Reconbi nant spider silk proteins The present invention
is directed to reconbi nant spider silk proteins,
woealedsicaci ds, coding for these reconbi nant SPCTEP2005/007968

silk proteins, as well as hgsts suitable for

expressing those nucleic acids. Furthernore, the

present invention is directed to a nmethod of

aggregation of spider silk proteins and the use of the
proteins in the field of biotechnology and/ or nedi ci ne
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Dragline silks are generally co osed of
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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 units is a
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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
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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



"silken' threads, albeit as yet of inferior quality.
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expressed in already known expression systems. It is a further object of the invention to provide

an improved method for the aggregation of spider silk proteins and a method for forming threads
made of these proteins. Additionally, it is an object of the present invention to provide improved
paper, textile and leather products. Additional objects are to provide new proteins and further

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



The present protein engineering approach, which
provi des reconbi nant spider silk proteins, conprising
w@roos00EsSt i ng of synthetic repetitive spider BCT/EP2005/007968
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aut henti c gene sequences. Conparing secondary
structure, solubility and aggregation properties of

Spider ;spg Jygé/t@fng galé ‘?rgairﬂg Yeh %ﬁ@%ﬁ@d F&a#% i H iR o8 Yimechanical
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ADF-4. Factors, such as acidification and i'ncrease of

ADF-3phwk gt ¢ ehclstarmate proteinhdodubilptyorfvrtbers i thik infsenebl f conditions
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determf}eA-th&€BSblity 6 SR Sfthedic! frofRIRl FhithSGHIRACESatly between constructs
derived from ADF-3 and ADF-4. Factors, such as acidification and increase of phosphate
concentration, which promote silk assembly in vivo, generally decreased silk protein solubility in
vitro. Strikingly this effect was pronounced in engineered proteins comprising the carboxyl
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.



The term "synthetic repetitive sequence" as used
herein is to be understood as a reconbi nant protein
waeemaeosies whi ch can not be found in nature, WQTRP1085/007968
however, derived fromrepeat units, which are
natural ly occurring in spider silk proteins. As
i ndi cat ed above, those repetitive sequences conprise
Accordingeo arfirstoasped) thg Ipeesemperdntioniis directfd toha casambinget sppder silk protein
ami no acids. The naturally occurring repeat units
Comp“%ﬁnprehend alimted set of distinct amino acid
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strength and elasticity to the thread, which nay be
datreror GIpTe @ymwcfrpmwwn &Pigp %I‘éirprgﬁewseﬁld@tcﬁ iand The
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units, wiict aema&eajlyemmng‘l’imweimeﬂk ipepeins.t Av endiepdeaiors, thpseyrepetitive
an inpartant functi.o gg rol e |nF%h ead asse
Y

seauengz3 CRPHE f PHE JRACEES FUBNIPIN CAIEDE FBabNBRURY Feids. The
naturall?%c@%nﬁ'ljebeaphﬁhﬁ tofpRh&dCo Mhatal Rt 6{51 disvhétCdmnias la¥id motifs. Those
conprise synthetic repetitive sequences. Although the
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broader range of utility and can be yielded in hlgher
anmounts (see chapter Exanpl es bel ow), the reconbi na
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cations’ ese ffcations are - inter alia -
autonDtlve and alrcraft parts, surface coatlngs as
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rm "authentic”™ as used herein neans that the
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only nodification, which is accepted to occur, is
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inventiM%deEQobﬂB components, i.e. synthetic repetitive sequences as well as authentic non-

repetitive sequences, have a broader range of utility and can be yielded in higher amounts (sce
chapter Examples below), the recombinant spider silk proteins having only synthetic repetitive

sequences included can be used for some specific applications.



NO 10; derived from ADF-3) and NR4 (SEQ I D NO 11,
derived fromADF-4). In both sequences, for nore
webdosoosant transl ati on, the codon AGA (Arg), wWdaTHRP1085/007968
rarely translated in E coli,; was nutated to CGI (Arg)
usi ng PCR nut agenesis. Preferred authentic
non-repetitive sequences of fiagelliformproteins are
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sequcnq:rr med!ﬁ &y oahdmhodifichiborg avlbfh(ys ztceepn:mtd odvnr)-is eyhetd the\adthentic non-

fli [ 1if dd | t f
repetHE RGP P ERISPRG ERs At NETHE PG R SPRNEF e expression n

host mﬁ?ﬁtﬁf"@ﬂ]ﬁél fthE: @Q&ﬁie@ LR RSd YedubnRe Prettlir&RIG el QW NRS (SEQ ID

I's general preferred to select the dragline and/or
NO: 16;] @g@leﬂlﬁ@nmﬁ@ﬁqi)emweéfm (ﬁﬁQirIEgNlmellordehva@e‘kdmffbbﬁﬂ) In both
sequenf\%{g,r goerbr?@tfeg%fg 1|e9t f\e%slagf())ggﬁ] g0 BP d‘?@kn@\ergﬁ lgA{l 3 ?z?re y t)nanslated in
E.coli, Waggrtdtéd OGP ALSIRMgPCR MhRtdo¢esist rom one or nore of

the follow ng spiders: Arachnura higginsi, Araneus

circul i ssparsus, Araneus di adematus, Argi ope picta,

Preferr%%lﬂ@%t@bgggp gg'rvg ?{\%l(aﬁ{ﬁg g?glﬁ %‘Eofé’%}ﬁg@“@ gect?@tah\kno acid sequence
and nucdle@ntaci8pegencé @FMQNNRQSEQCID&M)S )31 ddidr3d) diidPlag@oNR (SEQ ID NOs:
i der (Cel aeni a excavata), Bl ack-and-Wite Spiny
33and &4} der (Gasteracantha kuhlii), Bl ack-and-yellow Garden
Spi der (Argiope aurantia), Bolas Spider (Ordgarius
furcatus), Bolas Spiders - Mgnificent Spider
Accord{fg f0arjréterrBR @Rk, thBre¥smSiahtOdpidRi FIRT prol@RSEONR invention
nauti ca), Brown-Legged Spider (Neoscona rufofenorata),
generaliya pisederpicd dkorPisRined dsmlwérpr@tzygu feon sthe spigst & anaipr ampullate gland
ehaani ), Common Orb
and/or %&g&e%gﬁg%dﬁ%%s(@enéf%ﬁ% rlgb li ke Spiny Ob
Weaver (Gasteracantha cancriforms (elipsoides)),
rved. Spiny Spider (CGasteracantha arcuata),

Accordtxjﬁ',tp&pfﬁg g gfﬁfeg@é @H@pglme@y rt]flq)b\ﬁbffnélcrj]é)prfggqtgwe sequences are derived

|
from thpgllrﬁl)ﬁl’(h%ﬂﬁ aPRdH- é@%@;gﬁ%@ﬁ?ﬁ%ﬁf H'gn'bh%glh@l @g tl‘?e garboxy terminal
non-rep8piivg r@ordtéﬂag(e@ﬁstmrfﬂndaah'aglme proteins) of a naturally occurmg> spider silk

protein. Preferred examples of those proteins will be indicated below.

It is 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,



mammosa), Doubl e-Tailed Tent Spider (Cyrtophora
exant hemati ca), Acul eperia ceropegia, Eriophora
weebobsasn, Fl at Anepsi on (Anepsi on depressi unGCT/EP2005/007968
Four - spi ned Jewel Spider (Ggsteracantha
quadri spi nosa), Garden O b Wb Spider (Eriophora
transmarina), G ant Lichen O bweaver (Araneus
ArgiopPip@s) tEnaed Q}_‘a}den@ﬂi@’&r(AV%gpegﬁifdﬁﬁatﬁ)’,\%hk|C§blﬂaflw&t§ﬁider (Nephila
- Hasselt's Spiny Spider (Gasteracantha hasseltii), '
antipodienganBeecariat T eta Spideur(Gaesphaia rihacgarii),s Baddirayuing stpider (Celaenia

i (OY¢ i nsulana) , | Lder
R e AT -
Spider F%lgg:icgje?gﬁa))ltia)i?ﬁg&ig?c?ﬁ égﬁfgglﬂz ggcaégﬁ)a Igc;ﬂﬁi; SQ/W((}IM;? é\dagniﬁcent Spider

_ i sei), - i I : .
(Ordgagpg | magnifigus).aBarWsppailr Srdphi(Nengpaa n%au;}s%).s cRevayLegged Spider

. o ! . i der ( .
e 5GP e KNS S0P CAGAORE Com i
Spider GRanaix&sdemadni), CkahmSo OrBndeaat ENE@sows Gpndasis], ALrgb-dike Spiny Orb

a la), Red Te Spi der | t ophora .uni_coj or),
weaveR{i i) Gon i o tamnS (O U GITHY Safi Selien(Cipeanhs arcuata,
CyrtophdrasmofeRbéRfs, (YriipReR kevagh| Do%phondzC abhiGdra ADSKIphdfes turrigera,

~ (Acusilas cocci'neus), Silver Argiope (Argiope
Doria'safpiapt Spidyr, (Spiterperntiee dotndy ﬂe-gmmegmﬂansmer (Gasteracantha

cancry form.s tted O r ona . .
manm§ICER A 99 S50 LY (S5ARERMay pptayn v
Erioph&a. pAstdiosyy Fl4er 0afepSph deAndpSoni QeprekawaRr IFoagbpined Jewel Spider

Tree-Stunp Spider (Poltys illepidus), Triangular, _ i
(Gasteraganihe qyanfiRgiBo@). G ad e Ord Wet dgiden Ergnhaes tringmagiga), Giant Lichen

, [ : = SR N [ ' c ' :
Oroe L BESAEU TR TGS WS GRRESLORRPINS g, tosts Soin
Spider N€jabtictagargbn dgesdeltinyi $egaNephidtacayaldagadasatiretasilslanatdCyclosa Spider

(Coeto TR st P e Bt Pl T s DBk S5 Soider (arancus

mitificl§! 1L a68Hsd QRSN 8PRIES (EHAGE IRl iiseN 4 oh fB el 1l d1bdaWper (Cyclosa
proteins are derived from Nephila clavipes.In the

bifida),cldatabat Swiflert (Nephilengysmiadabarénsisg HYultidColoursdeltr Andraw'saCross Spider

L RN Y e g

Cross saaéraaAfgﬁ)gglaem@&s, Hed imead spidem @yridbeNtinisMoHe Russian Tent Spider
speci es. ‘an exanple, the one or nore synthetic )

(Cyrtogheprethiigta)y Saipi dadrasy's kKCioppt Hmders EyimneekeviegeipeScarlet Acusilas
qder i rom sp : . one e -

(reusfE] SEREEN ANE=ERIE,  FOBGHES MEREP BB Obmeaer

(Gasteratentiedancrionaish LS jdued Grsanplee (Nedscosa ddraieilposs),BteAhdrews Cross
‘design a reconr‘Foi nant spi.der silk &r@otei n,. which

(Argiopeettienial Stopedrewat-raeSRiJpd Asgione Feperingil d recdiuamepider (Poltys
illepidud) &rfh BulbN§pided (AGk {1V ARG STRIB A KR (A QM fdrfais £ two-spined
Hept l}sé?c]iec:ﬂl%egl.l A%%lorcfi ngﬁq%aonlse}?pr efrl Pr egblen‘ﬁgdi 2ent, trﬁjef o-spine
Spider (Remgilopaehyrasealnsinls Nephida $pepres ADE-SsphiibielayjpehAlSgphila senegalensis,
Nephila madagascariensis and many more (for further spider species, sce also below). Most
preferred, the dragline proteins are derived from Araneus diadematus and the flagelliform

proteins are derived from Nephila clavipes.



I, MaSp Il and the fiagelliformprotein is FLAG The
term ADF-3/-4 is used in the context of MaSp proteins
w@eadocesads by Araneus di adematus (Araneus di adePelt/BB2005/007968
fibroin-3/-4). Both proteing, ADF-3 and - 4 belong to
the class of MaSp Il proteins (major anpullate
spidroin Il). The silk fiber has crystalline regions
In the &ntdkt SPEHL ﬁlvbm(ﬁ{ ﬁ%ﬁf)él@q).e 18P g %%Féo@n t@ﬁ"é&ssilkﬁ{otein may not
segnents simlar to [irquid crystalline polyners. ese
only cdmywiss ggoteintssqameey £onene spadeshyutt may alsé tantaintsequentes derived from
. cl asses, MaSp | (mjo ullate spidroi.n ) .and Sp. .
dlffererptl sp( jSB‘FC]ezfn%ﬁlalngﬁxé}"Q[ﬁ’ 3‘?&2?%: 91| 1}101‘@&3@&\%9 rﬁﬁepp}é? s erp311k protein
sequenB&N@fizht b8 dRrifl et HREY o je8EME onk® Mste! Ritfens in@n-[r)?__petitive spider
. sequence provided is ADF-3 (SEQ ID NO 1) and/or ADF-4 ‘
silk pro®EQs¢quen®s ym arothery Asi ardbrthdieexaotple, it i silsoopesdiblhise design a

two different kinds,of ADE-3 and ADF-4 codin .
recombsl’xéa(il&I esmgigg 51(§l§1 grolg?lgt évihhcin %opéan&soH}Oé% an. ohg ﬁyHe toﬁiasrepetltlve sequence,
whereih thealiffe@nt tybey &t defivi fadm efireriyptdicshed sequence of

ADF- 3 and ADF-4 (herein: "wild type" sequence) and,
second, a variant thereof, encoded by SEQ ID NO 1

. - ) - T i . QT )
Accord iR op o Efted p by, 10 o ) KR YA GRE DS RDr-4, Masy
I, MaSadt ess tlenflageiiifens pkét@dss Famas. Bkt (B 31-B iNGsedBinathd context of

9). Further spjder silk proteins, which, can be ed i
MaSp Pitging RaGeRnoY | ATaneuss GRETBRUS (ATEYS nlASREN (Rproin-3/-4). Both

inb, UL DRSS andr- ot R4 andoiilRer MM RBARE LR 8in 11).
prOtemare: sﬁ?droin(g%%%raneus bié%ﬁ%e?ariﬁi?gﬁﬁgg%nl RﬁBﬁﬁ1n )

1272maj or anpul | ate gland dragline silk protein- 1
The sil[g(ﬁg%g %g? gé%%hé{egrlgéﬁg%?gb-léﬁ%e_%éls?%g%egggg\{ntﬁ%E\léltlul, gxtn%rphous segments
similarV@Nligui€ Qsystd|Ohd PERARID OTHRBP Wvb aleBmeits dir@iréprdschNaphy ko different

madagascari ensi s]gi| 13562006 maj or anpul | ate spidroin

proteiniclassespMaSp Isenraefaarepidiaty giiqromsBend MaSm)! dmaigrpmpuliete spidroin 11)
B ' Lat rodectus geonetricus]gi| 13561 998
coded %ﬁilgﬂ;e%gpr%%qe%at e spidroin 1 [Argiope
trifasciata]gi| 13561984 nmajor anpullate spidroin 1
gi ope, aurantialgi| 1356 1976 dragline silk protein
Ina fuét@qgroqna,t?qﬁh@erft. chgzlcbpggéf:%eﬁpcf p%gg:g7gf%j3 C(ﬁEQ ID NO:1) and/or
ADF-433p4 1bake: SRl Qlutaf ol | & Senegal ensi s] i |
13562012 nmj or anpull ate spidroin 2 [Nephila
madagascariensis]gi| 13 562008
It is noted that two different kinds of ADF-3 and ADF-4 coding sequences and proteins are
contemplated in this invention: first, the already published sequence of ADF-3 and ADF-4
(herein: “wild type” sequence) and, second, a variant thereof, encoded by SEQ ID 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 ID NO: 8 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 l ate spidroin 2 [Latrodectus
geonetricus]gi| 13562002 According to anot her
wee@beosiexl enbodi ment, the flagelliform protei PCT/EPBELD07968
IDNO 6 (Flag-N) and/or SE@ID NO 7 (Flag-C or a
vari ant thereof, which constitute novel sequences
derived by the inventors. However, also alreadg known

major aaprplistes angdhdraglinesgk proteior AvaegHs YepSicass] BiE2 143897

: ' icul f al i na: . i f ik k
oo (58 W PRIIGLLA, DG LD EAIBLLILER) Kot
spidroih_-:léigleb}hiIafxﬁ@dngg%dgfézrﬁﬁ?giﬁimémti al cgs Erbl\leghi I at .
major G AR P FB SRS TSRS ] SSBAB ses one o mor e

major a?ﬁ/;flﬁﬁf%tshfdr&%ﬁ b Y& uRERYRRERAs LA #190§9 one or nore
pol yal ani ne cont ai ni ng consensus sequences. Those
major gnapu}latespidreindedueivpe §ifamyatalgit #6984 om 6 to 9 al ani ne
. _residues., See, for exanpl r 1, containing
major amppiate Spﬁjé?'ﬁgl [4BigRe ﬁ‘brtqﬁtf‘agg@f%gg llgf ani ne residues.
draglinE& 8k Bfoedth ¥pidioie2 mgm?iamm%&gg@a«im ng consensus

sequence i s derived from ADF-3 and has the am no acid
major asepplietecpidspinSHY epivlnnegalensideil 18583018r a vari ant
.t hereof . . M. 0 ' X [ havi ng 6
major aé?@r%ﬁ%ew}%@g?@seéh% &%@%%%gcragﬁﬁsg%]éﬂggbgﬁ yal ani ne
major 05l AteEpifioin@s atsdnsggueLeRus)gér3isedol rom ADF-4, is
nodule C (SEQ ID NO 5), containing 8 al anine
resi dues. According to a further preferred enbodi nent,
Aceord o Ty R gk, B TP ELRL BeRin05PQ 1D NO: 6 (Flag )
and/or QEQ) NN Of 7 ¢RlapAR-@ aandiastahpred § ediidneonstitubmnevet squeeanss derived by
the am no acid sequence of SEQID NGO 4 (nodule Q
% variant thereof. In nore general words, a
synthetic repetitive sequence may al so contain the
general motifs: GGX or GPGXX, i.e. glycine rich o
Howevengilemelreadly knomin ambgublbthed Naghldidernt sgqusnecswingy be used herein, in
i [Jrﬂlveifdﬁ JVI exibility to the protein and thus, to the
particnap (A4 96 *ed from t he reconbi nant spider silk protein
containing said notifs. It is noted that the specific
nodul es for the synthetic repetitive sequence of the
Flagelljfore il prioteimpartiplsls peptvlasi apesigieR3 ¥déh ot her, i . e.
. i > [ Al N, Q Qand C etc.
Flagell R REploL TR ERLa i (R ERRTR AT A o
Al t hough the nunber of the nodules to be introduced in
In oneLFrgerFe:dggxrl?s nl@:érxbtf 3 égg%ﬁ@?@g(ﬁ?tgﬂkcéggéinIctonllpsrises one or more

synthetic repetitive sequences containing one or more polyalanine containing consensus

. of
the mvg}to

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.



nodul es of the synthetic repetitive sequence for each
reconbi nant protein which nunber is preferably ranging
wo ean0as160 nodul es, nore preferably 10-40 and POEEP2005/007968

preferably between 15- 35 nEFules. The synthetic

repetitive sequence preferably conprises one or nore

of (AQ and/or (QAQ as repeat units. Even nore

preferred, the synthetic repetitive sequence is

(AQi2, (AQ2, (QAQ or (QAQ 16 - Whenever the

Accordi'qg] tchet fughere pmfd:rtddv embedjmentc én ithe devonveuhnt rspieABHk 4yrotein of the

ri se e ts of . the

mventlgrh] tﬁag)él'g{lfglc ré:aifétﬁvgeseg?engg(lj g A5 r mrﬁﬁ%la-sp é)onmnsgs one or more
repeats\ORiedMinb REIHQRHuends oTTRYIIDNT: abﬁmle Wer &ivBridr %ereof

overall synthetic repetitive sequence is G or .

Preferred enbodi nents for the conplete reconb|nant

[ L : [ r .
i mor B R oI 8 ol L L B g RN movis: o
or GPAXX, i.@redictienschugiuhs cANpientiendalr abooasthede rogioaginill provide flexibility
sequences. It is noted that the above configuration of
to the Rrﬁféms%ﬂﬁ*tthlé% e Ehertarsad ifermyed ey al%@émpb@?ﬁtgspedﬁé sk proteip gontaining
.fSystem) also applies to all other repeat units
I scl osed above, for exanple all polyal ani ne
cont ai ni ng sequences can be taken for A and/or C and

1 is mofg e P DR o T St P e a%%a@%g%g@&%emm can also
be comfbrrsemlhaeﬁlhl dtha! M, S@a&m&ce@e@f @mf@?@é*n%ﬁm‘\%o %D%Qd C etc. are

said m

and 36), sp (S QID NGO 37 and
also etg;gnmqused,ol)y tbmd)re(sc(lgmenm)rp\mlthothamp Hpi er|'|q>§ the modules to be
mtrodu(,é/d1 mr ?}éee%pl(gere}piolnérlo etm I$AY guﬁge%{sw?eds txpsr Srfﬁ? g’ t employ a number of

moduleELtﬁt mersmamenc irbpdtigival seQudnos o kach ie@ombﬂ‘f@hmprdteh@&ﬂnch number is
sequences derived from ADF-3 and ADF-4 and Flag_ in one

preferablefcra%n& diem Sofueerkies. poreRisTaRblsd Oxband meseorefierably between 15-

35rnmﬁﬁ dd sequences disclosed herein are not restricted to
e exact sequences provided in the SEQ ID Nos. The
am no acid sequences indicated herein also conprise
ri.ants, .Thus, the a aci d .sequences of the
The syBPeteranstivre f%@ewégre%(ah?mgﬂw%ﬁa%gﬁs% EAEAAL apvfor (QAQ) as

repeat §BQUENGSRod fréRfrbMand Eﬁfﬂﬂén'&%&%% Qeqqil'clﬁ&:l 9388, (AQ)u, (QAQ); or

sequences by ami no acid insertions, deletions;
(QAQ)substi tuti ons.

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 Cy¢ or Csa.

Preferred embodiments for the complete recombinant spider silk proteins of the invention are
(QAQ)sNR3, (QAQ)16NR3, (AQ)12NR3, (AQ)24NR3, C;(NR4 and C3;NR4 i.e. proteins which

comprise or consist of said sequences.



Preferably, amno acid "substitutions" are the result
of replacing one amno acid with another am no acid
wanoses1sd m | ar structural and/or chemnical propeT/EPEB5/007968
i.e., conservative amino acild replacements. Anino acid
substltutlons may be nmade on the basis of simlarity
' rity, charge, solubility, hydrophobicity,
Itis nqﬁ%frha ‘I%F |aP%\fet %Pnﬁgh@ll@ra of the syRbRthirafeRFE Yeatcarence(usingpthe A, Q and
v r. ( C
C systérﬁ? a%H?Epl&é’s ﬁJngll?q)é}éé: e%l)fﬁxgﬂg ?ésﬁcmgﬁ(g%t)?\é élfgxy Qﬁe{%ﬁe"ﬂgba'n Bolyalamne
containing sen@engss ohn befakpindoryA ahdor G@eyndtatlyyophech saences may be used as
nmet hi oni ne; polar neutral am no acids include glycine,
Q. serine, threonine, cysteine, tyrosine, asparagine, and
glutam ne; positively charged (basic) am no acids
i ncl ude arginine, |lysine, and histidine; and
New medided Ver yyr@h@tnge@pe(law diegyenaes Werimed deomh nddgetliform sequences are

modu ERTEDIFRS0Ls 83y AR TE g VISBLOAREi3E 1 v 29

and Y @8BQWD a):dg,anpr4ef.er abl y about 1, 2 or 3 ami no acids.
Ami no acid additions typically are not nore than 100,
preferably not nore than 80, nore preferably not nore
e sy e A g et P B0 Al R b S8, 1P e X X Ko
Ky.. of the present invention. It is noted that only those
additions are contenplated in this invention, which do
not negatively affect the desired characteristics of
Furthefnft$te Bf RL@obdsHbR QDRI MBI veqUdiR ey @i Al HOM ﬁUFoy\@ﬁjd ADF-4 and
may be experinentally determ néd by systemati call
Flag inrraikirengnibiiret sdquasce. del etions, or substitutions of
am no acids in a protein using reconbi nant DNA
t echni ques and assaying the resulting reconbi nant
As expl@héiBovef Dl aagihb \beidyseqiélices dRBRsEP hereROAMC Rt FRNSctED AN the exact
routi ne experinents for the skilled artisan. The
sequenggse g@itdep niiethei BRQ; H) Mescofli Aginco agidssaguenteaspdicated herein also
d |
comprigt L Thl R i SRR AT oro R B BT imvention also
encom;ﬁétseﬁlda Beqiudn&e dirtaragsirendhaleréiardigpl@be cé@n s Myinfifio akid insertions,
CL 12 (ADF-3), 13 (ADF-4), 14 (NR3), 15 (NR4),
de‘etlo% AEPURENHIoNs 7 (FLAG CT), 32 (FlagN-NR), 34
(FlagC-NR). The invention al so enconpasses variants of
those nucleic acids. These variants are each defined
Preferahb/ hennmngcidfeutstituions’ sabibe rdsulticdnseplacing entianriso acid/with another

tions.as co re e Segquence of, SEQ I D NO
amiv 0 T R o I R S ERh SOeLASe amio aci
replaceltiehfsi Qingiflo URAE kubTRERTAS Shay §$ HMJE%}I (10 B&kid '()@@fmltlé}b? in polarity,
nucl ei ¢ acid which conprises the sequence of SEQ I
charge,NOlubilfty 1 lrydrgshobisaty 3lydrephilicity, and/or the amphipathic nature of the residues
involved. For example, nonpolar (hydrophobic) amino acids include alanine, leucine, isoleucine,
valine, proline, phenylalanine, tryptophan, and methionine; polar neutral 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 glutamic acid.



provi ded that said variants conprise nucleic acid
changes due to the degeneracy of the genetic code,
wobioshosiesle for the same or a functionally equP@BEBRIWS/007968
am no acid as the nucleic agid sequence of SEQ I D NO
12-17, 32 and 34. The term "nucl eic acid sequence”
refers to a heteropol yner of nucleotides or the
"InsertDAGUANAEeAbn RRSE pRUY BOthE §8Fe of BBoIt Q18D anfiHE &S preferably about
aci d" and "pol ynucl eoti de" are used interchangeably
1, 2 or Rapeng aqids. Aaniap apig asldiions typestyrase nQime@éh@ol'QOd preferably not more
' f [ fers to
than 80?2)%6&??%3%éb1 n&gyrﬁ) V\%Hlaﬁ%b f?]%st ﬁ? egrt%lg g dupﬁ t@)%% 28 amino acids, which
are addstl @hlaad/oAsnsknedMntd ﬂletﬁﬂaﬁﬁrs @ff tiskpredent ﬁw&xlft&)nallttls nbie@ that only those
.. Stability of duplex is a function ofsodlumr
additiopg, (e ﬁppé{qp&q{edaﬁa @‘@nﬁ@’rem“ﬁﬁﬁ ewbg:@e 0 fpf I@gaﬁ‘ﬁ:ﬂé affect the desired
f Coning: A Laboratory
Chmudgﬁﬁggg?gﬁﬁk %LE(1&$%&fgé?hg Har bor Laboratory,
(1989)). Stringency | evels used to hybridize can be

eadi |y varied, by those o kill the art
The vafigha] Aoy Lk besebeaaunty IFtprmained RycueretsHet Gagng insertions
deletiohis€ fo lsBbdtiButfoRs Gif tah BAS atiBfin BYrdfein MY Fééoﬁ’r'bﬂﬁntaDNA techniques and
conplenentary nucl ei c acid that has about
assaymlgdbﬁfe}spl)&mggemmt yandros for 2styityd iy daes nm)r@]urre more than routine
r 5%|dent|tytotheDNA with greater
experi %ﬁﬁﬁ) ﬂ%%fyﬁ%Entity to said DNA being especially
preferred Preferably, noderately stringent conditions

are conditions equjivalent to hybridization in 50%
The pressphifiveRdon &, AcERiAlgr 10 & seeandtdseect dirgctesbpEa mickag agid sequence,
codmé> %r %?egm kglglo]fr) gegrk%%/llévﬁg&?fﬁl dd g:é&gé aﬁo?@&fmﬁedﬁ@q%%es coding for
preferrqzir pmtaﬂmdamkﬁﬁﬂrlmm‘fpr]%eﬂsDFBe, aaormama,nm o), noiENBMUY, 16 (FLAG-

ND). iR cohpe e A R C NN oo Thi s’ expr ession
vector preferably conprises one or nore regul atory

_ sequences. The term "expression vector" generally
The invepfien glsp @neprpwaasm vdrignts o Hpse onclvicragsisofhesesanants fisreach defined

as havirgég[]egﬁrs Ilélggepﬁlbg&ta?ﬁg SF%%E@@%%&& %%étgogrsrgp cglélpé{edNtAg the sequences of
SEQ 1D NansICr i R ainal34Upiot ided it isgidn@riafts A§5EAIBE Yin@r ntdderdlely stringent
genetic elenment or elenments having a reqgqulatory role

conditipny tgaraIcksihaed ayhieh cangrisex Hiepieauense efrSERY 1 BO:12-17, 32 and 34, or
prov1de|%2th?tn§é?c{ §amq{§|e dcc?nnﬁsre k&fcglrl]cdg Chat g,g% G?e I %e&%gne igf, the genetic

ranscri Cran nt o pro
code, watiich (c3jle dppriepsanad or tar Gunstidriafly i cmiviattnt iagtin®@Acidngs the nucleic acid
nation sequen Structural units intended for
Seq“e“YFs‘efrgErQ VA lgrl e&ééf‘?éf‘r C expression systens
preferably include a | eader sequence enabli ng

extracel | ul ar
The term "nucleic acid sequence” refers to a heteropolymer of nucleotides or the sequence of

these nucleotides. The terms "nucleic acid" and "polynucleotide" are used interchangeably herein

to refer to a heteropolymer of nucleotides.

