Modi fied spider silk proteins The present invention is
directed to a nethod of nodifying a spider silk
W@er@WreriTiand a spider silk protein obtai nabl e BYT/ER10d6/008452
met hod. The invention further pertains to a nucleic
aci d sequence coding for a nodified spider silk
protein, a vector containing said sequences and host
cells transformed with this vector. The invention
furthermore is directed to a pharnaceutlcal or
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silk protein as defined herein_and the use of said
nodi fi ed sequences Mefifjed spides stk predeins j n particul ar in
the fields of nedicine, cosnetics and technica
applrcattons. Spider silTKS are protein pol yners tnat
di spl ay extraordi nary physical properties. Anong the
di fferent types of spider silks, draglines are nost

The predth€MS&ltddn 5§ Wb 1ol¥ ABIhbdSr %ioh}‘fy:’mé'hesp%f Ll'll@?x@tem’ af B spider silk
meaV|n% spiders to build frane and radii heir nets
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a modified sgidte Sk ProfeRO e SScibH &hta‘r@&%a‘cﬁse&&eﬁ@&gﬁl@ h@srt‘ dells transformed with this
elasticity are required. The conbi nati on of such
vector.n T diventian fedhermare; iy direcsdgienasrhammigeutical lor gieeticla gomposition
contairik}24 m@ﬁlﬁ@%ldé?tsnl@ E)rolfé']l‘l)wdmtz@ﬁéréh%nd Heagt bpﬁu(ﬂnuﬁﬁe@geﬁuences in
general Iy conposed two nmaj or proteins whose primary
varioussfigldpe i pagtisulap rtae féelémﬁmﬁilcvr@p@xsnmwnéreém@aé ernlicgionpn
orb web's capture spiral, in part conposed of viscid
silk fornmed by the flagelllforn1gland which is
Spider siesrase BioisiinpofiaeT [tag display extrosdinagy physicsk prepastiss. Ameng the different
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the tensile strength of dragline silk. Variations
Spldefsdf’ baﬂ%frmg? andriadibat theinnets adeﬁd@aﬁth@mp%@n@ﬂy desggal behind. For
these ;ﬁ[—BOQ& e Risiledi@ndth %B@Eﬁglcﬁ§\é?€r él;uﬂ:édn?ﬁe E&ntﬂ@a@ﬂbﬁ%@ Rich properties
| argest part of a spider silk uence. These
results rléaetaﬂglulﬁfiSt walcisnpehendig that| ‘i’frr‘i“t’%cP“sf‘ét eyn dv%@riaifctDraglme silks are
generaﬁfnc&gp@s@& MR I hger PREiMOWhdsel Ry isfu@hdes Qﬁzﬁ‘gl | @famon repetitive
repeat units is a block of typically 6 -
arClme%ﬂ“é’mne residues. In silk threads several polyalanlne
nmotifs formcrystalline b-sheet stacks |leading to
tensile strength. Aycine rich notifs such as GGX or

An orbreiisicapigesFpiral| i@ prb cempsrd efyiscid vildemricd Sy thealagelh fmaedand, which is

therefo@&r Wbl fhdé@lﬁf(frﬁlgéll‘ﬁnﬁ AeLhP QY LAErigleas bzt Uef&@ Yr&Ring, but provides
hr ead assenbly in vivo is a remarkabl e process.

only ha@ﬁl’“@@fls‘ﬁl‘sﬁ@‘}&%@ dsaglipe pifot ei ns are stored at
concentrations up to 50 % (wv) in the so-called ngjor
. .anmpul l ate gl and. Al though a "dynam c | oose heli cal .
Variatignsrf @psingle et Wik whishspn seaprise MP hed prioe asins at itepatesl several times
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o
forns the silk dope plnnlng so ution
tensile strength.

Glycine rich motifs such as GGX or GPGXX adopt flexible helical structures that connect crystalline

regions and provide elasticity to the thread.

