Ser Ala Ser Val Ala 565 570 575
Ala Ser Arg Leu Ser Ser Pro Ala Ala Ser Ser Arg Val
Ala ALGeylaSHy AlvaTyH80y 580 &90safakiSenn Sen digurMabiber Ser
37dy Pro Thr Asi’8y Ala Al a Val*8Ser 595 600 605 Qdvy
Ala Leu Asn Ser Leu Val Ser @ n Ile Ser Ala Ser Asn

Gin GlIE rGQy(%r)é 810613, 829, 22006008163, PCLLERZ0Qp( 007968

385 390 395 . 400

Gln Gly Pro Gly Gln GIn Gly Pro Gly Gln Gln Gly Pro Gly Gla Gin
405 41¢ 415

Gly Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Ala Tyr Gly Pro Gly
420 425 430

Ala Ser Ala Ala Ala Gly Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly
435 4490 - 445

Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gin Gln Gly Pro Gly Gln
450 455 460

Gln Gly Pro Gly Gln Gin Gly Pro Gly Gln Gln Gly Pro Gly Gln Glin

' 465 470 475 480

Gly Pro Gly Gln Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala Ala
485 490 4395

Ala Ala Ala Gly Gly Tyr Gly Pre Gly Ser Gly Gln Gln Gly Pro Gly
500 505 510

Gln Glin Gly Pro Gly Gln Gln Gly Pro Val Gly Gln Gly Pro Tyr Gly
515 520 - 525

Pro Gly Ala Ala Ser Ala Ala Val Ser val Gly Gly Tyr Gly Pro Gln
530 5358 5490

Ser Ser Ser Ala Pro Val Ala Ser Ala Ala Ala Ser Arg Leu Ser Ser
545 550 555 560

Pro Ala Ala Ser Ser Arg Val Sex Ser Ala Val Ser Ser Leu Val Ser
565 570 575



Ser

Val

Leu

Gly

625

Thr

Leu Ser Ay Cys Asp Ala Leu Val A n Ala Leu Leu GQu
Leu Val Ser 625 630 635 640 Ala Leu Val Ala Ile Leu
Ser Ser Ala Ser Ile Ay A@n Val Asn Val 645 650 655
wo%bosRBsic¥al Ser A n Ser Thr Gn Mt 1le Ser peripModnoross
Leu Ser 660 665 670 <210 3 <211> 24 <212> PRT
<213> Artificial sequence <220> <223> Mydule A
(ADF-3) <400> 3 @y Pro Tyr Ay Pro AyAla Ser Al a
ClA| BxoAlter Abra b R1AIZa@ep Gy Asd Thr I0elfer Jer vally Pro
Ay S8 Ay A n A n 25 <210> 4 <211>5%0 <212> PRT
<213> Artificial sequence <220> <223> Mydule Q

Se{f% Y?Ql Se Q%? SérQ.syt ?11’0 (ﬁ lexgsgr(élgl(gsy%%g nyenn
G n 20 <210> 5

Val Gln Ala Leu Leu Glu Val Val Ser Ala Leu Vval Ser Ile Leu
610 615 620

Ser Ser Ser Ile Gly Gln Ile Asn Tyr Gly Ala Ser Ala Gln Tyr
63C 635 640

GIn Met Val Gly Gln Ser Val Ala Gln Ala Leu Ala
645 650

<210> 2

<21i> 871

<212> PRT

213> Araneus diadematus

<400= 2

Met

1

Gly

Gly

Gly

Gly

65

Gly

‘Ser

Gly

Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg Ala Ala Arg Ala

Ser Ser Ala Ala Ala Ala Ala Ala Ala Ser Gly Ser Gly Gly Tyr
20 25 30

Pro Glu Asn Gln Gly Pro Ser Gly Pro Val Ala Tyr Gly Pro Gly
35 40 . 45

Pro Val Ser Ser Ala Ala Ala Ala Ala Ala Ala Gly Ser Gly Pro
50 55 60

Gly Tyr Gly Pro Glu Asn Gln Gly Pre Ser Gly Pro Gly Gly Tyr
70 75 80

Pro Gly Gly Ser Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala 2la
85 20 95

Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro
100 105 110

Gly Ser Gly Gly Tyr Gly Pro Gly S8er Glmn Gly Pro Ser Gly Pro
115 120 125



WD 2006/ 008163 PCT/ EP2005/ 007968 60 <211> 35 <212>
PRT <213> Artificial sequence <220> <223> Mydule C
(ADF-4) <400> 5 @y Ser Ser Ala Ala Ala Ala Ala Al a
er Ay Pro Ay dy 1 5 10 15 Tyr -
Wﬁlzngugﬁm% n Gy Pro Ser g Pro Ay Gy Tyr PgT)XEﬂ;épgmwﬁs
20 25 30 dy Ay Pro 35 <210> 6 <211> 942 <212>
PRT <213> Nephila clavipes <400> 6 Ala Cys Phe Thr
Ser Ala Val Ile Phe Leu Phe Leu Ala G n Cys Ala 1 5
Gly AlypeysSerchia g Apgralg Jlanplp @&y AlpSer| @lyAPee ASn Ser
BBro Phe Ser Asit*Pro 20 25 30 "A%R Thr Ala G u Ala Phe
Ala Arg Ser Phe Val Ser Asn Ile Val Ser 35 40 45 Ser
cly TyHdtyGude s& 1Al AyGR Y o a6 d,ASR P Asp
S PR B AR S o PR e e e
Met Ay Lys Ay Arg His Asp Thr 65 70 75 80

Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ser Gly Pro Gly Gly Tyr
165 170 175

Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Gly Ser Gly Gly Tyr
180 i85 180

Gly Pro Gly Ber Gln Gly Pro Ser Gly Pro Gly Gly Pro Gly Ala Ser
’ 195 200 208

Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Gly Pro Gly Gly Tyr Gly
210 215 220

Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Ala Tyr Gly Pro Gly Gly
225 23¢C 235 240

Pro Gly Ser Ser Ala Ala Ala Ser Gly Pro Gly Gly Tyr Gly Pro Gly
245 250 255

Ser Glin Gly Pro Ser Gly Pro Gly ala Tyr Gly Pro Gly Gly Pro Gly
260 265 270

Ser Ser Ala Ala Ala Ala aAla Ala Ala Gly Ser Gly Pro Gly Gly Tyr
275 280 285

Gly Pro Gly Asn Gln Gly Pro Ser Gly Pro Gly Gly Tyr Gly Pro Gly
290 285 . 300

Gly Pro Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala Ser Gly Pro Gly
305 310 315 320

Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro'Gly Val Tyr Gly
325 330 335

Pro Gly Gly Prxo Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala Gly Ser
340 345 350

Gly Pro Gly Gly Tyr Gly Pro Gly Asn Gln Gly Pro Ser Gly Pro CGly
355 360 365

Gly Tyr Gly Prc Gly Gly Ser Gly Ser Ser Ala Ala Ala Ala Ala Ala



Lys Ala Lys Ala Lys Ala Met G n Val Ala Leu Ala Ser
Ser
Ay Ay Asp vVal dn. Arg Lys Thr WO 2006/ 008163

WES%&EB%QQS/ 007968 61 100 105 110 Asn Val Iﬂ&%ﬁg@i@o.}%s

Ile

Ala 85 90 95 du Leu Val Ile Ala du Ser Ser

Leu Arg Asn Ala Leyg Met Ser Thr Thr

3[201258er Prg nGIuGIuPthaI Hs Au Val dn
AspLeuIIeGIn t 130 135 140" Leu Ser Gn Gu Gn
Ile Asn Gu Val Asp Thr Ser Ay Pro Ay Gn 145 150
ala ald Bbr 8@ prbyciyl iy Avg SererdeelySeer Sen Gyyrd yerxGdy Gy
385 GJy dy dnz@@y Ay 165 1703955 Pro Val VatodThr G u
Thr Leu Thr Val Thr Val Ay Ay Ser Ay Gy 180 185
1 n_Pro.S a Thr dy
Gty ®r %;!/Y%# ggae'g'r gly %ﬁ%‘%oﬁ%o%g %ﬁr G?f %q¥ Q%a Pro Ser
Gy Ser Ay Ala @y Ay Val Arg Pro Ser 210 215 220
Ala Ser Ay Pro Ser Ay Ser Ay Pro Ser Ay Ay Ser
Gly Pr\Giy Prle Ser seRba 236 XA35r12481a Sbx ASerrild SerPEly Ser Gy
Thr A2§ Pro Ser Pro ASf Ay Ala Ser @3% 245 250 255
Ser Ser Pro Ay Ay Ile Ala Pro Ay @y Ser Asn Ser
pro a1y ¥ &yAr 260 %@5 AL0:G ¥rVaky S8) LYo maThr Gy
i )G,;yg "o %yg rSer aod y Segr EIpyr Gqays 275 280 a1285 Pro
Ay Ser Thr Ay Ay Thr Tyr Ay Pro Ser Ay Gy Ser
Gu Pro
Tyr Gly Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ser Gly Pro Gly
450 455 a6l
Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Ala Tyr Gly
465 470 ' 475 480
Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala Ser Gly
485 450 495
Pro Gly Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Gly
500 505 510
Ser Arg Gly Tyr Gly Pro Gly Ser Gln Gly Pro Gly Gly Pro Gly Ala
' 515 520 525
Ser Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Gly Pro Gly Gly Tyr
530 235 544G
Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Tyr Gln Gly Pro Ser
545 550 55% 5690
Gly Pro Gly Ala Tyr Gly Pro Ser Pro Ser Ala Ser Al Ser Val Ala
565 570 575
Ala Ser Arg Leu Ser Ser Pro Ala Ala Ser Ser Arg Val Ser Ser Ala
580 585 550
val Ser Ser leu Val Ser Ser Gly Pro Thr aAsn Gly Ala Ala Val Ser
595 600 605
Gly Ala Leu Asn Ser Leu Val Ser Gin Ile Ser Ala Ser Asn Pro Gly

810

615 620



290 295 300 Phe dy Pro Ay Val Ala Ay dy Pro Tyr
Ser Pro Ay Gy Ala dy 305 310 315 320 Pro dy dy
Ala Ay Ay Ala Tyr Ay Pro Ay Gy Val Ay Thr Ay
35 Gy Ala dy Pro Ay Ay Tyr 4y,
“%’22?0%%81% y Prody Ay 349 345 350 WO 2006"‘5’8’5‘?@5}6‘””68
PCT/ EP2005/ 007968 62 Tyr Gy Pro Ay Gy Ala Ay Pro
Leu Seg QLYCFyE ToR f“@;{i3,L'~2If’r‘6%llGH/n 8y LA deu3Bs B360V8ESerdy Pro
525 dy dy Tyr®y Pro Ay Ay a Ay Pro Ays&y Tyr
Gy 370 375 380 Pro dy Ay Ala Gy Pro dy Ay Tyr
ala re@dVa1PAQ Gy 16 el QM ELO 11387 %ﬂg P800, Gy Gy
Tyr Ay e Ay Ay Thr cyProé Gy iy¥ élly Pro
Gy 405 410 415 dy Thr Gly Pro Gly Gy Vval dy Pro
Gy Ay Ala Ay Pro Gy 420 425 430 Tyr Gy Pro
ser Seqy ‘2}1@% Aty SG‘)ThPr%l“d’gF ?}fy sof £l %rlaPF?)l &y dy A a
435 440 445 dy Pro 8y dy Alady B dy dy A a
Gy Pro dy Ay Ala Gy 450 455 460 Pro dy Ay Tyr
«210-. @y Pro Ay Ay Ser Ay Pro Gy Ay Al a Gly Pro 465
470 475 480 Ser Ay Ala dy,Leu dy Gy Ala dy Pro
<21l> G4 Ay Ala Ay Leu Ay 485 490 495 dy Ala Ay Pro
<212:’(%(3%§_(31y Ala Ay Thr Ser Ay Ala Ay Pro Ay dy 500
5

510

<213> Artificial sequence

<220>

<223> Module A (ADF-3)

<400> 3

Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala Ala Ala Ala Ala Gly Gly

1 ) 5 io 15

Tyr Gly Pro Gly Ser Gly Gin Gln
20

<210> 4
<21l> 20
«212> PRT

<213> Artificial sequence

<220>
<223> Module Q (ADF-3)

«400> 4

Gly Pro Gly Gln Gln Gly Pro Gly Glm Gln Gly Pro Gly Gln Gln Gly
1 5 10 15

Pro Gly Glm Gin
20

«<210> 5



Ala Ay Pro Ay Ay Ala Ay @n Ay Asp Ala Ay Pro

Gy Ay Ala 515 520 525 dy Arg Ay Ay Ala Ay Arg

Gy Ay Val Ay Arg Gy Ay Ala Ay 530 535 540 Arg

ady A°rg dy Ay Ala Arg Ay Al a

“%?0@%16@545 550 555 560 gy Ala Ay dy ngTy&‘?“@“WS

Ser Ay Ay Thr Thr Ile Val Qu Asp 565 570 575 Leu
w211. Asp Ile Thr 1le Asp Ay Ala Asp Gy Pro Ile Thr Ile

Ser u 580 585 590 Au Leu Thr Ile Ay Ay Ala Ay
<212- Aber Ay Ay Ser Ay Pro Ay Ay 595 600 605 WO

2006/ 008163 PCT/ EP2005/ 007968 63 Ala Gy Pro Ay Asn
<213> \pftigisiaPrepa@eyceArg Ser Ay Pro Ay Ay Val 610 615
620 dy Pro dy Ay Ser Ay Pro Ay Ay vVal Ay Pro
Gy Ser Phe Ay 625 630 635 640 Pro Ay Gy Val dy
<220 Pro Gy Gy Ser Ay Pro Gy Gy Val dy Ser 645 650
6565 Ay Gy Ser Ay An dy Ay Val Arg Pro Ser Ay
<223> Sagdu@ ¢ ProF-&d y 660 665 670 Gy Val Ay Thr Gy Ay
Val Ay Pro Gy Ay Ala Ay Ay Pro Tyr 675 680 685
<400> Gy Pro Gly Ay Ser Ay Pro Gly Ay Ala Ay Ser A a

o 0L I HLERI o St O

GIyAIaGIyGIy ProTyr Gly Pro Ay Gy ady dy
Pro Tyr Ay
Tyr Gly Pro Glu Asn Gln Gly Pro Ser Gly Pro Gly Gly Tyr Gly Pro
20 25 30

Gly Gly Pro
3z
«210> &
<211> 942
«212> PRT

<213> Nephila clavipes

<400> 6

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

Ser Thr Tyr Gly Arg Gly Ile Ile Ala Asn Ser Pro Phe Ser Asn Pro
20 25 30

Asn Thr Ala Glu Ala Phe Ala Arg Ser Phe Val Ser Asn Ile Val Ser
35 40 45

Ser Gly Glu Phe Gly Ala Gln Gly Ala Glu Asp Phe Asp Asp Ile Ile
50 55 60

Gln Ser Leu Ile Gln Ala Gln Ser Met Gly Lys Giy Arg His asp Thr
65 70 75 BO

Lys Ala Lys Ala Lys Ala Met Gln Val Ala Leu Ala Ssr Ser Ile Ala
85 50 95

Glu Leu Val Ile Ala Glu Ser Ser Gly Gly Asp Val Gln Arg Lys Thr



725 730 735 Pro dy Ay Ala Gy @y Pro Tyr Ay Pro

Gy Ay Ala @dy Ay Pro 740 745 750 Tyr Ay Pro Gy

Gy Ala dy Ay Pro Tyr Ay Pro Ay Ay Ala Ay 755

wéBbsbPes Ay Ser Tyr Ay Leu Ay Ay Ala Gy 2@;;007%8

Gy Ay Val Gy Pro 770 774 780 dy. dy  Ser ro

Gy Ay Tyr Ay Pro dy Ay Ala dy Pro Ay 785 790

795 808y, Ay Tyr Ay B0 Gy Ay Ser %Oy Pro Ay Ay

Tyr Ay Pro Ay Gy 805 810 815 Ser y Ser Ay Gy

~ Tyr Ay Pro Gy Ay Ser Ay Pro Gy Ay Ser 820 825

Asn Va83UeG$3F Prp AG Yool ArgThgn Glay LPu el SerGhyr T c@y Pro
A¥°dy Ser Au 89 840 845 Ser @y Ay Tyr Ay Pro

Gy Ay Ser Ay Pro Gy Ay Ser Ay Pro 850 855 860

sex pUOL2006/ 908193 RELEREAOGL 001008, 164 Govofd v Ser Oy
13Pro Ay Ay Sernz6y P ﬁ'yr o y 865

870 875 880 dy Ser GIy Pro Ser Ser Phe Val Pro Ay
Ser Ay Pro Ay Ay 885 890 895 Ser Ay Pro dy

e SEG%/}RA% @%fyib? GsE U3 Afm T PePrBY Gy @wGelal 900

905 910 Ay*t®u Ay Ay Ala’@y Arg Ay AyiMa Ay
Arg Ay Ay Ala Ay 915 920 925 Ser Val dy Ala dy.