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

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



secretion of translated protein by a host cell

Alternatively, where reconbinant protein is expressed
wowdakhosican | eader or transport sequence, it naRCT/REi008@7968

an am no-term nal nethioningyresidue. This residue nay

or may not be subsequently cleaved fromthe expressed

reconbi nant protein to provide a final product.

sodmnﬁq&prcdhwtrwora ahl e&%éﬁ%@@&dlmﬁr&ambtee W08k 18 A&, Molecular
plasmd or a viral yector, which preferably Is a

Cloningadul #hwirgtory MyageadA"orEd (\G@dﬂ: Spriag Harlos W@tmrysﬁl@@éh)l Stringency
Fur, vi.r al ect used in this
levels lfsﬁg/te(h Ybndlzeﬁﬁ 0 *@é‘yt n ‘gﬁzt‘“’ é/?rﬁéﬁslﬁnctg? N %n of the

vector may be needed Exanpl es for further vira

vectors are adenoviruses and all negative-strand
As userNmeréiny theephrase, gnodesaiply sstringent carditigrsy, retery toagenstitdgnsgthat permit

DNA ts%lmg Hn%gta npeaa g tﬂggpﬁ’as &5 P!’so% ldgg@,l%%%% about 75%

vect or ure I'n
identitygIpore praierab\llylahnmt &Sh’erdeoﬁtyas th‘bdﬁNAe dnﬁhknge(:r thim sbove QO%rldentlty to
opertles and advant age

showi n Ilow p .
said DTHMP Peielepiedi 170 P ERERO Y R by Stepéfmtﬁ@n«vgewrg)condmons
equlval%nt @ llxy%\f\ﬁlz‘éﬁaﬁ F@bé‘%@oﬁﬁ‘%@@aﬁk%&h‘ég@%‘&)fdﬁ%ﬁ' 9'1 $4PE, 0.2% SDS at

thetic genes (no other vector I's known
42°C, ﬁgﬂo\wdjb)s wablisg abl.2 xtSHPE, A.2fo8PShatdspect of t he
i nvention conprises a host, which has been transforned
with the vector as defined above. The host may be a

Accordﬁl’(%f@ad Wotdl &p6ct] 4 vedtdt ik prvi€@B®hick- ©flpris& thBaBbld Mentioned nucleic
tilis are preferred. Furthernore, the host may be a

acids. Rrgkeinlpt fe ez&x@‘mswrpmterlamrsywdedm\rmh|camp@e¢S| saigyngeleic acids. This

exprcssgg #/e(;)crt%(l gﬁéttera%?)l éo&?@s@%&ﬁ@& Blgtf)wgﬁql% {Bt%nte%ﬁ "expresswn

vector”| tgeh&alaj/ Squm: efoelar @thsingd use paageeaﬁt vived IoraSeﬁohOﬁir expressing a

ell, which preferably is Saccharomyces cerevisiae,
polypei BEHE AR St @%\%bsee}eem aAPaSIREFTSION veaiRn g@n comprise a

transcr@ltlghélatﬂﬁt 95111FH§S]§§Q1H| %Sflﬁﬂ)lﬁan?ﬁ QDZ? gr%gg}cgg'%ﬁltenp%} lefements having a

epi doptera ect cel used, nore
regulatptryefoéc: arblgyn@ ekpressianp rfDSpm;pib,eplamfdtergiqmemﬂian@mj (Ry @amstructural or

coding §ec§16n§$ \ZF brlS ﬁer&ﬁx‘l}%} Lrg&ﬁ c}/ transpated 1?1?oe}g:rtote(1:ne Iand (3:,) appropriate
transcription initiation and termination sequences. Structural units intended for use in yeast or
eukaryotic expression systems preferably include a leader sequence enabling extracellular
secretion of translated protein by a host cell. Alternatively, where recombinant protein is
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
is a baculovirus system or a vaccinia virus vector system. Further viral vector systems may also
be used in this invention. 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.



One advant age of insect cell expression system for
exanpl e regardi ng bacterial systens, resides in the
wo 20b/008168 t he proteins produced are gl ycosyl ap@mEP2005/007968

thereby being a target for ¢egradation by

m croorgani sns. This characteristic may be of

i nportance, for exanple, in the field of nedicine,

whenever the silk proteins are intended for an in vivo

use, in which biological degradation isdesired. This -
Accordistgep aqrrefeirsd embadignent theavactarus the clanmng wgopdrindedli enddfimed in Figure

6 or S RS2 A HRF LR ARGOR Egg 3, rowie 0

followifig ptoppriel endidwantageder i ved from tobacco, potato, corn
and tomato. According to a fifth aspect, a nethod of

., aqgt. tion. of ider silk proteins is provided,
1-Mghgﬁﬁﬁﬁﬂgrwéﬂwﬁgﬂﬁg?P@ﬁ[ﬁgﬂ@ggﬁgpwé) preparing a protein
sol uti on containing unoriented spider silk proteins as
2. allovdedontreHedhanrdeseamidsy cengposiiong of syetlsvicytehen(npreglpanedtor is known that
..a),.to an aggregation trigger; and c) recovering the
movuk5ﬂ35P$ﬁpﬁted spider silk proteins. Preferably, the
spider silk proteins used in step a) are produced by
transformng a suitable host as defined above with a
A fourth @epest ofghe anvigndores@mpidicd adiostc Whirbchak deeri manséarehed with the vector as
expressing the spider silk gene under suitable
ddﬁwd@%ﬁﬁ?tions. The aggregation trigger is preferably
The hos ehBHeadhrbkapRetd. in 0ad ¢a08), E. euiedeBaiilng subtiRs ftlpafferred.
about 1, potassium phosphate and nechani cal stress,
preferably rotating the protein solution and applying
[ T i [ t :
Forther ARG A4 BEPBe o HIRan DLORRL MOrRREP o pHfiAdisH Cll B o, yeas
cell or drtins@scadlur pri si ngly shown by the inventors that in
particul ar the above nmentioned trigger factors
enhanced t he aggregati on of spider silk proteins,
The maMMhAfinicell Brdfe@bhyts YRHELOSHKLLa, DO PATEL GV IBK L&pm an
i ndustria p0|ng of view. Referénce’in thi's connection
is made to the chapter ,,Results" below, in which the
. J4nfluence of these trigger factors on.the recgnbi nant
1 is alsRitiEET o y5p ot SErS ST Ehe Ry QRT: SIS DA niscobccharomyces
cerevisiaBe sicmlfzbsaearaeomce@ﬁg&nbé,i Qudia frachAL, MAYdMar MbReheRNHansenula
the different reconbi nant spider silk proteins of this
polymoypfigent i on, however, it can be seen as a genera
concept that those trigger factors in vitro show an
unexpectedly high influence on all reconbi nant
As insect cells Lepidoptera insect cells may preferably be used, more preferably cells from

Spodoptera frugiperda and from Trichoplusia ni. Most preferably, the insect cell is a S19, Sf21 or
high five cell.

One advantage of insect cell expression system, for example regarding bacterial systems, resides
in the fact that the proteins produced are glycosylated, thereby being a target for degradation by
microorganisms. This characteristic may be of importance, for example, in the field of medicine,

whenever the silk proteins are intended for an in vivo use, in which biological degradation is



proteins, which conprise the conponents of the present
invention, i.e. repetitive and / or nonrepetitive
WO e@b00863 Furt hernmore, it can be derived from PEEEP2005/007968

results provided herein thaggnot asingle trigger

factor, but al so conbinations of those may lead to the

best way of aggregate spider silk proteins of the
desired. MHNth@Hcter¥MOEMEY in iphrtbRH fhdbpphiodtasth thadtutehingterials and wound

method is not restricted to the spider silk proteins
closuregndtqEeragessHIMSs: nvent i on, but can al so be applied to

all other spider silk proteins avail abl e, whether

natural ly occuring or synthetic. The method further
Wheneperethe hakil iy agdanprced,ehe phaat s¢lbpretdratd piisidérngdsedral tobacco, potato, corn

roteins prepared in step a) or recovered in c) into

andtOIgﬁ‘tPamsnts nanof i bers and threads by a suitable

nmet hod. For this purpose, spinning nethods may be

used, which are per se known in the art. For exanple,
Accordinglopen $idthutspeet, aof neglicdenf sggieggrant ef spidsr exkrprd@ths is provided,

thr %gF spinneret to fopn a biofilanment. The
Cmnpnﬁ@§3? oH&w &¥ianent can be drawn or stretched.

a) prepy\"ﬂ@ﬁffiﬁﬁeib Q610ti61 Y&iftahing MR oAeHe ASMIRRAK Prareind RYGITRRE Serein;
ecul es exist in Elof | aments, draw ng or

b) expasinedhe olHGOMPICParap 1 9) 16 BB Agersgateadriggdrand ent t o
them nore parallel to the
C)“mog&wﬁﬂhePnﬁﬁﬂgkﬁ%gdg§?h§%géhﬁcrease the tensile
strength and toughness of the biofilament. The dope

. l ution may contain the reconbinant silk proteins of
Preferafye e spulet 7 prgFf‘d?Sdfseé.m Hemek &€ 819 ?Sf'?% BRIREOTHRgR Spikable host as

deﬁnecpﬁbdwr\%t}'? RiRelor YPECHRTeic QFidHiddfosk ?q’lte?élﬁsar;dr%essmg the spider silk
ferent silk-producing genera, ftor exanple

ngmemSMRékukaHMMSprote|ns fromspiders and B. nori. In

the nost preferred enmbodi ments, the silk proteins are

dragline and/or flagelliformsilks fromN. clavipes or
The ag%'a éﬁiﬂl&fj EUS préXefab f&ﬂl&[éd}’fr&h &Rl KaBRSp¥RBMIy to a pH of about 1,

-3, ADF-4 and Fla I'n alternate

potassmmmm@rﬂ and mmamﬂ@yest@sﬂ, ntdf@ﬁblwﬂmn& §1eaprmem spletiopfand applying
shearm% #{)rl%eg rﬁeqll‘lgg r{ﬁﬁ té)pnﬁ‘l gf(?n?gfrléﬁ %’:Qsterqgt Ifgr g %Ergzthgbﬁxethod of this
inventiblle dope solution is at | east 1% 5% 1096 15%

wei ght/volunme (wv) silk protein. Mre preferably, the

dope solution is as nmuch as 20% 25% 30% 35% 40%

0% - t .

e was Qe ity RRLAAEY (R RO BT phlcBlE R ARiie mentioned trigger factors
enhancpditle ayyreatios |0|flsp1;det)tld§¢ protdins, pzvla'é}eisr aedhi@hjo&dmmmemlt in particular

t he, dope has f r oxi mat el "dop “
from ag e PoReofuie Ref Frpce RS e Eredc B chapter Results

below, $1'1 Whidhr @t @rﬂﬂheﬁ@éjof ﬁe%@@@ fBctb &Ktﬂe%&&ﬂblﬁﬂ{t sbm%r silk proteins of
formation of a biofilanment or film casting.

the inventiant isenplamey: thesiofloense aif reach mrigger 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



addition to protein nononmers, higher order aggregates
i ncluding, for exanple, diners, triners, and
wo edocanEss. Nornmal |y, dope sol utions are aqueOBRGT/EP2005/007968

solutions of pH 4.0-12.0 angyhaving | ess than 40%

organi cs or chaotropic agents (wv). Preferably, the

dope solutions do not contain any organi c sol vents or
single m@gatfaapr buagien tambiyieionsay thase mtdeleadidi the Bes wag of aggregate prder

f preservation, stability, or workability of the

S”kp“%%P%? %ﬁ““@@“oqllanent" is meant a fiber of indefinite

| ength, ranging from nanoscal e and m croscopi c | ength

to lengths of a mle or greater. Silk is a natural
Howevéli, Iitastwntd, bavhotiee timt Ithis raetbod ol Iyn*srtﬂrictad; t@theespideplsdk praeins of the

prseniIRTIEH, B! BT oL o I A O SRS PN wheer
nauanﬁQﬁ&@QQ&% ﬁﬁ@ﬁ@tzas et al.), published July 24, 20083,
which is |ncorporated herein by reference.

Furthernore, the splder silk protelns of the present
The meﬂp deI% hgrgp nPeyabl?)kcc? [ ort\tlseels ﬁheps?%) 1) %plnr%ll’clﬁ sa V\?t Proﬁetgs grﬁP?{ﬁ? hrbstep a) or
recovel‘éﬂ epc)l 1ﬁtmbmeetg,mameﬂberl§aﬁd thrénds By detinadieshedR@cr i pti on
of the process of making filnms it is referred to
chapt er Exanpl es. Additionally the nmet hod of the
For thi Usdi MR
or tsSh AR RHFEHIARATR RLSLE A KERLLATLR SR B, o cxampt
a dope sdletiex pf a:sém'd;tlk piratein isicktcugudahmiugb atspinmesdt to form a biofilament. The

resultingg%ipﬂ%??tntf%ra]% g\mghogru ' e&%rgag"ﬂ\{%égeriggg ;}%tla] ne ana amorphous

arrangeﬁ’(e%fs%ﬁ*ﬂbbéc&@@eﬂlgpgl H’Mﬁlzﬁ%n@é rd‘?ﬁgnylg@fﬁlt@icﬂﬁ% R0y, ]y shear stress
the proteins/threads as def i ned herein nmay be use

SufﬁClenh@ piignt dhomabgcotes dn nml@gtjzelanmbmrpandtﬁl ¢o the, welﬂqebeﬁatiﬁlyment and

nufact re of sure or coverage
increasg 8]e’tteenr%e ST dhigtiehmest gPtFXSIb Lf‘g * neur osurgery or
ophthalntc surgery. Furt hernore, the pr ot ei ns/t hreads
may preferably be used for the manufacture of
The dope pelydeniiey qeatadt fhel rgcompbiaprir all| Rroteinsi ¢fi the anveatien and(geauthentic
silk pr&%mg ﬁféb‘ijr?%\r}gﬁc{rﬁg&%l de@dsg%lleso rb?' 41 %rtone?nst &%%*&ferén? SHiR- -producing
genera, rfedemhpletm/mmf;resofcslﬂkq&omdlfﬁﬁh sﬁtdeSdnleB Shédi.pis, the Kﬂd’st preferred
grafts, replacenent |iganment d surgical npesh;
embodifienty ttedeﬁfaﬁﬁe%@rq AedEins pad/on daeelbinmy Bl r@ﬂolauetaglpes or A.
diadem8H§pREc @b rﬂﬁ@grd‘t@m INtaSHI UM Bh1IPTASE - 3V9\SIJ§F I4' £Hdnglag In alternate
cont ai ner fabri bag or purse straps, cab
embodiaghtss theeddpiersdiutignamntisad mixtoreadhsid pwteins 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.



bi nding material, strapping material, autonotive
covers and parts, aircraft construction nmaterial,
wowe@blaesips oof i ng material, flexible partition pet/gpP20a$/007968
sports equi pnment; and, in fagt, in nearly any use of
fiber or fabric for which high tensile strength and
elasticity are desired characteristics. Adaptability
By "daprtsolg®n0fis irtantsirgbliguill imdieturg tied udhtaim’ dikhebteh®aA® is amenable to
such as a dry ray coating, bead-like particles, or
extrusigg gorjthe &%@&@PE mfﬁare%@r fil eading: Done selytianssmay also contain, in
i t r
additiofi QB‘p%nglt grgl%r?g%fse Jhgl?]dgto(?c?eﬁrhfg fen}ﬁ%pﬁﬁe i r% Jo% 8x nil%lg t(Iilmels trimers,
and tetcxzfmetrhd\lelmetﬂler depd $olyticots eirer 8qous Iselupm&emlemémOI and having less
re in.the nuf acture a ot.hin
than 4(%8%38”(%% RQtEp)© 287t & Bret S0 filove Seidliorduper contain any
orgamdoaaisvéms it Sl RtbpRORshsUGlet %am&udeahéd,asesm@d lenBéhck Mpreservation,
he manuf acture and processing of paper.
SmbﬂﬁYEUOWﬁkﬂahbﬂéﬁhﬁwﬂw@nﬂk proteins of the present
i nvention may be added to cellul ose and keratin and
col | agen products and thus, the present invention is
By "filalment"dis reedned ﬁlﬁbra)fna@ﬁfml‘érleﬂgtﬁkfdhgﬁ%r fomnghnbadale @& ehicroscopic
roduct, conprising cel]ulose and/or keratin and/or
length E‘blep&@éﬁ f ameile oregredierd sk 45 # Ratyrad fidamentovhid,aylgp @agépelyester as an
| and skin care and hair care
exmnﬂe%%? h%%cfﬁ mﬁﬁ%h the proteins of the present
|nvent|on are |ncorporated are shomnng |nproved
eristic articular. .inproved te

act | e
Further, tuixrép trf)norregaé%pg ShY ntﬁt ﬁmeﬁﬁlgeﬁels%r%rotetxh ers may be found in
WOO3@(§U@)@WW%SS@ de) piblikhelr ANEINES 3! %1&H"Y§Mdo%rﬂ@?! herein by
be used as a coating for textilé and | eather products,
referencdrer eby conferring stability and durability to the
coated product. The silk proteins in particular show
applicability for coating |eather products, since in
Furthernktrs, Biaspidet &M brgeiddef tHej)rB@ﬁﬁtﬂv\éﬁtuﬁf fRGtRSprbeided as films or the
envi ronnent can be avoided or at |east reduced.Unl ess
like, 1.egpha pRif eI @rotaadrodict, forewhish eapinaig ssepiie net epeireder s
used herein have the sane neani ng as comonly
under stood by one of ordinary skill in the art to
For a nvdie détaildd destriptintdfalre precdsabohmakilglfilipg i is esferired®, chapter Examples.
pat ent applications, patents, and other references
menti oned herein are incorporated by reference in
r {
Addltl&s%ggl thlegrgf%tlﬁcgfn JF the @ré&s@rﬁ‘tﬁa@%netﬁﬂﬁﬁ%){ gltefergla? ?Jlg%eﬁ{ﬁr step a)I z?]nd/or c)a
puuﬁczadxm mctbad dohrpl lmgampmlm theekpedsd spiudr eillappitass @rleat denaturation

o 0Pl HESOLIREHLE PLERSE i Pof el AT 00 v
preferagmo@cg@myl ng draw ngs, which are

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.



showi ng the followi ng: Figure 1 Cloning strategy for
constructing synthetic spider silk genes. (A The
W@ b@niongyexassette conprised restriction sites PEEPI068007968
for nodule nultinerization (8sgl and BseRJ) and for
exci sing assenbl ed genes (Ncol, BanH , HndlIl).
During gene construction the spacer regi on was
FurtheriRé &ﬁ@‘ﬂ)rwmm%(ﬁsmﬁlﬁ‘ﬂrdmwbeoém&é& f@i? ltRe maBhfacture of replacement
Site-directed connecting of two nodul es was
materiads porfpRblyreidivigl dartgags ergendaw mgipnapri ate pl asmi d
fragnments. The vector's anpicillin resistance gene
(Ap') was reconstituted. (C) Nucleotides required for
AdditidnaD¥i thg thywadsrfbets &F therisvenaoh idagheMidddi i tHeembhufidture of medical
codon of each nodule. (D). I\/bdul e multinmers were
devices#ishée nerfliqal Rehesivegitapskinl 2afts senlpqemegt ilaala@*m,ra@rhsmwal mesh;
and in 85337 binke O i AP L o AERERial itk A, BRI, B 0S8 Sullct-proof
vest lirs'lhg,l«:opta@te@lfmlmo?\[lilég&rajmheﬁm%p& cableg woge, 2dAesab ey Bindin@f material, non-

,sptigd(gr si l k. proteins. T7 ta s of rec%gm nant. S|f15k .
adhesiyg bipding majer Wét’%‘@bé’?ﬁ f AR G0 VTR RAgSitifoRath Ronstruction
matena"i‘%éa’tﬂé Itoagngma'tctﬁ%qjyﬂex(lﬁé pEﬁlﬂBﬁ'nﬁe%r%e Q:h@l%hfégt BAd, in fact, in

SDS by silver stainin to weak
nearly gmamsc ng folfer (oxQjabgic apd V'(}@Q)‘llgﬂq@ngdmtstrarg;th oindt ¢lesticitpgpre desired

Was. i n e eIetrom al | Qrescence
characi ek SAEERERL AW il B AR BBy sveh as a 0
spray amhgauaemlhw:j@hm@t hsr @fe 280a NAIXCEET KitBhbthkt RBInpdSitions is also
295 n L!S\dotte line), respectively. Figure 3 Secondary
contemptagqgchy épéﬁﬁ@’tt”é\‘ﬁ?é@%tt ure transitions of spider silk
proteins. (A) CD spectra of rep-proteins (straight
lines), repNR-proteins (dotted |ines) and NR-proteins
Itis explioitely rdashids) thearost prefoored @fpladatidiO8T. thé Bidddsalk plr(ﬁsllnd d€the present

inventi% ﬁ%}iﬁé@%arﬁkg@gﬁsg%{ Itp(re(g:ggpfn}gsn%p 1r]$ggl %rg:g?text iles) and leather,
automo%YIthB%rb Gnd iphs, PLiREA @&s&xﬁctﬁmﬁa&%ﬁfsadsg\%ll |a's R€he manufacture and
l'owed by ‘cooling to 20C (dotted line). Figure 4
processﬁggtvfe;gaen on of synthetic spider silk proteins.
Aggregation of proteins was determ ned after
i ncubation for 1 hour in buffer (control), in the

The re®@n®siR4HE &pRer 300 pRAbiNG Gf thOhre3l iMértieh, may beHdde®lo kBllulose and

the pr esence of 300 mM pot assi um phosphate. Bars for
keratin @ﬁ@p@lﬂ&g@n degdugiscnfl tlyrs, pmPresgnt invegiitonge elpo dincetas ADEpaper or a skin

care angaha rhe : %rcﬁﬁcg %F)ﬁpg ﬁ]cgill.rxllgses 5 gé(ra{n? lan§/RF %Bl;i_al“é;eglaplg the spider

age Spr der SI génes ('seé

silk proléms Sfm@hﬁemdimlvemiome Pep@@mmlﬁ@amnhm ¢t prodactesin which the
. (a). as well as hetero-nultineres (b). (c). L
proteins of the present invention are incorporated 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.



shows the am no acid sequences of designed
flagelliformsilk nodules derived fromflagelliform
wa 2dok/ogsiet ei n (Fl ag) from Nephila clavipes. Fi BUIEPHOF/@7968
showi ng a restriction map o% vector pAZL. Figure 7:
Assenbly fornms of spider si ?( proteins. (A) Spheres
formed by C 6 visualized by scanning el ectron
Unless Q%€ QRYinéBEM tecHnRa) Mad 9dibfld frh 188t P¥in FabNBR same meaning
visualized by atom c force mcroscopy (height
as comimohby widersend by Gre &) oringryoskilhin thefaot we‘dhlbb thm@@nmspeltams All

vest t ed. by SEM . _Fo cutt t he i | and .
pubtcai(iE 2B e Qb BT Pl e b ghhare i ncorporated
by refef@es e theffnkidty HaamyaeBconted, thPprdsElt speamARReRlhg definitions,

froma (AQ 24NR3 sol ution. (F) oam generated froma C
will copNRY 18c1d¢itiam . the @)ateTialss Snsthedsd apé|expples dirg yl I GUgNRe only and not
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activity (-). Figure 12: M i mage of C  nanofi bers.

Figure 13: Hydrogels prepared of C nanofi bers.
Figure 2 Analysis of spider silk proteins. (A) T7-tags of recombinant silk proteins were detected
after western blotting with an anti-T7-tag antibody. (B) Proteins were subjected to SDS-PAGE
followed by silver staining. Due to weak staining of (AQ);; and (QAQ)s 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



Figure 14: The stress/strain behavior of the
crosslinked and non-crosslinked hydrogels at a
wa@oseensisat i on of 10 ng/m . Figure 15: FrequeneBgI/EP2005/007968
dependence of the storage npgulus (G ) and |oss
nodulus (G') for both the crosslinked and
non-crosslinked fiber networks at a concentration of
were mé8suted i 2207 r'lrﬁW}ﬁlel@atl@Bﬁrﬁﬂétfcadilﬂ(%ol‘éﬁﬁQG@@m@?stle ﬂthﬁle) followed
storage nodulus at a frequency of 0.5 Hz for bot‘ﬁ
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from a grAGtbsdutione (G bErosslmkied elglermeday Cedi na@aﬁbﬂbr m a,
USA) digested with Bglll and Hindlll. Both restriction
enzyne recognition sequences were destroyed upon this

Figure 8: CD-spectra of synthetic silk proteins (AQ)»yNR3 and C,¢ dissolved in 6 M

guanidinium thiocyanate followed by dialysis against 5 mM potassium phosphate pH 8.0
(straight line) or dissolved in HFIP (dotted line).

Figure 9: Cy; film cast from a 2% w/v C,¢ solution in HFIP.
Figure 10: CD-spectra of protein films made from (AQ)2sNR3 and Cys. 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-



cloning step. The resulting new cloning vector was
named pAZL. C oning of silk nodul es and NR-regi ons
WO ndoe/ovd1e3 pAZL vector. Three am no aci d nodul eBCOEP10020)7968

fromthe dragline silk prot#ns ADF-3 and ADF-4 (Fig.

| E) were back translated into a DNA sequence

consi dering bacterial codon usage. Carrespondin
analyzqgiorﬁyeeﬁaemagqegawlrb|dp@1@ngdh@(§]@1p’g'g§s,Q|f the films, JOwyrw could not be
determ T ACGGCCCAGGT GCT AGCGCCGCAGCGECAGCEECTGGT

ACGGTCCGGECECTCTGECCAGCAGEG) (SEQ ID NO 20) and A2
( CTGCTGGECCAGAGCCCGEGACCGT AGCCACCAGCCGCT GCCGCTGCGECECTAG

CACCTGGECCGTACGGACC) (SEQ ID NO, 21),  Q . :
Figure Hed\dwsfea a HFIP solution and processed with potassium
phosphémgm%%%%ml&%@ Bed¥kd ¢8en the carboxyl
groups GEEGCGEACATTMGETIGECOABSATDCT G FGAGSCSHEUDGT GUFE8eECEaAd to films

withou{ FPE NGRSO PN eBtce opieddsseleiepidsscyss monitored wing X-G

as subsmwgwwgﬁwmmmlms that

I
had beélCEGNGECEABINDCGET films only showed residual enzymatic
... ATGGACCCTGGTTTTCCGGACCGT AGCCACCCGEEECCGGACGCAGCT GCCGLGG
activitydTls CAGCCGCGCTAGAACC) (SEQ I D NO. 25) were synt hesi zed
and anneal ed as descri bed above and ligated with the .
pAZL vector digested with Bsgl and BseRI. NR-regions
Figuredi2: &FiM énags ofiC \gonmedibatsf - 3 (gi | 1263286) and adf -4
(gi| 1263288) (obtained from Prof. Gosline, Vancouver,
Canada) were anplified by PCR using the follow ng
FigurePI3i: MY &ogdMpiepd e ABAGAS @33 CCCECT TCTGCAGCTGTATCTG)
(SEQ 1D NG 28), NR3r
( GAAAAGAAGCTTTCATTAGCCAGCAAGGGCTTGAGCTACAGATTG)  ( SEQ

Figurel( gtgﬂ]eb%%s/sglgg})f %éh%ﬁ%%@%ﬁ%&%ﬁ%&ﬁﬁ%%?ﬁmgds at a

concen(reAGAACANGL/HTT CATTAGCCTGAAAGAGCTTGCCTAATCATTTG  ( SEQ
ID NO 29). For Flag sequences, the follow ng priners
and cassettes may be used: PCR-Priner:

Figureﬁﬂ? cl}ry‘ht%ﬂ{,ij ﬁg%génc%%é Qowllﬁgp’) and loss modulus (G”) for both

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

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 moduli that are

proportional to the concentration squared [c]z.



FLAG N-chr-anti: (SEQ ID NO 44) 5'-
GAAAAGAAGCTTTCATTAGCCTGECCTGTATGGTCC - 3
wWo-nG@016hr - sense: (SEQ ID NO. 45) 5'- PCT/EP2005/007968
GAAAAACCATGGGTGCTTATTATCCTAGETCGC - 3' FLAG C-chr-anti
(SEQ ID NGO 46) 5'-
GAAGCTTTCATTAGCCATAAGCGAACATTCTTCCTAC - 3' digos
epetitive sequences from which cassettes were
generated: Mdule Y-(GPGEX)-ds: (SEQ ID NO 47) 5'-
TCCGEECGET GCCEGECCCAGGT GECTATGGT CCGEECEGT TCTGEECCEEET GG
EXPERIM GCCTACGG - 3" Modul e
Y- (GPCGX)-cs: (SEQ ID NO 48) 5'-
GTAGCCACCCGGEECCGGAACCGCCAGGACCGT AGCCACCCGECCCAGAACCECC
Materi6ks. Mmmwﬁmm%mta@t Ohrehiahg) if not otherwise
sp- (spacer) - SEQ I D NO 49) 5
stated. iamAeRECA u @I@Amwmmmm@wsly (19).

Restricw gégé%r\g %%%%WE%%B%M‘M)@QV@H% MA, USA) and ligase

from P@awmgmmmm@awmmﬁmmmbafomed

using ]%Is? écg\A TCTTCAA %T%nfllﬁ'%%f ic 5)11g0nu Lfcotldes were obtained from
MWG m%@ %TW%&%%T&TEQ()II strain

TCC GGGCGGET
DH10B from Novagen (Madison, W1, USA)

EXA

Construction of the cloning vector pAZL. A cloning cassette with cohesive ends complementary
to ones generated by Bglll and HindII] was created by annealing two synthetic oligonucleotides
CC1 (GATCGAGGAGGATCCATGGGACGAATTCACGGCTAATGAAAGCTTACTGCAC)
(SEQ ID NO: 18) and CC2 (AGCTGTGCAGTAAGCTTTCATTAGCCGTGAATTCGTC
CCATGGATCCTCCTC) (SEQ ID NO: 19). Annealing was accomplished by decreasing the
temperature of a 50 pmol/ul (each) oligonucleotide solution from 95°C to 20°C with an
increment 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 pFastbacl vector (Invitrogen, Carlsbad, California, USA) digested
with Bglll and HindlIIl. 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 Dbacterial codon usage. Corresponding complementary DNA
oligonucleotides Al (TCCGTACGGCCCAGGTGCTAGCGCCGCAGCGGCAGCGGCTGGT
GGCTACGGTCCGGGCTCTGGCCAGCAGGG) (SEQ ID NO: 20) and A2
(CTGCTGGCCAGAGCCCGGACCGTAGCCACCAGCCGCTGCCGCTGCGGCGCTAGCAC



Modul e K- ( GPGGAGGEPY) -cs: (SEQ I D NO 52)5' -
GTACGGACCGCCCGCACCGCCCGGACCATAT GGCCCACCT GCGCCACCAGGEECC
WE00H0ETHCCCCCAGCACCCCCCGGACE -3 ' Modul e X- ( GRX/ERB®NS/007968
(SEQ ID NO 53) 24
- TGECGCTGGT GECECCGGT GGCGCAGGT GECTCTGECEGT GCGEECEETTC

CTGG%%MM&@%W@@%MM

AGGGA‘@@TG@CCR@RIRAM@G@@WCA‘(K@GF(SE’%VI9 Nogéﬁ)e&ind Q2 (CTGCT
after di %E‘Stl on with Ncol and Hi ndl oni ng

GGOCEEAMET qﬁmmegA&M@W&s’wmgc@m@@crmmcﬁ@@CWGACC)
R e e e e e

TGGCEADGEB@CGUMAA@GN@GGM@@DGG@@MM)GGWAQGGECTGGCG
translated in E.coli was nut ate

GTCC{J%E%IF& EQnkP NQi 38 9hg w%ﬁ%AQQWGTA%%CACC@GGGCCAG
ATGGﬁ@@é’éf@’é‘r'r?&g@foéX@t'@;@f‘A}@céﬂ'c%GébUth@Ré%}CAGgTngGCGGCTG

Connecting of two gene fragnments e.g. single np
CAGCEOdUET AGIAAGEY $SBQ lIlRN@giZﬁ)h s/eree pyr&h@mzteddartdh enegaktcas described

above %}éfga\(}:féic\%/gl? thC W@gﬂst 4 dd\ggli?rgﬁgq %g;?? ﬁiféigq?ns of spider silk
genes g@nﬁ (E129aBes) ¥ aaf@q?ﬂ%mst)h(o@sﬁkedanfam%gdf QRIih€ Vancouver,

he veéctor conprisin term nal gene fragment
CanadaA/as wiirges tasplifiet h B’s’eRI PGRd Bsaig r ebpectfpNevipg( Fipgimars:  NR3f

Al G E TR RE R B GRAL AR <Nghg 200, NR3r

(GAAA@dAtAqmmETcmme@ccAG@@AQGGGH@A@bmAgmer) éSEQ ID NO:
anglc:lllln reS|stance &%& which facilitat

27), NRABKEAAAAACGA BF LGt GATETUESHT GehtEQ 1D NO: 28) and

NR4r g@gﬁg&@%&ﬁbﬁt&%ﬁg@@ﬁgﬁA"@ﬁﬁ(}%ﬁﬁﬁé?ﬂﬁ%ﬁf@) (SEQ ID

repeat units ( €se were
NO:29yradual ly multinmerized and optionally linked with
NR-regions. Finally, synthetic gene constructs as well
as NR-regions were excised fromthe pAZL vector with

For FlaBaB§llengfd id 1BHbWing@nihdré 2 &sefted H]a? Re ubacteri al

expressi on vector pET21a (Novagen) kew se
di gested, providing a T7-tag (MASMIGGQOMER) (SEQ I D NG

PCR- p30; :COdI ng sequence (20). The fidelity of all

tructs was confipned by DNA sequenci ng.