Silk assembly in vivo is a remarkable process. Spider dragline silk proteins are stored at concentrations

up to 50 % (w/v) in the so-called major ampullate gland. Although a "dynamic loose helical structure"



di spl ays properties of a liquid crystal. Thread
assenbly is initiated durin% a passage of the dope
worhgaghot he spi nni ng duct acconpani ed by ext PATEPRIV60HS452
wat er, sodium and chloride. At the sane tine the
has beQrPBxQ)s&teﬁ by @Eﬁar&gl& BEnDmLE nllaycgtarn%llgle 'ﬁ@ﬂlﬁ &%%&hpmta suggests a
sphate "‘are increased and drops fromé6
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er S donen. For several purposes natural
dlSplaYSPM?elﬁlm‘@faidyu@aﬁY%t be used directly, but have to be
di ssol ved and reassenbl ed i nto ot her norphol ogi es such
as filnms, foams, spheres, nanofibrils, hydrogels and
Threadt dsgenibyis iniVigted uringraepassagelof the dbpea@wegln @eapmgplgdieﬁt astgripanied by
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concentrations, ADF-4 is virtually insoluble and
sel f-assenbles into filamentous structures under
While symescitifucigrat aspdits bbmde(r sitlp prtotdinsHade bess wintagylledSyilleliitle fsi known about
i pt e [aA €l ' [
the cofif ARG Bl BAChERIns) Bt b BHlbiiO N bRl 2 B assernbly
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I eving both su

encount ered problens 1 n dc I'cl ent
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cven f PP SBRRrHR, RAFLON DEALR) HABHE fud HERNGBISRY Slamentous
structu@y nndee siecifig eorkitions (thlpablcsbdbnsujs)age adapted to the

expression host led to higher yields, but the proteins

synt hesi zed t hereof showed different characteristics
Scientifin apd wpamcson interestainitipted sthé devestigatides of xdpstaglsicals ménufacturing of
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productert hafS| @palritqredspphlemntlm atfewn’n@bﬂth suffieiguispro@inbpield amd qpelity thread-
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bacteri:plamt 91 ﬂsdqrsn Signthetal geneAsvithra mdamub%e adaptéds tor ﬁaﬁ expregbidnohost led to
. 100 I .
higher g\gl ,iolgxg tﬂIQeo rgi%gw.s (sg%ﬁis%? %ggé)rol.f ?]?év&e%ﬁhcﬁifsferéﬁi cRgrg&cLéstlgpﬁl comparison to
native gy@r eitls. Ekpredsentwdiiphudiahdraglinecikk cDNAswa mae‘sr)allalanelbkgnes did yield silk
: ednkr p it e

protem%lgg %I gle)ﬁé}ﬁ?}?{ o?ﬂ?hb%azgtpé%% %gggtg El gn tﬁregclig falbeiﬂ| as yet of inferior
quﬂhytype are disclosed also in Hummerich, D., Helsen,

C. W, Gschmann, J., Rudol ph, R & Scheibel, T. (2004):

,, Primarystructure el enents of dragline silks and
The inten®iry eagloan tdevedbeped oystanas for eatrnmbaiantprbducyiomnfispades sitb soteins in E.

coli. As an example, it is referred to WO 2006/008163 (claiming priority of US provisional application
No. 60/590,196). In this expression system, single building blocks (= modules) can be varied freely
and can thus be adapted to the requirements of the specific case. Modules of this type are disclosed

also in Hiimmerich, D., Helsen, C.W., Oschmann, J., Rudolph, R. & Scheibel, T. (2004): ,,Primary



Bi ochem stry 43, 13604-13612". One object of high
rel evance in particular for_applications of spider
WO 21t eins in the field of medicine is th&CTHAPA06/108452

coupling of drugs, proteins, chemcals etc. to those

structufd eREnt§ | drKdREIHLHIKS - andOWRY EdontribRtidrO td) PPéteifl Csolubility and assembly,
satlsfylng technique for coupling is known which