Tyr Ty GGt &y sé g4 MyAEIG ayy Gg' Y%l;”@'ly 9349 %SG%O

165 1790 175

Leu

Pro val Val Thr Glu Thr Leu Thr val Thr Val Gly Gly Ser Gly Gly
18¢ 185 150

Gly Gln Pro Ser Gly Ala Gly Pro Ser Gly Thr Gly Gly Tyr Ala Pro
1985 200 205

Thr Gly Tyr Ala Pro Ser Gly Ser Gly Ala Gly Gly Val Arg Pro Ser
210 215 220

Ala Ser Gly Pro Ser Gly Ser Gly Pro Ser Gly Gly Ser Arg Pro Ser
225 230 235 240

Ser Ser Gly Pro Ser Gly Thr Arg Pro Ser Pro Asn Gly Ala Ser Gly
245 250 255

Ser Ser Pro Gly Gly Ile Ala Pre Gly Gly Ser Asn Ser Gly Gly Ala
260 265 ° 270

Gly Val Ser Gly Ala Thr Gly Gly Pro Ala Ser Ser Gly Ser Tyr Gly
275 280 285

Pro @ly Ser Thr Gly Gly Thr Tyr Gly Pro Ser Gly Gly Ser Glu Pro
280 295 300

Phe Gly Pro Gly Val Ala Gly Gly Pro Tyr Ser Pro Gly Gly Ala Giy
3908 310 315 320

Pro Gly Gly Ala Gly Gly Ala Tyr Gly Pro Gly Gly Val Gly Thr Gly
325 330 335

Gly Ala Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ala Gly Pro Gly Gly
340 ) 345 350



c210> 7 <211> 907 <212> PRT <213> Nephila cl avi pes
<400> 7 Ay Pro Ay Ay Val Ay Pro Ay Ay Ser Ay
Pro dy Gy Tyr Ay 15 10 15 Pro dy Ay Ala Ay
wO oddoyiss Y Tyr Ay Pro Ay Gy Ser Ay Pro pQyenesdilersss
Gy Ay Tyr Ay Pro Gy Gg Ser Ay Pro Ay Gy Tyr
Gy Pro Ay 3540 45 dy Ser Ay Pro Ay Ay Tyr Ay
Tyr GlPRyoGly @wABecldrpoRrly €y i w1y 58058601y Ry Ay
Pri5°Ay Ay Ser A*%Pro Ay Ay Ty5dy Pro Ay Ay
Tyr 65 70 75 80 Gy Pro dy Ay Ser Gly Pro Ay dy

0 Thr 5 Prody Ay Ser

Gy gé)ég}y%% grng fﬁ?ﬁi yék )}’ r%%fﬁ%%%lfs%lly %ry G%‘n”o 100.
105 110 dy Ay Ser dy Pro dy dy Tyr Ay Pro Ay

Ay Ser Ay Pro Gy WO 2006/ 008163 PCT/ EP2005/ 007968
Pro GlpHly 15 a]0%y §R5 GGG}y Five Gy PRy F1AGLY@ e Ser P& Y Pro

385 @y dy Tyr*y Pro Ay dy3°3130 135 140 Seft@y Pro
Gy Ay Ala dy Pro Gy @Ay Val dy Pro Ay Gy Phe

6ly 61348180 49561681y Gy dL0pd ¥1 LY, A &Gye e, dy Ay

v i3 Ggwso ﬂélﬁy)éy A HEY HEeny 17% ais A

Gly Thr Giy Pro Gly Gly Val Gly Pro Gly Gly Ala Gly Pro Gly Giy
420 425 430

Tyr Gly Pro Gly Giy Ala Gly Pro Gly Gly Ala Gly Pro Gly Gly Ala
435 440 445

Giy Pro Gly Gly Ala Gly Pro Gly CGly Ala Gly Pro Gly Gly Ala Gly
450 4585 460

Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Ala ¢ly Pro
465 470 475 £8B0

Ser Gly Ala Gly Leu Gly Gly Ala Gly Pro Gly Gly Ala Gly Leu Gly
485 490 495

Gly Ala Gly Pro Gly Gly Ala Gly Thr Ser Gly Ala Gly Pro Gly Gly
500 505 510

Blz Gly Pro Gly Gly Ala Gly Gin Gly Asp Ala Gly Pro Gly Gly Ala
515 520 525

Gly Arg Gly Gly Ala Gly Arg Gly Gly Val Gly Arg Gly Gly Ala Gly
53¢ 535 540 ’

Arg Gly Gly Ala Gly Arg Gly Gly Ala Arg Gly Ala Gly Gly Ala Gly
545 550 555 560

Gly Ala Gly Gly Ala Gly Gly Ser Gly Gly Thr Thr Ile Vval Glu Asp
565 570 575

Leu Asp Ile Thr Ile Asp Gly Ala Asp Gly Pro Ile Thr Ile Ser Glu
580 585 590

Giu Leu Thr Ile Gly €Gly Ala Gly Ala Gly Gly Ser Gly Pro Gly Gly
595 600 605



Ala

Gly
625

Pro

Gly Gl

Gly ¥

Gly

Tyr

705

Gly

Proc

Tyr

Gly

Gly

785

Gly

Ser

Gly

Ser

Pro dy Gy Ala dy Pro dy Gy Ala Qy Pro Ay Gly
Ala dy Pro 180 185 190 dy Ay Ala dy Pro Ay Qy
Ala Ay Pro Ay Ay Ala Ay Pro Gy 195 200 205 dy
wol BocdodissT0 Ay Ay Ala Gy Gy Ala Ay Ay

Gy Ala 210 215 220 Gy Gy Ser Ay dy Al a gm’ (07968

Ser Ay Ay Thr Thr Ile lle GQu 225 230 235 240 Asp
Leu Asp Ile Thr Ile Asp Ay Ala Asp Ay Pro Ile Thr
Gly |RroSaly 846 vaE@125hc @yUakd Het @uy THb dlyecSerad y Al a
61y Ay Ser A¥Pro Ay Ay A &20260 265 270 Ay Pro
Ay Gly Val Ay Pro Ay dy Ser Ay Pro Gy dvy Val

28 5 roGI yProGa Ay Val
prgs\iy Qﬁ% gy(ﬁly T\érl Gé@g §¥}Gy Val
Gly Pro Gly Gy Ala Gay Ay Pro Tyr Gy Pro y Ay
305 310 315 320 Ser dy Pro dy Ay Ala dy Gy A a
Gl QG YAa) P P& BEGy Aeg Gy PB251830y388 ¢i@ yerPro Ay
Ay Ser % dy Pro Ay @% Ser Ay Ay 5 dy dy
340 345 350 Ala Gy Gy Pro Tyr dy Pro Gly Gy GQu
g Gy o] v lay Gy, =355 980, 305 0 20061908163
67

CT/ 005/ 00796 66e¢dy Pro Tyr GIy Al a
Ay Ay Pro Tyr Gy Pro dy Ay 370 375 380 Ala dy

GI Pro Tyr Ay Pro Ay Ay Qu Ay Ay Pro Tyr Qy
F y Thr Gly Gly Val Gly Proc Gly Gly Ala Gly Gly Pro Tyr
&7 6B0O 685

Pro Gly Gly Ser Gly Pro Gly Gly Ala &ly Ser Ala Gly Gly Thr
630 695 700

Gly Pro Gly Gly Phe Gly Gly Pro Gly Gly Phe Gly Gly Pro Gly
710 715 720

Ala Gly Gly Pro Tyr Gly Pro Gly Gly Ala Gly Gly Proé Tyr Gly
725 730 735

Gly Gly Ala Gly Gly Pro Tyr Gly Pro Gly &¢ly Ala Gly Gly Pro
740 745 750

Gly Pro Gly Gly Ala Gly Gly Pro Tyr Gly Pro Gly Gly Ala Gly
755 760 765

Ser Tyr Gly Leu Gly Gly Ala Gly Gly Ser Gly Gly Val Gly Pro
770 775 780

Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ala Gly Pro Gly
790 795 800

Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly
BOS 810 815

Gly Ser Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Ser
820 825 830

Pre Gly Gly Tyr Gly Pro Gly Gly Thr Gly Pro Gly Gly Ser Glu
835 840 845

Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Ser Gly Pro
850 855 B&0



385 390 395 400 dy dy Ser Tyr Gy Pro dy Ay Ala
Ay Ay Pro Tyr Ay Pro Ay 405 410 415 dy Pro Tyr
Gy Pro dy Ay Au Gy Pro dy Ay Ala dy @y Pro
30 Tyr Ay Pro Gy Gy Val Ay Pro
“g@m’éﬁéﬁgro Gy Gy Tyr 435 440 445 Qy ProTé:P%(éf007968
Ser Ay Pro Ay Ay Tyr Ay Pro Ay Gy Ala Ay 450
455 460 Pro Ay Ay Tyr Ay Pro Ay Ay Ser Ay Pro
Gy Ay Tyr Ay Pro 465 470 475 480 dy Gy Ser dy
Gly GlPreerGhyy &y clyreid serPeny Gy oy o1PeryrGy Pro cd y 485
865 490 495 d¢70dyr Ay Pro dg’&dy Ser Ay Preedy Ay
Tyr Ay Ser GIy @y 500 505 510 Ala dy Pro dy Ay

o a €] r 515 520
sef S il S 5565y B sy ¢ %F“@ly Pr o
GIyGIyThr Gly530535%40 ProGIyGIy r dy Pro
Gy Ay Ser Ay Pro Ay Ay Tyr Ay Pro 545 550 555
Ser GlBG0° @yyold piEEiy Gry Rvocl Ry Ser @yweRroaly Ay
Ser A% Pro Gy 565 5% 575 dy Tyr Q% Pro Ser Ay
Ser Ay Pro Ay Ay Tyr Ay Pro Ser Ay 580 585 590
Le®&1 TK y Pro
Qi-yci%§ %%? Ggifﬁrggdﬁé ool gi%éf§§:%fé;j%FC%%% §%%36§§(; y Ala -
Gy Ay Thr Gy Pro Gly Gy Ala dy 610 615 620

Gl

o

Gl

w

Ser Val Gly Ala Gly Arg Gly Gly Ala Gly Arg Gly Gly Thr
930 935 940

<210> 7

<21l> 907

<212> PRT

«213> Nephila clavipes

<400> 7
Gly Pro Gly Gly Val Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly
1 5 10 15

Pro Gly Gly Ala Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser &Gly Pro
2¢ 25 30

Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly
35 40 45

Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly
50 55 60

Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Tyr

Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Thr Gly
85 90 95

Pro Gly Gly Ser Gly Pre Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro
100. 105 119

Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly



WO 2006/ 008163 PCT/ EP2005/ 007968 67 Ay Ala Ay Gy
Ala dy Gy Ser Ay Ay Ala dy Gy Ser Ay Ay 625
630 635 640 Ala Ay Ay Ser Ay Ay Ala dy dvy Ser
\ al Ay Ay Ser 645 650 655 dy d
Wﬁﬂéo@?iﬁéé u Asp Leu Asp Ilg Thr Ile Asp d y%&%m@%@owss
665 670 Asp Ay Pro Ile Thr Ile Ser Qu GQu Leu Thr
IlasSer Gy Ala dy,0 675 680 685 {dsy Ser Ay Pro Ay
Gy Ala dy Pro dy Gy Val dy Pro Ay dy 690 695
700 Ser Gy Pro dy Ay val Gy Pro Gy Val Ser Ay
Cly PherJydip By ohmlser 79y 7906 51y Jor QvyPRr 61xeyy dy Ser
By Pro dy Ay*Wal Gy Ser Ay y Ser Gy 725 730
735 Pro Gy Ay Val dy Pro Ay Gy Tyr dy Pro Ay
Ser Glg B&osﬁtry a)b/ AS@rGly7}§|:Q> cZﬂ;SGf;Q’aQG‘iycar)S é@ Gg ¥n ro d y
125 QJy Tyr Ayifwo Ay Ay Serig&y Ay Phe 536460 765
Tyr Ay Pro Ay Gy Ser Au Ay Pro Tyr Ay Pro Ser
o1 pGé{L Thlr Tyr 770 775 780 Gy Ser Gy Ay Ay Tyr Ay
Y PR GYEY g;ﬁ;ﬂr FUGVEFY PO rEGy Pe5rEElvos 800
Pro Ay Ser Pro Ay Ay a Tyr Ay Proﬁ'EySer Pro
Gy Gy Ala 805 810 815 Tyr Tyr Pro Ser Ser Arg Val
Pro GlPrdyAsp &Mt rxalcipsnyGaa ble eMeipeny B820:82%.830 Al a
Met G8 Ay Ser Ay PHs Asn Tyr A n Msto Phe Ay Asn

Met Leu
Gly Gly Ala Gly Pro Gly Gly Ala Gly Pro Gly Gly Ala Gly Pro Gly
195 200 208

Gly Ala Gly Pro Gly Gly Ala Gly Gly Ala Gly Gly aAla Gly Gly ala
210 215 220

Gly Gly Ser Gly Gly Ala Gly Gly Ser Gly Gly Thr Thr Ile Ile Glu
225 230 235 - 240

Asp Leu Asp Tle Thr Ile Asp Gly Ala Asp Gly Pro Ile Thr Ile Ser
245 250 255 .

Glu Glu Leu Thr Ile Ser Gly Ala Gly Gly Ser Gly Pro Gly Gly Ala
260 265 270

Gly Pro Gly Gly Val Gly Pro Gly Gly Ser Gly Pro Gly Gly val Gly
275 280 285

Pro Gly Gly Ser Gly Pro Gly Gly Val Gly Pro Gly Gly Ser Gly Pro
290 2895 300

Gly Gly val Gly Pro Gly Giy Ala Gly Gly Pro Tyr Gly Pro Gly Gly
305 310 315 320

Ser Giy Pro Gly Gly Ala Gly Gly Ala Gly Gly Pro Gly Gly Ala Tyr
325 330 335

Gly Pro Gly Gly Ser Tyr Gly Pro Gly Gly Ser Gly Gly Pro Gly Gly
340 345 350

Ala Gly Gly Pro Tyr Gly Pro Gly Gly Glu Gly Pro Gly Gly Ala Gly
355 360 365



835 840 845 Ser G n Tyr Ser Ser Gy Ser Ay Thr Cys
Asn Pro Asn Asn Val Asn 850 855 860 Val Leu Met Asp
Ala Leu Leu Ala Ala Leu H's Cys Leu Ser Asn His 865
Y/ 880 WD 2006/ 008163 PCT/ EP2005/ 0079
“?eir%ﬁé@?ﬁ%er Phe Ala Pro Seg Pro Thr Pro Al aB%Téﬁ%g@O}b%s
Ser Ala 885 890 895 Tyr Ser Asn Ser Val Ay Arg Met
Gly Prghﬁrr%l@' By GQp@l?Qﬁ.a §l2jlgl>y Brs %‘;;% Slﬁrc é.'?y]-%fy PRT
37¢213> Araneus dradematus <400>s8 a Arg Ala Ay Ser
Gly Gndn dy Pro Gly Gln Gln Gly Pro Ay 15 10
L GnGInGI ro E}/ProTrGlyPlro
@ éi}YA?ra? S Gg ’-’?03125@13061%@5}’ KL% P SAPE Gy Gly
Tyr Ay Pro°dy Ser Ay Gn°Gn Ay 35 40 48° pro Ser
G@n dn dy Prody @n @n dy Pro dy dy Gn Gy
Gly GlPrser BE 85 6 cTyrc1@d aiaPen, Gy oAb aySefiyAba A Al a
Ala Ala Msa Ay Ay Tyr @oy 65 70 75 80415Pro Ay Ser
Gy An dn dy Pro Gly Gly @n dy Pro Tyr Ay Pro

Gly Pr8 90 95 GGé §§ G§u Gly Qro G?y Gly A'Zol‘la GléI GlyAIPao = y = y
% 425 430

Tyr Gly Pro Gly Gly val Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr
435 440 445

Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ala Gly
450 455 460

Pro Gly Gly Tyr Gly Prc Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro
465 47¢ 475 4B0

Gly Gly Ser Gly Pro Gly.Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly
4BS 490 495

Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Ser Gly Gly
500 505 . 510

Ala Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr
515 520 §25

Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Thr Gly
530 535 540

Pro Gly Gly Thr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro
545 550 555 560

Gly Gly Ser Gly Pro Gly Gly Ser Giy Pro Gly Gly Ser Gly Pro Gly
565 570 . ‘575

Gly Tyr Gly Pro Ser Gly Ser Gly Pro Gly Gly Tyr Gly Pro Ser Gly
580 585 590

Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tvr
595 600 605

Gly Pro Gly Gly Ser Gly Ala Gly Gly Thr Gly Pro Gly Gly Ala Gly
610 615 620



100 105 110 Gy Gn dn @y Ala dy @d@n G@n dy Pro
Gy An dn dy Pro dy 115 120 125 Ala Ser Ala Ala
Ala Ala Ala Ala Ay Ay Tyr Ay Pro Ay Ser dy 130
A@n dn dy Pro dy dn dn dy Prg,

ng’?"%’*@‘%m Tyr Ay 145 150 155 160 P o Gﬁﬁhﬁg}é"ms
Ala Ala Ala Ala Ala Ala Ay Ay Tyr Ay Pro Ay W
2006/ 008163 PCT/ EP2005/ 007968 69 165 170 175 Ser

aly Al aiyGy @y oY G1d serGny Gy Ak Ye1PrayGer By e n Ay

625 Pro Tyr 1862485 190 Ay Pres&dy Ala Ser Al a«dl a Al a
Ala Ala Ala Ay Qvy Tyr Gly Pro 195 200 205 dy Ser

a i N Pro dy Gn dn
Aa ey %13:%96: %3:5 %OA laFSE?lé’ é/ ;\gfh@(ﬁy ‘ff;ryo F*Giy Pro
Gy Ala Ser Ala Ala Al a a 225 230 235°240 Ala Ala
Gy Ay Tyr Ay Pro Gy Tyr Ay An @d@n dy Pro Ay
Gly G1@ Thr2fty 250 TB5%1u@ap Ghy afy armpr@ly GeneG wiPro Tyr
Ay PP Ay Ala Ser Afe¢ Ala 260 265 €70 Ser Ala Al a
Ser Ay Ay Tyr Ay Pro Gly Ser dy dn dn dy Pro