FLAG-N-chr-sense: (SEQ ID NO: 43)
5’- GAAAAACCATGGGCGAAAGCAGCGGAGGCGAT - 3

FLAG-N-chr-anti: (SEQ ID NQO: 44)
5’- GAAAAGAAGCTTTCATTAGCCTGGGCTGTATGGTCC - 3’

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



Gene expression. Al silk genes were expressed in the
E. coli strain BLR [DE3] (Novagen). Cells were grown
W@R008/8T63 n LB mediumto an OD6oo - 0.5. Bef orBCT/EP2005/007968

i nduction with 1 mM I PTG

(1 sopropyl -b-D-thi ogal actosid), cells were shifted to

300C in the case of (AQ 12 , (AQ, 2NR3, (QAQ , and
FLAGLERH-aNR3(S1g IDN@o%6) N the case of C 6, C 6NR4, NR3

and NR4 respectively.” Alternatively cells were grown
5’- GAWA AGAAGETTECATIATTCRTARAGCEAATA TRCTDCCTAE X nedi a

(21) and the fed-batch techni que (22). Again, before

induction with 1 mMMIPTG cells were shifted to 25C or

30C respectlvel y. Cells expreSS| ng (AQ) 12, (AQ

e pSyquen¢asArNg NiRRch a@ssg RANQR Zharvest ed

after 3-4 hours of induction mhlle ceIIs expr essi ng
NR3 and NR4 were harvested after 16 hours. Protein

s LSO T, ) © s

5 pi per azi ne-V -(2-ethanesul fonic acid) (HEPES) pH 7.5,

e R e o

ul trasoni cator (Bandelin, Berlin, Germany) and genom c
DNA was di gest ed by i ncubat i ng cel | | ysates with 0.1
Modul&9. @ﬁ A nhe| m GCermany) and 3 nM MyCl
ot @5 or)c‘gso( g Insol u Ie cell fragnents were
5. sedinented at 50,000cg and 4C for 30 mn. Soluble E

GTAG@@'AC(E@@G@'C%GKA'O@@é%d@@@éGﬁ*Ar&éﬁ@bC%Géé@)A /S'B’écccccc

GACCHTA eat denaturﬁ@ﬁ at Ig((%?f g%(%lgém n ,\%hlp:rgc: 5;;?22

containing NR3 and NR4 were heated to 70C for the sane

| ength of tine. Precipitated proteins were renoved by
Modul& Sﬁm g: tIDBROPQOxg for 30 min. Silk proteins,

V\Ihqu(c re)?r%i ggg::alesol ubl e )cjuri ng heat denaturation, were
5- precipitated with 20% amoni um sul phate (800 m\)
TGGCACSACCATCARDGA ORI CTCAHE A TAAPABNBATCLBGAUBEACGGCCCGAT
CACGATONRIT QARG AT @A tGsulphat e (1200 mV) (NR3 and

NR4) at room tenperature and harvested by

centrifugation at 10,000cg for 10 mn. Pellets of

(AQ 12 , (AQ 12NR3, (QAQ 8, (QAQ 8NR3, NR3 and Nr4
Modulevgr-epadensead (SEQHDaN©OoBOX | on cont ai ni ng the sane

concentration of anmmoni um sul phate as used for
5-  precipitation and dissolved in 6 M guanidi ni um
GATGORCHGUECTTINMOAGATEGIdmM TaeG A CAhdCCGNREATEPATAGTGATGTC
CAGATETREAAT GATEATGGEGCAMCAR 8501 ved in 6 M guani di ni um

Module K-(GPGGAGGPY)-ds: (SEQ ID NO: 51)

5-
TCCGGGCGGTGCTGGCGGTCCGTACGGCCCTGGTGGCGCAGGTGGGCCATATGGTCC
GGGCGGTGCGGGCGGTCCGTACGG - ¥’

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



t hi ocyanate (GJInSCN). All proteins were dialyzed
agai nst 10 nmM NH4HCO . Preci pitatesfopned during
walt@eyediss wer e renoved by sedinmentation at 50, PODEB200H007968
30 mn and the remaining sobgble silk proteins were
| yophil'ized. Prior to analy3|s | yophi I'i zed protein was
di ssolved in 6 M GInSCN fol | owed by dial ysis agai nst
5. appropriate buffers. Aggregates were renoved by

GTACG@M@@C@UG@L\@CG@&@@QC@AT&TG@Q:G@&CCE"G@@@@ACCAGGGCCGT
ACGGAeIEH A A??GW(E‘G @&icerm:ned photometrically in a1l
eng

cm pat cuvette at 276 nm using cal cul at ed

extincti on coefficients (Table 1) (23). ldentity of

proteins was confirmed by sodi um dodecyl sul fate -
ModulBl(GEX yians B0 WeN®Isgst r ophor esi s ( SDS- PACE;, 10%

Tris-Aycine gels for proteins > 20 kDa and 10 - 20%
5’-TCACGETGHTGCLae WSS TOIGNGEAGGNCEDE THME @GS CGRQOCKIDAN TCCGG -
3’ foll owed by blotting onto pol yvinylidene fluoride

(PVDF) nenbranes (MIlipore, Billerica, MA USA) and

detection using a nouse anti- T7 nonoclonal anti body

vage 1:10,000) as primary and anti-nouse |gG
MOdU]%Kr(&éB@h@‘e (S8R IyNOs 585i gna- Al dri ch, 1:5,000) as

s oo RPN R LB CER S AR Ry cace

- Amer sham Bi osci ences (Pi scataway, NJ, USA).
Fl uorescence. Fl uorescence spectra were recorded on a
Fl uor oMax Spectrofl uoronmeter (Jobin Yvon Inc, Edison,

PCR-pNuctyafd pAZREGLG M@E%gtaﬁhea'?tcpai&@&uﬁ WitRNebNand Hindlll. Cloning of
concentration of 100 ng/m

Syntheﬂltr mgd!kiyﬁ poyyhes R-prodiete mesulieh o @Enﬁ}d}tcmmf (heHel@ning cassette's
oom, tenper at ur e ration
spacer, s AT G RRARReR wh b A BenS ot 20w Riicteak el fifegnyhe codon
AGA (Ang), Whivh {s&aiess tranlated &8 PRGN Wab Ynutsie€ @AY (&fg) Us INK R and NR4
anal ysis. Far-UV circul ar di chroi sm (CD) spectra were
using PSIR Buieenassi(h)-a Jasco 715 spectropol arimeter equi pped
Wth a tenperature control unit (Jasco International
Co. Ltd., Tokyo, Japan). All spectra were taken at a
Constr@a"txa»hebmsﬁmmem;ﬁ@d;i ke @bncdk5Corméaningi of bvarlder¢ ifRighiehts e.g. single
eépH &:‘0 ina 0.1 cmpath length gquartz cuvette at 20
moduleymo gﬁmgtbxggré W-zqglqﬂﬁrpﬁrﬁscnquébe BasyestaR el Breslgnng strategy. For
IAAQNn S8t
i D e 0 St A PR e, Slfneivas digestea
with BstihendBig/t whisiheivectsr wenpriamathg Zedermindh é,anehﬁagmcmg was digested with

st P ET S F RrAhShARH v
connecﬁﬁé Wol t8e ROt SRS fra%néntgginm le(i-tooth%%ew‘(‘s‘{l}ﬁtlo‘ﬁobﬂ'ttﬂeo BAIZIL vector's
O MM Tris/ was concentrated by ultra

ampml[hrurgsas;mcgmeng(ﬂg) whith fowlitaed identification of correct constructs.

For gene construction, single modules were first connected to yield repeat units (Fig.1D + Fig.5).
These were gradually multimerized and optionally linked with NR-regions. Finally, synthetic
gene constructs as well as NR-regions were excised from the pAZL vector with BamHI and

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



nol ecul ar wei ght cut off pol yether sulfone nenbrane
(Vi vasci ence AG Hannover, Gernmany). At distinct
WO nioenvsEabs sanpl es were taken fromthe sol uti OPCTIEPI0NS/007968
the protein started to prectpitate. Sanples were
diluted in 10 MM Tris pH 8.0 to determ ne protein

rovi b0 SRR B AR SHE o0 S 4 e

of all cgthuchQﬁastc%ﬁﬁhﬂQi ByoDNA &hliefdsz on silk protein
aggregation, salts were added ‘o final concentrations

of 300 vl The effect of acidificati on was

nvest i addi HCl con t i an of
Gene &S CHLD: FFePiPie BaidstodkiRufs &' e BERAPER) By Peem. cons
were gr@RP ek 37T enficB redi@birto 4Ar ODgiN= W BCBEFbEAINASMY ®ith 1| mM IPTG
rempved fromall sanples by sedinentation at 125, 000*g

(Isoprowlrﬂé%thwsal%@ﬁw% éelbwerﬁt sheﬁtedt 1930l Hiergpse of UBIQ2, (AQ)12NR3,
r I al [

(NSRRI YR OGEL L5l R PIORS ch Ry speccry.

Alternativietyl @lls arpugrowafin 8 dérieher pr ot 0Dy, =t 4(}35@ asiagodragex dedia (2/) and

) b l.cul a b
I T i .
25°C oawwtreﬁiectw’ew el eﬁﬁ%&%&%ﬁ&)ﬁ%ﬁ Qﬂ%ﬁ@r@% X;, {(g Q 3NR3 C)¢ and

desi gning sil'k-1ike protelns press
C1oNR4 pyede hargedted gldarels4 hnuisadtiedictibn vdsleseells exmesfsfnchBatand NR4 were
hawest&% }tr ce sone gene sections contain codons not
FE nt9Y>translated in bacteria. In addition, gene
mani puI atl on and anplification by PCRis diffi cuIt due
to the repetitive nature of silks. In order to
Protein pyegeqtipat £ohs operiet fesusperdedpivithr S shiVg huffst eiongining 20 mM N-(2-
hydrox%hﬁ?l%@g xﬁ%é‘tz@-f(% %t;haggs gfr?pﬁsa dgqpilg?%sg BH?}OEI,?IhO%ynqw ﬁat? 0.2 mg/ml

lysozymer(S@SmeAwinmb Stxmroe&s IMID USSI) an&Mﬁ&JlﬁtddCatg@ﬂEﬁ)rVMﬂn. Cells were
ai_.ned which coded f lgl:tgot eins resenblin

lyzed byéﬁ)éltﬁic?t]lqpeuqxré'g} HP%UWDQB/ 6 Lgfrpwu@gg (Qg)de?ntgglin Germany) and
genomi'c”@‘?\m apsl MT oedstod! %yochhgeﬁ& Pélpt])%agéh g@ﬁh 90 ¥ Ilng/ﬁlgu ﬁ?\%s? I (Roche,

he carboxyl™ term'nal NR- I ons are fo
Mannhdmag@emng) lakd .3 M Mg@bnﬁtoﬁ‘gl derv 60 opiad Iasobddericel fragments were
. clanin ratey at. al_l dcon rol | ed
Sedlmee{? nsg)tqcbt h&dt? 4{922% f’f? PSRBT LR oGNS sofalysitey containing
(AQ)lzan@ymert I@Ag@rge (QARYIRRES .C [hend | ORNRE VRA qfred?;%ted by heat
was esng nprising a cloning cassette with a
denaturgpei at 808 fphéo asn thd@ dyroted gpnthming YRS ket iINR genssheateddo 70°C for

the san{qué)%ﬁ] 11?1% Isrectzlpiste((i) ncglrgs \;Ngriegrérlrxlma I(PW %eﬁax n%%té%agglo 000xg for 30

min. Sifd praﬁenﬂsf whivhsemeimnay mablard@nag @B{&QBhétuﬂtﬁorlZwérB%% itated with 20%
nucl eoti des apart, translation start and sto d%ns

ammonym glphatg ES0%MMi(EHah2. (A LNES BAD)% £QA Y &16 figsk C1sNR4 ) or
30% athPRnfXF! Eélbﬁ)zﬁe QYZOO mM) (NR3 and NR4) at room temperature and harvested by

centrifugation at 10,000xg for 10 min. Pellets of (AQ)12, (AQ)12NR3, (QAQ)s, (QAQ)NR3,
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 (GdmCl). In
contrast Cjs and C;sNR4 were washed with 8 M urea and dissolved in 6 M guanidinium

thiocyanate (GdmSCN). All proteins were dialyzed against 10 mM NH4HCO;. Precipitates



assenbl ed genes could be positioned close to the
spacer.In a first cloning step the spacer region of
W@2k/ovsEs3 r epl aced by a synt hesi zed DNA nodul epT/BP2005/007968
modul e design see bel ow). Sppsequently two nodul es
could be joined in a site-directed way (see materials
and nethods and Fig. IB). The conplenentary 3'-single
formeds Hiiripd dEXYRN RO Sehdov € BYS Sodimbitatida GAYOGOREEIor 30 min and the
. generated by cleavage with Bsgl and BseRl were used _
remainingr syt e ek wgtmwwmwcwbﬂ(mgg?rx@y to EnalysishlyopiNlized protein was
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ci ne codon rne<'s naturally abund
removeidnbys pédi@entaiibk apn 25,000vsz for BDWin. Ploediefoneenatotsesere determined
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Trcine il QA EAL EPLRRBER] 1 0 ). FabelRgney SRR APl BRGvinylidene
fluoridd TV IDF CidkinBrhined (M Npbre! BRlesiba, @A 8idAySind TR clislY ﬁﬁﬁ@ﬁsmouse anti-

chose the dragline silk proteins ADF-3 and ADF-4 (3) _

T7 moppeanal hantpad deNoypeater]: H,00Bu8s diriaersyreands aris mowppllabeperoxidase
- [ol thet ' rdial. identified. .
coniuest P (GiHG- RN o DOBP AR50 Ry, JPORE el F PR, M Visuaized
using thenE €K wiebteth bt deteniph kitefrcin OOMSSHAGLIBioSEEHEE CBiscataway, NJ, USA).

i ncluding a poly-alanine notif. Length of individua
repeat units is determ ned by varying nunbers of the
Fluores?Rhdef F%%nc-gosp%t? %e?éqﬁeéf%l%gﬁtd t+\ﬁ’110$§lgllzi§ %\ctp(fﬂd%g:nﬁg’(er (Jobin
we desi gned two nodul es. e no e, terne , Was
Yvon logridved, Ni oS AheSppotry watatkee usiog giroiemgcaoagatisnf 100 pg/ml in

equenc Fi E). A secon dul e ter Q cont ai ned
10w T RETabia A o telRts n  HC sty AVt fore temperature.
Integrati®N@iB wa8Neaktep BRI Swas@E nA aniWMAnRWIBHY MR Fe M8Frf(excitation) and 5 nm
~ conbined with one A nodule to obtain (AQ or (QAQ.
(emissiqyerpspectipelst units were nultinerized to generate
" synthetic genes coding for the repetitive proteins
(rep-proteins) (AQ 2 and (QAQ 8. The repetitive part
Second@fy sdcnfreidmagenreFal-Uy ciodmas@idhofsnd (SDNEhetGoNs@rodned using a
repeat unjt displaying only slight variations. The '
Jasco 7] h5pertiopslagBistsT FeBIPPeE Bdthvatemperais candoldesi gase lgteenational Co.

Ltd., TGRS S43HS t Ml Brdteifrloondd) | i

OIS AR SLISS G Bk o BE 30 g 5 v

Tris/HCIpHrubara @ff amodathdengtibgatisz cuvettk lat 3§ NChBtdncspged@ss 20 nm/min,
. Was %QQSen,to code for proteins of sim./lar no]ecular

step sizgas ( n@olmﬁt}on time was set to 1 s and band width was 1 nm. Four scans were

averaged and buffer-corrected. Thermal transitions were analyzed with a heating / cooling

increment of 1°C/min at 220 nm.

Solubility assay. To determine the maximal concentration of soluble proteins, a I mg/ml (= 0.1%
(w/v)) solution in 10 mM Tris/HCI pH 8.0 was concentrated by ultra filtration using a 10,000 Da

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



ADF- 3 and ADF-4 both di spl ay honol ogous NR-regi ons at

their carboxyl termni, conprising 124 and 109 am no
wa@eoodsogiespecti vel y. Gene sequences codi ng f orp¢hEB®05/007968

regions were anplifiedby P and codons probl ematic

for bacterial expression ver e changed to nore suitable

. .Co site dlrec ed. mut esi s ee materi al s, and
A distfigt el snefe Poteake 0B Ae RUTEYR hDiihe PrlRS e b Precipitate.
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e A e R e RO
ionic effiéctd dnedlk srogkh E\ rbg&mﬂ baltsaﬂerarﬂdﬂéu wreissll éodleentrations of 300 mM.

ecipitation. The 1dentity of the proteins was
The ef@@h@f i caon waumBtEated 1Y, adgisn&]blcgm rdB@l eencgpirdtaneef 100 mM
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rm na proteins
remove@ frbmugh sahples - q@dmﬁ@itanmnamdl 231000k g @IdDIR2 P rmoineamis theaddnount of the

sim | ar nol ecul ar able 1 the dlslaed
remaingiey SRRt PIAGH At S aoR e of soluble and
aggreg,acﬂt@és d‘P 66k hhli ® @(S\feﬁoﬁxe Al %&@W%l%ea&%{eﬁr@nfhe percentage of

I ng of dodecylsulfate to the proteins due t
az,greg@heﬂ fpe¢temt cahd ho calsiidtadobyp oghittacong theeadpwny thcﬁovmh atdtein from the
in't'allOf ng ﬁ‘?ﬁj% net charges. Besides full length
” %P%etdeainh§l 8bl otting reveal ed traces of proteins
with [ ower nolecular weight within preparations of
repNR-proteins. Binding of the anti T7-tag antibody to
RESU 'Bgse proteins identified themas silk proteins

cki . i v] -d.erm.. | N Zi S .
i con B0 0 O PSSR A P 0 SHEL I v i
bacteriglohddts tlhenefﬁm@txtei(m siece solat eg?di'lereicfilorail tomsiat &dons not efficiently
transla%rgt?rg ﬁ[ﬁ?%{ég?%#c{;%% SE5 $@aglgﬁl§¥1€%gxg{1 dagllg%ég){rg’%ll is d\l\@scult due to
the repelGydgithrd 6fgmks°fn 60r mn\@@élt?éaﬁanﬁrofier]n@?g? shifler silk proteans cloning

excitation and fluorescence em ssion of tyrosines an
strategies yp‘tmlpmamlwmluelﬂy syhthepé D2OS mudtutes ovithsa vedop wrgd sdepted to the

the latter. f the desig i der, si .
correstiing! RRPTEBINgr Dot BRYISTERER e eTF | 0P BeR enBihorrdid; Gy proteins
resembliBR theXEpdidive GBgivhd Bf %ﬁ@eln ginousodav@pbesilyl mdhe afiti&e protein

for contam nating E.co rotei ns, which on average

designgipatudpdhthe c8oa¥!] tf«‘mlpﬁ]d]éﬁaﬁiéo(l%@?t argfounddn eB deagline silks.
nmeasurenents of all silk protein preparations reveal ed
em ssion spectra akin to the spectrum of tyrosine,

The mWﬂ:itcﬁ”b‘l deateped aabanmbantlbying Rirhiegy 639) khfplb®wedSontiolled combination of
ntrast, no try @to phane fl uor escence could be
differcplcy BibeRe DN godyltes gty Wil g apthenti e fragseptso e floning vector pAZL

was degfl'ggpd; é?l{hbﬂﬁﬁg (adaBl’?mEXc%E%tt@ il a SSBQ&@P aEf?ﬁg o! pNBéhéI@er for synthetic
genes, and recognition sites for the restriction enzymes BseR/ and Bsgl (Fig.1A). Since
recognition and cleavage sites of these enzymes are 8 (BseRl) 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.



Bacterial production of synthetic silk proteins in

Erl ennmeyer flasks yielded simlar protein anounts for
w@bdosoasied ructs. Yi el ds of individual preparatPONEP2005/007968

ranged from 10 to 30 ng of BOrified protein per liter

of culture medium Fernmentation of cells was enployed

in order to investigatethe possibility to up-scal

In a figs} ghoping LSmihreBRCer regian @6 PALL( wATyePiniRg by Satlaed DNA module

(for médMS G e %@okgcﬁﬁﬁéﬂnﬂ twd RN ks %@QF'@/ J&ned n a site-directed way
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(see mgterialst andeldemeﬁreand |Fvgl Beditencamg cmettaghB ysnsgllelmnaud edtensions GG
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proteins. In contrast protelns reveal ed spectra
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modulctse&uﬁ)d’] ﬁe gg nﬂetdow{t rtg}i'eregéeg:ct ; ep er Betsé-] & ign egd%‘mc );ase recognition

sites w(htdh[ @ﬁmﬂiiﬁditlbﬂ @a&ﬁﬂi&th&ﬁht amid adid@eq\®BccsaBehce the arrangement of
NR-spectra wei ghted according to their share in the

the clopipgpessHet elepents AFPREGE NnehapRsfbrpast ¢lering red melamerézation, a variety
i ns upon nut ual
of modlhe Abif nt S0t B et 0 1 cel'y ¢ hat ¢ he
repNR- proteins are conposed of a region dlsplaylng
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proteink AINR3 RLALADIAY R EBSIBIdaRfen (sPideP1ARRAS HRJONLAL A€ Emplates for the
fromthe major anpullate silk dope directly extracted

synthefi¢ gomstpicderd se (metpﬁﬂyl alenti aed pem)ar}( Struct@ie| & r)rllﬁ 2ilagely consists of

repeat e B P DR CHETGEE o SRR 4Bl Phuog gypit. Lenatn of

individupioRpiie ahnitd g deiemsiaePBy daiNey h@RPEE f Wi motid THE (% nyg 0 mnmc the
wer e observed for repproteins between 20C and 9

repetitiye seienghpthiad W designed iwesedulesd ersrm@@tﬂértemed A, was derived

| fol t Bepy. (£
from th@%) %%rirg?ée Icﬁgtﬂv[h\e r? (38% ﬁ%ugs G%}c%?(ﬁ ?é)s t§ usg ur egl%d@l% termed Q
contairict édi\[l‘ahpaal‘sf@tﬂthie G@C&IQ @i fSTa Btotlyl ﬂﬁ“ﬂ:rdfrﬁ@;&rtgth &beatludltb,&)ne or two Q

det ect abl e t d t A di
modulGS U6 AP S G F AUPAAHST 1) ST GO Pldess repeat units were
Iti %9&1% ferafe SYRREE EﬂHecHir 188 the QRSHRE Briddifs -
R %ﬁ & esfsvesoc BRI epding dot e JARAINT Brotein (rep-proteins) (AQ)i2
and(QAéBpectlvely (Fi g. 3B and Table 1). Furthernore, al
thermal transitions were conpletely reversible. The
reversibility of the structural changes upon heating

The refXiBhvapRe df I - h“lQEerfe@é}@fVc%E%ogéd S04 4Rk Bhidtvdl Rp&It it displaying
after the heat step enployed during protein

only slight i verigtaenisod he Tinyentow scombured: et vamationb |an§odqsrgngd1§ne consensus
modu]és{)é}e[rﬁ%}r g%@&??ﬁﬂb%h% t%@er?\;elnf)o? C%RXanr‘?z%%‘{ b%m %e rep-protein Ci¢. The

erties and
number of module repeats in all synthetic genes was chosen to code for proteins of similar

molecular mass (~ 50 kDa).

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

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




capacity to pronote silk protein aggregation. Due to
the strong tenperature dependence of Tris buffered
weologbosans, the pH of the sanpl es was expect edp¢ DEBIW$/007968
frompH 8 to pH 6 upon heatBhg from 200C to 900C {19).
However, tenperature transitions of silk proteins in
hosphate buffer at pH 8, displaying a tenperature
by PCQI{) WB%WOBRIWF lf@r chg\y@hpwe%wawerﬁ]caweﬁtto more suitable codons
by sﬂet(ﬁfge%%h'tra éheglgaﬁﬁ% rthten )m&il(gcﬁ?uﬁﬁréfﬁpcy anQhéqg}gnthetlc genes
entirely r verS| due to prote
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on secondary structure was investigated by measuring

circular dichroismof repNR-proteins in Tris buffer,
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chem cal  depaturation is reversible (data not shown).
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Q coul d be concentrated by ultra filtration to nore

proteing,h nmBOoklortingwiavbaded tfagesrion gprvtesnSb Metha éyras gmbkcsular weight within

l e f t h
MO
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respectively (Table 1). Both proteins forned
by SDYEAGE red sibier ataupes mouturther pr@mlﬂtsewr@a%qt@tﬁd(laaﬂlaprnmn preparations

(Fig. 283h%)er éPHBﬁ addl dbllgd)]/l t%’é oJetem? e%i' {){5 rggaghg Sﬂu\gaesce ce emission.

m ne Ir reeltleseu ces
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rote
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silk proteins. Sin were unable to
ayprofify (Pl G RemerL s 9! pobeien peRorSgerled emission
spectraRkBr @ th&§HeairiARdf SfrodiRE v\b}f'é’n%déﬁ% DURAFINSn B sfll‘RLH?gteinQ In contrast,
the l'iquid crystalline dope (33), we pérfornmed an

no trypiaphergyfeqresseneesesyldsbadeteated, indicativedigh puriplofitheaprsteiropreparations
(data cSHnSRLAY AR E N LRR Y 9N Rl ATder -

Bacterial production of synthetic silk proteins in Erlenmeyer flasks yielded similar protein
amounts for all constructs. Yields of individual preparations ranged from 10 to 30 mg of purified

protein per liter of culture medium. Fermentation of cells was employed in order to ihvestigate



None of the tested rep-, repNR- and NR-proteins
di spl ayed significant aggregation (< 5% when
w0 nnadesiex] i n buffer, indicating that all protBCTEPWes&7968
intrinsically soluble undery3he testing conditions
(Fig.4). To investigate whether addition of ions
caused aggregation by increasing the ionic strength,
the podgfbm@'tﬂ%p\l@m@ Pro@ibgingdsish Yhel@PF LOAQWNII 881 CHOVIRY Bius could be
no a ation was observed. In contrast to sodi um
increaspdton 3e8angl esspetiniely. been reported to specifically
pronotesil k aggregation (34). Yet, potassiumchloride
al so showed no influence on solubility of the
RepNRyblehBt domsisi bRa pootRisnichiréd répetitiPE v &liidn and iaOhighyOstructured non-
addj ti on of phosphate initiate aggregation of )
repelitipg GORIagt ePGEENYREN TS JFASt Wé(r:%nqa?qd VR tspgetraseeny- Thep-proteins

unvenee&gg% &Bﬁm %ﬁn%naeag}e sHAEAPL fel, g em&fst Rl &otems revealed

as not yet en et er \Never It see
spectral mdeday;vt haft hrghg a¢couddry sihwttgedC(gnMpg hese gegipes peaon ytlo represent

mdepex‘g{?atl]? zélﬁlar ° teér% %g%)itagxgr ggéjq?r@r%d 7o - -grto?e%asnn{:_e’otélg g( gi"responded to a
combinaMBh BEthie Gepiianlf N @ﬁ&'tr@%ve‘i‘g}ﬁed‘%coﬁﬂﬁg & thei? BRI $dlhe repNR-proteins.
groups displaying a pK A-value within the range of the

Although—la shiper stolsgurhadangivithy thheepspighmismg NR-deweins uphe mutual linking
can no P%’ %gél%ed ﬂllﬁlﬂaltyothnt] me lt”{S ro%amsCtre%\ré rsgetdo?ta@@on displaying

e charn oxy

mostly @lloAEdil fructlirs phayii dagbaxil }énfnhell ﬁ“(ﬁﬂ Rheifs @bbﬁm{'Smkmgly spectra
roup,. showed ng (<5%_ and weak 189% aggregation._ at
of rep piotemﬁtvéffréssemﬂa] P pPotRsAE? |0<1?F?"@§d Bomethg| mawpwmpullate silk dope

. tion (89
o R SR ot (05

added to the dope during the spinning process caused

B R ST ENT LI
CD-spdcBOERPS YiphR h@&%geglét&)oﬁélrz{]@'e %ﬁﬁatﬁfee@éﬂﬁ%hs Wdrd observed for rep-

potaSS|un1phosp ate. Simlar results were obtained
proteing betmges 307w ampROEH hlateéfecn wUncbahtas atpothean Obhaev@f foe other sntrinsically

unfoldeﬁi ((,:glﬁfl}lsc ﬁlfg éd,rgﬁgég % Err%éeglgsgﬁvse &qfe%gtp&péally structured,

thermalt Riafol @H@MBT heagalclgad irefion Tshoumv B8t ddetidld he diefakdde Rsperatures.
of NR-dommi ns, aggregation of repNR-proteins as wel|l
AccordgglRepRRSEEIvES thmpbirassitiens wigtsn abseraedredidppints of temperature

transm(?ﬁ %%Nﬁg @Q@&gﬁ%ﬁﬂf@ ﬁ&Sg (&A?zldf\&%?i nd( %?e@bi?l qu'} respectively

(Fig. SB( A094Tabk% arithrthdfhorehil cthernes tramsitioas r»@em@ Q:od1p$d@d:l§lyxeder31ble The
Y the corresp ndlng rep- prot ei ns, Interestlng
reversiby[ityRfUgR SHHEURREDASRRHPOR PentiRgtexplarsdphe digh %?Pomrv of soluble silk

protems( g%v th' h é}b? rb@(iﬁ&’ye?lt ﬁg%ﬁgﬁﬁlﬁg{eﬁoﬂt TS Wasl Q%o buffer all

hus the co nat'i on eree
solutlons investigated by CD spectroscopy, because of good spectral properties and little

capacity to promote silk protein aggregation. Due to the strong temperature dependence of Tris
buffered solutions, the pH of the samples was expected to shift from pH 8 to pH 6 upon heating
from 20°C to 90°C (/9). However, temperature transitions of silk proteins in phosphate buffer at
pH 8, displaying a temperature independent pK-value, revealed equal midpoint temperatures

(data not shown) although they were not entirely reversible probably due to protein aggregation



C and the NR4-domain, which did not significantly
aggregate upon acidification, led to a protein highly
WwWE20s/00s192 t o this aggregati on pronoting fact oPCT/EP2005/007968

Simlar results were obtainggl for the addition of
phosphate. While neither NR3 nor NR4 showed
aggregation in the presence of phosphate (1% and 0%,