Biochegyyrgdd: 13894-He018ne hand a coupling of those substances
to spider silk proteins in a predeterm ned anount and

on the_other hand, to redetern1ned | ocations with
One objp of digerelernie Wrrsrtiquiar fomapnbieaioas of spifle Al RIBjews tm the field of
medicilé Eieihk YbPflerdt RBuMING SN rudsN BEMihO RhéficAlE @il B iRsdTEliM@dilk proteins.
for the manufacture of nodified spider silk proteins
Howevghjup o aes neesatisfiime fieshnigne far spyding ép lowp| Wiigh @fows on the one hand a
couphr&uctﬁﬁcﬁg GibStandes b Sided SilGStoteB iR Sred RGYRERIoERSind, on the other hand,
ysaccharides, marker nol ecul es, quantum dots,
to predﬁtaeme%b@?@pa%\wﬂvm theggidersilk prateint hese spi der si | k
proteins. It is a further object of the invention to
provi de such nodified spider silk sequences which can
Therefgyg, if)Seag opiscicnder)ying the gegsprf anventiqay te prayideapeibad 197 themepgufacture of
modxﬁ&%f)ﬂe@ﬁﬁ@ﬁro@ﬁg W8I c8h Be EQ@Sf@r tﬁéjggéeﬁsﬂ &1k Bf %HQ:IIC%Q sch as drugs,
predeterm ned | ocations with he sequence of
metals speil psptidep,| nolyspesherides, mavker ra@}%f‘eléqs quanigehdass, agclpiy a?‘ﬁ‘é lipids, etc. to
these sﬁildpﬂ §ﬂ‘(tpr&@1§1§ af isof fbhe ébnéi? Q?ﬁ‘lg %Wenﬁdnatb?owc?er &Eﬁ tlo@ffied spider silk
enbodi nents are contalned in the dependent clains. O
sequenpgsj viich eneieaised forrapmyiiagd deléysea procise ﬁlh\eunt 9€ BYopfosulstprngs ad wherein
those sfi’@tzﬂ@es%?é &iﬁpﬂe@ 1%&&%rrm§feh KocHRAN Watfim tMe&&knE@(nyhcaspxder silk protein.
chem cally specific amno acid side chain, in
present case a thiol group of cysteine or an anlno
This OQECQ YPaBlevky §%' e su%ﬁ&em&l{er b ﬁleqp&l%@nd@ﬁr@dlﬁg SOM ealel] l:rﬁ§od1ments are
IhEglder Si protei ns, which have been described up
“mm"F6 avdenspdenbslpigscy st ei ne or |ysine and thus, a
speci fic mutagenesis of the respective nuclelc acid
sequences allows to incorporate the desired am no
Of majggintgaesy inttlys raseect is dfaResPGftiqnid ampguicids in spidgr slbrmedylgsayhich have
a chemi@&[Y %emf WQ%&&IMH&&aH@Y@m@ %?e@ed'tr@gs%f 16 ér@uﬂ b steR¥ or an amino
can” be assenbl ed to new constructs and therefore, by
group ebhypinpalipnenoiothe by mentingad ewdulgs 96 spigeresilk HRpteigmewhich have been
descnb@&] %H‘t& Abw a&;n'ta\{l% @9@&(‘: of rlysq{e%dqm Q%p&m%gen'eﬁs Qpﬁle respective
singl e construct.” Therefore, for the first tine,
nudewsaﬁéi@ﬁﬁ4eecmllﬁwqouoen®mpp4t¢ HE dfired apgnercls ingo ﬁ@émn%ﬂﬁﬁhe modules
in a co?lgbﬁje%rmﬁnle}( m&&ﬁé'mcﬂ ﬁa\feecﬁ:xs,lll h)rlogrﬁeé‘gﬁmls %9 ek B@ assembled to new
fication of basi ¢ nodul es there is
constmﬁtmnd theredarg ;})ytq@@bepp@r @fwng!g/mﬁ@lq,so«ufﬂ rgorg eamiopa chapical active agent
or drugf GR6L EoHbiA iR BndGhdScdiripans of TAGs to the existing
constructs in order to activate or nodify same. As
mentioned above, the inventor hinself generated an

Theref&‘faf f ¢ itﬁen hrsp rtl?rgzu Gt épgaﬁ &h(ﬁfgs I‘E&uﬂ?ﬁlgto@' r@a%eﬁk I’{b lré’JorrIb\%ﬁnt ﬁnder silk

Spl er si prot erns an fg aracteristics
proteing df f¢gsiblep dwart| feem |the medifigaiined!t By kasicl mpdulgs there is additionally the

opportunity to couple chemically reactive amino acids by means of TAGs to the existing constructs in

order to activate or modify same.