7252 r dy Pro
Aep Gl%yg—,g(ﬁ% érozﬁ %%Sgu 55”0%3 gq §%§¥ %YVA glAl a Ala
Ala Ala Ay Gly Tyr Ay Pro Ay Ser Ay dn dn 305

310 315 320
Gly Ser Gly Pro Gly Gly Ala Gly Pro Gly Gly Val Gly Pro Gly Gly
690 695 700

Ser Gly Pro Gly Gly Val Gly Pro Gly Val Ser Gily Pro Gly Gly Val
705 710 715 720

Gly Pro Gly Gly Ser Gly Pro Gly Gly Val Gly Ser Gly Gly Ser Gly
: 725 730 738

Pro Gly Gly Val Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Ser
740 ) 745 750

. Gly Gly Vval Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Gly Phe
755 - 760 765

Tyr Gly Pro Gly Gly Ser Glu Gly Pro Tyr Gly Pro Ser Gly Thr Tyr
770 775 780

- Gly Ser Gly Gly Gly Tyr Gly Pre Gly Gly Ala Gly Gly Pro Tyr Gly
785 790 735 BOO

Pro Gly Ser Pro Gly Gly Ala Tyr Gly Pro Gly Ser Pro Gly Gly Ala
805 810 815

Tyr Tyr Pro Ser Ser Arg Val Pro Asp Met Val Asn Gly Ile Met Ser
820 825 830

Ala Met Gin Gly Ser Gly Phe Asn Tyr Gln Met Phe Gly Asn Met Leu
835 B40 845

Ser Gln Tyr Ser Ser Gly Ser Gly Thr Cys Asn Pro Asn Asn Val Asn
850 ' 855 860

Val Leu Met Asp Ala Leu Leu Ala Ala Leu His Cys Leu Ser Asn His
865 a87¢ 875 880



y
y
y
y
5
n

d
32
A

n
5
a

Gy Pro dy An Gn Gy Pro Ay
335, PFro dy Ay An dy Pro Tyr
Ala Ala Ala Al a
Tyr Ay Pro Gy Ser Ay A n G n d&drBR
355 360 365 Gnddy Pro Ay Gn Q& aFbgmrses
Ay Pro dy Gn d@n 370 375 380 dy Pro

340 345 350 Al a

n Adn dy Pro Ay An dn @y Pro Ay Gn dn

Gy 385 390 395 400 Pro Ay An dAdn dy Pro Ay dy
Gly SexgSpr Gey Wlearlpy PrdSpr Firg TryPy 313082 40 EE5AMD
2006/ 0083%3 PCT/ EP2005/ 0%PP968 70 Ser AI®5Ala Ala Gy

Ala Ala Ay Ay Tyr Ay Pro Ay Ser Ay dn .

420 425

Tyr Seg'%gn @rnVag ¥ E—\QQQey EgenAlg 'Fy:cGy Pro Gy An dn Gy
435 44@ 445 dy Pro Ay Gn An dy

450 455 460

o Goy 4

Pro Ay
Pro Ay

<211> é g
n

212> E&iﬁ‘ €] Yy
Ser Val

<213> Qeprdyg| dfdemafgE Al a Ser Al a Val

Ser

<400> B
Ala Arg
1

Gln Gln
Ala Ala

Pro Ser
50

Tyr Gly
65

Pro Gly
Gly Ser
Gly Gln

Ala Ber
130

Gin Gln
145 .

Pro Gly

Ala

Gly

Ala

35

Gln

Pro

Ser

Ser

Gln

115

Ala

Gly

Ala

Ay
Ay

Pro

Gly

Pro

20

Ala

Gin

Gly

Gly

Ala

100

Gly

Ala

Pro

Ser

Gln Gln Gy Pro Ay dn @dn d
Gndndy Pro Tyr Ay Pro d
<210> M a Ala Ala 465 470 475 480 Ala Al a
Ser dy dn dn dy Pro dy d
Pro dy @n dn dy Pro dy dy @&

Pro- 500 505 510 Gy Ala Ala Ser Ala Ala Val

Ay Gy Tyr Ay Pro G n Ser

Ser

Gly

Ala

Gly

Ala

Gln

85

Ala

Ala

Ala

Gly

Ala

Gly

Gln

Gly

Pro

Gln

Gln

Gly

Gly

" 5%

Ser

70

Gln

Ala

Gly

Ala

Gln

150

Ala

Ala

Gly

Ala

Giln

Ala

135

Gln

Ala

Gin

Gly

Tyr

40

Gln

Ala

Pro

Ala

Gln

120

Ala

Gly

Ala

Gly

Pro

25

Gly

Gln

Ala

Gly

Ala

105

Gly

Gly

Pro

Ala

Pro

i0

Tyr

Pro

Gly

Ala

Gly

20

Gly

Pro

Gly

Gly

Ala

Gly

Gly

Gly

Pro

Ala

75

Gln

Gly

Gly

TYr

Gly

155

Gly

Gln
Pro
Ser
aly
&0

Ala
Gly
Asn
Gin
Gly
140

Gln

Gly

Gln

Gly

Gly

45

Gly

Gly

Pro

Gly

Gln

125

Pro

Gly

Tyr

y
y
€]
n

A
y
48

Ser Al a

490 495
Ay Pro

a
Ay Tyr Ay
5
n

515 520 525 Ser

Gly

Ala

30

Gln

Gln

Gly

Tyr

Pro

110

Gly

Gly

Pro

Gly

Pro

15

Ser

Gln

Gly

Tyr

Gly

25

Gly

Pro

Ser

Tyr

Pro

Ala Ser Arg Leu Ser

Gly

Ala

Gly

Pro

Gly

80

Bro

Ser

Gly

Gly

Gly

160

Gly



530 535 540 Ala Ala Ser Ser Arg Val Ser Ser Al a Val

Ser Ser Leu Val Ser Ser 545 550 555 560 dvy Pro Thr
Lys H's Ala Ala Leu Ser Asn Thr Ile Ser Ser Val Val
w@% 75 Ser An Val Ser Ala Ser Asn Pr

06%916%/3 Asp Val Leu 580 585 590 Val ‘ﬁl’ﬁ’{’_‘ﬁ}ﬁ”ms

Leu Gu VvVal val Ser Ala Leu Val Ser Ile Leu Ay 595
600 605 1@er Ser Ser lleit@y An lle Asnilyr Ay Ala
Ser Ala Gn Tyr Thr 610 615 620 dn Met Val Gy dn

Ser GlYQ'q-'{ET g\’l“’ ng_%lﬂ Lﬁ gl 8}’8(%’2’16%0 /E@%ég7087968

71 <213> Araneus di adematus <400> 9 Ala Ay Ser Ser
Ala Ala Ala Ala Ala Ala Ala Ser Gy Ser dy dy 1 5
Gly Pr@(FlybnrlaTger Gly aPpAlE AaABTm Gy GG \BIProvrSery Gy Pro
Val®>Ala Tyr Ay Pr3®°20 25 30 Ay 2Py Pro Val Ser Ser
Ala Ala Ala Ala Ala Ala Ala Ay Ser Ay 35 40 45 Pro
cly sefbly @ dW & % BrQ, G ASDg @gf My Rt [ely Pro
yzlanyy géz@@ :fyr Gy P S(,32 19:&&@9 Ser
Ser Al a Ala Ala Ala Ala Ala Al a

Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala 2la Ala
225 230 235 240

Ala Ala Gly Gly Tyr Gly Pro Gly Tyr Gly Gln Gin ¢ly Pro Gly Gln
245 250 255

Gin Gly Pro Gly Gly Glin Gly Pro Tyr Gly Pro &ly Ala Ser Ala Ala
260 265 270

Ser Ala Ala Ser Gly Gly Tyr Gly Pro Gly Ser Gly Gln Gln Gly Pro
275 2B0 285

Gly Gln Gln Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gly Ala Ser
290 ) 285 3300

- Ala Ala Ala Ala Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly Glmn Gln
305 310 315 - 320

Gly Pro Gly Gln Gln Gly Pro Gly Glm Gln Gly Pro Gly Glmn Gln Gly
325 330 335

Pro Gly Giy Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala Ala Ala
340 345 350

ARla Ala Gly Gly Tyr Gly Pro Gly Ser Gly Gln Gln Gly Pro Gly Gln
355 360 365

Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gin Gly Pro Gly Glp Gln
370 375 380

Gly Pro Gly Gln Gln Gly Pro Gly Glm Gln Gly Pro Gly Gln Gln Gly
385 390 iss 400

Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Ala Tyr Gly Pro Gly Ala
405 410 415



65 70 75 80 Ala Ser dy Pro Ay Gy Tyr dy Pro Ay
Ser Gn Ay Pro Ser Ay 85 90 95 Pro dy Gy Ser Ay
Ay Tyr Ay Pro Ay Ser An Ay Ala Ser Gy 100 105
y Ay Pro Gy Ala Ser Ala Ala Ala
Wb%(’ﬁd“ﬁﬁﬁ a Ala 115 120 195 Ala Ser Ay Pr@@lél"%"i’ﬁ%s
Tyr Ay Pro Ay Ser Gn Ay Pro Ser Ay 130 135 140
Ser Alerﬂaq\% AMaTym@y r er Ala
e Ay Tl &%gi%é;%ﬁzg %”Sﬁiﬁ S ¥ eer & y
Pro dy Gy Tyr Ay Pro Gly Ser Gn dy 165 170 175
Pro Ser Ay Pro dy Val r dy Pro Ay Ay Pro Ay
Gln Gléej";"s‘é]ry ﬂrhm’i@éyl ‘1390‘3%&‘ Flaisdrv Mg dlvacld 1Al a Ay
ser’dy Pro Ay A¥°Tyr Ay Pro G4#® 195 200 205 Asn
Gn dy Pro Ser dy Pro dy Gy Tyr Ay Pro Gy Ay
Gly prSemyGyn @hDcPlrd2y Sar cheki1fm@cAhg Aachl a1 Ala Ala
45l a Ala Ser AysPro Ay Ay TyraeWD 2006/ 00816
PCT/ EP2005/ 007968 72 225 230 235 240 dy Pro Ay

ro Pro_Ser GI Ser Gy Ay Tyr
:65 Gl&‘fg %ﬁ %% ﬁgyﬁrg&ydj %ﬁe@%}a@]}? 5 Aéy Pro
Ay Ala Ser a Ala Al a 65 270 Ala AR Ala Ala

Ala Ser Ay Pro Ay dy Tyr @y Pro Ay Ser An 275
Ala 1280y 2BY Tyr Gly Pro Gly Ser Gly Glnm Glim Gly Pro Gly Gin
485 450 495

Gln Gly Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro
500 505 510

Gly Ala Ala Ser Ala Ala Val Ser val Gly Gly Tyr Gliy Pro Gln Ser
515 520 525

Ser Ser Val Pro Val Ala Ser Ala Vél Ala Ser Arg Leu Ser Ser Pro
530 535 540

Ala Ala Ser Ser Arg Val Ser Ser Ala Val Ser Ser Leu Val Sex Ser
545 ' 550 555 560

Gly Pro Thr Lys His Ala Ala Leu Ser BAsn Thr Ile Ser Ser Val val
565 570 575

Ser Gln Val Ser Ala Ser Asn Pro Gly Leu Ser Gly Cys Asp Val Leu
580 585 590

Val @ln Ala Leu Leu Glu Val Val Ser Ala Leu Val Ser Ile Leu Gly
585 600 605

Ser Ser Ser Ile Gly Gln Ile Asn Tyr Gly Ala Ser Ala Gln Tyr Thr
610 615 620

Gln Met Val Gly Gln Ser Val Ala Gln Ala Leu Ala

625 630 635
«210> &
<2ili> 410

«<212> PRT



Gy Pro Ser Ay Pro Gy Tyr Gn dy Pro Ser Gy Pro
Ay Ala Tyr 290 295 300 Gy Pro Ser Pro Ser Al a Ser
Ala Ser Val Ala Ala Ser Val Tyr Leu 305 310 315 320
n Pro Arg Leu Au Val Ser Ser Ala
warez?%tﬂgﬂﬁgal 325 330 335 Sgr Ser Ay Pro Thr&gﬂ' (07968
Ala Ala Val Ser Ay Ala Leu Asn Ser 340 345 350 Leu
<213> \@an&ey dG@dembt e Ser Ala Ser Asn Pro Ay Leu Ser Gy
Cys Asp 355 360 365 Ala Leu Val An Ala Leu Leu Qu
Leu Val Ser Ala Leu Val Ala Ile 370 375 380 Leu Ser
<200 %er Ala Ser Ile Ay @n Val Asn Val Ser Ser Val Ser
n 385 390 395 400 Ser. Thr @dn Met Ile Ser Gn
ala cifNsR-Leld 5o 4031410, 52100 40 211,140 o5 %g)? PRT
1 <213> Arsificial sequences <220> <2§3> ADF- 3)
<400> 10 WD 2006/ 008163 PCT/ EP2005/ 007968 73 Met Al a
Ser Met Thr Ay G,}/ Gn Gn Mt Ay Arg Ay Ser Mt
GlGP)F"Ti%“SA?POGiIS GlN ZOAE St PRg é{aAIAala\Fé*lr Sar Pyl Ay
Ay TVr dy Pro Gn Ser Ser 20 25 30 >°

H

Ty

Gly @ly Pro Val Ser Ser Ala Ala Ala Ala Ala Ala Ala Gly Ser Gly
35 40 45

Pro Gly Gly Tyr Gly Pro Glu Asn Gln Gly Pro Ser Gly Pro Gly Gly
50 55 60C

Tyr Gly Pro Gly Gly Ser Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala
65 70 75 : 80

Ala ser Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly
B85 ag 95

Pro Gly Gly Ser Gly Gly Tyr Gly Pro Gly Ser Gln Gly Ala Ser Gly
100 105 110

Pro Gly Gly Preo Gly Ala Ser Ala Ala Ala Ala Ala Ala Ala Ala Ala
115 , 120 125

Ala Ser Gily Pro Gly Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly
i3¢ 135 140 ’

Pro Gly Ala Tyr Gly Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ala
145 150 155 166

Ala Ala ala Ala Ser Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gin Gly
165 170 175

Pro Ser Gly Pro Gly Val Tyr Gly Pro Gly Gly Pro Gly Ser Ser Ala
180 185 190

Ala Ala Ala Ala Ala Ala Gly Ser Gly Pro Gly Gly Tyr Gly Pro Glu
195 200 2058

Asn Gln Gly Pro Ser Gly Pro Gly Gly Tyr Gly Pro Gily Gly Ser Gly
210 215 220

Ser Ser Ala Ala Ala Ala Ala Ala Ala Ald Ser. Gly Pro Gly Gly Tyr



Ser Ala Pro Val Ala Ser Ala Ala Ala Ser Arg Leu Ser
Ser Pro Ala 35 40 45 Ala Ser Ser Arg Val Ser Ser Al a
Val Ser Ser Leu Val Ser Ser Ay 50 55 60 Pro Thr
j a Ala Leu Ser Asn Thr Ile Ser Ser
ng?osﬁg%hs% 75 80 Gn Val per Ala Ser Asn PrquJ@P)\{aJE'g?]%s
Ser Ay Cys Asp Val Leu Val 85 90 95 Gn Ala Leu Leu
225 @G u Val Val 2Ser Ala Leu Val 25¢r Ile Leu Ayper 100
105 110 Ser Ser Ile dy Gn lle Asn Tyr Ay Ala Ser
Ala An Tyr Thr Gn 115 120 125 Met Val dy G n Ser
Sy Prodf AP §h A FTRetrTAFY Y SsFlrdnidy SpTes 11
<211> 125%° <212> PRT <213¥ Artificial sefifence <220>
<223> NR4 (ADF-4) <400> 11 Met Ala Ser Met Thr Qy
cly pra aryGiér Glm cMptci@ se-A6Y &/ cDemi1MederGs als 3340 15
Ala Tggo Gy Pro Ser Prax Ser Ala Ser Ak= Ser Val Al a
Ala Ser Arg 20 25 30 Leu Ser Ser Pro Ala Ala Ser Ser

SNCERTIR AT AN

285

Gly Pro Ser Gly Pro Gly Tyr Gln Gly Pro Ser Gly Pro Gly Ala Tyr
280 295 300

Gly Pro Ser Pro Ser Ala Ser Ala Ser Val Ala Ala Ser Val Tyr Leu
305 310 315 320

Arg Leu Gln Pro Arg Leu Glu Val Ser Ser Ala Val Ser Ser Leu Val
325 330 335

Ser Ser Gly Pro Thr Asn Gly Ala Ala Val Ser Gly Ala Leu Asn Ser
340 345 350

Leu Val Ser Gln Ile Ser Ala Ser Asn Pro Gly Leu Ser Gly Cys Asp
355 360 365

Ala Leu Val Gln Ala Leu Leu Glu Leu Val Ser Ala Leu Val Ala Tle
370 375 7 380

Leu Ser Ser Ala Ser Ile Gly Gln Vval Asn Val Ser Ser Val Ser Gln
385 380 385 400

Ser Thr Gln Met Ile Ser Gln Ala Leu Ser
405 410

<210> 10

<21l> 140

<212> PRT

«213> Artificial sequence

<220>
<223> NR3 (ADF-3)