(see bdlbwe). anidls tinditated thdrehihalarmbiniond of tshik proReds Wedenot influenced by
regions, caused an i ncreased aggregation of the
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regardl@ﬁ%‘ﬂlﬁe prE&ABUSEHENR-B8hhin B @htr¥&, SrdRlihs &)'néf?mﬁg MRARESkIe C could

to repetitive regions the influence on overal
only bstcouentiagt tpr&q@ewtw ESisnasd %Iw/w(lﬁ?wl’éleRpﬁweﬂlm)! (Table 1). Both

proteind fyied i oo sk AARePrPRTHe OB oR B pgubitty of

the silkRofeR@i WASsHtE) deRnBH e blyaReit fepofti QY QuemtRk laB was not influenced by
expl ai ning the mssing evidence for their presence in

the NRidew#én.i gati ons of maj or ampul | ate content. Because of

the reversibility of thermal and chem cal denaturation

of repNR-proteins and the simlarity of CD data
PotassiphedRRnedpiomotd i ggre@itionaifQymbéral sk hrbleos) matpindbnrfikeir primary

dope, it can be assunmed that even after treatnent wth
S’ructwf?ew dRRF CHEb EF BBIaES PBagehPRosahatenadperhanicat istpssatgl involved in

natural §ﬁl@9£s@m‘%if RAG&WeQPardd to 1P\\/é=sﬁ 418 ‘f%@/dthésg' fgﬁf)rssdrbllﬁote the assembly of

mponent’s I N aqueous SO ns were
synthetmomﬂ@pm&imso Salce statverec arabier mblhmtat&)tltefmﬂthemflc rasteurbdy process, which

. silk protein mnth he dope q&h Uver sk
requireSpregifiigeicy (P RER g SFnpAbEUPIEN dan TeS PRSI Greippe (33), we
perfom%sa%qlg@fbg,hh@d £ssﬁbe§taﬁi|ﬁ§rvgﬁl ﬁﬂﬂnﬁ&ﬁﬁ‘tl(méq{o@Bﬁf)ﬁyﬁl'gtdhent-ghgnal order.

charge of a protein is used to calculate a
None of tj@unsjq} 1ep-, repNR- and NR-proteins displayed significant aggregation (< 5%) when
incubated in buffer, indicating that all proteins were intrinsically soluble under the testing
conditions (Fig.4). To investigate whether addition of ions caused aggregation by increasing the
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



hydropathicity. If the nean hydropathicity of the
protein is bel ow the "boundary" value, the protein is
weemdiastiesl to be intrinsically unfol ded (35; 36RCT/EP2005/007968
accordance with the presentgg results the repetitive
sequences (QAQ 8 and (AQi2 are predicted to be
intrinsically unfolded (Table 1). Intrinsic unfol ding
silk agBfegitidt il Yeﬁ%ﬁb%slhhﬁkhlbfi@l@%I%@tsih@af%d Qo infRe® &P s@ieblity of the
resi dues with the surroundi ng solvent are nore
syntheff asibkuprelsing (tha‘ﬁ wi th amino acids of the same or other
pol ypepti de chains. Accordingly, (QAQ8 and (AQ 2 are
sol ubl e even at high concentrations. In contrast, G 6
Acidifi€lit®R| ad additlondsfQmatpliatd tryridé lagfwfeké{n@bﬁﬂ@ptﬁ}@tebﬁwgéﬁcﬂng on their
value. While still revealing_ properties
primargs{ru¢ipfansTearxaet dwrcradd apidpficeting dupng spider sils asemkyelas not yet
been d QB RER Ho e BT U PRSP Rark B BB € Ehatth ¥ sroups)
are prcaorchtede gk tredgeing thee hﬂvﬁmrg&ohmblrépulworcoﬁ'pmded sibk tpioteins. Since the
Tabl As repetjtjve sequence
synthed SR prplins o] s%%gtcﬁfmgfe | EBHPSHISE{3pgra RRyRalue Within the range
of the p11-9hi®d dbServbd Birind hl%lsﬁln?lﬁltg%rﬂéé'é? AR eRbre diRe@EOhBhRShis effect by
properties. Accordingly solubilities of repNR-proteins
protonajmgraditte@mgaiu ahdcsah:tdhymonaﬂfoewl groops. (QA-Qk ot {AQ) 12, thsplaying only the

termmafl 6%0' | I%¥P gxpgfaelaé%:&&%} gwree%vgtl gu/o aégreo{ﬂoﬁ%%? fjnterestmg,ly

protonaiah- 8,(sTabl guﬂa}nat@r&l@&@ A c4udeat bnidi ﬁv@zika)ég%&g&l’on (8%) (Fig.4).
solubility, although C 6 does not share the

Phosphyater whisl has beraclestsited tg bepddadrtoshe dopesdysingrtae éme@mg &Fpcess caused

no agg%%eg?@g&ﬁ&%gﬁd Wegfg Fecﬁ%?ﬂ&%@fa ('15% N gCS?ItﬂB'%\ﬁr(AG)t]? displayed an

increased peatlerddy e ag@gpan 3547%Ramammansem e«pﬂﬂmaﬁslunnblyosghamﬂﬁmlar results

raction of spid si |l k teins. Both NR-donain
were oblafis B SR PIPFHC R SAZBHERT Gis T Exjoioy epieally caused by

phosphggeggngﬂmaln@{m%@etvveen the NR-domai ns of ADF-3 and
(81% simlarity and 67%identity) it can be
assurred that both mght fulfill related functions.
Furt her |nf€\%nat| on abaut t unction o

NR-oR RS o Rod ant hVeeT Gar g lzg: dgatmsisste the

influené of RR-&rhdind) a8k REAFONUIMHRPNRBADRRRLas W I Nad RRLUSDEIKRWW pH and
to i nduce the assenbly of silk proteins in vivo

upon trERSengay igh nbesehate avashestese A cisljfigation oF A0AEHsWR3 and(AQ)INR3, as well
as NR3g<'f'agge%l ng’ak gﬁ%gégrl 5/0 YR, X\%ﬁl ﬁ’}é)o %“}%a]dw'és i H“a b dfs\ylayed by the

ect I‘I ’Si"ng ccor

correspbhdlhgI1é}Spmm@SﬁtférfﬁfmngdMH@ﬁgH\ﬂﬂﬂNR@;ddMHnﬁ: hxddﬁbtrmécxpltate at pH 1
tain aspartates or did not show np

(0%), th%ﬁ‘*vﬁ}é%\xe ﬁm@@wghﬂor@te’%\lxéﬁo%? tﬂws ﬁ@w&bm%m Qfﬁhe repetitive
Cis angtt}ru% m%?%rﬂﬁﬁa&)hﬁ% &1Iaaﬁcges?gr{1§%t1@/eﬁjg§?9g%w }ﬂpéplablimfﬁ:atlon, led to a

e conbi nation
protein highly sensitive to this aggregation promoting factor. Similar results were obtained for

the addition of phosphate. While neither NR3 nor NR4 showed aggregation in the presence of
phosphate (1% and 0%), the addition of the NR-domains to the repetitive regions caused an
increased aggregation of the repNR-proteins in comparison to rep-proteins ((QAQ)sNR3: 57%,
(AQ)12NR3: 81%, CisNR4: 80%).



the NR4-domai n, which did not show any response to
acidification by itself, and the weakly aggregating
w@e@deneded ted in a protein highly sensitive toPCTI/EP2005/007968

protonati on. Thus charge regﬁction of the repetitive
regi on and the presence of the NR-domain are required
for efficient aggregation. Simlar results were

Using @bélohingdstidiey Ao sibat escimfes2 e dednBoll&® aBde@itd hf DNA modules,
solutions. Phosphate, |like other |yotropic ions is

synthetk SFS L Werk rfonaiacied: peding forasrideresiiiidfe potaips: drhe design of proteins

r bi r [ he ¢
yieldedO (ﬁﬂgre Q%oﬁ?ﬁ?r&a?%ﬁ% téfc ré&:ﬁf &Qtts 9{2&5 i(a%gr)all%/ E%turrm aﬁﬁ rﬁglons

systemﬁtﬁcaﬂhaesp hind prdeﬂieB af esch mhgleq;rimm Strbﬁhb&ﬂﬂmbxﬂ@ Structural analysis
causi ng

dr ophobi c % Eéanine notifs,
by CDa%’ﬁ?técﬁﬁ?li’yoFFVGF ot tprﬁaftéiVﬁsregiéz&%&i’?i.ﬁiﬂjﬂy Lﬁ’ﬁ@’%@fﬁﬁilarﬁhelr soluble
[
state, d@sfpli)/er% elg)g@fg%s 3&)129120&' threlﬁﬁniegﬁ*i%ngn £ é\mdféa 15%8%51‘% % 29®The same
conforrditsquiah ytiategast een | pooppssd fanttie Haxghs}siartmfmbermajor ampullate content (/0)

. . of gol y- al ani ne tifs however did not sh
which & BEmalid By dFadBivk oo b scpiationdd SorfentiRreions were found to
1epreseﬂ9$§dé@|eﬁde€m | fhdthj Oftofe! dofatnsUBRXPRISHE Ghdie WhforMh@dH after heat
be the re sion of the negatively charged gl utamate
denaturgfigie ag gl gs aimenowthatheotreme apentsli Beranss ehehieir relative small size
[ Q weakeni
compar%? ?Jg E%ERPY g{rgg%p{ée @ﬁpén%g %g S/grﬁﬂc‘lt Ir%lgtgﬁal %o(g]h %ﬁﬁ WiS r),sr{anzxﬂqn repNR-
proteingli d not respond to the addition of phosphate, their
addition to the rep-proteins strongly increased
phosphat e sensitivity Al though the presented data is
In natd?ﬁ’lt sﬁiH&f k]‘f'llsems m%rf"’e etive @mrﬁof)‘p lsé’\f?elrﬁnhﬁridrectf%ﬁ% the structural
kel 'y that I ns ncti on as unspecl
contnbetmmnﬁ ¢lnes NOY- rwi ¢a|nvh>et gxpestedggr bgay e mmpiiemkpliagnng the missing

T f act For efficient tion thei resence

evidencg? Farofhsin BiFSerze. i BNISNOg OF PapbEaRy EgHe Hegause of the

reversibiB§PONGhchRalt dMa S el ‘aéﬁatur-ﬂi@n O GHAMR - ?FBt&Bs b $he similarity of CD
enhancenent m ght invol ve changes in the oligoneric

data preseatied dn tis whek and| dbtgimest fleom satuNRstlb dapest daabe abse@ned that even after

treatmenf) %%ﬁl}%ﬁtz gr{dmgda{o% %lgi];cl gqgg%és CciigrmgI cprug?égtbs %%lsamp e preparation all
investi @O gpidEatsil R NGonsonpek yine Qdidddﬁs SOUHRAS 6Sert ULl €shfb@ational state

initiating aggregati on which is assisted by sol vent
Cmnpm@@ﬁd?ﬂﬁéﬂgm¥Wéi“ﬁﬁﬁ@@ﬂmﬂﬁ8“$6KWEWFon of internol ecul ar

i nteractions. The present protein engineering

approach, which conbines synthetic repetitive
Accordggquodieaskyett 41, almm;&nmifoldlﬁ% o piotdiss canebie pietlictddatbased on their net

charge er&cﬂr%lérq gmlygl osg&y 1ty %ﬁg Qﬁl | nggegg e? %Féélg é;lf‘!@:él tg{c%ic%llarge a "boundary"
op ARG 00 bl SLGRNER) 0L IS RN vl
protein py predigted to e lmasmsalbomnfoldsd (BN 86) irea‘stcordadcswnh ahe presented results
the repetitive sequences (QAQ)s and (AQ),, are predicted 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 polypeptide

chains. Accordingly, (QAQ)z and (AQ) are soluble even at high concentrations. In contrast, Cy,

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



scal e production of spider silk-like proteins. Based
on the present studies, the nol ecul ar nechani sns of
wapiod®eosied | k assenbly can be further investi gaP@mEP2005/007968
which will provide the knowkgdge required for
artificially spinning silk threads from reconbi nant
proteins and for gaining new materials for
mtrms@il!%I %ﬁhﬂ'@édogfo@@hs &ﬂ@raﬁﬁ&sc%tw@&mﬁoq?ﬁiepﬁ(ﬂ@ chﬁﬁ§@?@|b)éc@fnng more
ider silk derived proteins The follow ng experinents
favoralvAmaé highrdopeersations Wading @ pagegatin ofpthetrspte ans fegelting in a lower

RS ISR B, 559 10, o

nor phol ogi cal distinct forms. Proteins (AQ 4NR3 and
C . NR4 were constructed, produyced an prepari in
As repghilixe Feaurer conrtitule the dargesieiastipreph SIS silky protiins, they likely

determ¥R! m#R, 8P thel 38R M1 J(ﬁ)@%lesl c%ﬁ%ﬂ%d’%lﬁﬁh&e@ﬁ te3R&proteins do not

protei'n sol utions tal ne
s1g,mﬁ(fﬁntls -diffigrafromynepiphytbins.afin sdnmiéitshamd ¢alculsied ghydgomathidity of (QAQ)s

heres, Prot ei n._spher es d| |.ayi.ng S gin
and (ABRvisEviage &t By dpsech TR iepbP Ao AekTaBlac bl AF-4 both
d1spla}0}o&/eMs@1ﬁﬁmﬁy WIhS WP AL Sods o sRard hé Wigh) m@lr@wsﬁké'lhbﬂﬁv of ADF-4.
. of bri'l's Nanofibrils disp Iazlng di aneters

This dtfée[rmnca@ e grlaigedhpy (IFigher ydropwshieity aindelgwsy net charge of ADF-4
ting a 1% (wv) G NR4 solution at room
Conma%ﬂquﬁ%ture for 2 weeks. 3. Mcrofibrils For the
fornatlon of mcrofibrils 5 - 10 m of a 2596(m/v)
AQ) 24NR3 solutjon were slowy injected intog
In conwtégsrea?ﬁtmo@swa@eNBFﬂoan%nS f‘iﬂf‘?ﬁeﬁb onlysg #H1d fw‘avncﬁf spider silk
protemgrg ﬁ’l' NRS nlrgnll R:Veﬁ‘gé Qs éﬁl?ﬁﬁ‘p?']t h% &%Elléesnbﬂe tgqhe high similarity
ein drop was renoved fromthe solution usi

betweehvmem-ﬂomé\fn& et ADFadshd ADTaY (B ukintilafity hﬂdTB7%f1d&ntmy}1 it can be
air a protein fibril could be drawn fromthe

assumeﬁlf Htaébﬁthd%bt il related ﬁélfctlgpf) er%hﬁﬁtrgp@azlog Rbeut fhe I%nc(g‘lon of the
NR-domtafrd r\gass@Jtalﬂgd W{%ﬁ 4§Jegtl%a-{i'ﬂged:g'gw1g'a Z|r§n @T ?}@ M@gxogeslﬁéj Hﬂ& treatment

Cross section wt
with faBoaninoRmotbenduct dmmse(lﬁblg of gk potaisy & gen Redo@og ﬁegmn'Ne charges by

solut ons gen nt ai ni n anmoni um erqrodlsulf F
protonzttwpsj) S rotems car oxy groups was expected to mainly affect proteins

compnfi]gg/o&%%v/cé?o@mQ.yM&Lyd&@y,cp,lo%?sr EBrhsREYBE hlodulcRUPRYd Q@Rhich do not
contain aspartates or glutamates, did not show more than weak aggregation. C;4 even after
neutralization of its 16 negative charges remained mostly soluble. Strikingly the combination of
the NR4-domain, which did not show any response to acidification by itself, and the weakly
aggregating Ci¢ resulted in a protein highly sensitive to protonation. 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)2. Ci¢ displaying the longest and highest number of



(AQ 24NR3 or 2% (W v) C NR4. The protein sol utions
were frothed up with air. To stabilize the resulting
wo c@anesiszict ure proteins were_crosslinked by erQDEP1008017968

to visible light froma tunddten lanp for 1 nin

(Protocol: PNAS 1999 Vol .96 pp.6020-6024). Foans were

subsequently driged at 950C. 5. Gels C eNR4 nanofibrils
poly-ala?mi%%(t&; g)?v\{'ﬁﬁﬁ (qé(ﬂppta§}10&/n&a-sgﬁpwbagg{e%aéqonmpgg phosphate treatment.
A pos@BIREAHAMERoMTHC bhi 39k Pec el UlesliiP @nighS bEREE defision of the negatively

agi tation or shearing.” To i nprove the nmechani cal '
chargegyr gpemaiesidsf chies gaid pRSphsid Rnbpleadiog etoalthaimedclusion from the

epter .th | by diffusjon, t ield final L
suroufHElal T aHE o Bieing fhtpakfios S EBbYoush basp NR-domains did
not resbbithto tHedddaaghnCoOpisdshdee, NBeic 2681tIBACH ItAA réh-proteins strongly increased

di mensional | y stable gels could be obtained (Fig. 70). _
phosphgte sepsitigitys Althoyph phepresanted dsfa isgiod suifisiank tpdigived figall gpnclusion it

L t . V. . epe . .
sccms L7 i QR g P nlfor ERBN B TR S SRty gp geeregation
promotitey facedts.f Fameffiondmaglepmnsihelt mesnee ns aADhmpdrtaiidas the ability of

..,ADF-4 fromthe gayden spider Araneus di adematus (see
repetitiye FegionsQ Eespapd ‘%JL?SH #C'¥%pl anati ons). They chose these

two different proteins based on previous observations

that ADF-3 and ADF-4 as well as its derivatives
The mefihgmbmyofghivenkatieynedi might entoltrethangesun theglipanenic status of the silk

. SO i,lity and asse . AqUgQoUS S0 iong of both
proteing G L3 Mt DB apice A7 b 4501 Hen G RgRpPES oS Further
oligompi £tioh AgighNlcd M séanikeli Tﬂi_chl%ohbérﬁﬁ‘ﬁ@ﬂ@bﬁp@?ﬁep‘iid@%@?}éﬁf:‘és required
_.renoval of the salt by dialysis against a |ow sal .
for initiing caggeegatiorahihniy 4s8istad Sy Lsel yshb spiditienspiagfagour the formation of
. i) roteins could also be directly dissol ved
mtem(%%llgeé%g%%mi ng circular dichroism (CD) of protein
solutions revealed a different influence of the two
sol vents on secondary structure. |n aqueous sol ution

The presgphPigrdt SnHECHINEHPRIRAGN-aV Bh SPBGTIR FYINERC EePStitiy equences with
Q T v . - | . .
authentid N%&l‘é, feVORV &L G tblrgeggyglfg%eglghﬁg aﬁt}]ehﬁﬁz E}llé.pégt.ems can be

i ndi ve of a mainly random-ol oteln
produc¢d at gl geelds. tThe spechl axplsdhat kyperotasi wsllias tHel #mple and cheap

.. displayed gqne m ni num at 2Q1 - 202 n nd. an o .
purifcd g RS Wi AT D RCICSIFRE) PIGT Keh Bl s Ticgosyeent industral
scale pFE&uchioh Wl ghldé:s siﬂl{lﬂké:gfrbt\éi%s.oha%_ bAChe asesknd-sflidsCahe molecular

content (Fig.8). 6.2 Filmformation
mechanisms of spider silk assembly can be further investigated, which will provide the
knqwledge required for artificially spinning silk threads from recombinant proteins and for

gaining new materials for biotechnological and medical applications.

Assembly of spider silk derived proteins

The following experiments were performed to demonstrate that proteins derived from spider silk
sequences ADF-3 (SEQ ID NO:1) or ADF-4 (SEQ ID NO:2) can be assembled into
morphological distinct forms. Proteins (AQ)24NR3 and C,,NR4 were constructed, produced and
prepared in aqueous solutions as described in Biochemistry 2004 Vol.43 pp. 13604-11362. If not



Films were cast on a polystyrene surface (or on quartz
gl ass for CD neasurenents) from HFI P sol utions
W@ obats1sng 2% w v protein. After evaporati on PET/EP®05/007968
solvent, (AQ 4NR3 and C 6 B8t h formed transparent
filnms that could easily be peeled off the surface

otnerwgs oS SRleh REuB SitinkR Ea VA GRSk vppi)-aminomethan

(Tris) prsteei n filmto be identical with the reported val ue
of 1.3 g/cnB for spider dragline silk, the thickness
of the filns was cal culated to range fron10.5 to 1.5

1. sphdpt As-cast (freshly prepared) filns made of either

‘*JLpTDtein di ssol ved upon contact with water. Since water

Proteir S;ﬂmfashild}jlatyyng' diamefpreradginigHetveechd).5 ARG 0 1anPFigCAl m@rSgenerated by

. of otein, fi , the inventors | ooked for a

addmg&%%%@m@‘%fﬂg&?t? 10 Y- d&ér(wy é'éﬁalé’F‘OFl | ms i nsol ubl e.
Pot assi um phosphat e has been known to induce
aggregation and formation of chemcally

2. Nanghbifilsest ruct ures of the enpl oyed silk proteins.

or.di,n cupatin as- C filns )

NanoffiFifC SR diBE BROGER S EEHER i Bhie? o Ve ot b Bppubacing a
1% (whf) o‘lmmwmﬁ@q@trw@mémpé}a@miakgwseteﬁi e. 6.3 Secondary

structure To investigate the structural properties of

the protein filnms, their secondary structure was

i gated by CD-spectroscopy. As-cast filns

3. MicldP¥a ed a spectrumwith two mnim at 208 nm and 220
For thefiprmanidh edtmiceofibiila shi Wp&oﬁ@l%%l(wmmm‘b&d\(}a golutléh) were slowly
.. After ﬁr ocessing W tE &pot assi um phosphate, filns
injectefl dqa S 2 RYatuE PIRPRate PE 81 orming; aaishle dropief miffehioksion. Afier
incubatidn ¥HPI fih tlfléjﬁro?euk?d e@% fén%eétffo%mér SlutidhUssi %Eﬁiezers After an

transition fromwate ubility to water nsol
addltlopalrlatdbahem timead rivmmsm (arr aqfrotehef mlodoelmbesdxswncfrcdmme protein drop at

ucture from

a rate oitagg Foxmafely 2 gy ﬁ us&nﬁ é‘XSSﬁ%‘f}%S‘Z&%SV:eg{ﬁW fll‘th);%mlsi %ﬁplg\)éeflél round cross

'Sectlorﬁxmﬁ)§@$n{e@er%f|¥|%@ﬁ 78,dY! guani di ni um hydrochl ori de and
6 M guani di ni um t hi ocyanat e (Table 2). As-cast filns

of both proteins as well as processed filns of
4 Fo arg@Q) 24NR3 were soluble in these denaturants. In
—contrast processed films of G could only be

Protelrﬂlféﬁﬁﬂ \(Eié i Te tgu\aaiedgmmd Hras yohaiohs G'Jﬂtﬁimhgn’mskﬂrm €ammonium
hem cal stabilit 6 filns is identical

peroxoguliee GBS hdAP WM rSé%ta c*éayrmd)déré%@ﬁmtwlml)a(Rahw)tanétl 0% (w/v)
(AQ)MWRS% r\)z ?1% R4 el gidteinfho ﬁ1\ﬁo?§l Werdt 1?9&1&{5 eé: %tﬁmg]l 2§ @tabllue the

assenb y p ies and sta I es ass
resultirgy foant struesirel pl‘oe@hé wew drbsstihleedaig expoaitiod ts etpitdatight Hdm a tungsten

th f b | uded, that
Jamp f‘ffr lgngri {llg(rg #.%ggq%’d 9 ?qt)lek()%?}mo OC()Z)E 4¥i roélglg ﬁgpl#%gubsequegtly dried at

gsec. nodi fied by altering the primary structure of the

3. Gels

CisNR4 nanofibrils at 1% (w/v) concentration displayed a gel like appearance which easily could
be disrupted by agitation or shearing. To improve the mechanical properties of the gel APS and
Rubpy were allowed to enter the gel by diffusion to yield final concentrations of 10 mM APS



silk protein via manipul ation of the correspondi ng
silk gene. 6.5 Filmnodification Many applications of
w@e@bo0s163 i | ms require the presence of specifiBCT/EP2005/007968
functionalities on the filng surface. In order to
denonstrate, that our spider silk protein filnms can be
nodi fied wwth snmall organic nol ecules as well as
and 10%@1 Rgbeal A R&CK hioh@eell @soskliken@ (Rt 8eftfon 4N@imensionally stable gels
chronophor fluorescein and the enzyme b-gal act osi dase
could hgeobtaindddfig4E)-y coupl ed to processed Ci6 filns. The
coupling was achi eved by activating surface exposed
car boxyl groups of C 6 using |-ethyl-3-(3-
6. Filmdi et hyl am nopr opyl ) carbodii m de (EDC) (for details of
the reactions see supplenentary material indicated
below). The filns were then incubated wth
6.1 Sol%,gg{agmigm gk hoadhdg to the formation of an am de.
The remai ning free am no group of ethyl enedi am ne was
In ordes ubsesfuldnts| the ouysngats tused thgotmes syaithritis Giilki woteasat £Q)24NR3 and Cy,

., resulting.in the ef.ficient coval | ink f the }
which pEedtrbyeldrar e GraBlipbSIEPLoE Y AIFTS g AR Bk W garden spider
Araneus Wi Q1bnR2us08E YRS 1aB6ve RirMuttBed dpldndGomat TSY EHose these two different

b- gal act osi dase with EDC-activated G filns led to the

proteing Hased N PHC\IPussahisey atid Bt hdeand P bhap W aLigisdasivaiiyes display
' Lnes, (e d. SRVEY Si .
o kGBI BT 168 g AT S=AUER g o bon
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and sub{;igq!]qr%i ga?r_&gvglrgf_c tﬁyggéﬁl? gy glagfqgslnzz\%}%F g ?ou\«\l/ galt bufter such .as 5 mM potassium
phosph?tif_:%l‘? QG@EEy%g)ﬁflﬁ@@ﬁ}r&@ing Xoffdl ds@de adill%g@%téi'{%Bﬁ/e& fh HHEIP. Measuring

clusion Herein, It cou enmonst r at ed
circulart dighropmotEd noff prbtes sdutidme rowkkzil netifférconmByertdeetf ithe two solvents on

spider silk proteins.. The filns, ich initially were :
second i et 51 BHSEOliopr G S LR AS61 A<aP BRPSirs With a singl
minimu@h @6 Phak Bleh@B®eBy P00 WAL Which RSRIdHRLIE ba WAIAY rhfiofh coiled protein
- mpjor requirenent for many applications. Conparison of
(Fig.8)tInecontianti theibpestrabf bothipseteins irf HF Hsdigpldecds engrminggoum at 201 — 202 nm

di;ff.erent. synt i Lder  si ot el suggest s. .t hat .
ond an SUSELE RN THEL EROF(IRE Rl BEGLE 50 FHEARH RuhyRbive of an
increassd fhefich] eoment(ARg.Proteins. Thus, it will be possible
to generate silk proteins that formfilns displaying
specific properties. Since different functional
6.2 Fil3 l,gs can be covalently attached to the filnis
surface, a great variety of technical or nedical
Films vaqrplchst ani opdy starend sudiper(oaoh gdantngliakefor iDHeasGenents) from HFIP

solutio%u&%ka?rﬁg tZ% Xv/\?g;o?eriL.a}\?teraqupgr%ﬁgrll E)fs the solvent, (AQ)24NR3 and Cj¢ 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 pm. As-cast (freshly prepared) films made of either protein
dissolved upon contact with water. Since water insolubility is a prerequisite for most applications
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
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4 cn?2 and air-dried- before CD neasurenent. Scan speed
was 20 nmimn, step size was 0.2 nm integration tine
6.4 Chefaisalstabihy 1 s and band width was 1 nm Four scans
To testWRE EhéhYieh10@8 ity Tl WRR dxp6&%dl 88 M ufeRUPM BGarRdini drochlorid
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car boxyl groups were activated by incubation for 15

identicatita thittof reoombivertly produeadhandi asedrell ad itk fapdi thataadi ritural dragline
. S 5.0 00.mM | -.et hyl - 3-.( 3- :
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6.5 FihE';Inogdifcl)éatifogl | owed by rinsing with water and air-drying.

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 f-galactosidase were chemically coupled to processed C¢ films. The
coupling was achieved by activating surface exposed carboxyl groups of C;s using 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) (for details of the reactions see 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



2. Coupling of b-gal actosidase to C6 filmsurfaces
Films were prepared and activated as descri bed above.
W@ \RG0en0si63 mi n of i ncubation with EDC / NHS, fiPOBER®NE007968
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Prior to analysis |yophilized protein was dissolved in
6 M G&InSCN fol |l owed by dialysis against 100M Tris /
HCl . Aggregates were renoved by sedi nentation at
125,000 cg for 30 min. Protein concentrations were

6.7 Sanlemnmmmdtephbtaomsmltsal ly in alcmpath |length

t. 276 nm usi ng cal cul ated extinction
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Protein production and purxﬁcatxon was performed as described previously. To obtain aqueous
solutions of (AQ)24NR3 and Cie, lyophilized protein was dissolved in 6 M guanidinium
thiocyanate at a concentration of 10 mg/ml and subsequently dialyzed against 5 mM potassium
phosphate pH 8.0. Aggregates were removed by sedimentation at 15,000xg for 10 min. Protein
concentrations were determined photometrically in a 1cm path length cuvette at 276 nm using
calculated extinction coefficients of 73950 M'em™ for (AQ)24NR3 and 46400 M'em™! for Cs.

Alternatively, lyophilized silk proteins were dissolved directly in hexafluoroisopropanol (HFIP).