As mentioned above, the inventor himself generated an efficient production method of proteins similar
to spider silk proteins and having characteristics, which can be specifically influenced by a cloning
strategy which allows to assemble single DNA sequence modules in a controlled way to a synthetic

gene (Hiimmerich et al., 2004). The single modules are not spaced by foreign DNA sequences as it



strategy which allows to assenbl e single DNA sequence
nodul es in a controlled way fo a synt hetic gene
woQepimesiieh et al., 2004). The singl e nodul es BECEER06/008452
spaced by foreign DNA sequences as itwas the case in
was th@ chin Pribr & idhing s§§f§ﬁsem$thelﬂ?esteﬁﬁl @s%@%ﬁ‘)mn%ys 488%s an Ac:zxﬁmple the

cl oni ng stem as an exarrp cl oni ng vect or
cloning geyer| be@é/ (dpyelpprs lp)h(}@”pmn)or):gqp b@u@éewhlcwn@ms a defined cloning

cassett@ @ﬁ%u?é BSTI?C Ig&ft ﬁxﬁ'&#taﬁtl é‘?é’hl'lé’l]l& &Q‘lﬁ§ @lt)ltuﬁ usségﬂé ra?e tillé I'CCJQ#UOH sequences

nportant el ements of this cl onrng cassette are
for twq qq@rlptw@gﬁmpplgﬁess%g%ﬁf@éékga;thq Reirigtéon sitecthergef being located 8 and 14
nucleoﬁﬁgor}ys%gﬁi@a?s By eRbmant Rsplckive tr@&)gﬁ%ﬁ r seﬁﬁénggs StHi§Sallows the
her eof being located 8 and 14 nucl eotid

arrangeresip ectranyletion stagheng sfapgierersand ghepelegratian crfef@rdgn Fasirighion sites directly
bdbm%?ﬂﬂ#ﬂ&% thetiospl | ows the arrangenment of translation

start and stop codons and the integration of further

restriction sites directly before or after the
Betweec'hytﬂé Q@t‘i‘lh&ongs?tgseof B%@ﬁ%ﬁ%s&f?spﬁ&?‘ Eocf\itlé gr@ eﬁi ﬁl?ﬁ? (%ml?cea%ette which

a spacer regionis pres .

will becraelmtnethmuh,smwtl steppat firsphyasienle f>qqumqe modiseapddater by the synthetic

gene. 'lﬁ%giﬂér;ﬁéﬂhﬁtl df e s lesell nfs wiff 8 5G4 lh@%ulﬁ ehtasﬁe%g (sgé/ Fig. 1).

eti c gene e arrangenent of the s
el enment s MA|| be nalntained in the subsequent steps
fd & ' )
The bagﬁgbg teés nc slggJ Pge?}rrrl?(rl]lgést ﬁg@g?&?ﬁ?f@éé E%CFSE%HIS? B&Ht of the present

inventipp el gqnm//élﬁf } o AlPEA oftbe gpudee <rapFR3diaderthapdRs well as Hie gene FLAG
of the %ﬁdeg% }Q'ZJ%HI %F}Q%‘fﬁ%fﬁe gl% Wg&d se n&g%f d eaﬁél’ﬁ%ﬁfare publicly

hi'l'a clavi pe riations o
availabimfsivaiablg @équéﬁ aessssigh mADBErs Aty 8ADRaE HA B5pldlh dirst two genes (ADF3

[ j = r i . L
i L AN Uy ASSEBRLE O QIS it e i i
coding ApFa4 prejein of dleli Aegetlidermpsitkt Sased avhibe hnérrceaqﬁd)smunlg:etdfehese proteins,
severalth@lds Werd ki Eﬁﬂ of the spider, the third is coding for

a protein o e flagelliformsilk. Based on the am no
aci d sequence of these proteins, several nodules were

Modi %o%ﬂf@ﬁgfa%ﬂ%%%ﬁ%w PSCRCLY CPOCP
Modul CSEESSAAARAAR) AWBR(G Y GPE BOGRSGPARY @P@@@m@(@@l D
Modu%G??dW# o SREAFUGIENGIRUE, CAcrY (SEQ 1D
Modul KD GR%GSHGREGRGXAGCRKGRATEANGCEECSRGHIINGED | D NO. 6)

IPASEPG @ﬁ?? Y (SEQ I D NO
Nkﬂm%?q¥$0n1gﬁPse anlnolgfl §f synthetic spider
Modul : | GGHEONEIGAG GRSIGALLES (SIS B WOsenbl ed. These nodul es

Modulé}(”Q%}FcE@Aﬁpbé?rGﬁd;d}sG ﬂf%ﬂ%ﬁ}:}‘@ﬂ SPFSEQR Rid.ofn ar e

ers forn1n e star n’the
present nmet hod of npdlfylng sp|der sil k proteins.