<400> 10



Leu Val Ser Ser - Ay Pro Thr Asn Gy Ala Ala Val Ser

Gy Ala Leu 50 55 60 Asn Ser Leu Val Ser Gn lle

Ser Ala Ser Asn Pro Gy Leu Ser dy 65 70 75 80 Cys

wOsodisteu Val Gn Ala Leu Leu GQu Leu Val P%Eiﬁ

Leu Val 85 90 95 Ala Ile 43eu Ser Ser Al a Se P%n%os;;;%s

A n Val Asn Val Ser Ser Val 100 105 110 Ser G n Ser
Met aAlaifer ef Wt%t Gly Sis&in§in Wrathed Sy oy Mer161v120 125
t <210> 12°<211> 1959 <2155 DNA <213> Aratreus

di ademat us <400> 12 atggctagca tgactggtgg acagcaaatg
ala a18Gkegggalic cgaatt GEY13CERICEHIGEy GRo diat gyagaac

aaggamwccgg acaacaaggascccggacaac aaggacccgg

acaacaagga 120 ccatatggac ccggtgcatc cgccgcagca

sor SSRISEIAY BROGLLTL00-GCE0REL 1, 100 Socageao

tcaaggacca 240 tatggacccg gtgcatccgc cgccgcagca
gccgcectggt g gat at ggacc cggttccgga 300 caacaaggac
Ala sec@ggaggtca aggaecatiatvaggaec bggiLtu cal CRgCgCely
50cgcagcagcc 36055gct ggaggt a at ggacccgg at ct ggacaa
caagggcccg gtcaacaagg tcctggacaa 420 caaggacccg
Pro Th].g ggaélgclg.'l.% ﬁ%ggg&ﬂgaﬁcﬁg:cggegggr %%E‘a.%gg@a%CSer
65 cggat ct gga caacaaggac egggacaaca aggacg@gga
ggt caaggac cat atggacc tggtgcatcc 540 gccgctgcag
cagccgct gg aggat acgga cccggatctg gacaacaagg
Gln vahéerdgacta B00FPre&dgdaccdy gaygfreaagd/aaceat wigga
cccggt gt ccgcet gcage agthgecget 660 gg¥ygttatg
gacccggat c tggacaacaa ggacccggac aacaaggacc
cin a1d 492GRACAR ¥20va0IRECCHA0LL 91C380G3CC At @b, gsacce
ggt gaabccg ccgccgcagcaodgecget gga 780 riggat acggac
ccggttatgg acagcaagga ccaggacaac aaggaccagg

: gt caag (%a 840
Ser e Gly n Ile Asn Tyr Gly Ala Ser Ala Gln Tyr Thr Gln

115 120 125

Sexr

Met Val Gly GIn Ser val Ala Gln Ala leun Ala Gly
130 135 140

«210> 11

«211> 125

<212» PRT

<213> Artificial sequence

<220>

<223> NR4 (ADF-4}

<400> 11

Met Ala Ser Met Thr Gly Gly Gin Gln Met Gly Arg Gly Ser Met Gly

1 5 10 15

Ala Tyr Gly Pro Ser Pro Ser Ala Ser Ala Ser Val Ala Ala Ser Arg
20 25 30

Leu Ser Ser Pro Ala Ala Ser Ser Arg Val Ser Ser Ala Val Ser Ser
35 40 45



ccat at ggac ctggtgcatc cgccgcctca gcagcctctg
gaggat acgg acccggatct 900 ggacaacaag gacccggaca
acaaggacct ggaggtcaag gaccat atgg acctggtgca 960 WO
woGhR/9§8:L63 PCT/ EP2005/ 007968 75 t cCQYCCYCaAGCT/EP2005/007968
cagcagccgc tggaggttat ggacgcggat ctggacaaca
aggaccaggc 1020 caacaaggac ccggtcaaca aggacctgga
caacaaggac ccggtggtca aggaccatat 1080 ggacctggtg
vag stegCcocgly age dye aFgocclgc by ayytvhl sieg g@lC BT Leu
50at ct ggacaa 114G> caaggacccg gt ¢8acaagg acccggtcaa
- caaggacccg gtcaacaagg acccggtcaa 1200 caaggacccg
s-0GEAAAGY. ACF 090162 CAR00ACE 6, 4A0AGAR00 o
acctggtcaa %260 caaggtcccg-,gtggt caagg ggcagg¥gga
cctggtgcat ccgccgcagc aggagccgct 1320 ggaggttatg
gacccggat c tggacaacaa ggacccggac aacaaggacc
Asp fgackmic ¥ $3861a deackrgghc Laadaddgactlachgadancaa
ggacccggit aacaaggacc cgg%caacaa 1440 g¥acccggac
aacaaggacc atatggacct ggtgcatccg ccgcagcagc
118066064088 100Q.r 0kt &L,08AC veL GdalRh 08 a68a6¢aR00a
cccggmmaac aaggacct ggimcaacaagga 1560i1¢ccccgttggtc
aaggaccata t ggacct ggt gcggcttctg cagctgtatc
ttg g a 1620 tatggaccac aaagctcctc ggctcctgtt
Gl@ gﬁ' H‘ﬁ@b&%?é?% Bta Let S 880 ccagcggeca
ctagagt ttcatcggct gtatcatctt t'ggtatctag
tggacctact 1740 aatcaagctg cactttctaa tactatcagt
agcgttgtat cgcaagttag tgcaagtaat 1800 cctggtcttt
ctggttgcga tgtacttgtg caagcattgc tcgaagttgt
at®®fgccctg 1860 gtatctatcc ttggatcttc tagtatcggg
<212, CRgattaact atggtgcctc tgctcagtac 1920 acccaaat gg
taggtcaatc tgtagctcaa gcccttget 1959 <210> 13 <211>
200 3eues<di2zndNA <213> Araneus di adematus <400> 13
at ggct agca tgactggtgg acagcaaatg ggtcgcgcgg
cacgagcagg atcttcagca 60 gcagcggccg cggcagcaag
g&gatctgga ggatacggac ct gaaaacca aggaccatct 120

gca%a%?.%%gggt at C% gfgggg%g‘gcc%ga t atcttca

Leu

Asn
65

Cys

Ala

Ser

<2310

<211>

<2313>

<400>

atggct Logge acgagcogga 60

tctggacaac aaggaccceyg acaacaagga

ccatatggac
ggacaacaag
tatggacccg
caacaaggac
gctggaggta
caaggacccq
caacaaggac
geccgetgeag
caaggaccay
ggaggttaty
ggacccgaty
ggatacggac
ccatatggac

ggacaacaag

ceggtgeatc
gacccagccea
gtgcatececge
caggaggtca
;tggacccgg
gtgcatecge
ccggacaaca
cagccgectgg
gaggtcaagg
gacceggatc
gtcaaggacc
cecggttatgg
ctggtgcatce

gaccoggaca

cgcecgcagea
acaaggacct
cgecgcagea
aggaccatat
atctggacaa
cgoccgcageoa
aggaccagga
aggatacgga
accatatgga
tggacaacaa
atatggaccc
acagcaagaa
cgoegectea

acaaggacct

cccggacaac
gcagcegetyg
ggocaacaayg
googetgoty
ggacctggtt
caagggccceyg
gccgetggag
ggtcaaggac
cccggatctyg
cceggtgeat
ggacccggac
ggtgcatccg
ccaggacaac
geagectety

ggaggtcaag

aaggacecogg
gaggttatgg
gacccggtgyg
gatatggacc
catcecgetge
gtcaacaagyg
gatacggacc
catatggacc
gacaacaagg
cegetbgecage
aacaaggacc
ccgcegeage
aaggaccagg
gaggatacgg

gaccatatgg

acaacaagga

acccggatet
tcaaggacca
cggticecgga
cgcagcagcece
tcctggacaa
cggatctgga
tggtgcateoe
acceggacaa
agcagcecget
tggacaacaa
agcegctgga
aggtcaagga
acccaggatct

acctggtgca

120 -

180

240

300

360

420

480

540

600

660

720

780

840

so¢

860



cggacct gaa aaccaaggac

240 ggacctggtg gttccggatc

ct gcagcaag tggacctgga 300
aggaccat ct ggacct g9t g peyppagesiooross
360 ssggaagccaag ggccatctdg
cagcagcagc cgctgcagca 420

acct ggaagc caaggaccat

ct ggt ggat a
cggaggat at

gcagcagccg
ct ggaagcca
at at ggt ccc
tcttcggcag

gaggat at gg

ggaagt ggac
cat ct ggacc
ttcagcagca

wobBbeAlggs.C
gat ccggagg
acct ggt gca

agt ggacct g

tecgecgb ) 366d268-RIER 85032 ﬁ%@cé@ag %@ée@.@géﬁ %ggaccaggc 1020
PCT/ EP2005/ 007968 76 cctggtggac ccggatcttc

caacaaggRy! geHyceRAgiTgRaculyy gaggaiat gorIsiast ggagge:cadd: 1080
caaggaccat ctggacctgg tggatccgga ggatatggtc '

IsacetgR AR EER HoRIEERTE TOOS R ACPRIrE getggryr 1140

caagoalll] OOANEA.°206A00A0 £R00I00A05-R0MLAPA0K B8 1200
ggaggat at g gacct ggaag ccaaggacca tctggacc &

caaggagagl gt algshaceiggigga =d0gadkes dakidabgs AGEEHPERPL 1260
aagt ggacct ggaggatatg gacctggaag ccaaggacca 780

caaguteety JEICEPGatRaraiogy wEeeyFRy et cgyaregdgccget 1320

ctgcage agcagccact 840 caggaagt acct ggt gg

R S e S R I e e R

ggacech M J93EEE Q! GRLEELEE AaCldfLRIGAHLRYCAYECEHancas 1440
ctgcagcaag tggacctgga 960 ggatatggac ctggaagcca

ggacceggRfa eTERefagUACt tggay dabadtggaceatyggtggacogcig0 1500

1560

atcttcag ctgcagcagc agccgctgca ggaagt ggac
ggttatg%gcgf“gggqéf gég%é‘égiagqga FOBHF-2AACCAHTGEE L R ECC
ccogtt699299RLAL (QJALGL ALY %fggg&gggtcggéég@s&%g&gg;&g‘go
gcagcagccg ctgcagcaag tggacctgga ggat at gga
tatggattQasgeca-tagfgateaiset g20thgcggaeeiggtey gatttegga9y 1580
at at ggt ccc ggaagccaag ggccatctgg acctggtgca 1260
ccagedgitt BYGCATIC A CaHeHGE T GeTFChYCEYBFCEmEIaFctact
at acct ggaaqc 1320  _caaggaccat ctggacctgg
aacen A T haae S0 Tgartr Lo ager o S 10
cctggtagitgaget g-ggdagaat aleg @Qg&ﬁ:@@@%g%@gﬁﬁgg&tgccctg
ctggtcctgg agcatatgga 1440 cctggtggac ccggatcttc
gratctayst femgtetgclegtiyeag Gaagiaggacttygagyadaicad=0 1s20
acct ggaa gccaaggacc atctggacct ggtggatccc
acccaa %@g‘é?g%?@agalgc‘??@g 588 9889 taaggacctg gt gggcct gg 1959
agcat ct gcg gcagcagcag cagccgctgc agcaagtgga 1620
ctt ggaggat at ggacct gg aagccaagga ccat ct ggac
ct ggat at ca

aggccctagt 1680 ggtcctggag catatggccc
al%@Bccttct gcttccgcat ccgttgcage ctcetegttta 1740

1620

1740

1800

1860

<210>

<21l>

<212

<213>

tcttcgectg
Btcttt agt

Araneus diadematus

cagcctcgtc tagagtgtct tccgctgtat
gt ct agcgga 1800

«400> 13

atggetagea tgactggtgg acagcaaatg ggtcgocgogg cacgageagg atcttecagca 60
geageggecg cggcageaag tggatcotgga ggatacggac ctgaaaacca aggaccatct 120
ggacctgtag catatggacc tggtggaccc gtatcttcag ctgcagcage agocgetgea 180
ggaagtggac ctggtggata cggacctgaa aaccaaggac catctggacc cggaggatat 240
ggaccetggtyg gtteceggate ttcagcagca gcagcagccg ctgcageaag tggacctgga 300
ggatatggac ctggaagcea aggaceatct ggacctggtg gatcoggagyg atatggtecc 360
ggaagccaag ggcecatctgg acctggtgea tettcoggcag cageagcage cgctgoagea 420
agtggacctyg gaggatatgg acctggaage ctggacctygy agcatatgga 480

Caaggaccatbt



cctacgaatg gtgctgctgt ttctggagct ttgaatagtt
tagtatctca gattagtgca 1860 agtaatccaggtttatcggg
atgtgatgct cttgtgcagg cattattgga attagtgtct 1920

wBGheslgs99 caattctttc atctgcaagt attggccaag PCT/EP2005/007968

tcaacgtcag ctctgttagt 1980; cagtcaactc aaatgattag
ccaagctctt tca 2013 <210> 14 <211> 420 <212> DNA

cctggt&sscg%@t:étft'ccég%ltg&@;{gyea@@@ga\é@cgg;g%aqggéégcc gaagc 540
PCT/ EP2005/ 007968 77 <220> <223> NR3 (Al 3)" ¢400>

caaggaddhtatigye tegeo at dogaciogy taggtagayce aaadagagyt egaggatct 600
ccatgggtgc ggcttctgca 60 gctgtatctg ttggaggata

9gacCteH g IFNE BH I RICELIRGY CrECEGRY GEIFOCAIC APTCTATT 669

t t

ssassa el Car T S e e b,

cecggat Gaagnicgenget ddotiata Ghadtaty ageaagbig a&&:ﬁg&é’c@ 780
caagttagtg caagtaatcc tggtctttct ggttgcgatg

cetaga gt 3%%@?9&9@&@@@% PR HRaFREGLARIC GYCTCEIRYt 840

ca aaattCt aatL % t g tct taccgg tgatc%?g cacgat faactat 360

IeAIT G gt at CEY St CAgl Heac ecana g% ggt cHaftiigeasse 000

atggadAgC [eTaleaToX oYaTok WaTaly ageed Q2 Lygaeltgga<2l
B (e e e ey 5%%;%2%% fapa218%0

ggatatqgﬁa@l:ctzb)aaagczﬂ:@ Opzgdéeagtygrbegoaad gacdiggegy tacageanat gozo

gt cgcggat ccat gggagc atatggccca 60 tctccttctg
o5as ot A PIE AT HRAET COILGPTT A oCPPegETgeerase 1080
aaccaaggyacééégkggaclEg%gaggatat ggacctyggtg gttccocggatce ttcagcagea 1140
gcagcagcecy ctgcageaag tggacctgga ggatatggac ctggaagceca aggaccatct 1200
ggacctggtg gatccggaggratatggtccc ggaagccaayg ggccatctgg acctggtgea 1260
écttcggcag cagcagcage cgctgeagea agtggacctg gaggatatgg acctggaagce 1320
caaggaccat ctggacctgg agcatatgga cctggtggac ccggatctte agctycagea 1380
agtggacctg gaggatatgg acctggaagc caaggaccat ctggtectgg agcatatgga l44c¢
cectggtyggac ccggatcftc agctgeagea geocgctgeag caagtggace tggaggatat 1500
ggacctggaa gccaaggacc atctggacct ggtggatccc gaggatatgy tcceggaage - 1560
caaggacctg gtgggectgg agcatchbgeg geagecagcag cagceocgetge agcaagtgga 1620
cctggaggat atggacetgg aagecaagga ccatcetggac ctggatatca aggecctagt 1680
ggtcctggag catatggece atctcecttet gettocegeat ccogttgeage cteteogttta 1740
tcttegeetg cagoctegte tagagtgtet teccgeotgtat cgtcotitagt gtetagogga 1800
cctacgaatg gtgoctgetgbt ttctggaget ttgaatagtt tagtatetca gattagtgea 1860
agtaatCCag'gtttatcggg atgtgatgct cttgtgcagg cattattgga attagtgtcet 1220
gotettgtgg caattettte atctgecaagt attggccaag tcaacgtceag ctetgttagt 1880
cagtcaactc aaatgattag ccaagctctt tea 2013
«210> 14
<211> 420
<212> DNA
«213> Artificial seguence



cgtgtgtctt ccgctgtatc gtctttagtg tctagcggacctacgaat gg
tgctgctgtt 180 tctggagctt tgaatagttt agtatctcag
attagtggaa gtaatccagg tttatcggga 240 tgtgatgctc
whbhil@pAgHC attattggaa ttagtgtctg ctctt gl 99c porppanesinoross

aattctttca 300 tctgcaagtasnttggccaagt caacgtcagc
tctgttagtc agtcaactca aatgattagc 360 caagctcttt

«220> Caggc 375 <210> 16 <211> 2828 <212> DNA <213>
Nephil a cl avi pes <400> 16 gcttgcttta cctcggcagt