C 6 self-assenbled into nanofi bers at concentrations
between 5 and 30 ng/m after the addition of 10 %wyv
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B-galactosidase assay

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, | mM magnesium
sulfate, 50 mM p-mercaptoethanol and 2 mg/ml 5-bromo-4-chloro-3-indolyl-B-D-
galactopyranoside (X-Gal).



concentration of 10 ng/m . The non-crosslinked G silk
hydrogel has an initial shear nodulus of 38 Pa.
womwevesie3 as stress is increased the non-crossPCTREIH05/007968

hydrogel shows a higher defgfmation response to
stress, and after a strain of 20%the response is
relatively linear. Wth increasing stress the network
continues to deformuntil a strain of 90%is reached,
where the non-crosslinked hydrogel ruptures and floms
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extinctign goefdisicat ¢931 i nked networ ks increase with

concentration [c] and have a [c]~ dependence. In the

case of crosslinked linear sem fl exible biopolyner
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agxtatldnha'xr ahaariegt aigl ietprbve thet mechanical properties of the gel ammonium

peroxodisuifate (APS), and Tris(2,2'-bipyridyl)dichlororuthenium(ll) (Rubpy) were allowed to
enter the gel by diffusion to yield final concentrations of 10 mM APS and 100uM Rubpy. To
gain dimensionally stable gels proteins were crosslinked by exposition to visible light from a

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



crosslinked, the storage nodulus is expected to have a

much | ower concentration dependence of [c]. Such a
walapenaasxry has been shown to be valid for ot hBET/EP2005/007968

bi opol ymers such as F-actinggbut does not describe the

dependency of the non-crosslinked silk hydrogel. This

di screpancy could be explained if the branch-1ike
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includes the T7-tag. b Extinction coefficients were
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5t030anin? acid residues refer to silk gene sequences only;
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Hydropathicity was cal cul ated as descri bed previously
(39). Hydrophobicity increases with hydropathicity .
AFM igggereef the dyjert Hpdrorels iindicyta dhafohaelangibers gre apppy@nately 3 nm in
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“boundary" val ue proteins are predicted .be :
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tenperatures were determ ned by CD specttoscopy. 8

Val ues for ADF-3 and ADF-4 were taken from (75) and

Similar]l{I qu ﬁ)g)lsﬁl ﬁcpr}esfgwgeﬁ%r lgh@gnel%%}\ﬁ%rﬁﬁegH?(irlgg%:lé%ﬁ];etcglrr%tgx%hp Ci¢ spider silk
protein deEfInsRAtEs {isdoeldsfic BARRIFONWhETL £ strd5aBE appiedit thdiscoelastic C4 silk
respective agent and repeated shaking over a period of

networks the strpifshargedistowip wvitheyne and 5 PIOROHROTE tothegppliedagtress. Figure 14
shows 3RO CH Q& fuin '&hﬁ%l F &S the Sc%sglpljﬂieidt ch( +r}on\£\@5ssmk&e q’lydrogels at a
concentration of 10 mg/ml. The non-crosslinked C,4 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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The non-crosslinked C sitk hydrogel also displays dynamic viscoelastic behavior that is much
different than that which is observed in the chemically crosslinked hydrogels (Figure 15).
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 Cj¢ 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-crosslinked 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]2 dependence. In the case of crosslinked linear 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 C)¢ 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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Gly Prog@ly §ly (éfy Gy oPrSe%/WG%Y Pr8 @WAﬁrseGI hlaa%a Prd Ser
548° 550 555 560 G V*Pro Gy Ala Tyr**&y Pro Ser Pro
Ser Ala Ser Ala Ser Val Ala 565 570 575 Ala Ser Arg
Ala Ald-QYa %qg @gf gaw%@ , SRE S8S of¥: B1Yak1,58k, 38K, Al a
370080 58 0 Valzsger Ser Leu Val 3ggr Ser Ay Pro Thr
Asn Ay Ala Ala Val Ser 595 600 605 Gy Ala Leu Asn
Ser Leu Val Ser Gn lie Ser Ala Ser Asn Pro Ay 610
Cln Glrg by G20L @y Ser WryCBySraAsPyAF e Eey OJal P@ RLAIENLeu Leu
385 Qg u Leu Val 3%Br 395 400

Al
e
A
AI
4%

0P P

a
y
a
a
ro
854

Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln
405 410 415

Gly Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Ala Tyr Gly Pro Gly
420 425 4390

Ala Ser Ala Ala Ala Gly Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly
435 440 445

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

Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln
465 470 475 480

Gly Pro Gly Gln Gln Gly Prxo Tyr Gly Pro Gly Ala Ser Ala Ala Ala
485 490 495

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

Gln Gln 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
530 535 540

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 Ser Ser Ala Val Ser Ser Leu Val Ser
565 570 575



Ser

Val

Leu

Gly

625

Thr

625 630 635 640 Ala Leu Val Ala lie Leu Ser Ser Al a
Ser lie Ay G n Val Asn Val 645 650 655 Ser Ser Val
w®enoe@sicSer Thr G n Met lie Ser Gn Ala Leu SeeT/B8805/007968
665 670 <210> 3 <211> 24 <302> PRT <213> Artificial
sequence <220> <223> Module A (ADF- 3 ) <400> 3 Ay
Pro Tyr Ay Pro Ay Ala Ser Ala Ala Ala Ala Ala Ala
CLyGPyo @hy As15 G10 A3 Alg Leh\ser psr@mr See &y Se&F rvadi n 20
<2108 <211> 20 <21238%PRT <213> Artif?td al sequence
<220> <223> Module Q (ADF-3) <400> 4 Gy Pro Ay GAn
d V.G R..G 0 V-G n A4 1510
Serlgggﬂ)a)idgéloégﬁ Sé@ngsn plo %1)(/ Eéu Sgt Glg &]ys Agp QaYL

600 : 605

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

Ser Ser Ser Ile Gly Gln Ile Asn Tyr Gly Ala Ser Ala Gln Tyr
630 635 640

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

<210> 2

<211l> 671

<212> PRT

<213> Araneus diadematus

<400> 2

Met

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 Pro Ser Gly Pro Gly Gly Tyr
70 75 80

Pro Gly Gly Ser Gly Ser Ser Ala Ala Ala Ala Ala Ala Ala Ala
85 90 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 Ser Gln Gly Pro Ser Gly Pro
115 120 125



20 <210><211> 35 <212> PRT <213> Artificial sequence
<220> <223> Module C (ADF-4) <400> 5 Gy Ser Ser Ala
wWRb@edbsacAl a Ala Ala Ala Ala Ser Ay Pro Ay Qar/EPHoL@7968
15 Tyr Gy Pro Gu Asn Ans@y Pro Ser Ay Pro Ay Gy
Tyr Gy Pro 20 25 30 Gy Gy Pro 35 <210> 6 <211> 942
<212> PRT <213> Nephil a cl avi pes <400> 6 Ala Cys Phe
Thr Ser Ala Val lie Phe Leu Phe Leu Ala G n %S{Ala 1
Gly AlagSgy Se B ArhAlgyhlaghya Al @ayAF i B YAFa° Ser
3% o0 Phe Ser Asn Pro 20 25 30 AsiThr Ala Gu Al a Phe
Ala Arg Ser Phe Val Ser Asn lie Val Ser 35 40 45 Ser
cly Ty:iGhYy @ EhesG Al @CGobo Ge¥ AyarE L1psR PRer ASRY ASp
145 lielie 50 55060 155 160

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
180 185 190

Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Gly Pro Gly Ala Ser
’ 195 200 205

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
225 230 235 240

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

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

Ser Ser Ala Ala Ala Ala Ala 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
290 295 300

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 Pro 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 Gly
355 360 365

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



Gn Ser Leu lie Gn Ala Gn Ser et Ay Lys Gy Arg
Hs Asp Thr 65 70 75 80 Lys Ala Lys Ala Lys Ala Mt
w@Rovoved16Al a Leu Ala Ser Ser lie Ala 85 90 95 BITYER®O5/007968
Val lie Ala Gu Ser Ser Ay8Gy Asp Val G n Arg Lys
37070r 100 105 110,Asn Val He Ser 4sn Ala Leu Arg Asn Al a
Leu Met Ser Thr Thr Ay 115 120 125 Ser Pro Asn Gu
Gu Phe Val Hs Gu Val Gn Asp Leu He G n Mt 130
Ala Alal8&r B40 HreucBeGl@E TyrGly Grn HyeSASKLE AU YVEIC ASp Thr
385 Ser Gy Pro3@®y Gn 145 150 355 160 Tyr Tyr AP§ Ser
Ser Ser Ser Ay Ay dy Ay Gy Gy dn Gly Ay 165

170 175 Pro Val Vi u Thr .Le r Val
Gly Pro(f’%/yéz Ggfléa}frlggyg Gféfo lél&lhél P oo gg Ay
Ala Gy ro Ser Gy Thr yG|y Tyr Ala Pro 195 200
205 Thr Ay Tyr Ala Pro Ser Gy Ser Ay Ala Ay dy
Gly provValy Ang $4r0sSem1210a21ib 220 MaarGenle ylaPeer 2y Gy
Ser Gy Pro Ser Gy GrygsSer Arg Pro Se#30225 230 235
240 Ser Ser Gy Pro Ser Gy Thr Arg Pro Ser Pro Asn
Gy Ala Ser Ay 245 250 255 Ser Ser Pro Gy Gy He
exo GlypPly Brg @ 7 FBereaSin S Ty S8 LA 280 388 ¢ 270
GtyPval Ser Gy AR%Thr Gy Gy Pro‘Ala Ser Ser Gy

Ser Tyr Gy
Tyr Gly Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ser Gly Pro Gly
450 455 460

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 4990 485

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
530 535 540

Gly Pro Gly Ser Gln Gly Pro Ser Gly Pro Gly Tyr Gln Gly Pro Ser
545 550 555 560

Gly Pro Gly Ala Tyr Gly 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 Ser Ser Ala
580 585 590

Val Ser Ser Leu Val Ser Ser Gly Pro Thr Asn Gly Ala Ala Val Ser
595 600 605

Gly Ala Leu Asn Ser Leu Val Ser Gln Ile Ser Ala Ser Asn Pro Gly
610 615 620



275 280 285 Pro Gy Ser Thr Ay Ay Thr Tyr Ay Pro
Ser Gy Ay Ser Gu Pro 290 295 300 Phe Gy Pro Ay
wWaoehbE6e3d Yy Gy Pro Tyr Ser Pro Gy Gy A a Ggr/BBn05/007968
310 315 320 Pro Gy Ay AlavGy Gy Al a Tyr Gly Pro
Yy Gy Thr GI 325 330 3351GI% L a, Pro
Leu sy & ﬁ"iﬁéﬁy‘“eﬁr‘éﬂeﬁ &'y Al Flerbea’y cgeg 340
345 350Tyr y Pro Ay Gy aGIy Pro Ay Gly Tyr Gy
Pro Gy Gy Ala 355 360 365 Gy Pro Ay Ay Tyr Gy
ala LelPVRl Gi¥ Q& LA &l ¥erPh0a Gey ey cTyle1d ¥a1346n 342 380
Pro Ay &y Ala Ay Pro @y Ay Tyr Ay Pees@y Gy

Ala Ay Pro 385 390 395 400 Ay Ay Tyr Ay Pro Ay -
Ay Thr dy Pro Ay Gy Tyr Ay Pro Ay 405 410 415
Ser SeIGI"E‘/l HeE @y SPF ghe §Aogt t\?éF By o e UGIS?-"AI a dy
Pro &% Ay 420 425 480°Tyr Ay Pro A5'Ay Ala Ay
Pro Ay Gy Ala Ay Pro Ay Ay Ala 435 440 445 dy
<210- Bro Gy Ay Ala Ay Pro Gy Gy Ala Ay Pro Ay Gy
Ala Ay 450 455 460 Pro Ay Ay Tyr Ay Pro Ay dy
<211> Ser Ay Pro Ay Ay Ala Ay Pro 465 470 475 480 Ser
Gy Ala dy J ,eu dy Ay Ala dy Pro dy Gy Ala dy

<212> P&T Gy 485 490 495

<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 10 15

Tyr Gly Pro Gly Ser Gly Gln Gln
20

<210> 4

«211> 20

<212> PRT

<213> Artificial sequence

<220>

<223> Module Q (ADF-3)

<400> 4

Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly

1 5 10 15

Pro Gly Gln Gln
20

<210> 5



Gy Ala dy Pro dy Gy Ala Qy Thr Xer Ay Ala Ay
Pro Ay @Ay 500 505 510 Ala dy Pro dy Ay Ala Ay
W@ERwe@si6Asp Ala Ay Pro Ay Gy Ala 515 520 5P61/€P3005/007968
Arg Ay Ay Ala Gy Arg Ayody Val Ay Arg Ay Ay
Ala Ay 530 535 540 rg Ay Ay Ala Gy Arg Ay dy
211> Asa Arg Ay Ala Ay Gy Ala @y 545 550 555 560 Gy
Ala Ay Ay Ala dy Ay Ser Ay @y Thr Thr lie Val
<212> @R Asp 565 570 575 Leu Asp lie Thr lie Asp Ay Al a
Asp Ay Pro lie Thr lie Ser Gu 580 585 590 Gu Leu
<213> PMatifjcdalseaddnceAla Ay Ala Ay Ay Ser Ay Pro Ay
Ay 595 600 605Ala Ay Pro Gy Asn Val Ay Pro Ay Arg
Ser Gy Pro Ay Gy Val 610 615 620 Gy Pro Ay Qy
<220- S€r Gy Pro Gy Gy Val Gy Pro Gy Ser Phe Gy 625
630 635 640 Pro dy Gy Val Ay Pro Gy Gy Ser Ay
<223> MAu@ Y Gor-Yal Gy Ser 645 650 655 Ay Gy Ser Gy
Gn dy Ay Val Arg Pro Ser Ay Ser Gy Pro Ay 660
<400> 665 670 Ay Val Gy Thr Gy Ady Val Ay Pro Gy Ay
Ala Ay Ay Pro Tyr 675 680 685 Ay Pro Ay Ay Ser
Gly sexcpyr Prle &ey AL \ALA| AlaGAYa S8 Mlea S&F \F1@ SroThiy 690 695
Gy Gy Pro G'y Ay Phe

t 700 Tyr @y Pro Ay Ay Pte
Gy Gy Pro dy .

Tyr Gly Pro Glu Asn Gln Gly Pro Ser Gly

Pro Gly Gly Tyr Gly Pro
20 25 '

30

Gly Gly Pro
35

<210> 6

<211> 942

<212> PRT

<213> Nephila clavipes

<400> 6

Ala Cys Phe Thr Ser Ala Ile Ala Gln Ala

1 5

vVal Phe Leu Phe Leu

10

Cys
15

Thr Ile Ala

25

Ile Phe Ser Asn Pro

30

Ser Tyr Gly Asn Ser Pro

20

Arg Gly

Ala
35

Thr Glu Ala Ala Phe Vval Asn Ile val Ser

45

Asn Phe Arg Ser Ser

40

Phe
60

Gln Ile Ile

55

Ser Gly Glu Phe Ala Ala Glu

50

Gly Gly Asp Asp Asp

Gln
65

Thr
80

Ile Gln Ala His

70

Ser Leu Gln Ser Met Gly Lys Gly

75

Arg Asp

Gln Ala Ile

95

Ala Ala Ala Met Val Ala Ser Ser Ala

90

Lys Lys Lys Leu

85

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



Asn

Ser

Leu

145

Tyr

Pro

Gly

Thr

Ala

225

Ser

Ser

Gly

Pro

Phe

305

Pro

Gly

705 710 715
Gy Ala Ay
WERL@6 81653 y
740 745 750
Gy Pro dy
Leu Agp Ay
775 780 Ay
Gy Ala dy

rpindt By

720 Gy
Ay Pro
Pro Tyr
Tyr Ay
Ay A a
Ala Ay
Ay Ser
Pro Ay

Ay Pro dy
785 790 795

Pro Tyr Gy
730 735 Pro
Gy Ala Ay
Ala Gy Gy
Gy 755 760 765 Gy Ser
Ay Vah: 4y
Ay Tyr Ay
800 Ay Tyr
Va@ipeGer Ser ACRyLRr drlrpn@hp Tgy Mek yseer ghadThr Gly 805

813°815 Ser Ay Set2dy Ay Tyr Ay*Pro Ay Ay Ser

Gy Pro Ay Gy Ser 820 825 830 Ay Pro Ay Gy Tyr

Y., thr.. G P dy Ser. 4
i y\ll3 y}?lsGlGéuP\?ag g% i‘gyL%e%leGlG;n

Pro Ay
Ay Gy
QgT/BPD05/007968
Pro Tyr
Tyr Gy
Pro 770
Pro Ay
Gy Pro

840
%?% dy

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

Ser Ay Pro Gy Ay Tyr Ay
IPe 2sSec1Senl Phe
Pro Ay Gy1885 890 895 Ser
Pro Ay Gy Ala Ay Pro Gy

565 ety ody Y

seXdGynSEu Gy

A3y B

Val val Thr Glu
180

Gln Pro Ser Gly
195

Gly Tyr Ala Pro
210

Ser Gly Pro Ser

Ser Gly Pro Ser
245

Ser Pro Gly Gly
260

Val Ser Gly Ala
275

Gly Ser Thr Gly

290

Gly Pro Gly Val

Gly Gly Ala Gly
325

Ala Gly Pro Gly
340

170

Thr Leu Thr Val Thr Vval

185

Ala Gly Pro Ser Gly Thr
200

Ser Gly Ser Gly Ala Gly

215

Gly Ser Gly Pro Ser Gly

230

235

Gly Thr Arg Pro Ser Pro

250

Ile Ala Pro Gly Gly Ser

265 °

Thr Gly Gly Pro Ala Ser
280

Gly Thr Tyr Gly Pro Ser

295

Ala Gly Gly Pro Tyr Ser

310

315

Gly Ala Tyr Gly Pro Gly

330

Gly Tyr Gly Pro Gly Gly

345

Gly

Gly

Gly

220

Gly

Asn

Asn

Ser

Gly

300

Pro

Gly

Ala

900 905

175

Gly Ser Gly
150

Gly Tyr Ala
205

Val Arg Pro

Ser Arg Pro

Gly Ala Ser
255

Ser Gly Gly
270

Gly Ser Tyr
285

Gly Ser Glu

Gly Gly Ala

Val Gly Thr
335

Gly Pro Gly
350

Pro Gy 865 870 875 880
Viat sPr 1@ yrdSeyy Sam Gy
Gy Pro Ay Gy Alea Gy
dy Val

é%Q/G€$E%f34¥lgNégy

910 Gy

Gy, Y

Gly

Pro

Ser

Ser

240

Gly

Ala

Gly

Pro

Gly

320

Gly

Gly



Ser Val Ay Ala Gy Arg Gy Gy Ala Gy Arg Gy dy
Thr 930 935 940 <210> 7 <211> 907 <212> PRT <213>
wephiobsex| avi pes <400> 7 Gy Pro Ay Ay Val BEWEPI05/007968
Gy Gy Ser Ay Pro Ay dy2Tyr Ay 1 5 10 15 Pro Qy
Gy Ala Ay Pro Gy Gy Tyr Ay Pro Gy Gy Ser Ay
Tyr GlyPPer ZQy25Ly3818%y Gp Ty GEYyTr 61GRroGly Sey 2Thy Pro
Gy Ay Tyr Ay Prf’Ay 35 40 45 G3¢°Ser Gy Pro Gy
Ay Tyr Gly Pro Ay Ay Ser Ay Pro Gly Ay 50 55 60

S ros LT HL Pro
oLy §§§G¥§Y gl (%%%ig (%lg g{)y glx %yo %Xﬂ S)ef rgl% Pro
Ay Gy Tyr Ay Pro Gy Gly Thr Ay 85 90 95 Pro Ay
Gy Ser Ay Pro Gy Ay Tyr Gy Pro Ay Gy Ser Ay
Pro GlyPety P06 d5rid@lGE GLyGryr ey ioy GPy 16 y1aGeyy Tep Ay
385 Pro Ay Ay38r Ay Pro Gyl3a%H 120 125 Gy PHeody Pro
Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly 130
Gly Glydf{/r Ig 9 Seor Ga )?lbh'lgjrlﬁgy fgé Ci]B/SGi%d(‘yr Gly P¥o Gl¥ val

415

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

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

Gly Pro Gly Gly Ala Gly Pro Gly Gly Ala Gly Pro Gly Gly Ala Gly
450 455 460

Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Ala Gly Pro
465 470 475 480

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

Ala Gly Pro Gly Gly Ala Gly Gln 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
530 535 540

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 Sex Gly Gly Thr Thr Ile val Glu Asp
565 570 575

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

Glu Leu Thr Ile Gly Gly Ala Gly Ala Gly Gly Ser Gly Pro Gly Gly
595 600 605



Gy Pro Ay Gy Ala Gy Pro Ay Ay Ala Gy Pro Ay

Gy Ala Ay 165 170 175 Pro Gy Ay Ala Gy Pro Ay
wekegoehbseSSly Pro Ay Gy Ala Ay Pro 180 185 1POT/€P3005/007968

Gy Ala Ay Pro Gy Gy Ala3dy Pro Ay Gy Ala Ay

Pro Gy 195 200 205 Gy Ala Gy Pro Ay Gy Ala

Gy Ala Ay Gy Ala Ay Gy Ala 210 215 220 Ay

Ala Glys@ro Qly &ty VAl £1@ JraGeyy Sep Gy O PrPhelyTREY Hag
6109 u 225 230 235240 Asp Leu AspHe Thr H e Asp
Ala Asp Gy Pro He Thr He Ser 245 250 255 Qu

r r
Sy e B T e Sbrl Y G TR el 3
Ser Gy Pro Ay Gy Val Ay 275 280 285 Pro Qy
Ser Gy Pro dy Gy Val Ay Pro Ay Gy Ser Ay
Pro G1y280y 283 GO0 PG \G1A §lWakr @ly Frocl Y616 VyalAbay Gey
Pro Tyr 4% Pro Ay Gy 368 310 315 320 Sép5QGy
Ala Gy Ay Ala Gly Gly Pro Gly Ay Aa

y..Pr

: Ao i o 3 SseileR ke &Y
Tyr yPro Ay Gy uGIy Pro Ay Ay AIaGIy 355
360 365Gy Pro Tyr Ay Pro Ay Gy Ala Ay Gy Pro Tyr

Gly valGtyy Rhe &wcfy Wal 6ly pro Gly Gly Ala Gly Gly Pro Tyr
675 680 685

QOO0 TOO®
<oxK<K<Kcocx<o<<

nfol-he
o - 0O

Ay Gy
Gly G ységr 3§0
(S

Gly Pro Gly Gly Ser Gly Pro Gly Gly Ala Gly Ser Ala Gly Gly Thr
6390 695 700

Tyr Gly Pro Gly Gly Phe Gly Gly Pro Gly Gly Phe Gly Gly Pro Gly
705 710 715 720

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

Pro Gly Gly Ala Gly Gly Pro Tyr Gly Pro Gly Gly Ala Gly Gly Pro
740 745 750

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

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

Gly. Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ala Gly Pro Gly
785 790 795 800

Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly
805 810 815

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

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

Ser Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Ser Gly Pro
850 855 860



370 375 380 Ala Gy Gy Pro Tyr Ay Pro Gy Gy Qu

Jdy Gy Pro Tyr Ay Pro 385 390 395 400 dy Ay Ser
wayeoe@sicro Gy Gy Ala Ay Gy Pro Tyr Ay Pror/&3005/007968

405 410 415 Gy Pro Tyr Ay4Pro Gy Gy Gu Ay Pro

Gy Gy Ala Gy Gy Pro 420 425 430 Tyr Gy Pro Ay

Ay Val Gy Pro Ay Ay Ser Ay Pro Gy dy Tyr 435

440 445 Gy Pro Ay Ay Ser Gy Pro Ay Ay Tyr Gy

Gly GlLyPser @ly Bioy GIY &1Q 5480y 455 @60 GEy 0y@ §lyGPyo By Gy
865 Pro Ay Gy8&r Ay Pro Gy 8% Tyr Ay Pro 488 470
475 480 Gy Ay Ser Ay Pro Gy Ay Tyr Ay Pro Gy

d er Pro Gy 485 490 495 Gy . Tyr Gy Pro Ay
sl seihly b 153 o 4 PIae T O TS Sty 509 sok
510 Ala Qy Pro Gy Gy Tyr Ay Pro Gy Gy Ser Ay
Pro Ay Ay Tyr 515 520 525 Ay Pro Ay Gy Ser Gy
ser G1yPPreo @1y €@y aTyre1d yrdfeoy @iy Qay cThrerd 91,630y 5252 540
Pro @op Gy Thr Ay PeosGy Gy Ser AyidPro Ay Gy
Tyr Ay Pro 545 550 555 560 Gy Gy Ser Ay Pro Ay
Ady Ser Qy Pro dy Ay Ser Qy Pro Gy 565 570 575
Sty teucly By T OBt reelICHyY dr B PR C16 G R Gy
Pro° Ser ay 920 925
Ser Val Gly Ala Gly Arg Gly Gly Ala Gly Arg Gly Gly Thr
930 935 940
<210> 7

<21l1l> 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
20 25 30

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

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
65 70 75 80

Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Thr Gly
85 90 95

Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro
100 . 105 110

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



580 585 590 Ser Gy Pro Ay Gy Tyr Ay Pro Ay Qy
Ser Ay Pro Gy Ay Tyr 595 600 605 Gy Pro Ay Qy
wEenesicAl a Ay Ay Thr Gy Pro Ay Gy A a QUI/BRD05/007968
615 620Gy Ala Ay Gy Alaedy Ay Ser Ay Ay Ala Gy
Gy Ser Ay Gy 625 630 635 640 Ala Ay Gy Ser Gy
GhiysAla Ay Gy Ser2ddy Gy Val Ayi2G@y Ser 645 650
655 Ay Ay Thr Thr lie Thr G u Asp Leu Asp lie Thr
lie Asp Jy Ala 660 665 670 Asp Ay Prolie Thr lie
Gly PhaséﬂYcﬁr& &) SRBEThELY 1780 S By Wa?l@ § 5 FEy 680 685
130Gly Ser Gy Pro3é4y Gy Ala Ay Blo Jdy Gy Val Gy
Pro Ay Ay 690 695 700 Ser Ay Pro Ay Gy Val Gy
ser 1y @ 298161 ¥rdey @1y, @YY cY@lprb081,/ £y i 720
145 %y Prl)g 2EISIQ{U@by er Glnyr% Sy Glﬁy Val %Iyys_a;ro Ay
Ay Ser Gy 725 730 735 Pro Ay Gy Val Ay Pro Ay
Ay Tyr Gy Pro Ay Ay Ser Ay Ser 740 745 750 Ay
Gly PrqGGeyy \fal iﬁ%GF'JVoPreI GLGCyY Ale Gy PPp 1@ §LyGRAya S8y Gy
Gy Phe 760 765 Tyr A Pro Ay Gy Sér>du Gly
Pro Tyr Ay Pro Ser Ay Thr Tyr 770 775 780 Ay Ser
r I P Tyr
Pro Gl)g(s%y %&}é (%g)é PIX Gl O%l}PAga gl)!/ gcy Gf!/ %19 XlanGXy %)

795 185 190

Gly Gly Ala Gly Pro Gly Gly Ala Gly Pro Gly Gly Ala Gly Pro Gly
195 200 205

Gly Ala Gly Pro Gly Gly Ala Gly Gly Ala Gly Gly Ala 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 Ile 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
290 295 300

Gly Gly val Gly Pro Gly Gly Ala Gly Gly Pro Tyr Gly Pro Gly Gly
305 310 315 320

Ser Gly 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



Pro Ay Ser Pro Ay Gy Ala Tyr Ay Pro Gy Ser Pro
Gy Gy Ala 805 810 815 Tyr Tyr Pro Ser Ser Arg Val
wee@mehsgicdet Val Asn Ay lie Met Ser 820 825 8BOT/RPB05/007968
Met Gn Gy Ser Ay Phe AstoTyr G n Met Phe Gy Asn
Met Leu 835 840 845 Ser G n Tyr Ser Ser Ay Ser Gy
Gly Prolhyr Qi BASNGEF GlASAL=AsIy VAl ANTBSG1855r860y Vial Leu
370Met Asp Ala Led7Beu Ala Ala Leu3## s Cys Leu Ser Asn
H s 865 870 875 880(3Iy Ser Ser Ser Phe Ala Pro Ser Pro

1a Gl Thr Pro Al aG 1 Ser Alla 885 ggo 895 T)qu Ser Asn
B2 GLYSEr vaP Yy g&r%‘i Ypﬁéylﬁ&?g 0 805<2105:8 <211>
636 <212> PRI <213> Araneus ademat us <400> 8 Al a Arg
Ala Gy Ser Ay Adn dn Ay Pro Gy Gn Gn Ay Pro
Gly GlyGhyr Iry® Ay 25o G110 &yna@ ¥1Pr&@yGeyo @y &ynpld Ys1Pro Tyr
Gy Pro 4dsy Ala Ser Ala 20025 30 Ala Ala Ala Ala Ala
Ay Ay Tyr Gy Pro Ay Ser Ay Gn Gn Gy 35 40 45
Pro Ser G n dn G%G‘Pro Gy Gn dn GlgllPro dy Gy

Gly Progyr @;X IP?OOG@SD Gés Gly Pro Gly Gly Ala 43%/ Gly Pro

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 Pro Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro
465 470 475 480

Gly Gly Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly
485 490 495

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
515 520 525

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 Gly 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 Tyr
595 600 605

Gly Pro Gly Gly Ser Gly Ala Gly Gly Thr Gly Pro Gly Gly Ala Gly
610 615 620



Tyr Gy Pro Gy Ala Ser Ala Ala Ala Ala Ala Ala Gy
Ay Tyr Gy 65 70 75 80 Pro Ay Ser Gy Gdn dn Ay
w8 6xdy G n Gy Pro Tyr Gy Pro 85 90 95 RdWEB®DS/007968
Ser Ala Ala Ala Ala Ala Ala7dy Ay Asn Gy Pro Ay
Ser 100 105 110 Gy An Gn Gy Ala Ay Gn Gn Gy
Pro Ay Gdn Gn Ay Pro Gy 115 120 125 Ala Ser Al a
Gly alaAkay Allg AlaGhA &4 seGoyy @ly Ay GO \G1Pr 9exGeyy S8y Gy
625 130 135 140&n An Ay Pro & An Gn Gy Prég Ay
Gy Gn Ay Pro Tyr Gy 145 150 155 160 Pro Gly Al a
Gy

y. Ty 165
Ala Glyl%yﬂfg %’ g'amél %M’GInygg g})/ g Vaé élyGGXYﬁ'eg Ay
Gy Gn &Y Pr o Tyr 180 58 100 Gy Pro Gly Al a Ser
Ala Ala Ala Ala Ala Ala Gy Gy Tyr Ay Pro 195 200
Gly Gly2@br Ghy Sey T Ye1Gl RsfGLBu Gy Preo Tt yr16 msgCGoy Gy Pro
Ay @ An Ay 210 2%65220 Pro Ay Ago@dn @y Pro
Tyr Gy Pro Gly Al a Ser Ala Ala Ala Ala 225 230 235
240 Al a Al Pro dy Tyr. G An
ep GLIGHR g B 167 F3 480 bon Jsk B 168 EeplouaHys By
GIy Pro Tyr Ay Pro°® GIy Ala Ser Al Z°Ala 260 265 270
Ser Ala Ala Ser Ay Ay Tyr Ay Pro Ay Ser Ay Gn

Gly Sefasmy(aﬁﬁ éYJJGly Ala Gly Pro Gly Gly Val Gly Pro Gly Gly
690 695 700

Ser Gly Pro Gly Gly Val Gly Pro Gly Val Sexr Gly Pro Gly Gly Val
705 710 715 720

Gly Pro Gly Gly Ser Gly Pro Gly Gly val Gly Ser Gly Gly Ser Gly
725 730 735

Pro Gly Gly Val Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Ser
740 ' 745 750

Gly Gly Val 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 Pro Gly Gly Ala Gly Gly Pro Tyr Gly
785 790 795 800

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 Gln Gly Ser Gly Phe Asn Tyr Gln Met Phe Gly Asn Met Leu
835 840 845

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
865 870 .875 880



275 280 285
Tyr Ay Pro
WEL@eAbE 6K Y
310 315 320
Gy Pro Gy
Gy Pro Tyr
345 350 Al a
Gly Ser(Cher @py Ihegh
Gn dy %0
380 Ay Pro

nfoJop:JalaJaloYal)

Tyx Serq’i.é/n gep \glnG%

4158er Ala Al a Al
Ser Gy G n 420
<210> Pro Gy Gn Gn
Pro Ay Gn dn
<211> &% Gy 450 455
Q Ay Ala Ser
a Gy Ay Tyr

<212>

<213> B¥ndANaABRnAL 495

<400> 8
Ala Arg Ala
1

Gln Gln Gly

Ala Ala Ala
35

Pro Ser Gln
50

Tyr Gly Pro
65

Pro Gly Ser

Gly Ser Ser

Gly Gln Gln
115

Ala Ser Ala
130

Gln Gln Gly
145

Pro Gly Ala

Gly

Pro

20

Ala

Gln

Gly

Gly

Ala

100

Gly

Ala

Pro

Ser

Ser

Gly

Ala

Gly

Ala

Gln

85

Ala

Ala

Ala

Gly

Ala

Gly

Gln

Gly

Pro

Ser

70

Gln

Ala

Gly

Ala

Gln

150

Ala

y Gn Gn Gy Pro dy Ay Gn Gy Pro
y Ala Ser 290 295 300 Ala Ala Ala Al a
y Tyr Ay Pro Ay Ser Ay A n Qoar/BRH05/007968
y Pro dy AdmeGn Ay Pro Ay Gn d@n
n Gdn Gy 325 330 335 Pro Gy Ay dn
y Pro Ay Ala Ser Ala Ala Ala Ala 340
ady dy Tyr Ay Pro Ay Ser Ay Gn
Vre 58385 360 BE5AE AlENetPPer @&ly G n
y Gn dn &9 Pro Ay G n GP# 370 375
y A@n Gn dy Pro Ay An @n dy Pro
)A%%s ). 395 400 Pro Ay Gn Gn Gy
n y @STyr y Pro Gy Ala 405 410

a @y Ala Ala Gy Ay Tyr Ay Pro Gy

425 430 A n dy Pro Ay Gn Gn dy

Ay Pro Gy Gn Gn 435 440 445 Gy

Gy Pro Ay Gn GAn Ay Pro Gy Gn

460 Pro Gy An @ n Gy Pro Tyr Gy

Ala Ala Ala Al a 465 470 475 480 Al a

Ady Pro Gy Ser Ay Gdn dn Gy Pro
Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly

10 15
Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala
25 30

Gly Tyr Gly Pro Gly Ser Gly Gln Gln Gly

40 45
Gly Gln Gln Gly Pro Gly Gly Gln Gly Pro
55 60
Ala Ala Ala Ala Ala Ala Gly Gly Tyr Gly

75 80
Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro
90 95
Ala Ala Ala Gly Gly Asn Gly Pro Gly Ser
105 110

Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly

120 125
Ala Ala Gly Gly Tyr Gly Pro Gly Ser Gly
135 140
Gln Gly Pro Gly Gly Gln Gly Pro Tyr Gly

155 160

Ala Ala Ala Ala Gly Gly Tyr Gly Pro Gly



Gn dy Pro Ay Gdn An dy Pro Gy Ay GAn Gy Pro

Tyr Ay Pro 500 505 510 Ay Ala Ala Ser Ala Al a Val
woetocedicxsly Gy Tyr Gy Pro G n Ser 515 520 S5PEI/BR2005/007968

Ser Val Pro Val Ala Ser Al adVal Ala Ser Arg Leu Ser

Ser Pro 530 535 540 Ala Ala Ser Ser Arg Val Ser Ser

Al a Val 5 Ser Leu Val SéP Ser 545 550 55%°560 Gy

Pro Thr Lys Hi s a Ala Leu Ser Asn Thr lie Ser Ser
l\éﬁ PEP %§7é15%5 @0 W) o8eleid) &,58 Aﬁ,&lpfo
ser cly/fn L 2 GG‘Z Bys Aspr val Teu s 58§9§90 VAl

AI a Leu Leu GQu VaI Val Ser Ala Leu Val Ser lie Leu
Gy 595 600 605 Ser Ser Ser lie Ay Gn lie Asn Tyr
Gly praGGEyy Alla Ser AN aalE mlaTpia Air Bl0GEL %1620y :Gehy Meb Val
Gt95An Ser Val Al n Ala Leu Al &%25 630 635 <210>
9 <211> 410 <212> PRT<213> Araneus di adenat us <400> 9

Gly seré‘lg,?y glé éen Gfer Al Ng%rﬂlgé PYO éll}j %l_c,nAlG%‘ é y PI‘O

21Ser Gy Pro Val Ala Tyr Gy Pro O 25 30

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

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

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

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

Gly Gln Gln Gly Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gly Ala Sex
290 295 300

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

Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly
325 330 335

Pro Gly Gly Gln Gly Pro Tyr Gly Pro Gly Ala Ser Ala Ala Ala Ala
340 345 350

Ala 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 Gln Gly Pro Gly Gln Gln
370 375 380

Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly Pro Gly Gln Gln Gly
385 390 395 400

Pro Gly Gln Gln Gly Pro Gly Gly Gln Gly Ala Tyr Gly Pro Gly Ala
405 410 415



Gy Gy Pro Val Ser Ser Ala Ala Ala Ala Ala Ala Al a

Ay Ser Gy 35 40 45 Pro dy Ay Tyr Gy Pro Gu Asn
wW@mwe@si6Pro Ser Gy Pro Gy Gy 50 55 60 Tyr PEWEPI005/007968

Gy Gy Ser Gy Ser Ser AlarAla Ala Ala Ala Ala Ala 65

70 75 80 Ala Ser Ay Pro Gy Gy Tyr Ay Pro Gy Ser

Ser aldOama @lp E10ASeral@ §1,85190ry95cHr er&alyCher Sey @Gy Gy

Tyr @2 Pro Gy Ser GsnsAy Ala Ser dy3d00 105 110

Pro Gy Gy Pro Gy Ala Ser Ala Ala Al a Ala Ala Al a
AIaAIaééSlZOlZSAIaSer GIyP é y Tyr
¢ln Glyqlgopﬁléf &Y OSRretE prGyY P8 S8t STy £361>1§ 1%6‘ Pro
dy Ala Tyr Gy Pro Gly Gy Pro Gly er Ser Ala Al a
Ala Ala 145 150 155 160 Ala Ala Ala Ala Ser Ay Pro
Gly prdSeyy @iv dW o Yo Br €1y56yn S8k & p&h 61168614 600149 Pro
4s585er Gy Pro Gwsval Tyr Gy Proscdby Gy Pro Gy Ser
Ser Al a 180 185 190 Ala Ala Ala Ala Ala Ala Gy Ser

Pro Tyr Ay Pro Qu 195 200 205 Asn G n
Pro Gl}GG Brla @é’r PG’ yTYPr%bGIPyO Ay F ngllarblaGlAﬁfacﬁly Ser
465 @y 210 215%2%0 Ser Ser Ala Al®a Ala Ala Ala A% Ala

Ala Ser Gy Pro Ay Ay Tyr225 230 235 240 Gy Pro Ay
ala ala@ly @19 Y oYy Br3e81,Ch¥r R19 81 o8 Yer1988 -y, @iy TYT

485 490 495

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 Gly Pro Gln Ser
515 520 525

Ser Ser Val Pro Val Ala Ser Ala Val Ala Ser Arg Leu Ser Ser Pro
530 535 540

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

Gly Pro Thr Lys His Ala Ala Leu Ser Asn 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 Gln Ala Leu Leu Glu Val Val Ser Ala Leu Val Ser Ile Leu Gly
595 600 605

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> 9
<211> 410

<212> PRT



245 250 255 @y Pro

Gy Ser An Ay Ser Gy Pro
Gy Ala Ser Ala Ala Al

€

€

y Gy
a 260 265 270 Ala Ala Ala Al a
w@b@eBasi6sdy Pro Gy y Tyr Gy Pro Gy Ser QCr/ERFH05/007968
280 285 Ay Pro Ser y PraiGy Tyr An Gy Pro Ser
Gy Pro Ay Ala Tyr 290 295 300 Ay Pro Ser Pro Ser
<213> AranSegr ddgn8eys Val Ala Ala Ser Val Tyr Leu 305 310
315 320 Arg Leu G n Pro Arg Leu Qu Val Ser Ser Al a
Val Ser Ser Leu Val 325 330 335 Ser Ser Gy Pro Thr

<400> n Gy Ala Ala Val Ser Gy Ala Leu Asn Ser 340 345

50 Leu Val Ser Anlie Ser Ala Ser Asn Pro Leu
Ala G1yoBEr Ge¥ ANsS afS 13581 360a 365 ﬂaasleﬁlél}/aéer%'ﬂy'%lg Leu
1 Leu Qu teu Val Ser Ala Leu Val Ala lie 379 375 380

Leu Ser Ser Ala Ser lie Gy G@n Val Asn Val Ser Ser
Val Ser G n 385 390 395 400 Ser Thr G n Met |lie Ser

Tyr GlyGPRe Alla 2¥uCHerGly0Br gor @zo&q@akzﬂbmmelxz’rb PRT
<213*°rtificial sequéhce <220>

Gly Gly 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 60

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
85 90 95

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

Pro Gly Gly Pro Gly Ala Ser Ala Ala Ala Ala Ala Ala Ala Ala Ala
115 120 125

Ala Ser Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gln Gly Pro Ser Gly
130 135 140

Pro Gly Ala Tyr Gly Pro Gly Gly Pro Gly Ser Ser Ala Ala Ala Ala
145 150 155 160

Ala Ala Ala Ala Ser Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gln 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
195 200 205

Asn Gln Gly Pro Ser Gly Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly
210 215 220

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



<223> NR3 (ADF- 3 ) <400> 10Met Ala Ser Met Thr Qy
Gy Gdn Gn Mt Gy Arg Ay Ser Mt Ay 1 5 10 15 Ala
w@b@eBasicAl a Ala Val Ser Val Gy Gy Tyr Ay Pror/&1005/007968
Ser Ser 20 25 30 Ser Ala Prio Val Ala Ser Ala Ala Ala
Ser Arg Leu Ser Ser Pro Ala 35 40 45 Ala Ser Ser Arg
225 Val Ser Ser 28ba Val Ser Ser tzu Val Ser Ser Gap 50 55
60 Pro Thr Asn G n Ala Ala Leu Ser Asn Thr lie Ser Ser
Val Val Ser 65 70 75 80 G n Val Ser Ala Ser Asn Pro
Cly PrQy&JY|R§¥ & YPTEySSASDY VP TR SVAISB5590 588 T Al a
Leu Leu u Val Val Ser a Leu vVal Ser Hé Leu Gy
Ser 100 105 110 Ser Ser He Ay Gn He Asn Tyr Ay
cly prdflcdy Sarr A cE, cilyEed iy @8 dikpal2Gel2mMitaVak Gy
Gn Seo Val Ala G n AkasLeu Ala Ay 1387dl35 140 <210>
11 <211> 125 <212> PRT <213> Artificial sequence <220>

<223> NR4 (ADF-4) <400> 11
Ala Ala Ala Ala Ala Ser Gly Pro Gly Gly Tyr Gly Pro Gly Ser Gln

275 280 285

Gly Pro Ser Gly Pro Gly Tyr Gln Gly Pro Ser Gly Pro Gly Ala Tyr
290 295 300

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 vVal 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 Ile
370 375 380

Leu Ser Ser Ala Ser Ile Gly Gln Val Asn Val Ser Sexr Val Ser Gln
385 390 395 400

Ser: Thr Gln Met Ile Ser Gln Ala Leu Ser
405 410

<210> 10

<211> 140

<212> PRT

<213> Artificial sequence

<220>
<223> NR3 (ADF-3)

<400> 10



Met Ala Ser Met Thr Ay Gy Gn @n Mt Ay Arg Gy
Ser et Ay 1 5 10 15 Ala Tyr Gy Pro Ser Pro Ser Al a
weetochbscSer Val Ala Ala Ser Arg 20 25 30 Leu BeT/EB®05/007968
Pro Ala Ala Ser Ser Arg Val’3Ser Ser Ala Val Ser Ser 35
40 45Leu Val  Ser Ser Gy Pro Thr Asn Gy Ala Al a Val
et Magier BE RaCLES B0 508D RErC %o T G0 Ve S an iie
Ser Ala Ser Asn Pro Gy Leu Ser Ay 65 70 75 80 Cys
Asp Ala Leu Val G n Ala Leu Leu Gu Leu Val Ser Ala
Ala Alaleér WAk 8% 94 ¥5-Ala bie digurysesiparroAtian Ser sdre Ay
G n Val Asn Val Ser Ses Val 100 105 11f Ser G n Ser
Thr Gn Mt He Ser Gn Ala Leu Ser Gy 115 120 125
<210> 12 <211> 1959 <212> DNA <213> Araneus di adenat us
Ser AlacBppVal Plar §8c A -3t R GGLAG él%‘é@@éa%ﬁrg PHytegggat ¢
cdaatt cggc acgagcctfga 60 tctggacaac 5aaggacccgg
acaacaagga cccggacaac aaggacccgg acaacaagga 12 0
Ala sexC8&f abgORL SCHFYCALLvEUGEICAUC A PGRAACEACES Gagat t at gg
50 acccggat ct 180 sggacaacaag gacccagcca acaaggacct
ggccaacaag gacccggtgg tcaaggacca 240 tatggacccg
gt gcat ccgc cgccgcagca gccgcetggt g gat at ggacc cggttccgga
Pro Thr3@en aackiagfdt Leagirgee aThagyaﬂc eat #ergidceyder
65 cat ccgct gc é@cagcagec 360 5 80

Gln Val Ser Ala Ser Asn Pro Gly Leu Ser Gly Cys Asp Val Leu Val
85 90 95

Gln Ala Leu Leu Glu Val Val Ser Ala Leu Val Ser Ile Leu Gly Ser
100 105 110

Sex Ser Ile Gly Gln Ile Asn Tyr Gly Ala Ser Ala Gln Tyr Thr Gln
115 120 125

Met Val Gly Gln Ser Val Ala Gln Ala Leu 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 Gln 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



Leu

Asn

65

Cys

Ala

Ser

<210>

<211>

<212>

<213>

<400>

gct ggaggt a at ggacccgg at ct ggacaa caagggcccg gt caacaagg
tcctggacaa 420 caaggacccg gtgcatccgc cgccgcagca
w@e@gobggeng gat acggacc cggat ct gga 480 caacaaggPCT/EP2005/007968
ccggacaaca aggaccagga ggtcdaaggac cat atggacc tggtgcatcc
540 gccgctgcag cagccgctgg aggat acgga cccggatctg
gacaacaagg acccggacaa 600 caaggaccag gaggtcaagg
vaphdeat Hrggy deediirgéan GRegtiirgdiydaagtagetydia 6B
50ggaggtt at g gacctygat ¢ t ggacaaca&’ggacccggac aacaaggacc
t ggacaacaa 720 ggacccggtg gtcaaggacc atatggaccc
s 99L0CANCES, €G0CLACA0LC ,39069CL 008,280, 092] acgaac
ccggttatgg agagcaagga ccaggagaac aaggaccagg quicaagga
840 ccat atggac ctggtgcatc cgccgcctca gcagectctg
gaggat acgg acccggatct 900 ggacaacaag gacccggaca
AspCdadgactidl gdaguiac aag Lgactat adgyaacirgglgcau val
960t ccgcéycag cagcagccgce ggaggtt at ggaccoggat
ct ggacaaca aggaccaggc 1020 caacaaggac ccggtcaaca

aggacct gga acaa C ccggtggtca a ccatat 1080
Ilegg‘glécit‘;qu?%r %gf‘ csgegrgggec f%é%%@%ﬁ@lcgsa%ggﬁﬁrﬁ gacccgg

at ctggacaa 1140 caaggacccg gtcaacaagg acccggtcaa
caaggacccg gt caacaagg acccggtcaa 1200 caaggacccg
GligGeaanaaghh &e€Ch@t saa ctaaggac&CGegtigacaagg acct ggt caa
1260 caaggtcccg gtgzt caagg ggcat at gga cct ggt gecat
ccgccgcagc aggagccget 1320 ggaggttatg gacccggatc
t ggacaacaa ggacccggac aacaaggacc cggacaacaa 1380
d%acccggac aacaaggacc cggacaacaa ggacccggac aacaaggacc
cgggcaacaa 1440 ggacccggac aacaaggacc atatggacct
ggtgcat ccg ccgcagcagc agccgctgga 1500 ggttat ggac
Gm@gat ct gg acaacaagga cccggccaac aaggacctgg acaacaagga
1560 cccgttggtc aaggaccata tggacctggt gcggcttctg
cagoégt ai@dngtigggagga 1620 t at ggaccac aaagctcctc
ggctcctgtt gcatcagcag ccgcttctcg cctttcttct 1680
ccagcggcca gttctagagt ttcatcggct gtatcatctt tggtatctag
tggacctact 1740 aatcaagctg cactttctaa tactatcagt
cgcaa caagtaat 18 cc tcttt

adcat t gt at ttag t 0 _cct
acagct g e i BT AL oY CORpaaT T Caaaet COr oot &

tctggackabla el &Rt £ b YAl ELifgabagt @Lg&&%%@%@%&é%a 120
atggtgcctc tgctcagtac 19 acccaaat gg taggtcaatc
ccatatdogt agRigeadatgCeficdygedcal 958 ccgetg gaggttatgg acceggatct 180
ggacaacaag gacccagcca acaaggacct ggccaacaag gacccggtgg tcaaggacca 240
tatggacccg gtgcatccgc cgccgcagca gccgctggtg gatatggacce cggttecgga 300
caacaaggac caggaggtca aggaccatat ggacctggtt catccgctgce cgcagcagec 360
gctggaggta ;tggacccgg atctggacaa caagggcccg gtcaacaagg tcctggacaa 420
caaggacccg gtgcatccgc cgccgcagca gcecgctggag gatacggacc cggatctgga 480
caacaaggac ccggacaaca aggaccagga ggtcaaggac catatggacc tggtgcatcc 540
gccgctgcag cagccgctgg aggatacgga cccggatctg gacaacaagg acccggacaa 600
caaggaccag gaggtcaagg accatatgga cccggtgcat ccgctgcagc agcagccgcect 660
ggaggttatg gacccggatc tggacaacaa ggacccggac aacaaggacc tggacaacaa 720
ggacccggtg gtcaaggacc atatggaccc ggtgcatccg cecgccgcagce agccgctgga 780
ggatacggac ccggttatgg acagcaagga ccaggacaac aaggaccagg aggtcaagga 840
ccatatggac ctggtgcatc cgccgectca gcagecctctyg gaggatacgg acccggatct 900
ggacaacaag gacccggaca acaaggacct ggaggtcaag gaccatatgg acctggtgca 960



<210> 13 <211> 2013 <212> DNA <213> Araneus di ademat us
<400> 13 atggctagca tgactggtgg acagcaaatg ggtcgcgcgg
W@ amgagsesg at cttcagca 60 gcagcggccg cggcagcaapCT/EP2005/007968

t ggat ct gga ggat acggac ct gaddacca aggaccatct 120

ggacct gt ag cat atggacc tggtggaccc gtatcttcag ctgcagcagc

agccgctgca 180 ggaagtggac ctggtggata cggacctgaa
tccgeceiB@CaBggaccLat giggacsa gggaggainict@dlaggaceuggidygec 1020

gttccggatc ttcagcagca gcagcagccg ctgcagcaag tggacctgga
Caacaag}ﬁe mﬁa@maegﬁcggm@eacaaggm@ata@ttggggaca@sg@qagat 1080

at at ggt ccc 360 aagccaag ccatctgg
ssacee et Crae %Cc?%%gvge%@c SRAE Ry BT pRRGEA aTD e 1340
caa a g a C cc
oS B s e st . ogsee o
caagga@ﬁbg@.&“aﬁﬁ@@ag@@ﬁg@t:% 3684430889 G oL a6883FREEAcaa 1260

ctggacct gg tggatccgga ggatat ggtc ccggaagcca agggccat ct
caaggt@0 gg@ccigyt goggetiPgykgambciygcggeacgeaguageayct 1320
ccgct gcagc aagtggacct 660 ggaggatatg gacctggaag

99399 A aFACE I Rt PTAe et aRearatggaarxaoget ggarrzoaa 1380

cccggatctt ca cagc t aCCt atat acctggaa
e o L R N R e
1500

ggacceddabIQ9alehla LA Ie A0S %8@@%@88&%@@%&%@%@@8&%%

gacct ggt gg at acggacct (@Qgaaaccaag gaccaictgg acccggagga
ggttatdHAQd taiggganat Gegicggial egehqrtaid Gageacgeagragetgga 1560
ct gcagcaag tggacctgga 960 ggat at ggac ctggaagcca
cccgtt%ggawanae?atggamcggw sagEttgger cavguitggacectdd@ea 1620
gatcttcag ctgcagcagc agccgctgca ggaag t ggac ctggtggata
tatggaf&@@a?:aagggac%o%ﬁ%ﬁ&%%faggﬁf&a@a%fg@%% e&ggcg@@%ﬁtgf 1680

t 0]
ccagcggoé%éc%gt%gg E&Cagé% %cct Eg&%é&c%g aA&ctQC%% Q%C;t%gtécat 240

ggacct dgat at ggac °¢ ggaa C

aatcaage?2@0- QYL [It -G LEAUHaEH 3t A QPLLLL HHARYELARL: 1800
ggccat ct gg acctggtgca 1260 tcttcggcag cagcagcagc
cctggt@dgct goagcaRRgt ggaccdy gaggatadiggcaccicggaagesd3I?by 1860
gtatctatcc ttggatcttc tagtatcggg caaattaact atggtgcctc tgctcagtac 1920
acccaaatgg taggtcaatc tgtagctcaa gcccttgcet 1959

<210> 13

<211> 2013

<212> DNA

<213> Araneus diadematus

<400> 13

atggctagca tgactggtgg acagcaaatg ggtcgcgcgg cacgagcagg atcttcagca 60
gcagcggccg cggcagcaag tggatctgga ggatacggac ctgaaaacca aggaccatct 120
ggacctgtag catatggacc tggtggaccc gtatcttcag ctgcagcagc agccgctgcea 180
ggaagtggac ctggtggata cggacctgaa aaccaaggac catctggacc cggaggatat 240
ggacctggtg gttccggatc ttcagcagca gcagcagccg ctgcagcaag tggacctgga 300
ggatatggac ctggaagcca aggaccatct ggacctggtg gatccggagg atatggtccce 360
ggaagccaag ggccatctgg acctggtgca tcttcggcag cagcagcagc cgctgcagca 420
agtggacctg gaggatatgg acctggaagc caaggaccat ctggacctgg agcatatgga 480



caaggaccat ctggacctgg agcatatgga cctggtggac ccggatcttc
agctgcagca 1380 agtggacctg gaggat at gg acct ggaagc

w@a@goesieat ctggtcctgg agcat atgga 1440 cct ggt geEI’EP2005/007968

ccggatcttc agctgcagca gccgdégcag caagtggacc tggaggat at
1500 ggacct ggaa gccaaggacc atctggacct ggtggatccc

cctggt@agoadsah gg tecanggengs dphldacanggapnigtgd 99gesiagge
agcatct gcg gcagcagcag cagccgctgc agcaagtgga 1620

caaggaqset gyaggettoat YAt ety egRFetadiyyacIraretygagIcteggat at €0
%%ng cat at %%CCC atctccttct
89t & Cﬁ?ﬁa%taf%@&c@t

ggaccti%%%

ssassa §RYGFEER

cccta t 1680
e erCR A

a
s

tcct

ggéc%ta %‘5@8&9} ag

gct get

cccggatic@gl @lget édggaidRgEPeR JR0aeHABLEARGa bal L3860,
atgtgatgct cttgtgcagg cattattgga attagtgtct 1920

tctggaqget cdaggh gr g aaddrgttdoe atgcaagtaaitoggec aggadaegacgt caqo
ctctgttagt 1980 cagtcaactc aaatgattag ccaagctctt tea

gcaggaagflq P& TR 9942 P gIarcE 299332 P2AIPBRC@E £ 839 AFFFIdagPal
uetnce<220> t<223> NR3
Gt G5 %dcacaa G FTICHEH
ggatatg@Qc Gt gt 4Ll 9.44-9989492

tatgga%?%%

tcct gf't gc at cagcagcc
gga-tc_ttagﬁ ggeeagiastCif@tatddh GRl6EgRIOtirgahed hgadkBPga
gtatctagtg gacctactaa tcaagctgca ctttctaata ctatcagtag
aaccaaaggt t gttat eqp 2 ACE JeagRtat agiay cEaEyt Rt Tughggtetidaeyca

gcagcaqsggc

ggaCCtg%QOc%qaa

tcttcggecag
caaggaccat
agtggacctg
cctggtggac
ggacctggaa
caaggacctg
cctggaggat
ggtcctggag
tcttcgectg
cctacgaatg
agtaatccag
gctecttgtgg

cagtcaactc

<210> 14

<211l> 420
<212> DNA

<213>

cagcagcagc
ctggacctgg
gaggatatgg
ccggatcttce
gccaaggacc
gtgggcctgg
atggacctgg
catatggccc
cagcctcgte
gtgctgctgt
gtttatcggg
caattctttc

aaatgattag

CCtCt

c 8cttgg?ggc %%gggai%gg%%a%cg%

%%CEQQ%%

%thg;acac

cgctgcagca
agcatatgga
acctggaagc
agctgcagca
atctggacct
agcatctgcg
aagccaagga
atctccttcet
tagagtgtct
ttctggagcet
atgtgatgct
atctgcaagt

ccaagctctt

Artificial sequence

agtggacctg
cctggtggac
caaggaccat
gccgctgceag
ggtggatccc
gcagcagcag
ccatctggac
gcttccgeat
tccgctgtat
ttgaatagtt
cttgtgcagg
attggccaag

tca

ALAA 4806L q:%%@g?;gccc

gaggatatgg

ccggatcttce
ctggtecctgg
caagtggacc
gaggatatgg
cagccgctgce
ctggatatca
ccgttgcagce
cgtctttagt
tagtatctca
cattattgga

tcaacgtcag

tcgcc tttc

%@gatg tacttgtgca agcattgctc 300 gaagttgtat
¥t 2dt IR FFAPETLCt SEPRPCTHH FEBFat Faact at’

f Gagl&hdea

acctggaagce
agctgcagca
agcatatgga
tggaggatat
tcccggaagce
agcaagtgga
aggccctagt
ctctcgttta
gtctagcgga
gattagtgca
attagtgtct

ctctgttagt

540

660
GEACE 30 g aaconn,
780

900

ADF- 3) <400> 14 at ct agca
et a R op g
1020

1080

1140

1260

1320

13890

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2013



<211> 375 <212> DNA <213> Artificial sequence <220>
<223> NR4 (ADF-4) <400> 15 atggctagca tgactggtgg
w@ec@goesiat g ggt cgcggat ccat gggagc at at ggccca GBCT/EP2005/007968
tctccttctg cttccgcatc cgttgtagecc tctcegtttat cttcgectgce
agcctcgtct 120 cgtgtgtctt ccgctgtatc gtctttagtg
<220> tctagcggac ctacgaatgg tgctgctgtt 180 tctggagctt
tgaat agttt agtatctcag attagtgcaa gtaatccagg tttatcggga
<223> 2R30(ADFt¢at gctc ttgtgcaggec attattggaa ttagtgtctg
200> grettgtgge aattctttca 300 tctgcaagta ttggccaagt

seooce £ER0RLER0R LCLALL20LS agleRael cn palgnll 99 z
gctgtat%%%sﬁg@g@éﬂtlaaté‘da@f&&i%s a§AQQEJP geddgesd ta@c&‘é-‘cta%ggcagﬁzo
gatatttctt ttcttagcgc agtgtgcgtc gacgtacgga
gettetdg@agggggaitca dagecaast ccogthtitckeacmacgclraasarttty 180
cagcggaagc ttttgcacga 120 tctttcgtga gcaatatt gt
gtatctaget WFCHYH 2GattL g EE R aY ey C L YRAGAT CEELABOCT 240
gacataa ttcagagtct cat aca% cc _cagagcat ? caaagggcy
casste YL M TA0 BAG ATy SRR Gt fengUeagee e 0seh

gaagtedithlt QL EL st AlAadecdr gilQgtlal b c%tgggaa%@@a%%%at 360

9Cggaggcga t gt gcaacgc aaaaccaacq ttarctccaa cgcittgaga

ggtgcctd®d ARGHELIak0ecdagt §4AC G2 HCAYEEARAGE GrAGRGLgC 420 .
tcgtccatga agttcaagac 420 ctcatccaga tgttatctca

agaacagat c aacgaggtag atacttcagg accagggcag 480
<210> fljctacaggt cgtcttcttc cggtggagga ggt ggaggac aaggaggtcc

c211s t3%agt tact 540

<212> DNA

<213> Artificial sequence

<220>

<223> NR4 (ADF-4)

400 15

;tgthagca tgactggtgg acagcaaatg ggtcgcggat ccatgggagce atatggccca 60
tctcecttetg ctteccgcate cgttgcagec tctegtttat cttecgectge agcctegtcet 120
cgtgtgtctt ccgctgtatc gtctttagtg tctagcggac ctacgaatgg tgctgctgtt 180
tctggagctt tgaatagttt agtatctcag attagtgcaa gtaatccagg tttatcggga 240
tgtgatgctc ttgtgcaggc attattggaa ttagtgtctg ctcttgtgge aattctttca 300
tctgcaagta ttggccaagt caacgtcagc tctgttagtc agtcaactca aatgattagc 360
caagctcttt caggc 375
<210> 16

<211l> 2828
<212> DNA

<213> Nephila clavipes

<400> 16
gcttgcttta cctcggcagt gatatttctt ttcttagcge agtgtgegtce gacgtacgga 60



gaaacact ga ccgttacagt tggcggatcc ggtggagggc aaccttcagg
t gcaggtcct 600 agtggtacag gtggatatgc accaactgga

WO amgoesieaa gcggct cagg tgcaggtggc 660 gtt cgacCPEI/EP2005/007968

gt gcctccgg tccaagtggt agtggdiccta gtggtggatc tcgtcctagt
720 agtagt ggac ctagtggaac tcgtcccagc cctaatggtg

agggggat@agig@aiscttageaet ggia £86@ghad cHEAHatE P gPdaCga
caattctggt ggtgctggag tatccggcgc aact ggagga 840

tectttegrgl grraptet Igc ygtratim eggﬁ@ea@gaca@qgaeaggiggawcat at ggo
acct agt gga 900 ggaagtgaac ctttcggacc aggagtg

gatgacaggagtgtéea%&wécaagf@eea@fgc f@%&‘f%acmgi@a g?gfl@%ﬁtgcg

aaggccgfgg

s

TR

CC&

g%‘étcgtta%tgtaaa

agccggac

gcagaaa@;@gcz}c@%&&é}:g%g\%%%%g% lQ&QcQQ@QQEL@&Qc%%EQ fgg
agct ggacca ggaggttacg gacctggtgg agctgggect 1

aacgcctjgaggittasthagassicggt G agejaggadctcggaggid aggrgagat ggt ggo
agctggacct 1200 ggaggttacg gacctggt gg aact ggacct

ctcatcqgge (At At CGatTGITHT adacIrggrT rta2B02gY AFJAIAICGI

- tactac

oo aaegg.socis

acca

et

gaaacaélggcJé%QE£¥L EgEgé%%?QéJc

acggccct ggt goa

ggtatcg%faggg %8E§%a
cctgcat@tcg gﬁtggg&&tgag%t

ctg

Bt Tt

PR
agtggtR@§ GHoge €L j@aLid-got g tPEJQI8LL HcgHRHEPEYPagRGEHE 9Ot g6
agcaggacct 1500 ggaggagcag gaaccagtgg tgccggacce

120

240

g t9g agcgggacgglo
gaggr? at

360

480

dybese-Sordbtategt o

600

gttegaqygt gyagcerogacorggt gy ageaggacagtddtagyttgat gotgt 720
gacccggt gg tgcaggacgt ggaggagcag gtcgtggtgg tgtaggtcgt
agtagtgf@?(?tdéf%@taﬁcé‘@“@%ﬁcgﬁ‘é‘@g"tﬂﬁr@aﬁama@‘@t@@‘é‘wﬁéﬁ 780
Lggagea 1680 t agca