From these amino acid modules, synthetic spider silk protein constructs were assembled. These
modules and the spider silk proteins derived therefrom are among others forming the starting material

in the present method of modifying spider silk proteins.

The structure of the cloning cassette allows an arbitrary assembly of two modules or module
multimers in each case. See in this connection figure 2 which is showing an example of the

multimerization of DNA-modules.



The structure of the cloning cassette allows an
arbitrary assenbly of two qqules or nodule nultimners
Wwoin078R8N9case. See in this connection figure PCRAHP296/088452

showi ng an exanple of the nmultinerization of

In the %ﬁﬂﬁ&’éﬁh@ﬁa &Jhphﬂ@sy@feﬁﬁ&@&vekdl‘Y&Eédtsotﬁ sPd&GAUR b} dMGnsSY plo®ifled which
several reagents to spider silk proteins is

makes pv aeﬁs%'dtww&ﬁmn@&fé@nﬁ Foyplag ireacons ot B¢ SERentigner ansy without a high
expend@HRIfIWdEk. MTBRGE h @RRiaPleqliR@nchRTHR pbieitRI AatstMi] tapRtthtichs Rh@ Production
endlture of worKk. %hIS is a crucial requirenment for
Mbomﬁ%f ier dlk nreiginst ri al applications and production of
coupl ed spider silk proteins. In order to achieve this
obj ect, selected nodules of spider silk proteins were
In ordgrdpiiaphiets this ohieghrseleged ﬁwéwaaegspafﬁﬁr ik REqteiRs wereHnodified in order to
introdue® £inG akiky wﬁllh @ﬂe‘rﬂﬁ&ﬂly AsHft Qﬂﬁ@klﬂﬁns‘ iR @& RGHALL A5 NRitBAL. Ghe newly
positions. The newy introduced amno acids are |ysine
mtrodua?fﬂdar@y%efeﬁi%e lyyingaskcystee- i nvention in particular is
directed to the follow ng aspects and enbodi nents:
According to a first aspect, a nethod of nodif
The presgptdentdqn ip pprrigglay if direstadte e deitpviemhispecss ang en:ﬂlﬁret¥ @F@E)s
of : a) providing a nucleic acid encoding a spider silk
(@roteln or a fragnent thereof not containing |ysine or
Accordigsiogs st pseedtaumsthod pf megifieg AgPiercyii reotani sl gravied gpmprising the
steps ofN€ Or nobre amino acids in said spider silk protein by
a lysine or cysteine encoding nucleic acid sequence,
and/ or adding a nucleic acid sequence containing
QHC|e'&o@&mg§1ﬁﬂﬁgﬂhageh&ﬁh@?a@ﬁQéO£WQM§&ﬁﬂ&eakﬁgééthaaﬁrmt
sequence; expressing the nodified nucleic aci
SO gEYREY Ot ickieeing iesigyesi n a suitabl e host, and d)
M§COV EkhAGng H\ﬁ:l&é( Wl&séﬁgdlﬁ@gﬁef br&fore Qh%racﬁis 1111( sRf QFi@drMilk protein
The above nethod is the nost efficient way
pyodyEnhegy Reingsaicdingauepic geifl sequencepingtos |a¢¥§“&)# niqigic acid sequence
Pcfoﬁt%ﬁﬁﬁg rluBMRAEIIO BacoHIRVWRN G ’an('l/Br dy§teff\ls fRaROsgitE to
produce the same for exanple by providin spi der
sPI k proreasing the madified pyrbaie a%&eﬂwe ?mm%dgmbam syijable host, and
lg4si nerewve&yg%@e;{b@esge%%md( ;Jaelt R pRiiQhein form and
to chemcally couple (or ad an amno acid TAG
contai ning |ysine and/or cystei ne anong ot her am no
The abB6d Hthb@® 1sst:'f’1'eQn&p'ef‘?'l‘%rems‘{)v|a§X opE)R)tdﬁélﬁlg t}%%(gchﬁém&r sﬁl@%rotems of the
above net hod al so conprises the option to desi
presentipnfipre dlogysyeteit issAlyolpopyille &1 prodyse bt sagge Sercpyamele gy pyoviding a spider
silk proctélp%]: ) hjéérhém ttﬁ%f h& c%h‘t%ﬁ&%el%ké’ or‘%@gelﬂe %ffi'u@hﬁ tlﬁ:cﬂrgem form) and
uence contal ning nucleic acids éncodi ng
to cheralﬁ hogouplesioeirdd ancamsiap deidebive rrostaintrigel yking dmb{@rdc.‘/@ielnguwong other