<223> gEeatAdFcit ttcttagcgc agtgtgcgtc gacgtacgga 60 WO

<100, 2006/008163 PCT/ EP2005/ 007968 78 agggggatta

fgccaact ¢ ccctttcetea aaccct aaca cagcggaa
scascrbCEARELALORLLLELER BRCAGL 2000, C0000R00E rrem, o
gergtaftat tdQggaeh 6 Ca3304RHS LOAAGasd tecdBOrgdatdacaiRa 120
ttcagagtct catacaggcc cagagcatgg gcaaagggcg .
gertetgegt gricaty cR4caaaggt caagr It yagzagmygatgtgeeggtagec 180
cttgcttctt ctatagccga attggttatt 300 gcagaaagca
Sttt aRE S R F GYCRATHE RAEICEI GG (PHIE CeRaates 240
caagtt&g&%t &a‘ég@% cg %gt@tacq:gg Cgth gg%ggg} an&%%caag%ég&&%a 300
aacgaagagt tcgtccatga ‘agttcaagac 420  ctcatccaga
gaagttd@gtt @isctc@agagaacagatc gacgaged agadhagdsl eaggactrat 360
accagggcag 480 tactacaggt cgtcttcttc cggtggagga
IILICCHGE gHAGHRC2 A FTFAYPOET WotRGFthcrITERrIgaedeatIIga 420 -
ccgttacagt "tggcggat cc ggt ggagggc aaccttcagg
<210 [@Caggtcct 600 agtggtacag gtggatatgc accaact gga
tacgccccaa gcggctcagg tgcaggtggc 660 gttcgaccta
<211> g#7gcctccgg tccaagtggt agtggaccta gtggtggatc
‘ tcgtcctagt 720 agtagtggac ctagtggaac tcgtcccagc
<2l2> aat ggt g caagtggatc tagccctggt 780 ggtatcgcac

<213> GLO9E.Q9af G g%tcgc;t ggt ggtgctggag tatccggcge
aact ggagga cctgcatcca gcgget ccta cggaccagga

agt acaggt g gaacat at gg acctagtgga 900 ggaagtgaac
. Ctttcggacc agtagtggct ggaggaccat acagcccagg
<220> tggagctgga 960 cctggtggtg caggt ggagc ctatggacca

qgggg&gggg gaact ggt gg agccggacca 1020

<223>

<400> 15

atggctagea tgactggtgg acagcaaatbg ggbtcgeggat ¢catgggagce atatggecea 60
tetccttectg cttecgecatc cgttgeagee tetegtttat cttegectge ageetegtet 120
cgtgtgtett ccgetgtate gtetttagtyg tetageggac ctacgaatgg tgotgeotgtt 180
tctggagett tgaatagttt agtatctecag attagtgcaa gtaateccagg tttatcggga 240

tgtgatgcte ttgtgeaggc attattggaa ttagtgtctg ctecttgtgge aattctttea 300

tetgecaagta ttggocaagt caacgtcage tctgttagte agtcaactea aatgattage 360
caagctottt caggce : 375
<210> 16

<211 2828
«<212> DNA

<213> Nephila clavipes

«<400> 16
gettgettta cctoggcagt gatatttcott tteottagoge agtgtgcgtc gacghacgga 60



ggaggttacg gacctggtgg agccggacca ggaggttatg

gacctggt gg agccggacca 1080 ggaggttacg gacctggtgg

agct ggacca ggaggttacg gacctggtgg agctgggcct 1140
wogasmbs@$ 9 gacctggt gg agctggacct ggaggttacg per/er2005/007968

gacct ggt gg agctggacct 1200;8 ggaggttacg gacctggtgg

aact ggacct ggtggatacg gacctggtgg aactggacct 1260

aggggg@gRdgagthg-tgacst 96449 MS&M@&%Q%@Q&@E@E&cacga 120
gacctggt gg tgctggacct 1320 ggtggtgctg gacctggtgg
tetttegipet ggatettogotigyegery gaccigegs ggcigoeygasedsad380 180
sacsaceeCTAPH T U AURRICT THATTaY CoRTIEPD Satirtygy 260
aaggccg.-%% g%gg% ggg;c%ggga%gg cgggéégtgg% ggagaggg%gésgggtééﬁo 300
gcagaagRaCegybagfrsagoggacaa babéraaggitgatgectsh dactegaadgd 350
t gcaggacgt ggaggagcag gtcgtggtgg tgtaggtcgt 1620
aacgccwag‘@wéa‘@“@twma a@@@%@@a*e@tcgwe@agﬁt&ﬂw 420
cecorc SUOLASLAL L OORUCR00 030 00L0CLONS, DEOERIEREO oo
: tactacaggkgagtgt@teag@tg@@gg @@@@@ga@taagga%@g&agg%ttact 540
t aacaat cgg tggagcaggc 1800 gctggaggtt ccggacccgg
gaaacatiygt eRACGYRIC CygasEcy dotgrracet ggcttcgedctgyasd8s0 eco

ccag%gg? tag acct %tfggct ct gga ccaggaggcg
29t99t38dg b‘%gfaagc F?‘ftﬁg oot IGHHGGLY taGgGaet gy ©6°

cga C c 0 2
oS AASIGRAER S ORTBRINE SARIRLY) ARl R a9R0 VO

agtagtdgpagacet agat ggot cegga ceagybtyegadtaggrncifgetggt
aggcgt agga 2040 <cccggtggtg ctggaggacc ttacggtcct

ggtatc%cﬁfga:tggéwtg FECEHFAGY %@%ﬁg@%@@t%ﬁa@c grIggaygaa

CCtgcag%%a%r%%gtfgcfc%g%gggctata%g a%gg g CC %ﬁ’t t gcaﬁ%ﬁgﬁgt 900

ggaagtgat OeH-@8aac6 CdaeHGREE @g@agiigﬁt:ag?e%g%g O8H-80aLECt 960
acggaccagg tggtgctggt ggaccctacg ggccggat gg
cetggtqgyet qgsgngZ&@tgmei agggﬁg@t@gga@gﬁggg Bg%ggahcc 1020

t at cagga 2340 t gt agg
ssuoee PGPS AALIEE ORI a0
ggaggt 3G AGLLOAR 19400 s IQEL RGIGAC, &ggé&%%% L&Q'ég&c%ggt 1140

ggat acggac ctggcggttc tggatctggt 2 ggatacggac

ggaggtiGicg gagot 4t ab ggaceiagogt wgaddrehapascabgiiogaidtagacct
cggacctggt 2520 ggtactggac ctggtggttc tgaatctggt

ggaggtfgagat %@@%@é%t@@f%ﬁ% 9@@%&6?@ gec%smg RAFEIGac 1260
ag gt.ggggggctggacct

780

840

1080

1200

ggaggag%ﬁ:ggéca%g g%g%.g%%%%g ggac.: gg gga gacct 1320
ggtggtgctg gacctggtgg tgctggacct ggtggtgoety gacctggtgg tgcotggacct 1380
ggtggtgety gacctggtgyg atacggecet ggtggatety gacctggtug tgctggaccet 1440
agtggtgcecyg gacttggtgg tgctggacct ggaggtgogg gacttggigg agcaggacct 1500
ggaggagcag gaaccagtgg tgceggaccc ggtggagcag gaccoggbgg agcaggacaa 1560
ggtgatgcty gacceggtygyg tgcaggacgt ggaggagcag gtogtggtgg tgtaggtcgt 1620
. ggtggtgcay gtegtggagg tgcaggacgt ggtggagcocta gaggtgetgy tggagcagga 1680
ggtgctggtyg gagcaggagyg atccggogge acaacaatcyg tagaggactt ggatattaca 1740
attgatggtg cagatggccc gataacaata tcagaagaat taacaatcgg tggagcagge 1800
getggaggtt ccggaccegy tggtgetgga ccaggaaacg ttggacctgg tegcetctgga 1860
ccaggaggag taggacctgg tggetetgga ccaggaggcg taggacctgg tagetttgga 1820
ccaggaggeg taggacctog tggetecgga ccaggaggeg taggatctgg tggetecgga 1880



ggttctggac ctagcagttt tgtacctggc ggttctggac

ctggtggctc tggacccggt 2700 ggcgctggac ccggtggcgce

t ggacccggt ggtgttggac ttggaggtgc tggacgtggt 2760
wogeGmgeac gt ggt ggagc tggaagtgtt ggagct ggac per/ep2005/007968
gt ggt ggagc tggacgtggt 282079 ggaactgg 2828 <210> 17
<211> 2724 <212> DNA <213> Nephila cl avi pes <400>

17 ggaccaggag gt gtaggacc tggtggaagt ggacct ggag

caaggagtacatIRPACEagQLHag eyt BBoIygaT CRgIFRGLeEd Faggyages 2040
tggtggttct ggtccaggt at acggacc cggtggttcg 120
cocestgels ERTAS Gt AEGUAEE TOBLIOT CroyUaee GaTgossee 2100

ctggaldACAQR66RY deGt H805ad g c
S N R G R i
ggtgctgPAC ¢4 got 4-ogt t Cbggaee dggdgat abtHmaaed gedtdgtact 2220
gtactggacc tggtggttct 300 ggacccggcg gat acggacc
9ItITREEt BITLETRIGRIEEGHGIY YRFEIGEACECTYFEF AT LIIBBG 2280
cct ttc cc taggcagrtt acctggc
cecre g R Lo RhRatsl B i i e 0
gotgrab@! GGHe865a-80 £E6HYLY tSPPACEISQILGILELLcABR 2400
ggacct ggt.g gtgctggacc cggt ggagct ggacctggtg
24690

ggLracgIayC ERFALIC L gpgggtayot B4GRcoggactiyFuy-Qtgeitgyasc
Y o et L R e T R

ggtact%ag:ct:%ﬂgﬁ:tt:g%%ggagjgg &Q@&%&chtcgg&gg&{cg g& ctggc 2580
cgctggagga 66 gcaggcggag caggaggttc aggtggagca
ggttetggaggaict ggrtgCgghacasc wataatayaasgtdfatgagdd-gagaica 2640
ttacaattga tggcgctgat ggcccgataa cgatttcaga
g9ttt g Eat 1P aaRH tP BT F R AT RE G t GGt Y IR Y FARIIPEL T §ERRSEeTt 2700
tg t a ct 840 ct.ccggac
T ey R St
ggagct §HGAEGIEEHa g8 0ga §etot € 13l & 5620 RGP GPho AIGREEEZR! 2820
ggtgctggtg gaccttacgg acctggcggt 960 tctggacctg.
2828

ggaactgmggt gcagg cggaget gga ggacctggtg gagcat acgg
acctggtgga 1020 tcatatggac ctggtggttc cggaggaccc
<210» 90t Ogtgctg gcggaccata cggacctgga 1080

<21i> 2724

<212> DNA

«<213> Nephila clavipes

<400> 17

ggaccaggag gtgtaggacce tggtggaagt ggacctggag gttatggacc cggtggagct &0
ggacctggag gttacggacc tggtggttcet ggtccaggtg gatacggacoe cggtggtteg 12¢
ggaccaggag gatacggacc tggceggttet ggacctggtg gatacggace aggceggttct 1840
ggacctggtg gatacggacce aggeggttct ggacctggtg gatacggace tggtggatat 240
ggacctggty gttetggace tggtggatat ggacctggtg gtactggace tggtggttcet 300
ggacceggey gatacggace tggtggttet ggacctggeg gttetggace tggtggatac 360
géacctggtg gttetggacc tggcggtttt ggacctggeg gttctggace tggtggatac 420
ggacctggtg gctctggace cggtggtgcet ggtcocceggtg gtgttggace cggtggtitt 480
ggacctggtg gtgctggacce cggtggagct ggacctggtyg gtgcoctggace tggtggtgot 540
ggacctggtg gtgctggacce tggtggaget ggacctggtg gtgctggace tggtggaget 600



ccggtggt gc tggcggaccc tacggacctg

tggaccttac 1140 ggcccaggtg gtgctggtgg
ccaggt ggt g aaggt ggacc ctacggacca 1200
acggaccggg tggtgctggt ggaccat acg per/er2005/007968
accctacgga 126G cctggaggtg aaggaccagg
ggaccct at g gaccaggagg tgtaggacct 1320

ggt gaaggac
gt ggt gcagg
accct acgga
woShedasGat
gaccaggt gg
t ggt gct ggc

- ggacctERHa0gaRehe -0 2ot §8a00 dohadiggas GtsagheaRdg Ggagga 660
gacctggagg ttatggacct 1380 ggtggagctg gacctggagg
gcaggcggagc GRPEREI tg RAYHYISoLY Qgﬁm‘,&aggﬁt gggsa:taae@gacmtmo 720
L ggt t ct t ccaggt acggaccc tt
sectes g At A RUaCET TS iy COTED BRetdegg 7*
840

attage§:3COGRLES (095GaL ALY QACSGLIM ddg gaatga@&gég@fc S
: ggcggttctg gacctggtgg atacggtcct ggaggttc
ggctecgmect b g ot taabggaget gb62tggggicggaacty ganetgfgg
tact ggacct ggtggttctg gacctggcgg atacggacct 1680
%tt“%l“g@‘"tgﬁewgga?@@?w@% LT GHET CL -GGG P%%tggcggt 260

a c t ttc ag
oo SRSCORERNEL BURREHL LR 108 MR8 o
tcatat@FeOHobCidt g aehamic-gd Atafggar @gg@gt:gg@ E@g}a&ctgga 1080
gagccggt gg tactggacct 1860 ggtggcgctg gaggagcagg
ggtgaaw@awaewgeme%@m tgegReagYRgEIIueRygt YPECLGR20 1140

ssecee SRRt qUL ACHALR TO00TTeR CACHAAD AUD

APEtat 2200
ggtggagcaea@agtgg@aggg GGYERAARLY PEELURALAREGAELLC8022.2040 1260
gaattaacaa ttagtggtgc tggaggttct ggacccggtg
cectggaqitgcdaggaceagutogitgta ogd8ittagygectagegicy gedagb4@acc 1320
a ggacctggag tctctggacc aggaggcgta 2160

t
a5t 99% R GG EIHIACE TAGandcGg0: G-goaces

900

1380

a C e tgéac acc
R T D i
gotggt G8a Cotcdng o g ldraefi3agy gatddrt a@0gac et 4P bgacct 1500

cagaaggacc ttatggacct 2340 agtggaactt atggttctgg
ggcggt%ggaﬂj’gafﬂtggg’tte%ﬁgggwg IgePEogagyrace@uarggas400 1560

cct cttatg acct aagccctg
svcsor Ea R RoT (At At 92?1%’6 NGB CeHEEGgr 1620
 gotggr Rt aetaiRqt-dagidcta g gsccttgaégtgt 182644220 Qo

2006/008163 PCT/EPZOOS 0079 81 taccaaatg%
ggtggtttqtggiaaatmcggoitatqgacaa gyaddrcgiC bgegbdcagfgaaggacet

atgcaatcca 2580 aataatgtta atgttttgat ggatgctttg
agtggttt%gwg‘e%g? GEaTaGret 2ar A AL BT YFarEwceat 1800
ggcggttgi:&tg}agg@g%%g%ta%%gg%ggggt gggg%ggét%cg%ccgg%%t gga%ﬁ:ggacct 1860

ftctaattct

1740

1220

ggtggcgety gaggagcagg cggagcagga ggticaggiy gagcaggagg ttecaggtggt

gcaggaggtF caggtggagc aggaggtitca ggtggagtag gaggatcogg cggtacaaca 1980
atcaccgaag acttggatat tacaattgat ggcgcagatg goccgataac gatttcagaa 2040
gaattaacaa ttagtggtgc tggaggttet ggacccggtg gtgctggacce aggtggtgta 2100
gggcetygtyg getctggace aggaggtgta ggacctggag tcotctggacce aggaggegta 2160
ggacctyggtg gtictggacc aggaggcgta ggttctggtg gttctggace aggaggegta 2220
ggacctggtyg gttacggacc tggaggttct ggatcaggag gogtaggacce tggtggttac 2280
ggacctyggag gttcaggagg attttacgga cotggaggtt cagaaggace ttatggacct 2340
agtggaactt atggttctgg aggaggatat ggtectggtg gtgctggagg accatatgga 2400
cctggaagtc ctggaggagce ttatggacet ggaagceoctyg gaggagetta ttat&ctagc 2460
tegegtgttc cogatatggt gaatggtata atgagtgeta tgcaaggatc tggttttaac 2520



gt aggaagaa tgttcgctta ttaa 2724 <210> 18 <211> 52
<212> DNA <213> Artificial sequence <220> <223>
synt heti c oligonucl eotide <400> 18 gat cgaggag

wO2heRa$199g acgaat t cac ggctaat gaa agcttact gc wRegp300s/007968
<210> 19 <211> 52 <212> OA <213> Artifici al

sequence <220> <223> synthetic oligonucl eotide
<400> 19 agctgtgcag taagctttca ttagccgtga attcgtccca
taccaabgat &Rt et al Cordtcacdd O e 20gts2d bt dadgas? h2gedPe<2 1330
Artificial sequence <220> <223> synthetic
aataatgthag e F et et I<40o L t2ectactyttactjetec agaitagetar 2640

e e R O

gtaggaseabOBgtddtgctta ttaa 2724

<210> 18
«211l> b2
<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 18 _ .

gatcgaggay gatccatggg acgaattcac ggotaatgaa agcttactge ac 52
<210> 19

<21i= 52

<212> DNA

«213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 19

agctgtgeag taagetttca ttageogtga attcegtccca tggatcctee te 52
<210> 20

<21li> 72

<212> DNA

«213> Artificial sequences

<220>
<223> synthetic oligonucleotide

<400> 20
tcegtacgge craggtgeta gegecgcage ggcagogget ggtggctacg gtecgggetc 60



<211> 72 <212> DNA <213> Artificial sequence <220>
<223> synthetic oligonucl eotide <400> 21 ctgctggcca
gagcccggac cgtagccacc agccgctgec gctgecggegce