S OARRAATEy PAOnsR (o padrat: Sea e o0
Q055 M RACHY @d&%&l@?@%@héﬁ@&é‘at CY&b

t ggagcaggc 1800 gctggaggtt ccggacccgg tggtgctgga
ggaagtdaaaggaaaggcet §9RCEIHY begpbetHgacdditlags aggaggada 960
t aggacctgg tggctctgga ccaggaggcg taggacctgg tagctttgga
cctggtap92 (rageo BgHyagge'e tuagrac G IPF L eAC veeygat e aggedpgega 1020
t ggct ccgga 1980caaggaggag t aagacct ag Logo

t aggat ct

99""99“%@ i€ @%9398 cHYEEYTT ¢ %@g@&’éﬁgg §raUgesihggaceLe”

ggaggttt‘é@g

t
s

%ﬁ;%t%%Qggg%%

tgga

ggaggttdgaaaRECEE o8t SPLELAT

ggaggttacg gacctggtgg aactggacct

ggaggagttg
ggtggtgctg
ggtggtgctg
agtggtgccg
ggaggagcag
ggtgatgctg
ggtggtgcag
ggtgctggtg
attgatggtg
gctggaggtt
ccaggaggag

ccaggaggcg

gacctggagg
gacctggtgg
gacctggtgg
gacttggtgg
gaaccagtgg
gacccggtgg
gtcgtggagg
gagcaggagyg
cagatggccc
ccggacccegyg
taggacctgg

taggacctgg

agctggacca
tgctggacct
atacggccct
tgctggacct
tgceggaccce
tgcaggacgt
tgcaggacgt
atccggcggc
gataacaata
tggtgctgga
tggctectgga

tggctccgga

g%}ggg cct

aQ&t
atggac

@%@QGQ&%a&ﬂt@@tgg agctggacct

ggtggatacg gacctggtgg aactggacct

ggaggatatg
ggtggtgctg
ggtggatctg
ggaggtgcgg
ggtggagcag
ggaggagcag
ggtggagcta
acaacaatcg
tcagaagaat
ccaggaaacg
ccaggaggceg

ccaggaggcyg

gacctggtgg
gacctggtgg
gacctggtgg
gacttggtgg
gacccggtgg
gtcgtggtgg
gaggtgctgg
tagaggactt
taacaatcgg
ttggacctgg
taggacctgg

taggatctgg

tgctggacct
tgctggacct
tgctggacct
agcaggacct
agcaggacaa
tgtaggtcgt
tggagcagga
ggatattaca
tggagcaggc
tcgctctgga
tagctttgga

tggctcegga

ggttcc g%gjlg;:gcggglggo

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



ggtgct ggt g gaccctacgg tccaggtggt gctggtggac cctacggacc

aggt ggt gct 2220 ggtggaccct acggaccagg tggtgctggt
w@oacoediex g ggccgggt gg tgctggtgga 2280 ccct acgeEP2005/007968

cgggaggtgc tggtggatcc tacgggctgg gtggtgctgg tggatcagga

2340 ggtgtaggac ctggtggaag tggacctgga ggttatggac

ccggt ggagc gggacctgga 2400 ggttacggac ccggtggttc

caaggaqoggt teagettaggamtoee ctaIpytgand CaePFated GgucP480a 2040
at acggac ctggaggttc tggacctggt ggttctggac ctggtggata

cccggtqggga%t@@wa%*zﬁ%gf%fa a%‘ég@tﬁf‘"gggtg@@‘%tg@a?%ggfﬁﬁﬁﬁc 2100
t c ct

serogadild ATA0RGE AR ARRE LOMRRE At it I OaE: 23

ggtgctg%@e}ogaggt:tacaggg@@cagt;wagéégtgtgggcaeegew@ag@tafggwgq@et 2220

ctggtggctc tggacccggt 2700 ggcgctggac ccggtggcgce
ggtggadaggasgeggtasgot gitbggas béggaggtgestggacys ggteghfgha 2280

ggagctggac gtggtggagc tggaagtgtt ggagctggac gtggtggagc
CCCtaC%@ga@ﬂgﬁg@ﬁtg.ESwtgga%t w@szsgkgiwgﬂggtzgwwga- 2340
2> DNA <21 a cl av%%es <400> 17 ggacca ga

T NI T L oy Mg S i U

gattacdc99Q 89&&%%%&E@Q&Qa%attag%&g%&&cgggwQ@gQE&ggt 2460
gatacggacc cggtggttcg 120 ggaccaggag gat acggacc
ggatacdg@@cgﬁbﬁ@étt@g%&w@i@ §5d REGGAC G FHFGIH IGhadBPgr 2520

ggacct ggt g gat acggacc aggcggttct ggacctggtg gatacggacc

ggtactdoggt ggatedtt2405ggacsdtggiaFagbdat ggeiwobygttggatage 2580
gacctggtg gtactggacc tg gttct 300 ggacccg

99tt°t9§§f:a‘?:t§§g%%a“€gbq9§‘§t:f%‘-’tc Ej@%fg?@ﬁcﬁt‘éqtt‘-’@f‘bagéé@af‘btﬁﬁbgatzéﬁo

ggttetg taf(;?gagg%&gt “C g%%tgtcttg chgtc%g% 599(;{ gcgcg%gt 2700

ggcgctg%ggtcgﬁtgg&écgggééé%‘ég%gq 94 et GURAC € L £OQLOGE tehbadiYgr 2760
ggacctggtg gt gctggacc cggtggagct ggacctggtg gtgctggacc

ggagctdog gt §@bgedagodlygaagtgtt ggagectggac gtggtggage tggacgtggt — 2820
ggaactgg 2828
<210> 17

<211> 2724

<212> DNA

<213> Nephila clavipes

<400> 17

ggaccaggag gtgtaggacc tggtggaagt ggacctggag gttatggacc cggtggagct 60
ggacctggag gttacggacc tggtggttct ggtccaggtg gatacggacc cggtggttceg 120
ggaccaggag gatacggacc tggcggttct ggacctggtg gatacggacc aggcggttct 180
ggacctggtg gatacggacc aggcggttct ggacctggtg gatacggacc tggtggatat 240
ggacctggtg gttctggacc tggtggatat ggacctggtg gtactggacc tggtggttct 300
ggacccggceg gatacggacc tggtggttct ggacctggeg gttctggacce tggtggatac 360
ggacctggtg gttctggacc tggcggtttt ggacctggcg gttctggacc tggtggatac 420
ggacctggtg gctctggacc cggtggtgct ggtccecggtg gtgttggacce cggtggtttt 480
ggacctggtg gtgctggacc cggtggagct ggacctggtg gtgctggacce tggtggtgct 540
ggacctggtg gtgctggacc tggtggagct ggacctggtg gtgctggacc tggtggagcet 600



ggacctggtg gtgctggacc tggtggagct ggacctggtg gtgctggacc
t ggt ggagct 600ggacct ggt g gtgctggacc tggtggagcet

wQoaeobges g gt gct ggt gg cgct ggagga 660 gcaggcggrgr/EP2005/007968

caggaggttc aggtggagca ggag@at ccg gcggt acaac aat cat agaa

720 gacttggata ttacaattga tggcgctgat ggcccgataa
ggacctoggatdtigeagmcaganitbaana d8casyugbegityaciPagageidagga

cggacccggt ggtgctggac caggaggtgt agggcctggt 840
geaggcagget COgEL- tCatfifaget Ut agrmettyyacgeretggaccTaggaggt gio

660

t t 90 tt t ggt t
s JOFSCLI0 200 aat cLoale copnopeal sgpmcctant
t
s RYRSEERE COURRCL AR SORESLAR 0 Saagalocl 265490 o
ggctccddB g GRGGas R g€ JYRGCEGHRA &Q&th&tcgamgcw%&%t%t 900

t ggcggaccc tacggacctg gtggtgcagg tggaccttac 1140
ggttctgggccoagatorogt gragotgy ecectacyggaactaggtgetgtaaggt ggaeeo

ctacggacca 1200 ggtggatcat acggaccggg tggtgct ggt
thgacﬁ@%oﬁf‘éﬁé%@%a%ﬂ?&@@ﬁf@ AL AT F 42 APE6°TL PHRATER

tcatatgfgggc ?%%aag

;9&;39

g accctat

gy Tt

& 5

B

ggtgaag%g Cécgg@gg;gt:t@ggggg&&tc @ﬁgagggggggﬁbga&a%w&qggc
ttacggacct ggtggfictg gtccaggtgd atacggaccc 144

ggcccagggy Qflgtedf 9ol £ergatHe atAGHIRECaglhggid @egc@aeeaggag@
at acggacct 1500 ggcggttctg gacctggtgg atacggat ct

ggtggatgge (RFugetyIgatTttgot gy atarcgarc adB60t gy eggtiactge

acct

tgg atac

cctasass Y HE SGEAC DS GBI CF o g@%fe@ﬁasgggttg@ﬁgef@t

s PSSR, ccaeel 1000 aul gl

)

1020

cct

1080

1140

1260

gt cct ggaggttctg gacctggtgg ttatggacct

1320

1380

ggtggag@g§ g_ﬁkt:@@_ﬁggat%t:ggicgﬂ @é@%%&%%tc%tggg&gt Qt:gcéﬂ_}@@gé gg@@&)
atacggtcct 1800 ggcggttctg gacctggtgg atacggaccg

ggtggttggy ggetedqygageeggigy t@ackggasc tadBgfagghggageter
gaggagcagg cggagcagga ggttcaggtg gagcaggagg ttcaggtggt
99099“29%&@6%&@m@cew@ﬁg%@etw@aw%a@ﬁeweeﬁ

sacast RO AP g

ggtggtag@9145399

gtggtgta %

Bt

GEaPy FToEHRT Ea8>Gaf

ggtggt t@l@%tclwgb Cliet ggace

agtggttcgg gacctggtgg atacggacct

ggcggttcetg
ggtggcgcetg
gcaggaggtt
atcaccgaag
gaattaacaa
gggcctggtg
ggacctggtg
ggacctggtyg

ggacctggag

agtggaactt
cctggaagtce

tcgegtgtte

gacctggtgg
gaggagcagg
caggtggagc
acttggatat
ttagtggtgc
gctctggacc
gttctggacc
gttacggacc
gttcaggagg
atggttctgg
ctggaggagc

ccgatatggt

atacggaccg
cggagcagga
aggaggttca
tacaattgat
tggaggttct
aggaggtgta
aggaggcgta
tggaggttct
attttacgga
aggaggatat
ttatggacct

gaatggtata

1500

1560
tacaaca 1980 atcacc actt ata . 160

Piengad 040 °

tagt gl g¢ 5893008 L.C a&qggsgcgngc%%gg&z 99864,
100 gggcctggtg gctctggacc aggagg

HI3066Qt 3ackkBBtgy atacggacct 1740

agtggttctg gacctggcgg atacggtcct 1800

ggtggctctg gagccggtgg tactggacct 1860

ggttcaggtg gagcaggagg ttcaggtggt 1920

ggtggagtag gaggatccgg cggtacaaca 1980

ggcgcagatg gcccgataac gatttcagaa 2040

ggacccggtg gtgctggacc aggtggtgta 2100

ggacctggag tctctggacc aggaggcgta 2160

ggttctggtg gttctggacc aggaggcgta 2220

ggatcaggag gcgtaggacc tggtggttac 2280

cctggaggtt cagaaggacc ttatggacct 2340

ggtcctggtg gtgctggagg accatatgga 2400

ggaagccctg gaggagctta ttatcctagce 2460

atgagtgcta tgcaaggatc tggttttaac 2520



ggacctggtg gttctggacc aggaggcgta ggttctggtg gttctggacc
aggaggcgta 2220 ggacctggtg gttacggacc tggaggttct

w@oatoesagng gcgt aggacc tggtggttac 2280 ggacct geEemEP2005/007968
gttcaggagg attttacgga cctg@aggtt cagaaggacc ttat ggacct
2340 agtggaactt atggttctgg aggaggatat ggtcctggtg
gt gct ggagg accat at gga 2400 cctggaagtc ctggaggagc
taccaadthat gg@ceditaggaagecadap gaggageld artdapeat agecadeba 2580
tcgcgtgttc ccgatatggt gaatggtata atgagtgcta tgcaaggatc
aataatqtgt IRt HBEIP IV aECeed@at LRICL Bt AataitIfet arebramgac 2640

tattcagtct ttcaggaac atgcaatcca 2580 aataatgtta
saaccatiply ( GATP YoRTGEt1G FrREEPTa FoTPeReL DI er Sy hac CAE0
gragga#B40. geatgatcat, cttttgeacc ttctccaact ccggetgeta .
t'gagtgcgta ttctaattct 2700 gtaggaagaa tgttcgctta ttaa
2724 <210> 18 <211> 52 <212> DNA <213> Artificial
<210> Sequence <220> <223> synthetic oligonucl eoti de <400>
18 gat cgaggag gatccatggg acgaattcac ggct aat gaa
<211> ZEcttactgc ac 52 <210> 19 <211> 52 <212> DNA <213>
Artificial sequence <220> <223> synthetic
6WPgonucIeotide <400> 19 agctgtgcag taagctttca

<213> WROACYLPAALLGQt ccca tggatcctce tc 52 <210> 20

<212>

<220>

<223> synthetic oligonucleotide

<400> 18

gatcgaggag gatccatggg acgaattcac ggctaatgaa agcttactgce ac 52
<210> 19

<211> 52

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 19

agctgtgcag taagctttca ttagccgtga attcgtccca tggatcctece tc 52
<210> 20

<211l> 72

<212> DNA

<213> Artificial sequence

<220>
<223> synthetic oligonucleotide

<400> 20
tcecgtacgge ccaggtgcta gcgccgcagce ggcagcggct ggtggctacg gtcecgggetce 60



<211> 72 <212> DNA <213> Artificial sequence <220>
<223> synthetic oligonucl eotide <400> 20 tccgtacggc

W@ e@gQgbg)6s a gcgccgcage ggcagcgget ggt ggct acg gPCT/BBIOS/A07968

60t ggccagcag gg 72 <210> 2B2<211> 72 <212> DNA <213>
Artificial sequence <220> <223> synthetic
tggccageby g@nucl eoti de <400> 21 ctgctggcca gagcccggac 72
cgtagccacc agccgctgcecc gctgecggecge tagcacctgg 60
ccgtacgga cc 72 <210> 22 <211> 60 <212> DNA <213>
<210> tificial sequence <220> <223> synthetic
g%igonucleotide <400> 22 tccgggccag cagggcccgg
gl caacaggg tcctggccag caaggtccgg gccagcaggg 60 <210>
<212> #Ra<211> 60

<211>

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 21
ctgctggcca gagcccggac cgtagccacc agccgectgcec gectgeggege tagcacctgg 60
gccgtacgga cc 72
<210> 22
<211> 60

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 22

tccgggeccag cagggcccgg gtcaacaggg tcectggccag caaggtceccgg gcecagcaggg 60
<210> 23

<211> 60

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 23

ctgctggccc ggaccttgct ggccaggacc ctgttgaccc gggccctgct ggcccggacce 60
<210> 24

<211l> 105



w@omeobdigtt ggccaggacc ctgttgaccc gggcecctgcet gRC/EBDBRG07968

<212> DNA <213> Artificial sequence <220> <223>
synthetic ol igonucl eoti de <400> 23 ctgctggccc

60 <210> 24 <211> 105<212>8BNA <213> Artifici al
sequence <220> <223> synthetic ol igonucl eoti de <400>

<212> ZWAttctagcgcg gctgcagccg cggcagctgc gtccggcecccg
gtggftacg gtccggaaaa 60 ccagggtcca tctggcccgg

<213> gfgctcaéygeeetYygcggt ccggg 105 <210> 25 <211> 105
<212> DNA <213> Artificial sequence <220> <223>
synthetic ol igonucl eoti de <400> 25 cggaccgcca

<220> ggaccgtagc cacccgggcc agatggaccc tggttttccg gaccgtagcc
60 acccgggcecg gacgcagctg chcggctgc agccgcgcta gaacc

<223> Hbtke210>0RGgomXhtat 3 <212> DNA

<400> 24

ttctagecgeg gctgcagcecg cggcagcectge gtcecggcceg ggtggctacg gtccggaaaa 60

ccagggtcca tctggccegg gtggctacgg tcctggeggt ccggg 105

<210> 25

<211> 105

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic oligonucleotide

<400> 25

cggaccgcca ggaccgtagc cacccgggcc agatggaccc tggttttceccg gaccgtagec 60

acccgggccg gacgcagctg ccgcggctgce ageccgcecgeta gaacc 105

<210> 26

<211> 36

<212> DNA

<213> Artificial sequence

<220>

<223> Primer

<400> 26

gaaaaaccat gggtgcggct tctgcagctg tatctg 36

<210> 27

<211> 45

<212> DNA

<213> Artificial sequence



<213> Artificial sequence <220> <223> Priner <400> 26
gaaaaaccat gggtgcggct tctgcagctg tatctg 36 <210> 27
W 2MEm08a63 <212> DNA <213> Artificial sequence<CCREB2095/007968
<223> Primer <400> 27 gaaad&aagc tttcattagc cagcaagggc
ttgagctaca gattg 45 <21 O 28 <211> 34 <212> DNA <213>
Artificial Sequence <220> <223> Prinmer <400> 28
gaaaaaccat gggagcatat ggcccatctc cttc 34 <210> 29
<211> 45 <212> DNA <213> Artificial sequence <220>

<223> Eggl%% Pri nmer

<220>

<400> 27

gaaaagaagc tttcattagc cagcaagggc ttgagctaca gattg 45
<210> 28

<211> 34

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 28

gaaaaaccat gggagcatat ggcccatctc cttc 34
<210> 29

<211> 45

<212> DNA

<213> Artificial sequence

«<220>

<223> Primerx

<400> 29

gaaaagaagc tttcattagc ctgaaagagc ttggctaatc atttg 45
<210> 30

«211> 12

«212> PRT

<213> Artificial sequence

<220>
«223> T7 tag
<400> 30

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



<400> 29 gaaaagaagc tttcattagc ctgaaagagc ttggctaatc
atttg 45 <210> 30 <211> 12 <:212> PRT <213> Artificial
WG e@paeosies <220> <223> T7 tag <:400> 30 Met Al aPCGPEPIB#/007968
Thr Ay Gy Gn @n Mt A$5Args 10 <2 10 31 <211> 216
<2 12> PRT <2 13> Arti f i cial sequence <220> <223>
1 Fl agN-NR5<4 00> 31 Ay Gt Ser Ser Ay Gy Asp Val dAn
Arg Lys Thr Asn Val lie Ser 1 5 10 15 Asn Ala Leu Arg
n Ala Leu Met Ser Thr Thr Gy Ser Pro Asn Gu 20 25
Gu Phe Val Hs Gu Val Gn Asp Leu lie Gn Mt Leu
211> Ak Gn Gu 35 40 45 GAn lie Asn Gu Val Asp Thr Ser
Gy Pro Ay Gn Tyr Tyr Arg Ser 5 0 55 60 Ser Ser Ser
<212> G@ry Gy Gy Ay Ay Gy Gn Gy @y Pro Val Val Thr

<210>

<213> Artificial sequence

<220>

<223> FlagN-NR

<400> 31

Gly Glu Ser Ser Gly Gly Asp Val Gln Arg Lys Thr Asn Val Ile Ser

1 5 10 15

Asn Ala Leu Arg Asn Ala Leu Met Ser Thr Thr Gly Ser Pro Asn Glu
20 25 30

Glu Phe Val His Glu Val Gln Asp Leu Ile Gln Met Leu Ser Gln Glu
35 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 90 95

Gly Ala Gly Pro Ser Gly Thr Gly Gly Tyr Ala Pro Thr Gly Tyr Ala
100 105 110

Pro Ser Gly Ser Gly Ala 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 Ile Ala Pro Gly Gly Ser Asn Ser Gly Gly Ala Gly Val Ser Gly
165 170 175



65 70 75 80
dy Ay Gy
W@ER006/0081653 Yy

Thr Leu Thr Val Thr Val Ay Gy Ser
Pro Ser 85 90 95 Gy Ala Ay Pro Ser
Tyr Ala Pro Thr Ay Tyr Al a 1P01/EB%HH05/007968
110 Pro Ser Ser Ay Al&6 3y Gy Val Arg Pro Ser
Ala Ser Gy Pro 115 120 125 Ser Gy Ser Ay Pro Ser
Ala ThiGEyy @ly Ber Abg pePr ee:Seiy Ser Ber GGF yprer 61v136r 3% 140
Ser @8 Thr Arg Pro SéB5Pro Asn Gy A &%Ser Ay Ser
Ser Pro Ay 145 150 155 160 Gly lie Ala Pro Ay Ay

aly GlyT‘?ﬁr @r éy pﬁoysei\l N, G’i‘yg Y P%:r ay Gg5 70 175AI a

oLYT

Ser Thr 180 185 190 Gly Ay Thr Tyr y Pro Ser Gly

Gy Ser Gu Pro Phe Ay Pro Gy 195 200 205 val Ala

val ala@syy @y Proo 1¥yrsederrdro 210 215 <210> 32 <211> 648
210<212> DNA <213=1Artificial Sequence <220> <223>

FIl agN- NR <400> 32 ggcgaaagca gcggaggcga tgtgcaacgc

QOOO
<< S Cc

agaaccaacg ttatctccaa cgctttgaga 60

<210>

<211> 648

<212> DNA

<213> Artificial Sequence

<220>

<223> FlagN-NR

<400> 32 ,

ggcgaaagca gcggaggcga tgtgcaacgc aaaaccaacg ttatctccaa cgctttgaga 60
aacgccttga tgtctacaac aggcagccca aacgaagagt tcgtccatga agttcaagac 120
ctcatccaga tgttatctca agaacagatc aacgaggtag atacttcagg accagggcag 180
tactacaggt cgtcttcttc cggtggagga ggtggaggac aaggaggtcc tgtagttact 240
gaaacactga ccgttacagt tggcggatcc ggtggaggge aaccttcagg tgcaggtcct 300
agtggtacag gtggatatgc accaactgga tacgccceccaa gcggctcagg tgcaggtggce 360
gttcgaccta gtgcctcecgg tccaagtggt agtggaccta gtggtggatc tcgtcectagt 420
agtagtggac ctagtggaac tcgtcccagce cctaatggtg caagtggatc tagccctggt 480
ggtatcgcac ctggtggatc caattctggt ggtgctggag tatccggegce aactggagga 540
cctgcatcca gcggctceccta cggaccagga agtacaggtg gaacatatgg acctagtgga 600
ggaagtgaac ctttcggacc aggagtggct ggaggaccat acagccca 648
<210> 33

<211l> 93

<212> PRT

<213> Artificial sequence

<220>

<223> FlagC-NR



aacgccttga tgtctacaac aggcagccca aacgaagagt tcgtccatga
agttcaagac 120 ctcatccaga tgttatctca agaacagatc
w@amgagtag at acttcagg accagggcag 180 tact acagetT/EP2005/007968
cgtcttcttc cggtggagga ggt ggaggac aaggaggtcc tgtagttact
240 gaaacactga ccgttacagt tggcggatcc ggtggagggc
aaccttcagg tgcaggtcct 300 agtggtacag gtggatatgc
<400> Fécaact gga tacgccccaa gcggctcagg tgcaggt ggc 360

tt t t t t t ggt t t t
Sly MaPGHT Aut o 390 SRG1 ARGt UUnc CHOL HORsE CRgt EReagE

cctaatggtg caagtggatc tagccctggt 480 ggtatcgcac
ctggtggatc caattctggt ggtgctggag tatccggcgc aact ggagga
Met serbAlh 0ot geiat 6CR sgegPGt 66d As80GACECHYYRL agHeacngalsg
gaacawat gg acct agt gga2600 ggaagt gaac ciatcggacc
aggagt ggct ggaggaccat acagccca 648 <210> 33 <211> 93
<212> PRT <213> Artificial sequence <220> <223>
Met LeurPeryCINRRA 650 58T FXE JeACRY T FYF 2PP 5 SePSSEF Arg Val
PPd Asp Met Val Astf Gy lie 1 5 10%5 Met Ser Ala Met
Gn dy Ser Ay Phe Asn Tyr A n Met Phe Gy Asn 20 25
Val asm3PaMeleu Liglt 1§§5§ AganLe-[xyLe@%rlaSﬁra €9Y H@grc}g MeJréErq/S Asn
50 Pro Asn Asn 35540 45 Val Asn VakolLeu Met Asp Ala Leu
Leu Ala Ala Leu His Cys Leu Ser 50 55 60 Asn Hs Ay

Ser Ser Ser Phe Ala Pro Ser Pro Thr Pro Ala Ala Met 65
Asn His7gly/§e803er Ser Phe Ala Pro Ser Pro Thr Pro Ala Ala Met

‘65 70 75 80

Sexr Ala Tyr Ser Asn Ser Val Gly Arg Met Phe Ala Tyr
85 90

<210> 34
<211l> 279
<212> DNA

<213> Artificial sequence

<220>

<223> FlagC-NR

400 4
;gthtt:tt atcctagctce gegtgttcece gatatggtga atggtataat gagtgcectatg 60
caaggatctg gttttaacta ccaaatgttt ggtaatatgc tatcacaata ttcgtctggt 120
tcaggaacat gcaatccaaa taatgttaat gttttgatgg atgctttgtt agctgctttg 180
cactgtctaa gtaaccacgg atcatcatct tttgcacctt ctccaactcc ggctgctatg 240
agtgcgtatt ctaattctgt aggaagaatg ttcgcttat 279
<210> 35

<211> 27

<212> PRT

<213> Artificial sequence



Ser Ala Tyr Ser Asn Ser Val Gy Arg Met Phe Ala Tyr 85
90 <210> 34 <211> 279 <212> DNA <213> Artificial
weeneemsies <220> <223> Fl agC- NR <400> 34 ggt gct PER/EP2005/007968
atcctagctc gcgtgttccc gat asggt ga at ggtataat gagtgctatg
60 caaggatctg gttttaacta ccaaatgttt ggtaatatgc
<220> tatcacaata ttcgtctggt 120 tcaggaacat gcaatccaaa
taatgttaat gttttgatgg atgctttgtt agctgctttg 180
<223> Madtlgt Bt aa gtaaccacgg atcatcatct tttgcacctt ctccaactcc
<400> ? ctgctatg 240 agtgcgtatt ctaattctgt aggaagaatg
cgcttat 279 <210> 35 <211> 27 <212> PRT <213>

aly prdfbly GheiAla S8AYEDCHET220> c7923R \th <400%195 Ay

1 y P Pro}LGIg SGIay %Iyqa ?Sly Glggr%% Tfr&%dy groaquag Al a
Gy Gy 1510 15 Pro Tyr Ay Pro Gy Gy Ala Jy Qy
Pro Tyr 20 25 <210> 36 <211> 81

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
ggtccecgggeg gtgcectggcecgg tceccgtacggce cctggtggecg caggtgggcce atatggtcecg 60

ggcggtgegg gcggtccegta c 81

<210> 37
<211> 28
<212> PRT

<213> Artificial sequence

<220>"

<223> Module sp

<400> 37

Gly Gly Thr Thr Ile Ile Glu Asp Leu Asp Ile Thr Ile Asp Gly Ala

1 5 10 15

Asp Gly Pro Ile Thr Ile Ser Glu Glu Leu Thr Ile
20 25

<210> 38

<211> 84



<212> DNA <213> Artificial sequence <220> <223> Mdul e
K <400> 36 ggtccgggcg gtgctggcgg tccgtacgge cctggtggceg
w@a@giggerc at atggtccg 60 ggcggt gcgg gcggt ccgt BCTEBH05/007968

<210> 37 <211> 28 <212> PR®%9<213> Artificial sequence
<220> <223> Modul e sp <400> 37 Ay Gy Thr Thr lie lie

<212> @hal Asp Leu Asp lie Thr lie Asp Gy Ala 1 5 10 15 Asp
Gy Prolie Thr lie Ser Qu GQu Leu Thr lie 20 25

<213> 2phBicByl £pguen®4<212> DNA <213> Artificial sequence
<220> <22 3> Modul e sp <400> 38 ggtggcacca ccatcattga
agat ctggac atcactattg atggtgcgga cggcccgatc 60

<220- Acgatctctg aagagctgac catc 84

<223> Module sp'

<400> 38
ggtggcacca ccatcattga agatctggac atcactattg atggtgcgga cggcccgatc 60
acgatctctg aagagctgac catc 84
<210> 39
<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> Module X
<400> 39

Gly Gly Ala Gly Gly Ala Gly Gly Ala Gly Gly Ser Gly Gly Ala Gly

1 5 10 15
Gly Ser

<210> 40

<211> 54

<212> DNA

<213> Artificial sequence

<220>

<223> Module X

<400> 40
ggtggcgctg gtggcgccgg tggcgcaggt ggctctggeg gtgegggegg ttcee 54
<210> 41

<211> 30



<210> 39 <211> 18 <212> PRT <213> Artificial Sequence
<220> <223> Module X <400> 39 Ay Gy Ala dy Gy Al a
WGERoosi6A a Gy Gy Ser Ay Ay Ala Ay 1 5 18C1/BEPI8)F007968

Ser <210> 40 <211> 54 <212%0DNA <213> Artificial
sequence <220> <223> Mddul e X <400> 40 ggtggcgctg

<212> @kB0cgccgg tggcgcaggt ggctctggeg gtgcgggegg ttce 54
<210> 41 <211> 30<212> PRT <213> Artificial sequence

<213> R22(cxP23zqbdel e Y <400> 41 Gy Pro Ay Ay Ala Gy

Pro Gy Gy Tyr Ay Pro Gy Gy Ser Ay 1 5 10 15

<220>

<223> Module Y

<400> 41

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

1 5 10 15

Pro Gly Gly Tyr Gly Pro Gly Gly Ser Gly Pro Gly Gly Tyr
20 25 30

<210> 42
<211> 90
<212> DNA

<213> Artificial sequence

<220>
<223> Module Y

<400> 42
ggtcegggeg gtgcgggece aggtggctat ggtcecgggeg gttetgggee gggtggctac

ggtcctggeg gttceggece gggtggctac

<210> 43
<211> 32
<«<212> DNA

<213> Artificial Sequence

<220>

<223> PCR-Primer

<400> 43

gaaaaaccat gggcgaaagc agcggaggcg at
<210> 44

<211> 36

60

90

32



Pro Ay Ay Tyr Ay Pro Gy Ay Ser Gy Pro Ay Gy
Tyr 20 25 30 <210> 42 <211> 90 <212> DNA <213>
wa\dosPosabal sequence <220> <223> Mdul e 'Y <400pCHRP2005/007968
ggt ccgggcg gtgcgggecc aggtggctat ggtccgggeg gttctgggec
gggt ggctac 60 ggtcctggcg gttccggeccc gggtggctac 90
212> DRA0> 43 <211> 32 <212> DNA <213> Artificial Sequence
<220> <223> PCR-Prinmer <400> 43 gaaaaaccat gggcgaaagc
<213> AageggaggcGeaterd2 <210> 44 <211> 36<212> DNA <213>
Artificial Sequence <220> <223> PCR-Prinmer <400> 44
gaaaagaagc tttcattagc ctgggctgta tggtcc 36

<220>

<223> PCR-Primer

<400> 44
gaaaagaagc tttcattagc ctgggctgta tggtcc 36
<210> 45
<211> 33

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR-Primer

<400> 45
gaaaaaccat gggtgcttat tatcctagct cgc 33
<210> 46
<21l> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> PCR-Primer

<400> 46

gaaaagaagc tttcattagc cataagcgaa cattcttcct ac 42
<210> 47

<211> 90

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic oligonucleotide



<210> 45 <211> 33 <212> DNA <213> Artificial Sequence
<220> <223> PCR-Pri nmer <400> 45 gaaaaaccat gggtgcttat
WO 2d060086Et cgc 33 <210> 46 <211> 42 <212> DNAPGREB2005/007968

Artificial Sequence <220> 4€223> PCR-Prinmer <400> 46

gaaaagaagc tttcattagc cataagcgaa cattcttcct ac 42

<210> 47 <211> 90 <212> DNA <213> Artificial Sequence
<400> 4220> <223> synthetic oligonucleotide<4d 0 0 > 4 7
tecI99EE JPYOFER-GCYFGEETHY HEWGELE G tLEGHYT §HeItergggccolf

tcctggc%%ggﬁécggg%gggggécgg(_gg%ggt t ccggeccgg gt ggct acgg 90 oo

<210> 48
<21l1l> 90
<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic oligonucleotide