amino Q:fldsttg'gau?wl&?gllkc‘ﬁrt)&upr otein used in step a) is not
restricted as long as it fulfils the

Furthermore, the above method also comprises the option to design modified spider silk protein
encoding sequences by substitution and to subsequently add a nucleic acid sequence containing

nucleic acids encoding lysine and/or cysteine to said sequence.

The kind and origin of the spider silk protein used in step a) is not restricted as long as it fulfils the
requirement not to contain lysine or cysteine residues. It does not play any role whether they are

naturally derived or artificial sequences.



requi renment not to contain |ysine or cysteine
residues. It does not play %ny rol e whether they are
wonatmaliby derived or artificilal sequences. Th&CTHPAHN06/008452
,, fragment” as used herein is directed to parts of
The téxB' dﬁéqxrft‘n “k aOIRLE 'H&?eu( V‘@e&lﬁ%{ed afyt l:njtsc 'o@l 4 %ptﬂﬁt bﬁ)té?ﬁs (whether
derived) having [ 'eng tlg gut
amﬁmd@ymhml@snr darprally éere»feé)r Retying allengﬂ@of #bgut fe&%wpilne abétrmblﬁs preferably
40, 1) RS0 B8R AF BahfiRlabdESiauéeCOr ding To 2
10-40, ?OQ err lggetegrgbgglarrenta thél pr eéélﬁf i nvention further
conprlses coupl ing other substances to said |ysine
or, | I h fi S Skl h
Accor@iE NSl R N BEREEL 1B grfehy FyRth) At irgieestblpling other
substangemtiorsaild || ysthezand/ot gysg@rteerdolg@{ﬂghn thy mesdifiedy spidef sikkgpretein. As mentioned
al he spider silk
above, %?ghgl?h&ﬁ% acglmré&s]?epég{i % deillérc])tﬁglmgg)tagérngg %a-%r?ueb tgrr?caeglfoyt e spider si
proteingel ected from the group consisting of glycine,
al ani ne, serine, glutamate, aspartate and threonine.
They usually do not unduly alter the resulting o
The ongpdmbiesaning pdds repladed ip siop &) are ascferatyn pdlestedsfommiieygroup consisting of
0
glycmzib %Qﬁ‘{lg %ﬁla&%o@utgggtge?s dl z%téggxlch b}ggon?%n?‘gi&ﬁ L%QIII):{] (ato‘;hgjlt deuly alter the
resultlnmdﬁﬁeeldpslpi S@Ilérprmm ks negartiedspenitdy peha¥iewraid. y sel ect ed
fromthe group consisting of polypeptides,
pol ysacchari des, marker nol ecul es, quantum dots,
The substangé &), berersipleil ¢o said Bsine landypdeyseing resodvesrodreainddan thiy mgdified spider
it pri R HEIRL G <4 BP O InE Bloh EDR PLY RN FisRcharides, marker
molecmscwadumrdotscmaq@m mygleicacais Hiredsadd lavameleerddralirygsdo or
i odoacet am de group of the linker to the thiol group
of cysteine. Basically, all substances can be coupl ed
For exanirile; marmgeldpaytialsh eantty coupied @reybtyinbiesidudsoyia hehemmdahlpnker. In this case,
a cova%ﬂtowpf?{ﬁ fsya%tn E\?edo 6%\, tam) légt l org 8Q&Qet91§1alrdgyg§(§e $e(gtetg?j lllpker to the thiol
group gfreygsing @aslgalm asubsternehoamte, coc;dq:(b‘@hylll arejcgpatie to rovalenty bind to the
ction of drugs is
amino %r Oeﬁggléﬁg{:‘&%gtg%%ljoﬁégﬁ §t%§nt§ ol metine, ibuprofene,
flurbiprofene, fenoprofene, naproxene, ketoprofene,
[ 0 e
Preferaggrn h% l(lv!/ hx?%§%zrlroc{rue%%nap@p$eoe\%?egQ{ﬁ)lnpc?rﬁ%s) cP Bgrngrgfaab%%box&p @arbonyl imido or
thiol gubnagA |nnereannidﬂe¢ rseléctt@g @if |drdgs risndjghodeneé, indofifethasip, dehnesmb kibuprofene,