W &kgg 60 gccgtacgga cc 72 <210> 22 <
<212> DNA <213> Artificialgsequence <220> i%%?ggaﬁmwnms

synthetic ol igonucl eotide <400> 22 tccgggccag

tggcca§@@OgeCcCygg gt caacaggg tcctggccag caaggtccgg
gccagcaggg 60 <210> 23 <211> 60 <212> DNA <213>

Artificial sequence <220> <223> synthetic

<210> A gonucl eotide <400> 23 ctgctggecec ggaccttget

<?11s ccaggacc ctgttgaccc gggccctgect ggcccggacc 60 <210>
24 <211> 105 WD 2006/ 008163 PCT/ EP2005/ 007968 83

<212> §&12> DNA

<213> BArtificial sequence

«220>
«223> synthetic oligonucleotide

<400> 21
ctgetggeca gageecggac cgtagccacce ageegcotgceco gectgeggege tageaccetyg 60

gecegtacgga cco 72

«210> 22
<211> &0
<212> DNA

«213> Artificial seguence

<220

<223> synthetic oligonucleotide

400> 22

tccgggeocag cagggcccgg gtcaacaggyg tectggecag caaggtocgyg gocecageaggg 60
«210> 23

<23il= &0

212> DNR

<213> Artificial sequence

<2205

<223> synthetic oligonucleotide

<400> 23

ctgctggcce ggaccttget ggocaggacce ctghbigacce gggecctget ggceccggace 60
<210> 24

«211> 105



<213> Artificial sequence <220> <223> synthetic
ol i gonucl eoti de ¢400> 24 ttctagcgcg gctgcagcecg
cggcagct gc gtccggecccg ggtggctacg gtccggaaaa 60

wWeCREM@EGsa tct ggcccgg gtggetacgg tcct ggeggt 008R%065
<210> 25 <211> 105 <212> @NA c213> Artificia

sequence <220> <223> synthetic oligonucl eotide
<212> cd))> 25 cggaccgcca ggaccgtagc cacccgggcc agat ggaccc
tggttttccg gaccgtagcc 60 acccgggccg gacgcagcetg
‘213>cSﬁEﬁ@Eﬁéc“%@%%ﬁtgcta gaacc 105 <210> 26 <211> 36
<212> DNA <213> Artificial sequence <220> c223>
Primer <400> 26 gaaaaaccat gggtgcggct tctgcagctg
<220s> tatctg 36 <210> 27 <211> 45 <212> DNA <213>
Artificial sequence WO 2006/ 008163 PCT/ EP2005/ 007968
<223>. 8dynthetic oligonucleotide

<400> 24
ttctagcgeg gctgcagecyg cggcagetge gtecggccey ggtggotacg gtceggaaaa 60

ccagggtcca tctggococyg ghtggcotacgg toctggeggt ccggg 105

<210> 25
<21l> 105
212> DNA

<213»> Artificial sequence

<220>
<223> synthetic oligonucleotide

<400> 25
cggaccgcca ggaccgtage caccogggoce agatggacce tggittteeg gaccgtagec 60

accegggecg gacgeagetg cogeggotbge agecgogota gaacce 105

<210> 26
<211> 36
.<212> DNA

<213> Artificial sequence

<220>

<223> DPrimer

«<400> 26

gaaaaaccat gggigcggct tctgcagetg tatctg 35
210> 27

<«21ll> 45

<212> DNA

<213> Artificial segquence



<220> c223> Prinmer <400> 27 gaaaagaagc tttcattagc
cagcaagggc ttgagctaca gattg 45 <210> 28 <211> 34
<212> DNA <213> Artificial Sequence <220> <223>

wo0#is165400> 28 gaaaaaccat gggagcat at ggccCGithtpsoos/00796s

«220>

T 223>

<400>

cttc 34 <210> 29 <211> 454 <212> DNA <213>
Artificial sequence <220> <223> Priner <400> 29
gaaaagaagc tttcattagc ctgaaagagc ttggctaatc atttg 45
<210> 30 <211> 12 <212> PRT <213> Artifici al
sequence <220> <223> T7 tag <400> 30 Met Al a Ser
Metmebkhr Ay Ay An A@n Met Ay Arg WO 2006/ 008163

PCT/ EP2005/ 007968
27

gaaaagaagc tttecattage cagcaagggc ttgagctaca gattyg 45

<210>

<21l>

<212>

«213>

«220>

<223>

<400>

28
34
DNA

Artificial Seguence

Primer

28

gaaaaaccat gggagcatat ggcccatcte ctte 34

=2310>
<21l
«212>

«213>

«220>
<223>

<400>

29
45
DNA

Artificial sequence

Primer

29

gaaaagaagc tttcattagc ctgaaagagc ttggctaatc atttyg 45

<210>

«211>

<212>

<213>

<220

<223

<400

3a
12
FRT

Artificial seguence

T?7 tag

30

Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg



85 1 5 10 <210> 31 <211> 216 <c¢212> PRT <213>
Artificial sequence ¢220> c223> FlagN-NR <400> 31
Ay GQu Ser Ser Ay Ay Asp Val dn Arg Lys Thr Asn
w@oodidogiser 1 5 10 15 Asn Ala Leu Arg Asn
Met Ser Thr Thr Gy Ser Prg Asn Qu 20 25 i S Sl T
Val H's Gu Val dn Asp Leu Ile @n Met Leu Ser A n
1 GQu 35 40 45 dnlle Asno@u Val Asp Thr Ser Gy Pro
Ay @n Tyr Tyr Arg Ser 50 55 60 Ser Ser Ser Ay
<210’G5¥ Gy dy dy Ay dn Gy @y Pro val VvVal Thr 65
75 80 du Thr Leu Thr Val Thr Val Ay Ay Ser Ay
<211> &Y Ay Gn Pro Ser 85 90 95 dy. Ala Ay Pro Ser
Gy Thr Ay Gy Tyr Ala Pro Thr Ay Tyr Ala 100 105
<212> 18#®rPro Ser Ay Ser Ay Ala Ay Ay Val Arg Pro Ser
Ala Ser Ay Pro 115 120 125 Ser Ay Ser Ay Pro Ser
<213> oPXFiEiGiagefedmERFPr 0 Ser Ser Ser Gy Pro 130 135 140
Ser Ay .Thr Arg Pro Ser Pro Asn Ay Ala Ser Ay Ser
Ser Pro Ay 145 150 155 160

<220>

<223> FlagN-NR

<£00> 31

Gly Glu Ser Ser Gly Gly Asp Val Gln Arg Lys Thr Asn val Ile Ser

1 5 C10 i5

. Asn Ala Leu Arg Asn Ala Leu Met Ser Thr Thr Gly Ser Pro Asn Glu
20 25 30

Gilu Phe Val His Glu Val Glm Asp Leu Ile Glin Met Leu Ser Gln Glu
a5 40 45

Gln Ile Asn Glu Val Asp Thr Ser Gly Pro Gly Gln Tyr Tyr Arg Ser
50 - 55 60

Ser Ser Ser Gly Gly Gly Gly Gly Gly Gln Gly Gly Pro Val Val Thr
65 70 75 80

Glu Thr Leu Thr Val Thr Val Gly Gly Ser Gly Gly Gly Gln Pro Ser
85 So 85

Gly. Ala Gly Pro Ser Gly Thr Gly Gly Tyr Ala Pro Thr Gly Tyr Ala
100 105 110

Pro Ser Gly Ser Gly aAla Gly Gly Val Arg Pro Ser Ala Ser Gly Pro
115 120 125

Ser Gly Ser Gly Pro Ser Gly Gly Ser Arg Pro Ser Ser Ser Gly Pro
130 135 140

Ser Gly Thr Arg Pro Ser Pro Asn Gly Ala Ser Gly Ser Ser Pro Gly
145 150 155 160

Gly Tle Ala Pro Gly Gly Ser Asn Ser Gly Gly Ala Gly val Ser Gly
1&5 170 175



Gy lle Ala Pro Ay Gy Ser Asn Ser Ay Ay Ala Ay
Val Ser Gly 165 170 175 WD 2006/ 008163
PCT/ EP2005/ 007968 86 Ala Thr Gy Gy Pro Ala Ser Ser
- wioMoemgic3yr Gy Pro Ay Ser Thr 180 185 19
Thr Tyr Ay Pro Ser Ay A& Ser Au Pro PheqjC(SI:Tﬁlﬁéﬂo@ﬂk‘mﬁ8
Ay 195 200 205 Vval Ala Ay Ay Pro Tyr Ser Pro 210
Mla Th2 By 31620 32a <21 1serbdy s« e dN2dB>sér trhfi ci al
Sequebde <220> <223>14H agN-NR <400>182 ggcgaaagca
gcggaggcga tgtgcaacgc aaaaccaacg ttatctccaa
t ccl.t { gt ct C
e s AR SR S VR
tgttatctca agaacagatc aacgaggtag atacttcagg
accagggcag 180 tactacaggt cgtcttcttc cggtggagga
Val ?’*lggﬁlgg%}g'ga{o aayFaygirec tgtagttact 240 gaaacactga
2:¢cgttacagt tggcgeatcc ggtggagggc aaccttcagg
tgcaggtcct 300 agtggtacag gtggatatgc accaactgga
tacgccccaa gcggcetcagg tgcaggtggce 360 gttcgaccta

<210=>
gtgcctccgg tccaagt ggt agtggaacta gt ggt ggat c
<211> teg@t cctagt 420 agtagtggac ctagtggaac tcgtccaagc
cctaatggtg caagtggatc tagccctggt 480 ggtatcgcac
<212> AMN§gt ggat ¢ caattctggt ggtgctggag tatccggege
213> QQQEEQQQQQE ugmecctgcatcca gcggctccta cggaccagga
agt acaggtg gaacat at gg acctagtgga 600 ggaagtgaac
ctttcggacc aggagtggct ggaggaccat _acagccca 648 <210>
33
«220>
«223> FlagN-NR
<400> 32 .
ggcgaaagea geggaggega tgtgcaacgc aaaaccaacyg ttatctccaa cgotttgaga 60
aacgccttga tgtctacaac aggcagccca aacgaagagt tcgtccatga agttcaagac 120
ctcateccaga tgttatctca agaacagatc aacgaggtag atacttcagyg accagggcag 180
tactacaggt cgtcttcttc cggtggagga ggtggaggac aaggaggtec tgtagttact 240
gaaacactga ccgttacagt tggeggatce ggtggaggge aaccttcagg tgcaggtect 300
agtggtacag gtggatatgc accaactgga tacgccccaa geggctcagg tgcaggtgge 360
gttegaccta gtgoctecgg tecaagtggt agtggaccta gtggtggate tegtectagt 420
agtagtggac ctagtggaac tcgtcccage cctaatggtyg caagtggatc tagccciggt 480
ggtatcgecac ctggtggatc caattctggt ggtgetggag tatccggege aactggagga 540
cctgcatecca geggetcocta cggaccagga agtacaggtg gaacatatgg acctagtgga 600
ggaagtgaac ctttcggacc aggagtggct ggaggaccat acagecca 648
<210> 33
<211> 93
<212> PRT
<213> Artificial seguence
«220>
«223> FlagC-NR



<211> 93 <212> PRT <213> Artificial sequence <220>
<223> Fl agC- NR WO 2006/ 008163 PCT/ EP2005/ 007968 87
c400> 33 Gy Ala Tyr Tyr Pro Ser Ser Arg Val Pro Asp
Wm)ﬂm&:lﬁﬁ\sn ad Yy Ile 15 10 15 Met Ser Al am@){ﬁﬂm;{gﬁs
Gy Ser Ay Phe Asn Tyr Gsy Met Phe Ay Asn 20 25

Met Leu Ser A n Tyr Ser Ser Ay Ser Ay Thr Cys Asn

Pro Asn Asn 35 40 45 Val Asn Val Leu Met Asp Ala Leu

<400> | ¥y Ala Ala Leu His Cys Leu Ser 50 55 60 Asn His

a r.Ser Ser, roSerPr Thr Pro a Ala
o M%T%rsgg %f’ 75 gﬁruggr aZI o Tyre S&r Volnz{1 eGg}\/gfg dy Arg
Met Phe Ala Tyr 85 90 <210> 34 <211> 279 <212> DNA-
<213> Artificial sequence <220> <223> FlagC NR
Met Ser4Q@>MBACHyGYctSeatdlyatrechagCic Gie eyt Rhecelygasmat ggt ga
at ggt4t aat gagt gct at ?%60 caaggatctg ¥ttttaacta
ccaaatgttt ggtaatatgc tatcacaata ttcgtctggt 120

Met Leu Ser Gln Tyr Ser Ser Gly Ser Gly Thr Cys Asn Pro Asn Asn
35 40 a5

Val Asn Val Leu Met Asp Ala Leu Leu Ala Ala Leu His Cys Leu Ser
50 55 60

Asn His Gly Ser Ser Ser Phe Ala Pro Ser Pro Thr Pro Ala Ala Met
65 70 75 80

Ser Ala Tyr Ser Asn Sex Val Gly Arg Met Fhe Ala Tyr
85 a0

210> 34
<211l 279
<212> DNA

<213> Artificial sequence

220>

<223> FlagC-NR

«400> 34

ggtgcttatF atcctagete gegtgttece gatatggtga atggtataat gagtgotatg 60
caaggatctg gttttaacta cecaaatgtit ggtaatatgce tatcacaata tteogtetggt 120
tcaggaacat gceaatccaaa taatgttaat gttttgatgg atgctttgtt agoctgotttg 180
cactgtetaa gtaaccacgg atcatcatct tttgecacctt cteccaactee ggctgctatg 240
agtgcgtatt ctaatteotgt aggaagaatg ttegettat : 278
<210> 35

<211l> 27

<Z212> PRT

«213> Artificial sequence



t caggaacat gcaatccaaa taatgttaat gttttgatgg
atgctttgtt agctgctttg 180 cactgtctaa gtaaccacgg
atcatcatct tttgcacctt ctccaactcc ggctgctatg 240
wodhar@srst ctaattctgt aggaagaatg ttcgcettat %,[&,Eﬁgo%ﬁ%s
35 <211> 27 <212> PRT <21g> Artificial sequence WO
2006/ 008163 PCT/ EP2005/ 007968 88 <220> <223> Mdul e
<220 K <400> 35 Ay Pro dy Ay Ala Gy Ay Pro Tyr Ay
Pro dy Gy Ala dy Ay 1 510 15 Pro Tyr Ay Pro
<223> dfoguig f Ala Ay Gy Pro Tyr 20 25 <210> 36 <211> 81
12> DNA <213> Artificial sequence <220> <223>
dul e K <400> 36 ggtccgggcg gtgctggecgg tccgtacggce
cly préG19gaaa 6AYGIHATECrAL @LoglLeg, @Yy Aacedt 4699
1 gcggtccgta ¢ 81 <210> 3x <211> 28 <212 PRT <213>
Artificial sequence

<400>

Pro Tyr Gly Pro Gly Gly Ala Gly Gly Pro Tyr
20 25

<210> 36

<211> 81

<212> DNA

<213> Artificial sequence

«220>
«<223> Module K

<400> 36
ggtccgggeg gtgetggoegy tecgtacgge cctggtggeg caggtgggoo atatggtccg 60

ggcggrgegy geggtocgta o 81

«21C0> 37
«21i> 28
<212> PRT

<213> Artificial seguence

<2205

<223> Module sp

<400> 37

Gly Gly Thr Thr Ile Ile Glu Asp Leu Asp Ile Thr Ile Asp Gly Ala

i 5 10 15

Asp Gly Pro Ile Thr Ile Ser Glu Glu Leu Thr Ile
20 25

<210> 3B

<211 84



<220> <223> Module sp <400> 37 dy Ay Thr Thr Ile
Ile Au Asp Leu Asp Ile Thr Ile Asp Ay Ala 1 5 10
i5 Asp Ay Prolle Thr Ile Ser Qu Gu Leu Thr Ile
PCT/ EP2005/ 007968 89 c21¢8> DNA <213> Artifici al
sequence <220> - <223> Mdul e sp <400> 38 ggtggcacca
<212> @@t cattga agatctggac atcactattg atggtgcgga
cggcccgatc 60 acgatctctg aagagctgac catc 84 <210>
<213> Fgtifirisl pgaueape?> PRT <213> Artificial Sequence
<220> <223> Module X <400> 39 Gy Ay Ala dy Qdy
Ala dy dy Ala dy Ay Ser Ay Ay Ala dy 15 10
<220 15 Ay Ser <210> 40 .

<223> Module sp

<400> 38
ggtggcacca ccatcattga agatctyggac atcactattg atggtgcgga cggeccgatc 60
acgatctctg aagagctgac catc 84
<210> 39
«211l> 218

<212» PRT

<213> Artificial Seguence

<220

«223> Meodule X

<400> 39

Gly Gly Ala Gly Gly Ala Gly Gly Ala Gly Gly Ser Gly Gly Ala Gly

1 5 1¢ 15

Gly Ser

«21l0> 490
211> &”4
«212> DNA

<213> Artificial sequence

<Z20>

<223> Module X

<400> 40

ggtggegetyg gtggegecgyg tggogeaggt ggctetggeg gtgegggegg ttec 54
<210> 41

«211s 30.