<400> 48
gtagccaccc gggccggaac cgccaggacc gtagccaccc ggcccagaac cgcccggacce 60
atagccacct gggcccgcac cgcccggace 920
<210> 49
<211> 84

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic oligonucleotide

<400> 49

tggcaccacc atcattgaag atctggacat cactattgat ggtgcggacg gcccgatcac 60
gatctctgaa gagctgacca tcgg 84
<210> 50

<211> 84

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 50
gatggtcagc tcttcagaga tcgtgatcgg geccgtccecgca ccatcaatag tgatgtcecag 60



<212> DNA <213> Artificial Sequence <220> <223>
synthetic ol igonucl eoti de <400> 48 gtagccaccc
W@2®6/0GIJ6AC cgccaggacc gtagccaccc ggcccagaac CRICDEPI)OT@®7968
60 at agccacct gggcccgcac c@ggccggacc 90 <210> 49 <211>
84 <212> DNA <213> Artificial Sequence <220> <223>
synthetic ol igonucl eoti de <400> 49 tggcaccacc
atcttcaatg sttiogagaygat etqggacat cactattgat ggtgcggacg gcccgat cagr
60 gatctctgaa gagctgacca tcgg 84 <210> 50 <211> 84
<212> DNA <213> Artificial Sequence <220> <223>
§§nthetic ol i gonucl eoti de <400> 50 gat ggt cagc
t,gttcagaga tcgtgatcgg gccgtccgca ccatcaatag tgatgtccag
60atcttcaatg atggtggtgc cacc 84 <2 g> 51 <211> 81

<212> DNA

<210>

<21l>

<213> Artificial Sequence

<220>

<223> synthetic oligonucleotide

<400> 51
tcecgggeggt gectggcecggtcec cgtacggcec tggtggcgca ggtgggccat atggtceccggg 60
cggtgcggge ggtccgtacg g 81
<210> 52
<211> 81

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic oligonucleotide

<400> 52

gtacggaccg cccgcaccgc ccggaccata tggcccacct gegccaccag ggccgtacgg 60
accgccagca ccgcccggac ¢ 81
<210> 53

<211l> 54

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic oligonucleotide

<400> 53
tggegectggt ggegceceggtyg gegecaggtgg ctctggeggt gegggeggtt cegg 54



<212> DNA <213> Artificial Sequence <220> <223>
synthetic ol igonucl eotide <400> 51 tccgggcggt
w@edoggesget ¢ cgt acggecc tggtggcgca ggt gggccat aPQUERIOEE7968
60 cggtgcgggc ggtccgtacg g98l <210> 52 <211> 81 <212>
DNA <213> Artificial Sequence <220> <223> synthetic
<210> 6ki gonucl eoti de <400> 52 gtacggaccg cccgcaccgc
ccggaccata tggcccacct gcgccaccag ggccgtacgg 60
<211> §écgccagca ccgcccggac ¢ 81 <210> 53 <211> 54 <212> DNA
<¢d3> Artificial Sequence <220> <223> synthetic
ol'rgonucl eoti de <400> 53 tggcgctggt ggcgccggtg

<2135 Qggﬁggéﬂge%k%{cggcggt gcgggeggtt ccgg 54<2 10 54 <2 1
1 54°<2 12

<212>

<220>

<223> synthetic oligonucleotide

<400> 54
ggaaccgcce gcaccgccag agccacctge goccaccggcg ccaccagcegce cacce 54
<210> 55

<211> 3238
<212> DNA

<213> Artificial Sequence

<220>

<223> cloning vector pAZL

4 55
Zggggagaag tactagagga tcataatcag ccataccaca tttgtagagg ttttacttgc 60
tttaaaaaac ctcccacacc tccecccecctgaa cctgaaacat aaaatgaatg caattgttgt 120
tgttaacttg tttattgcag cttataatgg ttacaaataa agcaatagca tcacaaattt 180
cacaaataaa gcattttttt cactgcattc tagttgtggt ttgtccaaac tcatcaatgt 240
atcttatcat gtctggatct gatcactgct tgagcctagg agatccgaac cagataagtg 300
aaatctagtt ccaaactatt ttgtcatttt taattttcgt attagcttac gacgctacac 360
ccagttccca tctattttgt cactcttceccc taaataatcc ttaaaaactc catttcecacce 420
cctecccagtt cccaactatt ttgtccgccc acagcggggce atttttcecttc ctgttatgtt 480
tttaatcaaa catcctgcca actccatgtg acaaaccgtc atcttcecggect actttttcectce 540
tgtcacagaa tgaaaatttt tctgtcatct cttcgttatt aatgtttgta attgactgaa 600
tatcaacgct tatttgcagc ctgaatggcg aatgggacgc gccctgtagce ggcgcattaa 660
gcgeggeggg tgtggtggtt acgcgcageg tgaccgcectac acttgccagc gcectagcegce 720
ccgcteettt cgetttette ccttectttc tcgccacgtt cgcecggettt ccecgtcaag 780
ctctaaatcg ggggctcect ttagggttcc gatttagtgc tttacggcac ctcgacccca 840

aaaaacttga ttagggtgat ggttcacgta gtgggccatc gccctgatag acggtttttce 900



<213> Artificial

Sequence <220> <223> synthetic

ol i gonucl eoti de <400> 54 ggaaccgccc gcaccgccag

W@e®eaetyc gccaccggcg ccaccagcgc cacc 54 <210pCBHEP2005/007968
<211> 3238 <212> DNA <213>9rtificial

<223> cloning vector pAZL <400> 55 tgtcgagaag
gccctttigaet agas ctCataaat cag ecaftagaoacactdtrgtagagggddathact t geo

60 tttaaaaaac ctcccacacc tccccctgaa cctgaaacat
cactcazggaatafantIyreamtttgttgs 490-atgrIgqadet ttGIFe attgrgaget
ttacaaat aa agcaatagca tcacaaattt 180

cttataat
attagtiagn AAALHEN T CAITAOTAT RACEOReRT o T5gEedt GOTR TG L cadlld

cgtttaé€§§t§¥%§é§g %4§%6129$J§%t %ﬁ;&?téﬁ?ggsgé%%

gagcct 499 “agat ccganc

cgé; %@EEQQ:%Lat

aaat ct agt t

Sequence <220>

1020

1140

ttttctdab8aaGk 8tdaakt Heatddde talghiGOheald-aged tagat@regEt agaso
360 ccagttccca tctattttgt cactcttccc taaataatcc

aataatdttaas@asimagaidtiacgare d@dhacettcc cagidrceoraacitalctct
ttgtccgccc acagcgggge atttttcttc ctgttatgtt 480

CELELIQIEF AT B EEaf Tt e aRIACEaI Gt G AT GReIPeRd cggeéto

aa tgaaaatttt tct

actttttctc 540 tgtcaca

athtgaatgf‘chta?a%‘-’tgg

agatcctttthJa%‘E@Q@c et &%@EQ&&Q 819902696, ALGEL AL @gc ggcgcat tag,
gcgcggfggg tgtggtggtt acgcgCagcg tgaccgcetac

d24r 668l 6gdddaac@r bt &ddcGea

RO

tgctatdghl @rgags: tgCedicagegsy
ccttcctttc tcgeccacgtt
tacactagtet Graghetyaggefpot taxt

ct cgacccca 840
atggcatgac agtaagagaa

ccaacttact
tgggggatca
acgacgagcg
ctggcgaact
aagttgcagg
ctggagccgg
cctcececgtat
gacagatcgc
actcatatat
agatcctttt
cgtcagaccc
tctgectgett
agctaccaac
tccttectagt
acctcgetcet
ccgggttgga
gttcgtgcac
gtgagcattg
gcggcagggt

tttatagtcc

tctgacaacg
tgtaactcgce
tgacaccacg
acttactcta
accacttctg
tgagcgtggg
cgtagttatc
tgagataggt
actttagatt
tgataatctc
cgtagaaaag
gcéaacaaaa
tctttttecg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagce
agaaagcgcc
cggaacagga

tgtcgggttt

ttatgcagtg
atcggaggac
cttgatcgtt
atgecctgtag
gcttcccgge
cgctcggccc
tctcgcggté
tacacgacgg
gcctcactga
gatttaaaac
atgaécaaaa
atcaaaggat
aaaccaccgc
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttcceg
gagcgcacga

cgccacctet

FYgakt

Fad“ 66 t At

%t cat ct
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cgccggcettt ccccgtcaag 780
tttrgggrdtc cagrmpb eI tgeciterat ggéaed

ctgccataac
cgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ttccggetgg
tcattgcagc
ggagtcaggc
ttaagcattg
ttcattttta
tcccttaacg
cttcttgaga
taccagecggt
gcttcagcag
acttcaagaa
ctgctgccag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcc

gacttgagcg

catgagtgat
aaccgctttt
gctgaatgaa
aacgttgcgce
agactggatg
ctggtttatt
actggggcca
aactatggat
gtaactgtca
atttaaaagg
tgagttttecg
tcctttetttt
ggtttgtttg
agcgcagata
ctctgtagca
tggcgataag
gcggtcgggce
cgaactgaga
ggcggacagg

agggggaaac

tcgatttttyg

aacactgcgg
ttgcacaaca
gccataccaa
aaactattaa
gaggcggata
gctgataaat
gatggtaagc
gaacgaaata
gaccaagttt
atctaggtga
ttccactgag
ctgcgegtaa
ccggatcaag
ccaaatactg
ccgcétacat
tcgtgtctta
tgaacggggg
tacctacagce
tatccggtaa
gcctggtatc

tgatgctecgt
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aaaaacttga ttagggtgat ggttcacgta gtgggccatc gccctgatag
acggtttttc 900gccctttgac gttggagtcc acgttcttta

w@ar@gioggexrt cttgttccaa actggaacaa 960 cact caacBCI/EP2005/007968

tatctcggtc tattcttttg attt@baagg gattttgccg atttcggcect
1020 attggttaaa aaatgagctg atttaacaaa aatttaacgc
gaattttaac aaaatattaa 1080 cgtttacaat ttcaggtggc
cagggggagmtQaUeggﬁgggEﬁﬁaagQstg THQGagETCC EL it pedd tacctbyder 2880
ttttctaaat acattcaaat atgtatccgc tcatgagaca ataaccctglc

tetgctoggadttgEIt eI A - Attt %ﬁgtcgt%ﬁatﬁaa@fgtgé@t%‘gﬁ I gage e
ttca ttt c tcgec cttattcect 126 C
araceack A BTt TSP g St oast ey Taeaar ot B8y ey
agtcagté§@fbgé§§4é?a%9§3&%g£§e%%t %Q%c&&‘t@c gt GGt *a@&é?slt%g@t 3060
actggatctc aacagcggta 1380 agatccttga gagttttcgc
geggtatEeC gaagapaggtddayecnat gaicgageachatdghasagubectdbddda 3120
tgctatgtgg cgcggtatta tcccgtattg acgccgggca agagcaactc
taaatggggﬁ(ﬂjéé@ﬁ&iaiaiﬂsgﬁ%&EQEt%399601%E§ga%ﬁﬁfééa%ﬁ:§§$4%§ag§a 3180
actcacca cacagaaaag catcttacgg 1560 atggcat gac
tagatcozdy £9§3 ét?t%ﬁa %%agtttg 9§EE%latt§agaa@§tt§%‘fgrt égfcaag tact geotf
1620 ccaacttact tctgacaacg atcggaggac cgaaggagct
aaccgctttt ttgcacaaca 1680 tgggggatca tgtaactcgc
cttgatcgtt gggaaccgga gctgaatgaa gccataccaa 1740
acgacgagcg tgacaccacg atgcctgtag caat ggcaac aacgttgcgc
aaactattaa 1800 ctggcgaact acttactcta gcttcccggc
aacaattaat agactggatg gaggcggata 1860 aagttgcagg
accacttctg cgctcggccc ttccggetgg ctggtttatt gctgataaat
1920 ctggagccgg tgagcgtggg tctcgeggta tcattgcagce
act ggggcca gatggtaagc 1980 cctcccgtat cgtagttatc
tacacgacgg ggagt caggc aact at ggat gaacgaaata 2040
gacagat cgc tgagataggt gcctcactga ttaagcattg gtaactgtca
gaccaagttt 2100 actcatatat actttagatt gatttaaaac
ttcattttta atttaaaagg atctaggtga 2160 agatcctttt
tgataatctc atgaccaaaa tcccttaacg tgagttttcg ttccactgag
2220 cgtcagaccc cgtagaaaag at caaaggat cttcttgaga
tcecttttttt ctgcgcgtaa 2280 tctgctgcectt gcaaacaaaa
aaaccaccgc taccagcggt ggtttgtttg ccggatcaag 2340
agctaccaac tctttttccg aaggtaactg gcttcagcag agcgcagat a
ccaaatactg 2400 tccttctagt gtagccgtag ttaggccacc
acttcaagaa ctctgtagca ccgcctacat 2460



acctcgctct gctaatcctg ttaccagtgg ctgctgccag tggcgat aag
tcgtgtctta 2520 ccgggttgga ctcaagacga tagttaccgg
wa@r@aggeaera gcggt cgggc tgaacggggg 2580 gtt cgt gRE/EP2005/007968
acagcccagc ttggagcgaa cgacofacac cgaactgaga tacctacagc
2640 gtgagcattg agaaagcgcc acgcttcccg aagggagaaa
ggcggacagg tatccggtaa 2700 gcggcagggt cggaacagga
gagcgcacga gggagcttcc agggggaaac gcctggtatc 2760
tttatagtcc tgtcgggttt cgccacctct gacttgagcg tcgatttttg
tgat gct cgt 2820caggggggcg gagcct at gg aaaaacgcca
gcaacgcggc ctttttacgg ttcctggecct 2880 tttgctggcec
ttttgctcac atgttctttc ctgcgttatc ccctgattct gtggataacc

ccgaacgacc gagcgcagcg 3000 agtcagtgag cgaggaagcg
gaagagcgcc tgatg ta.ttttctcctt acgcatctgt 3060
gcggtatttc acacc %@H*EEﬂba% ?&ﬂk£5§EW§gcaa aat cggttac
ggtt gagtaa 3120 taaatggatg ccctgcgtaa gcgggt gt gg
gcggacaat a aagtcttaaa ctgaacaaaa 3180 tagat cgagg
aggat ccat g ggacgaattc acggctaatg aaagcttact gcacagct
3238Reconbi nant spider silk proteins 1. A reconbi nant
1. APeEShbihhtspRIcPifd &ommﬁmgi a) one or nore
synthetic repetitive spider silk protein sequences,
and / or b) one or nore authentic non-repetitive
spider silk Bqteintﬁe uences, 2..The recogg&g nt
8hPile mg?rfﬁy%r SR BI CeP IR PToksAT FaHi 28 zlﬁ’énces
8) enél@ithyr@Gufhieiie 6¢H-EpEtitiNeapidensillppoteh Bequkhewd) t he
maj or anpul | ate gl and and/or from proteins derived
fromthe flagelliformgland. 3. The reconbi nant spi der
2. %L, %ec%ﬁ%‘ir%np \s/;gtiercglﬁtle&bt]elrplif glai le(vﬁgx%nt H}% s@ﬁﬁéﬁg&t A€ derived from
non-repetiti sequences are derive i omthe am no
spider draghfmpdotaienfro@pbe intajoreammdiacnglafid agdbt frbor propiot ddrive) from the
.and/ qor the carboxy term nal non-repetitive region
ﬂagdh(?Wég@F¥iforn1and dragline proteins) of a naturally
occuring spider silk protein. 4. The reconbi nant
spider silk protein of claim3, wherein the authentic
3. dberecopdinant spdeaiienetein f adaui T bed, whereindbe atibenitkapin-repetitive

e S AR P B b B O g i
and/or Fhe TH®ok P aiIhAandn-fepbE®Ve Bddidn RALLMIBrRf andNra@lindPr&eins) of a

of claims 1 - 4, wherein the dragline
naturally occuring spider silk protein.

4. The recombinant spider silk protein of claim 3, wherein the authentic non-repetitive
sequence is modified in order to adapt said sequence to expression in a host and preferably is

SEQID NO: 14, 15, 32 and 34 or a variant thereof.

5. The recombinant spider silk protein of one or more of claims 1 ~ 4, wherein the dragline
and/or flagelliform proteins are selected from dragline or flagelliform proteins of orb-web

spiders (Araneidae).

6. The recombinant spider silk protein of claim 5, wherein the dragline proteins are derived

from Araneus diadematus and the flagelliform proteins are derived from Nephila clavipes.



and/or flagelliformproteins are selected from
dragline or flagelliformproteins of orb-web spiders
W@ 2o0oanasidae) . 6. The reconbi nant spider silk proOL/EPI0®007968
claimb5, wherein the dragl 98%e proteins are derived
from Araneus di adematus and the flagelliform proteins
are derived from Nephila clavipes.7. The reconbi nant
spider silk protein of one or nore of clainms 1-6,
wherein the dragline proteins are wild type ADF-3,
ADF-4, MaSp | or MaSp Il and the flagelliformprotein
7. The reonmbimant Fpider silfoptstaimef ospdatore of klainoi i, whsfeinie dragline

protcinQly BiERBL ABAATROE-LANNEr 5o 1R 030 HARIBLS BHh & FLAG

SEQID NO 2 or the flagelllform proteln is SEQ I D NO
Flag-N) and/or SEQ ID NQO 7 (Fla or _a vari ant
8. tTII?Erf%‘ES)F“bl@am hider glopistsyant 0§‘foi°6|€i0r§i0f klaipgd & vhsreipifee dragline
protemqg ADES cho&écﬁbﬁ %%%D N‘@ﬁF Sldlod RBFSY RhARikl %P, ]]3% ID NO:2 or the
repetitive sequences conprise one or nore polyalanine
flagellitomt piordimgs SEQsHMSNQ: 8 &flagrdesnd/AG0SEQhED Ng2:onigFlagit), or a variant
fspi der silk protein of claim9, wherein the
thereof ) yal ani ne cont ai ni ng consensus sequence is derived
from ADF-3 and has the am no acid sequence of SEQ ID
NO: 3 (nodule A) or a variant thereof. 11. The
9. e oedombamant §lplddre$'llksri>t1ot@npp6@@ or wbreopfeclaimsniBewbereintibe synthetic
repetmee gqulnccgg Icémg ésrel Q/ng T ﬁoerle ng\%&ﬁglsr%né ¥n| 1(1: y crzoseggslblgn Ie\églences
rmre repeats of the am no acid sequence of SEQ I D NG
or _a varl ant thereof. 12. The reconbi nant
10. Jb? oréieorgblpkntp%@%. slkoproggie fr clawh & oyheseinj the mlyalanine containing
r
consen%ﬁr%:s @%&ﬁ% Fk:d%%(@?i%trﬁ ;Arl]jﬁgr%h %% Q&e}iﬂyg'aglgts%%%é §?§I§Q ID NO: 3
(modul¢ld or ecarrmtribertofspi der si | k protein of claim 12,
wherein the synthetic repetitive sequence is (AQ 12 ,
(AQ24 , (QAQ8 or (QAQ ,6. 14. The reconbi nant
1. Bk 9&onHindatr BFiaEEdik &Bteﬁf‘@f e SONEreQf the BilBdidg dBims, wherein the
wherein the synthetic repetitive sequence is derived
synthetfq spettDR- stquenge o@dpn\resiefsomrfeDBfB amlrcwmmpeabse of mpherepeats of the

amino G0 PawBechuREa) 80 R rrle bR Psi " °

protein of claim14, wherein the synthetic repetitive
sequence is G 6 or C32 . 16. The recanbi nant spider
12, Jibp geqepbinanhspiflerowlk pspteirppfeongformpre of slagas fd | cwhengi the synthetic

repetltlwgéq%leﬁ]ce Jaglpnses one or more of (AQ) and/or (QAQ) as repeat units.

13" The recombinant spider silk protein of claim 12, wherein the synthetic repetitive

sequence is (AQ)12, (AQ)s, (QAQ)s or (QAQ)ss.

14.  The recombinant spider silk protein of one or more of claims 1-13, 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: § (module C) or a variant thereof.



synthetic repetitive sequence is derived froma
flagelliformprotein and is nodule K (SEQ I D NO 35),
wonadlasisp (SEQ | D NO 37), nodule X (SEQ | D NexT/BB3005/007968
and nodule Y (SEQ ID NO 43y. 17. The reconbi nant
spider silk protein of claim16, which is Y8, Yi , X,
X, K-s, or Ki6. 18. The reconbi nant spider silk
protein of one or nore of the preceding clains wherein
in@e, I N§,eC e
15. tﬂgr@ nﬁé@gmbﬁﬁﬁ 5%@9”@?11%}5}5&%0 ﬁgS{Ial(%Aé)& %}%&h the %m?ﬁétﬁ repetitive
sequenéﬂﬁNRéfoo€3vC32NR4 (QAQ 8, (QAQ 16, (AQ 12 , (AQ) 24,
Cl6 or C32 . 19. A nucleic acid sequence, coding for a
reconbi nant spider silk protein of one or nore of
16.  qheiré®mibidand spidek sith pMBRIPHF oo UTRIE pRRediRE claims, wherein the
nucl ei ¢ acid sequence of claim19 and which preferab
synthetigsregefiti xeegtapennn 18 ierieddofipmga Vegelbforof prefey a e:srmsé@ell%(SEQ ID
haht,t her eof .
no: 39\ hne St OARIL A DES AL (bR ) 803 s s oo
41). claim 19 and one or nore regul atory sequences. 22. The
vector of clainms 20 or 21, which is a plasmd or a
viral vector, preferably a bacul ovirus systemor a
17.  REGEdBhbid E%d%%ﬁk?ﬁot%ﬁ%@ﬂ%m%% whichqsY,, Wi %0 308, or K¢
been transformed w the vector of any of clarns
20-22. 24. The host of claim23, which is a

18. %rhgg%ro%na@ééplpp g SUB-I‘;P‘T p 81%%orogqﬂée ﬁflo@f: Py ce%glc}lﬁl% wherein the
complemlreébmlﬁnme%a&y@nk CproRlids: cérpridd&ohiRsih @Agbgmm 2®AQ)16NR3

ch is a mammalian cell, plant cell, yeast cel

(AQ)nvb1R3s HSQRINR B C16NRH oriBeNR4 Q)xn(Q/éQDm,de(Blla(/hQD?, Cm or Cs.
which is a CHO, COS, HelLa, 293T, HEH or BHK cell. 29.
The host of claim27, which is a yeast cell. 30. The

19. hosicléit acldadequelle, skdinphfor 3 r&ametiaim Ryides sillepedis bdene or more of
Schi zosaccharonyces ponbe, Pichia pastoris, Candida

claims 3t1§; cans, Hansenul a pol ynorpha. 31. The host of claim
27, mhereln the insect cell is selected from
Lepi doptera insect cells, preferably from Spodoptera

20. A ugit@ewtiachawehprisenthd nudbiepicidsieguerice 082laimH@ dndsthidf preferably is

denveqqér@hrtr\]ae? égni\ggﬁgagp oft 12. é (r)]rs 515(5 I[S(?\llg): éSS oraa \%cngant t ferze]c')f or

21.  An expression vector, which comprises the nucleic acid sequence of claim 19 and one or

more regulatory sequences.

22.  The vector of claims 20 or 21, which is a plasmid or a viral vector, preferably a

baculovirus system or a vaccinia virus vector system.
23. A host, which has been transformed with the vector of any of claims 20-22.
24.  The host of claim 23, which is a prokaryotic cell.

25. The host of claim 24, which is E.coli or Bacillus subtilis.



33. The host of claim 27, wherein the plant cell is
derived fromtobacco, potato, corn, pea and tonato.
w@2006808168% hod of aggregati on of spider silk pre¢tBEP®NS/007968
conprising the followi ng sti®ps: a) preparing a protein
sol ution containing unoriented spider silk proteins as
defined in one or nore of clains 1-17; b) exposing the
solution prepared in a) to an aggregation trigger; and
c) recovering the precipitated spider silk proteins.
35. The nethod of claim 34, wherein the spider silk
phehestef claurdd; whish dpa aykagyaticsebduced by transf or ni ng
a suitable host of one or nore of clains 23 to 33 with
a vector of claim20-22 or a nucleic acid of claim 19,
27.  dhdhestpf elrgn 3¢, whiehspa chemnsdliak cpll,qtl@itmellinaest cslliot abinsect cell.
condi tions. 36. The nethod of claim 34 or 35, wherein
the aggregation trigger is selected from
28. &6k Habdik@tah@en oPERIERablNich & ACPid, @foRhuta, 93T, HEH or BHK cell.
pot assi um phosphat e and mechani cal’ stress, preferably
rotating the protein solution and applying shearing

rces. 3.7, e hod of one or nore of clains 34- 36,

' &ﬁ?@ﬂaPéFPHSEQC%ﬁ%Eﬂ%%%“?h%ﬂ%tep of spinning said

proteins provided in step a) or recovered in step c)

into filanents, nanofibers and threads b% a suitable
30. - Reehedt o claigyy 4, mdng—h i Saechazemyggscepgvisigee Schizosaccharomyces pombe,
e [ . [ [ or nore of the
I%dua%%g%gdgﬁgﬁg{%?%émgﬁmﬁﬁ%hpﬁg¥ﬁﬂgﬁﬂgiotechnology and/ or
medi ci ne. 39. Use of the proteins/threads as defined

[ ne or nore_of the preceding clajins for the,. .

31. ﬁgﬁglf)étc‘i‘f{ﬁ]@”b%mhﬁamc dngest gl Eo%?i:‘?‘éf‘&ef?%‘?s'tf‘é’f&qpte&%).‘nse“ cells,
NSrdhe e RrdaOnd e TREMSAGHARE Of suture

preferaﬂr;glt reri gpgéopgér%rﬁk%ﬁpgr L?Sg of clai mrﬁ%ﬁ V\],her ein the
suture material is intended for use in neurosurgery or

2. OBe PRt r B L BhrisiBe eSfadh i LSuh SRy S G e

manuf acture of replacenent nmaterials, preferably

artificial cartilage or tendon materials. 43. Use of
33.  {lhe hpstof elaiis 27 hvbereis the plyat ¢allag dpmvegifeom tolmsea pefato, corn, pea and
clainms 1- 17 in the manufacture of autonotive and

tomato. .
aircraft parts.

26.

(o)}

2

\O

34. A method of aggregation of spider silk proteins, comprising the following steps:
a) preparing a protein solution containing unoriented spider silk proteins as defined in one
or more of claims 1-17,;
b) exposing the solution prepared in a) to an aggregation trigger; and

¢) recovering the precipitated spider silk proteins.

35.  The method of claim 34, wherein the spider silk proteins used in step a) are produced by
transforming a suitable host of one or more of claims 23 to 33 with a vector of claim 20-22 or a

nucleic acid of claim 19, and expressing the spider silk protein under suitable conditions.



44. Wund cl osure or coverage systens, suture
materials, replacenent materials, preferably
wa@edochosibal cartilage, tendon materials, aut onBCT/ER2005/007968
parts or parts used in thel@ircraft construction,
whi ch conprise a thread/ protein of one or nore of
clains 1-17 or which are obtainable by a nethod of one
or nore of clainms 33-36.45. A paper product,
36. Qaephehbdgofachasoiionadd, wherder tied hikgrpgaioni mrigglr dfesetacted from
nmore of clainms 1-17. 46. A textile or Ieather6$roduct

acidificaiompr prsfasgply Pet i dfaphous ol cRtassiunk phpsrhete apd rerbapjcal stress,
preferaf)r?f "Gtaflhg ﬁieadr inlsohftionhhd aé{ﬁﬁm?%ﬁ&dxi ceL eat her

duct”o alm 45, he reco |nant spi der
Sl|k protein is present as a coating. 48. A gel or a
37. am gT% s &%hg)gT%&ezgpagllmssa- 4- %g‘{hi%} Hla?xtgtieﬁl:ﬂr;lmggseo ee(’shep of spinning
said pr@t&ﬁ%?fo%@&dQB s %?'oﬂ&:o@ére@ 'Irpit%i BsinRASRHAR, AEORLENRAd threads by
4NRJ, C, 6NR4 or C32NR4,
a suitabl nepred o@@xcgmg_s filim(AQ 12 , (AQ 24, Ci6 O C32 . 50.
Coatings for inplants and stents conprising or
consisting of a protein of one or nore of clains 1-
38.  Ube oBthk. préteid/iradds defined in 6@ hsdend tike preceding claims in the field
roteln/thread .of one or nore of clains 1-17 and a
ObeOt@fchQlﬁéY and/grgnedigiRg. fi ber not bei ng of spider origin
and preferably being a plant derived fiber or a
synthetic fiber. 52. A filmconprising or consisting
39. dfse afphobpeitanofhremis asrdefined iobne loainmse bf e precathing eldisms for the

based.on ( 16NR3, (AQ | 2NR3,
manufaCiugs; QQWdQ@%ﬁwr Wgﬂgﬁﬁlﬁ’é&emi QAQ8, (AQ 1, (AQ12
, (AQ2 , C16 or C32 . 53. The filmof claim52, which
conprises or consists of proteins based on (AQ 24NR3
40.  dhe @s¢ ofgldm 39Tfoe thed manudictere aif autBe roateBds. wherein t he
filmsurface is nodified by small organic nol ecul es
and/ or bi ol ogi cal macronol ecul es, for exanple

41. MhetwSt B clafrh UOr emeRiMthRrsulire gt al @Sintkasled for use in neurosurgery or
ophthalmic surgery.

42.  Use of the proteins/threads as defined in one or more of the preceding claims for the

manufacture of replacement materials, preferably artificial cartilage or tendon materials.

43.  Use of the proteins/threads as defined in one or more of claims 1-17 in the manufacture of

automotive and aircraft parts.

44.  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 thread/protein of one or more of claims 1-17 or which are obtainable by a

method of one or more of claims 33-36.
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45. A paper product, comprising a recombinant spider silk protein of one or more of claims

46. A textile or leather product, comprising a recombinant spider silk protein of one or more

of claims 1-17.

47.  The textile or leather product of claim 45, wherein the recombinant spider silk protein is

present as a coating.

48. - A gel or a foam comprising or consisting of a protein of one or more of claims 1-17.

49, The gel of claim 48, which comprises or consists of proteins based on (QAQ)sNR3,

(QAQ)sNR3, (AQ)12NR3, (AQ)24NR3, CisNR4 or C3:NR4, (QAQ)s, (QAQ) e, (AQ)12, (AQ)a4,
C](, or C32.

50.  Coatings for implants and stents comprising or consisting of a protein of one or more of

claims 1-17.

51. A thread or fiber, comprising a protein/thread of one or more of claims 1-17 and a further
fiber, the fiber not being of spider origin and preferably being a plant derived fiber or a synthetic
fiber.

S2. A film comprising or consisting of a protein of one or more of claims 1-17 or which is
based on (QAQ)sNR3, (QAQ)1sNR3, (AQ)12NR3, (AQ):aNR3, CsNR4 or C3;;NR4, (QAQ)s,
(QAQ)16, (AQ)12, (AQ)24, Cy6 01 Cip.

53.  The film of claim 52, which comprises or consists of proteins based on (AQ)aNR3 or
Cie.
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54.  The film of claim 52 or 53, wherein the film surface is modified by small organic
molecules and/or biological macromolecules, for example proteins, fluorescein or B-

galactosidase.