<211> 54 <212> DNA <213> Artificial sequence <220>
<223> Mbdul e X <400> 40 ggtggcgctg gtggcgecegg
t ggcgcaggt ggctctggcg gtgcgggegg ttce 54 <210> 41

wobienosds WO 2006/ 008163 PCT/ EP2005/ 007968  Sirsiibizin079ss

«212>

<213>

«220>

<223>

<400>

PRT <213> Artificial sequesmce c220> <223> Mdule Y
c400> 41 dy Pro dy Ay Ala dy Pro Ay dy Tyr Ay
B Ay Gy Ser Ay 1510 15 Pro dy dy Tyr Ay
Pro Ay Gly Ser Ay Pro Gly Ay Tyr 20 25 30 <210>
42tePilci=l FRquesRe?2> DNA <213> Artificial sequence

<220> <223> Module Y <400> 42 ggtccgggcg gtgcgggcecc

aggtggctat ggtccgggcg gttctgggcc gggtggctac 60
ggtcctggcg gttccggeccc gggtggctac 90

Module Y

41

Gly Pro Gly Gly Ala Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly

i3

5 10 15

Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr

<210>
<211>
<2l2>

<213>

<220
<223

<400

20 25 30

42
90
DNA

Artificial sequence

Module Y

42

ggtccgggeg gtgcgggoce aggtggetat ggtocgggceg gttcotgggoo gggtggctac 60

ggtecctggeyg gtteoeggece gggtggctac SO

«<210>

<211l>

<2125

«213>

«220>

<223 >

400>

43
32
DNA

Artificial Sequence

PCR-Primer

43

gaaaaaccal gggcgaaagc agcggaggeg at 32

«210>

<211l>

44

36



<210> 43 <211> 32 <212> DNA <213> Artifici al
Sequence <220> <223> PCR-Prinmer <400> 43 gaaaaaccat
gggcgaaagc agcggaggcg at 32 <210> 44 <211> 36 WO
woQ0@/068163 PCT/ EP2005/ 007968 91 <212> DI\lAp’Caw;lﬁaoﬂsmm%s
Artificial Sequence ¢220>1<223> PCR-Prinmer <400> 44
gaaaagaagc tttcattagc ctgggctgta tggtcc 36 <210> 45
212> oeAl> 33 <212> DNA <213> Artificial Sequence <220>
c223> PCR-Primer <400> 45 gaaaaaccat gggtgcttat
<213> Patificagcteqgme83 <210> 46 <211> 42 <212> DNA

<220>

<223> PCR-Primer

<400> 44

gaaaagaage tttcattage ctgggetgta tggtece 36
<210> 45

<211> 33

<212> DNA

<213» Artificial Sequence

<220>

<223> PCR-Primer

<400> 45

gaaasaccat gggtgettat tatcetaget cge 33
<210> 46

<211l> 42

<212> DNA

«213> Artificial Seguence

<220>

<222> PCR-Primer

<400> 46 . .

gaaaagaagc tttcattagc cataagcgaa cattcettect ac 42
<210> 47

<211= 90

<212> DNA

<213> BArtificial Seguence

<220

<223> synthetic cligonucleotide



<213> Artificial Sequence <220> <223> PCR-Priner
<400> 46 gaaaagaagc tttcattagc cataagcgaa cattcttcct
ac 42 <210> 47 <211> 90 <212> DNA <213> Artifici al

woaqommsrs <220> <223> synthetic ol i gonucl eotpEeePifisvnToss
2006/ 008163 PCT/ EP2005/ 0079268 92 <400> 47 tccgggcggt

gcgggcccag gtggctatgg tccgggeggt tctgggecgg

gtggctacgg 60 tcctggcggt tccggcccgg gtggctacgg 90
<400> <P (0> 48 <211> 90 <212> DNA <213> Artifici al
ECCIIIEIH ETRIFCCLI JYIICTTYS LEFATITELT CCBIIIGEIR SFETERels 60

0 9653 ggccggaac cgccaggacc gtagccaccc
tccqmcé%bggéggggcgccc%%%g at agccacct gggcccgcac 20

cgcccggacc 90 <210> 49 <211> 84 <212> DNA <213>
<210- A% i ficial Sequence

<21ii> 90
<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic oligonucleotide

<400> 48
gtagecacce gggcocggaac cgccaggace gtagccacec ggcccagaac cgcccggacce 60

atagccacct gggcccgcac cgcccggacc 90

<210> 49
<21l1l> B4
<212> DNA

<213> Artificial Sequence

«220>

<223> synthetic oligonucleotide

<400> 49

tggcaccacce atcattgaag atctggacat cactattgat ggtgcggacy gceccocgateac 60
gatctctgaa gagctgacca togg 84
<210> 50

«211> B4

<212> DNA

<213> Artificial Seguence

<220
«223> synthetic cligonucleotide

<400> 50
gatggtcage tcttcagaga togtgatcgg gocogteegea ccatcaatag tgatgtccag 60



<220> <223> synthetic oligonucleotide <400> 49
t ggcaccacc atcattgaag atctggacat cactatt gat
ggt gcggacg gcccgatcac 60 gatctctgaa gagctgacca tcgg
W%ogsﬁﬁﬂ;@? 50 <211> 84 <_212> DNA <213> Artifljcqilﬁzoosmo'jg(;s
Sequence <220> <223> syntdzetic ol i gonucl eoti de
<400> 50 gatggtcagc tcttcagaga tcgtgatcgg gccgtccgca
ccatcaatag tgatgtccag 60 WD 2006/ 008163
atcttcRGH ERROGBAL007#368 93 atcttcaatg atggtggtgc cacc 84ss
<210> 51 c211> 81 <212> DNA <213> Artifici al
guence <220> <223> synthetic oligonucl eotide
<400> 51 tccgggcggt gctggecggtc cgtacggecc tggtggecgca
<211> O@t gggccat atggtccggg 60 cggtgcgggc ggtccgtacg g 81
<210> 52 <211> 81 <212> DNA <213> Artifici al

<212> J@@uence

<213> Artificial Sequence

<210>

<220>
<223> gynthetic oligonuclectide

<400> 351
tcegggeggt gotggeggte cgtacggccoe tggtugoegea ggtgggccat atggtecggg 60

cggbgcggge ggtccgtacg ¢ 81

<210> 52
«211> BI
<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic ocligonucleotide

«<400> 52
gtacggaccg cocgcaccge coggaceata tggoccacct gcgcocaccag ggcoegtacgg 60

accgccagca cegcooggac ¢ 81

<210> 53
<211l> 54
<212> DNA

<213> Artificial Seguence

«220>
<223> synthetic oligonuclectide

<400> 53
tggcgctggt ggegeegygtyg gegecaggtgg ctctggeggt gogggoggtt cogg o4



<220> <223> synthetic oligonucl eotide
gt acggaccg cccgcaccgc ccggaccata tggcccacctgecgceccaccag

ggccgtacgg 60

accgccagca ccgcccggac c¢ 81
wo2ddsnodds <212> DNA <213> Artificial
<223> synthetic oligonucl ematide

<400> 52

c210> 53

SequengRT/EP3RY/507968
<400> 53 tggcgctggt

ggcgcecggt g gcgcaggtgg ctctggecggt gcgggeggtt ccgg 54

«210>

54
«211>
«212>

<213>

<220>
<Z223>

«<400> 54

W9 2006/ 008163 PCT/ EP2005/ 007968 94

<212> DNA <213> Artificial

s¥nt heti ¢ ol i gonucl eoti de

ccgccag agccacctgc gccaccggcg ccaccagcgc cacc 54
<210> 55 <211> 3238
FDYuenRee st <223> cloning vector pAZL

synthetic oligonuclecotide

Sequence

<210> 54 <211>

<220> <223>

<400> 54 ggaaccgccc

<212> DNA <213> Artifici al

ggaaccgeooe graccgecag agccacctge gocaccggog CCaccagcgc Cacc

<210 &S

<211> 3238
«212> DNA

«213>

«220>
«223>

<400> 55
tgtcoagaag

tttazaaaac
tgttaacttyg
cacaaataaa
atcttatcat
aaatctagtt
ccagttocea
cocteccagtt
Lttaatcaaa
ctgtcacagaa
tatcaacgct
gcgcggeagyg
ccgecteetit
ctctaaatcy

aaaaacttga

cloning vector

tactagagga
ctcccacace
tttattgcayg
gecattttttt
gtctggatect
ccaaactatt
terattttgt
cecaactatt
catcckbgecca
tgaaaatttt
tatttgcage
tgtggtggtt
cgetttette

ggggctecct

ttagggtgat

Artificial Sequence

pAZL

tcataatcayg
tcceccctgaa
cttataatgg
cactgcattc
gatcactgct
ctgteattet
cactetteoce
ttgtcegece
actccatgtg
tetgteatet
ctgaatggeg
acgcgeagceyg
cettecttte
ttagggttce

ggttcacgta

ccataccaca
cctgaaacat
ttacaaataa
tagrtgtggt
tgagcctagg
taattttcgt
taaataatce
acagcggggce
acaaaccgtc
cttegttatt
aatgggacyge
tgacegetac
tcgccacgtt
gatttagtgce

gtgggecatc

tcttotagagy
aaaatgaatyg
agcaatagca
ttgtccaaac
agatccogaac
attagecttac
ttaaaaacktc
atttttette
atcttegget
aatgtttgta
gecetgtage
acttgccage
cgccggettt
tttacggcac

geccoctgatag

ttttacttge
caattgttgt
tcacaaattt
tcatcaatgt
cagataagtg
gacgctacac
catttccace
ctgttatgtt
actttttete
attgactgaa
ggcgeattaa
geectagege
cececgteaag
ctogacccca

acggtttttc

54

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



<400> 55 tgtcgagaag tactagagga tcataatcag ccataccaca
tttgtagagg ttttacttgc 60 tttaaaaaac ctcccacacc
tccccctgaa cctgaaacat aaaatgaatg caattgttgt 120
wbbdsAnakd 9 tttattgcag cttataatgg ttacaaat aapermp200s/00796s
agcaat agca tcacaaattt 180 gscacaaataaa gcattttttt
cactgcattc tagttgtggt ttgtccaaac tcatcaatgt 240

gecott ol §iabead: cOlLEO0ALE] YA GRRLICt de9896CIAYaacaa 950
agat ccgaac cagataagtg 30 aaatctagtt ccaaactatt
cactcajdcgt cakct tdott gattedtcyd aattaagedd getgacygot acacgqde® 1020

ccatttccca tctattttgt cactcttccc taaataatcc
attggtizagafislC e ATETACART 2A0H 23671 8RTAGE 2 cRBAARTaRt 1080
gt t { atgtt 48
P R L o s A
ttrtotdda@t i 2GgedaabCitbtddeel € todlhaghe coLRPgaRal gl dtt 1200
. tctgtcatct cttcgttatt aatgtttgta attgactgaa 600
aataalaocaRe I ay AOHEReatT tétyaat ggegotaarpggairgetecct . 1260
ccct gt agc cgcattaa 660 cgcggc tgtggt ggtt
vecctogis AERERG T GRRAGOr B CRETT R R BeTPattegbass 20
atgergdCi Getidogl QehldLths ECAdaCedd LerdgtBGCaALAbcggta 1380
cgccggcttt ccccgtcaag 780 ctctaaatcg ggggctccect
agatcctigag@ggtt oeagatcttaghge sttitFcgyc getpbcgaccoeaadi40 1440
aaaaacttga ttagggtgat ggttcacgta gtgggccatc
tactatyog ct A Sy "ACGOtT ALt E 200 INEF 2 00 Ot teZecaccgca 1500
acac / é 9 agt
e FEP I 3 araa oAt “rrorToar SR K gy 2o
atggcafCl SAaAESGah dret £t £ ckadda€hdd bgcAbtdABl &RAGHtocgg 1820

gattttgccg atttcggcct 1020 attggttaaa aaatgagctg
CCARCLEATTt A CATRCA M LTI YT CgRATPITraae-gabdttatiggacEQ80 1680

cgtttacaat ttca t C acttttcg aaatgt C

£999999 e A A T LT Lol S9996 991 PL Aoy SR PecaRar 1790

acgacg@fcdt Al-C60G L GRLIAGRER AL AREEH dacd:eadl-08t-eark200 1500
aat aat att g aaaaaggaag agtatgagta ttcaacattt

ctggesToyt gitegootetdcatdwoet 22268 tadtt bbdgogye scktigeet t 1860
cctgtttttg ctcacccaga aacgct ggt

aaagt aaaag 1320
2agtLIRIg I FAaYL &sgﬁggggi tHERIGEH 5899@H’%6a$‘?5§&t“at
ctggagéc%‘ggz%%‘ggét%gg%@%c%ghﬁ tl§&%cagacg g%&??#%ga%ﬁgégf%ggc 1980

ccCgaagaac gttttccaat gat gagc
cetecedt@et &itghQ € gRggALiA ghaagidal bR IgECTanata

agagcaactc ggtcgccgca 1500 tacactattc tcagaatgac
gacagagqag gt PgAIIAICEBACAT “cmInghEa dEpacht Rt regyrdE560 2100

1820

2040

actcatatat actttagatt gatttaaaac ttcattttta atttaaaagyg atctaggtga 2160
agatcctttt tgataatctce atgaécaaaa Locecttaacg tgagtttteg ttccactgag 2220
cgteagacee cgtagaaaag atcaaaggat cttettgaga tectbttttt ctgeogegtaa 2280
tctgetgett gcaaacaaaa aaaccaccgc taccagcggt ggtttgtttg cecggatcaag 2340
agctaccaac tetttttcoccg aaggtaactg gettcagcag agegcagata ccaaatactyg 2400
tecttctagt gtageccgtag ttaggccacce acttcaagaa cibctgtagca ccgcdtacat 2460
acctogetet getaatcetg ttaccagtgg ctgctgecag tggeogataag tegtgtetta 2520
cogggtitgga ctcaagacga tagttaccegyg ataaggoegca goggteggge tgaacgggyg 2580
gttcgtgcac acagcccage ttggagegaa cgacctacac cgaactgaga tacctacage 2640
gtgageattg agaaagcgec acgettcocccocg aagggagaaa ggcggacagg tatcocggtaa 2766
gcggocagggt cggaacagga gagcgcacga gggagcttcc agggggaaac gootggtato 2760
tttatagtoce tgtegggttt cgocacctct gacttgageg tcegatttttg tgatgetegt 2820



taaatgq%%
tagatc{gég

at ggcat gac
cat gagt gat
at cggaggac
Wb ARk 2
gct gaat gaa
at gcct gt ag
ct ggcgaact

agt aagagaa
aacact gcgg
cgaaggagct
t gt aact cgc
gccat accaa
caat ggcaac
acttactcta

ttatgcagtg ctgccataac

1620 <ccaacttact tctgacaacg
agccgctttt ttgcacaaca 1680
cttgatcgtt gggaaccggapcnmpmmymnmm
174Qy; acgacgagcg tgacaccacg
aacgttgcgc aaactattaa 1800
gcttcccggc aacaatt aat

caggga R @8 Cdggail gfaggeagata ¢t8alcopngt tgeags acaa6ddet J 2880

cgctcggceccc ttccggetgg ctggtttatt gctgataaat 1920

gtatta?%gcgé¥%9§%§§g

acga

gt aact gt ca

ggtttgtttg
aaggt aact g
tccttctagt
ct ct gt agca
ttaccagtgg

ccgggttgga
gcggt cggge
tt ggagcgaa
gt gagcattg
ggcggacagg
gagcgcacga
tttatagtcc
tcgatttttg

tttsctsacg JHGEEHFE FREEGRTGEY tTITeiyy FaciaeatTgatayetaace

aagc

ggacg?ttac

agtcagdRgogRLEL G JRE RGAL t%&é&b@@ég decdde@dgCaldrcegr

gaccaagttt

ccggat caag
gcttcagcag
gt agccgt ag
ccgcct acat
ct gct gccag
ct caagacga
t gaacggggg
cgacct acac
agaaagcgcc
t at ccggt aa
gggagcttcc

tgtcgggttt
t gat gct cgt

PCT/ EP2005/ 007968 96

aaaaacgcca
tttgctggcec
ccctgattct
gct gat accg
agt cagt gag
ttttctccett
ccagccgcegt
t aaat ggat g
aagt ctt aaa

gcaacgcggc
ttttgctcac
gt ggat aacc
ct cgccgceag
cgaggaagcg
acgcat ct gt
aacct ggcaa
ccct gcgt aa
ct gaacaaaa

2940
(5:98(?: gctcccgtat c%g[a ttatc
“aRT AT Y AT “§*H 540 =000

3060

100 actcatatat actttagatt

geggtatgart d@ageamgt tcattdota sattticaemagg @uctaggigaa@be0 3120
atcctttt tgataatctc atgaccaaaa tcccttaacg

B GRTFIT°F (BRI T304 g Ravist e S P Stfaaaag 160
apaggal.£ld:cliae0a Lokt tla

gctgctt gcaaacaaaa

tLgcgce géagtég&%o 3238

aaaccaccgc taccag
2340 agctaccaac tctttttccg
agcgcagata ccaaatactg 2400
ttaggccacc acttcaagaa

2460 acctcgctct gctaatcctg
tggcgataag tcgtgtctta 2520
tagttaccgg at aaggcgca

2580 gttcgtgcac acagcccagc
cgaact gaga tacctacagc 2640
acgcttcccg aagggagaaa

2700 gcggcagggt cggaacagga
agggggaaac gcctggtatc 2760
cgccacctct gacttgagcg

2820 WO 2006/ 008163
caggggggcg gagcctatgg
ctttttacgg ttcctggcct 2880
atgttctttc ctgcgttatc

2940 gtattaccgc ctttgagtga
ccgaacgacc gagcgcagcg 3000
gaagagcgcc tgatgcggta

3060 gcggtatttc acaccgcaga
aatcggttac ggttgagtaa 3120

gcgggt gt gg gcggacaat a
3180



t agat cgagg aggat ccatg ggacgaattc acggctaatg
aaagcttact gcacagct 3238 97 Patent Clains: 1. A
reconbi nant spider silk protein conprising a) one or
nore synthetic repetitive spider silk protein
sequences, wherein the synghetic repetitive sequence
conprises a nultinerized repeat unit, and, optionally
‘Patent G)aimnsre or nore authentic non-repetitive spider silk
protein sequences, wherein the sequences are derived
from spider dragline proteins fromthe major
1. AR hBInGn iy ﬁﬂ:@sﬁi@ﬁx‘o@&nc&ﬁl Mipg ot ei ns derived from
the flagellifformgla reln the dragline proteins
are derived from Araneus di adematus and the
flagelliformprotei n are.derived f.rom Nephi | . )
6l 39 raoRThRERE FoBfif et sl Bt S o Bmingpe synthetic
GRtiiVd sequbiRERbpiie AMbRRRrZEd RYRaBRChhd, Io}éﬁ'onauy | '
séquences are derived fromthe am no term nal
rb&amnse epempneu pBhardigi mn—l(epttag@l spiidey rsmlkmroteen nejueneasd wderein the
tern1 n-repetit ve e

seqvented g BT e R o RN SR il gigna ancvor

from pRSEHE 0&dved [fr SR ths ﬂlaé’elﬂoﬁheglzﬁhd 3vhef’é|il€tlfee:ﬁﬁ \eN@Bicins are derived
spider_ silk protein of claim2, wherein the authentic

from Armu& gigdematps/end @é@@éﬂ@@rn@rﬁ’@aﬁfm‘e@rmd &oabNepmla clavipes.
adapt sai.d sequence to expression in a host and
~preferably is SEQID NO 14, 15, 32 and 34 or a
variant thereof 98 4. The reconbi nant spider silk
protein of one or nore of clains 1-3, wherein the

2. dbggesoring spiden silla peotsin  of dajpel . Aprgn thwuwen%syl—repetmve
sequen% al}@ﬁgnlﬁ%l /06 ﬁl@%ﬂ%ﬁ@g&h 1&2{1 Qfomrgée‘ﬁtn@ ?%%311 (gfﬂr%gl"ifoén fprotems)

reconbi nant spi der si pr ot
and/or cheacarboxly &Imwhb mehnepdtigiate aghion €flagetlifban ranid sdrA@ne3proteins) of a
coded b ID NO 1 and/or ADF-4 encoded by SEQ ID
namalﬁ@?ﬁ“%%? %er SHK RE4FFi f orm protein is SEQ ID NO 6

(Flag-N) and/or SEQID NO 7 (Flag-C), or a variant
thereof. 6. The reconbi nant spider silk protein of
one or nore of claims 1-5, wherein the synthetic

| etitive enc or o)} a
s Rk SRS o SR RS B B BRI S Repertne
sequenﬁepisdﬁédﬁd:d h REet ©i Aaptf satd g t&\lﬁﬁﬁr@ésibﬂ & host and preferably is
al ani ne contai ni ng
SEQ Hﬁ)Ng 14,15,32 and 34 or a vartant thereof.



consensus sequence is derived from ADF-3 and has the

am no acid sequence of SEQID NO 3 (nodule A) or a

vari ant thereof, 8. The reconbi nant spider silk

protein of one or nore of the preceding clains,

wherein the synthetic repgtitive sequence is derived

' from ADF-3 and-conprises o or nore repeats of the

4, ankRQoAbtnt §48 AR pRiteiteRohPoNTordo 9'1%,%% fhe dragline

~variant thereof. 9. The reconbi nant spider Sil =

proteinp et wild type ddY-dr Abr4 WBSp|ladm¥tabp 8] awhdreeflapetiiferm protein is
synthetic repetitive sequence conpri ses one or nore

FLAG. :
of (AQ and/or (QAQ as repeat units. 10. The

reconbi nant spider silk protein of claim9, wherein

the synthetic repetitive sequence is (AQ 12, (AQ 24,

5. (EAgcembinaptyn@jar ik proteiniod one eombterafrvlaimp il che whsieirk the dragline

. in _of one f, clai -10, r el _
protein 3 At oo By RETHD S B A0l el bR 02 or the
flagellifontl [FoRDY isSSH) ODENOT 6 TBI2e-NLRLEGSSED IDheO: AMFRLBCHIa variant

- sequence of SEQID NO 5 (nodule C) or a variant
thereofy her eof . 12. The reconbi nant spi der silk protein of

claim 11, wherein the synthetic repetitive sequence
, is Cl6 or C32. 99 13. The reconbi nant spider silk
6. phetretamisiharorepider siiar pro®din tdfeomy e @brd OfCE¥E -5, wherein the
wherein the synthetic¢ repetitive sequence is derived
synthetic, gpeiliyq AFEICRYFo FYHPRBt &P AnES W&lﬂ“@leKCQ%E(gngl ppnsensus
sequendde 35), module sp (SEQ ID NO_ 37), nodule X (SEQID
‘ NO. 39), and nodule Y (SEQ ID NO 41). 14. The
reconbi nant spider Silk protein of claim13, which is
, Y16, .X8, X16, K8, or, KI6. . 15. The. reconbi hant .
7 fﬁ? gesomibinagt ﬁ?lé’fre?lﬁ BIOTGIA ! G b Beiie @ggfe@amegcommng
consens®k 3k IRt JO-
L e By B S T oF S o
3 (modyla®) p2 MRSt ARrafNR3, C16NR4 or C32NR4, (QAQ 8,
(QAQ 16, (AQ 12, (AQ 24, Cl16 or C32. 16. A nucleic
aci d sequence, coding for a reconbi nant spider silk
8. PhotRbmbfanORAI@TsiINQteirPdf ShedbiMork-o¥he précedindclaims, wherein
vector, which conpri'ses the nucl eic acid sequence of
the synipptig sepa@ivarigqunce s dsriveé frap DFr S anfeedmpsises ensror mivge repeats of
. j t: G- or.a
the amu\‘}/%%ﬁg E%ut%ﬁ(ger eoSfEﬁ Eg%Anﬁ(eng(&ug%@ !c))lﬁah {\?@catngr ?re%i ch
- conprises the nucleic acid sequence of claim 16 and

%qe or nore redgul atory sequences.
c Ie 14¢

9. combimant spider silk protein of one or more of claims 6-8, wherein the

synthetic repetitive sequence comprises one or more of (AQ) and/or (QAQ) as repeat uﬁts.

10. The recombinant spider silk protein of claim 9, wherein the synthetic repetitive

sequence is (AQ)2, (AQ)z4, (QAQ)s or (QAQ)ss.

11.  The recombinant spider silk protein of one or more of claims 1-10, wherein the
synthetic repetitive sequence is derived from ADF-4 and comprises one or more repeats of the

amino acid sequence of SEQ ID NO: 3 (iodule C) or a variant thereof.

12.  The recombinant spider silk protein of claim 11, wherein the synthetic repetitive

sequence is Cyg or Cyp.



19. The vector of clains 17 or 18, which is a plasmd

or a viral .vector, preferably a bacul ovirus system

or a vaccinia virus vector system 20. A non-hunan

host, which has been transfornmed with the vector of

~any of claims 17- 19. 21. &#@ host of claim 20, which

is a prokaryotic cell. 22.7"The host of claim 21,
13. Wik edohdbidant §olidr 9k fBaeid biusneSothdrbioF ¢ Rasd i

of claim 22, §1ﬁwhi ch i%a? eukaryotic cellllef 3%2?&{%8 hos’,tWherem
the syn@etie repphtivessequiice fis desivad rﬁ@mm%a%ﬁﬂif@enlp,rotpimmﬂ igmlotule K (SEQ

YEaSs I iBSe ) o 25...1he host of
10 NOYFIhoBR Sy Pn @l SBF 57 Eie SR D NG BIcHR mBie ¥ sBQ
ID NOHdba, 293T, HEH or BHK cell. 26. The host of claim .
.24, which i's a yeast cell. 27. The host of claim 26,

whi ch i s Saccharonyces cerevisi ae,

' . : Pi chi g.. tor i dida
1 R R AR S TRl PR P 530 Y7 Rt P e
24, wherein the insect cell is selected from
I doptera insect _cells, _preferably from Spodoptera )
15. #’ﬁ% &Gagli?a@maﬁa 41y B PEPiCEhSoisssTanpic, ofAbe prgseding $laims wherein.
. . - . r
the conle 8o UG SRR RE oL oty B Qe (B Quanes,
(AQ)2INRAMAQENR3, L;eldRitwe C:NRMN(QARDE CQAQ Rt &4 Q)12,CAL, PBor Csa.
and tomato. 31. A nethod of aggregation of spider
silk proteins, conprising the followi ng steps: a)
16.  ANRRRI N9 SeieREL DAL S A RRoMBMEA! il sHR PFHER e or more
- spider silk protéins as defined in "one or nore of
of claimg|lalfvys 1-15; b) exposing the solution prepared in a)
to an aggregation trigger; and c) recovering the
precipitated spider silk proteins. 32. The nethod of :
17. . alatter, 3hichaehshds s RidRid SqubndeoPeRimS 6488 $Hidh preferably
. . Step a) are produced by transform ng a suitable host
is derives} fromdhavlonipg aeepr of E;gnéorz@@ DOV X 47 2avaviest thereof
claim17-19 or a nucleic acid of claim 16, and
expressing the spider silk protein under suitable
18.  Aargprisimnsvectad3whitheompiiadhe hudtiaiatid3tq@incd 3f claim 16 and one
: wherein the aggregation trigger is selected from
or moreJegWRPTYSSAVGBSS- preferabl y to a pH of about 1,
pot assi um phosphate and nechani cal stress;

19. The vector of claims 17 or 18, which is a plasmid or a viral vector, preferably a

baculovirus system or a vaccinia virus vector system.

20. A non-human host, which has been transformed with the vector of any of claims 17-
19, - |

21, The host of claim 20, which is a prokaryotic cell.
22. - The host of claim 21, which is E.coli or Bacillus subtilis.
23. The host of claim 22, which is a eukaryotic cell.

24, The host of ¢laim 23, which is a mammalian cell, plant cell, yeast cell or an insect cell.



preferably rotating the protein solution and applying
shearing forces. 34. The nethod of one or nore of
claims 31-33, which further conprises the step of
spinning said proteins provided in step a) or
recovered in step c) into ﬂjlanents, nanofi bers and
threads by a suitable nethod or formng a film 101
25, Fhe Hase oDlldih 4D tteadif SaidSme@bialiesl cbid iPRECIPD, 0OKe IR, 293T
clains 1-15, or threads thereof, in the field of ’
HEH opBbieedthol ogy and/or medicine. 36. Use of the
proteins as defined in one or nore of clains 1-15, or
t hreads thereof, for the manufacture of wound ‘
26.  dheswusterfotaigMendih isyséantell.37. The use of claim 36
- for the manufacture of suture materials. 38. The use
of claim37, wherein the suture material is intended
jen @S 2 j urogery.. 39,
7. UBE MR ey PRP ML Sca TR TLfey LD Kz SReharomyvces
pombe dhichiapaderl§ Caodide hitéads Himsermdd polfmorghae  manuf act ure
of replacenent materials, preferably artificial
cartilage or tendon nmaterials. 40. Use of the
28.  AROLBLNT cBimdef WigRil e QR OEIMRS8QEd GhAl MBidbntera irbct cells
- threads thereof, in the manufacture of auf oLl Ve ’
preferablmdroan Spodifpterp frogiperddiand \oum drichapdusizenior cover age
systens, suture materials, replacenent material s,
. preferably artificial cartilage, tendon materials,
29.  TuEAFR¢RHABRE FhOEinRBE IrSet el id H5Phemal g fldfdve cell.
construction, which conprise a protein of one or nore
of clainms 1-15, or a thread thereof, or which are

0. 9058 cBin B R BE 908 B0 Ao i o e

and tongitd. K protein of one or nore of <clains 1-15. 43. A
textile or |eather product, conprising a reconbi nant

31. 3Phe@bd 8th RoRIoR sAberQMR RSteindDotpPiking i f@ﬁg&vﬁé@teps:

44. The textiTe or I'eather "product of claim 4.
ANGEEL Lot 5 QAR R Sl s AL gy gt i
onc @ongiestfickaimeofi-1&; protein of one or nore of clains

1-15. 102 46. The gel of claim45, which conprises
by expobini Shesoditida ot Rirabinkg et afrédAich @M3;; and

c) recoverihg the precipitated spider silk proteins.

32.  The method of claim 31, wherein the spider silk proteins used in step a) are produced .
by transforming a suitable host of one or more of claims 20 to 30 with a vector of claim 17-19

or a nucleic acid of claim 16, and expressing the spider silk protein under suitable conditions-.-

33. The method of claim 31 or 32, wherein the aggregation trigger is selected from
acidification, preferably to a pH of about 1, potassium phosphate and mechanical stress,

preferably rotating the protein solution and applying shearing forces.

34 The method of one or more of claims 31-33, which further comprises the step of
spinning said proteins provided in step a) or recovered in step c) into filaments, nanofibers

and threads by a suitable method or forming a film.



(QAQ 16NR3, (AQ 12NR3, (AQ 24NR3, C16NR4 or C32NR4,
(QAQ 8, (QAQ 16, (AQ 12, (AQ 24, C16 or C32. 47.
Coati-ngs for 'inplants and stents conprising or
consisting of a protein of one or nore of clains
1-15. 48. A sphere, bead, thread or fiber, conprising
a protein of. one or nore clainms 1-15, or a thread

35, tierEdks prdfdhsas fd'éﬁh&?fn Jﬂebﬁ "mor& Becihinber. Ilglocgr HELAGh eof, in the

spider origin and preferably being a plant derive
- 'ﬁeldoﬂlb‘@ﬁh@ﬁoga’ag%@t medicind. i ber. 49. A film conprising or
consisting of a protein of one or nore of clains 1-15

or which is based on (QAQ 8NR3, (QAQ 16NR3,

36. an mn -
([A@)Oi @?teﬁlé%’aéﬂgi% 2%31@ BC%O%: ofg%%ﬂb!gg +1 Srl%g@%?ﬁds the];eof for the

( QA

maHUfftCFlH?ﬁfWQUH @W@Wﬁfﬁgéﬁ%@m&;on& sts of proteins
based on (AQ 24NR3 or C16 51. The film of claim 49
or 50, wherein the filmsurface is nodified by small

37.  dhgand 6f claibl Bk ds madifarliodbagicGadteier onol ecul es,
for exanple proteins, fluorescein or 13-
gal act osi dase. '

38.  The use of claim 37, wherein the suture material is intended for use in DEUrosurgery or

ophthalmic surgery.

39. Use of the proteins as defined in one or more of claims 1-13, or threads thereof; for the

manufacture of replacement materials, preferably artificial cartilage or tendon materials. -

40.  Use of the proteins as defined in one or more of claims 1-1 5, or threads thereof, in the

manufacture of automotive and aircraft parts.

41. Wound closure or coverage systems, suture materials, replacement materials,
- preferably artificial cartilage, tendon materials, automotive parts or parts used in the aircraft
construction, which comprise a protein of one or more of claims 1-15, or a thread thereof, or

which are obtained by a method of one or more of claims 31-34.

42. A paper product, comprising a recombinant spider silk protein of one or more of
claims 1-15.
43. A textile or leather product, comprising a recombinant spider silk protein of one or

more of claims 1-15.

44.  The textile or leather product of claim 42, wherein the recombinant spider silk protein

1s present as a coating.

45. A gel or a foam comprising or consisting of a protein of one or more of claims 1-15.
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46. The gel of claim 45, which comprises or consists of proteins based on (QAQ)sNR3,
(QAQ)IENR3, (AQ)NR3, (AQ)NR3, C1gNR4 or C;lNR4, (QAQ)s, (QAQ)is, (AQ)129
(AQ)24, Cigor Cay.

47.  Coatings for implants and stents comprising or consisting of a protein of one or more

of claims 1-15.

48. A sphere, bead, thread or fiber, comprising a protein of one or more of claims 1-15, or
a thread thereof, and a further fiber, the fiber not being of Spider origin and preferably Being a
plant derived fiber or a synthetic fiber.

49. A film comprisiﬁg or consisﬁng of a protein of one or more of claims 1-15 or which is
based on (QAQ)sNR3, (QAQ)16NR3, (AQ) 12NR3, (AQ)24NR3 C16NR4 or C3oNR4, (QAQ)s,
(QAQ)i6, (AQ)12, (AQ)2s, Cr 0r Cao.

50.  The film of claim 49, which comprises or consists of proteins based on (AQ)uNR3 or
Cre _

51.  The film of claim 49 or 50, wherein the film surface is modified by s'mafll organic
molecules and/or biological macromolecules, for example prbteins, fluorescein or B-

galactosidase.