ﬂurblpfc(')?eqlg efnr?o%? na% Cf)xgne Eégﬁl”ege g)gra;g@[de%%?cegpg Q%pglﬁgegl y the

ané
spi der si | k prot_el ns are derived fromone or nore of
QWi | nur [ . . .

Prefera‘a{}r the ?plder Fs)llk ogefi)n I%rgwﬁeedulg a %%a%rdra%{l E éi’ga%k?% +ﬂ(§i/p)0§r ﬂggeglyfgl"m protein. The
spider Skrsekpendea caldd foBpiaieie §eAdegiverhizorh pibhwehcipatess)(ArdBaidakand Araneoids).

CGol den Web Spi der (Nephila antipodi ana), Beccari's

Tent Spider (Cyrtophora beccarii), Bird-dropping
More Spfiedibly th€sbidemsitk proinsadre)deri Bidaftdm and -oviimdre oSphayollowing spiders:

Spi der. steracant ha_ kuhl - and; yel
Arachngxcpa,I %g%ln% Af gangusemacdxrlsaslq?rsﬁ% Ar@')elUS %Ea@%ﬁ%@s’? é%alé %ﬂtag?aqﬁéh Garden
Spider (Argiope trifasciata), Batik Golden Web Spider (Nephila antipodiana), Beccari's Tent Spider

(Cyrtophora beccarii), Bird-dropping Spider (Celaenia excavata), Black-and-White Spiny Spider
(Gasteracantha kuhlii), Black-and-yellow Garden Spider (Argiope aurantia), Bolas Spider (Ordgarius
furcatus), Bolas Spiders - Magnificent Spider (Ordgarius magnificus), Brown Sailor Spider (Neoscona
nautica), Brown-Legged Spider (Neoscona rufofemorata), Capped Black-Headed Spider (Zygiella

calyptrata), Common Garden Spider (Parawixia dehaani), Common Orb Weaver (Neoscona



furcatus), Bolas Spiders - Mgnificent Spider
(Ordgarius magnif cus), Br ogn Sai |l or Spi der (Neoscona
wonai2gay, Brown- Legged Spid (Neoscona r uf oPEmIPA0ENI3452
Capped Bl ack- Headed Spider (Zygiella calyptrata),
Aeal PRGN d Spi
oanc BT SH Oh A Sl By BABIRLA B s
Spider @wa@@%w@c Qmmomelpweomn@neehqrm@w@s Pplophones conifera,
Y | St t S Spid
Dolophgjés fa ggfaaﬁ% %C%)%S(Sﬁa g@?a?%@aﬁ%?lga agr%%gslﬁauble -Spotted Spiny Spider
(Gastermnﬁphmmow,nﬂoebla-ﬁm [ghio Seisier lﬁGynt@épra expothematica), Aculeperia
cero;ae%? I BY, Qfagﬁ{stuz ggsﬁg{ %@&E a(&%)él&?heprggM%eFéﬂ%f;{ng% Jewel Spider

st er acant ha matmosa 1 e-Ta _ )
(Gaster?@mthaswadreepxr(owr Capdeor Qrbe Yeabt Rpidert (Ibax)horAcmrememnaa Giant Lichen

Orbwez%\%\ngpslgéuéb 5&%&%9} oﬁg'@WAbO%gdeﬁglg%jxélvA\gfaqglag? Hasselt's Spiny Spider

I on e press 1’U our
(Gasterg@athe dpalting Traenpua dtrics gilovoxis) tun@a,rldlenﬂ C)vd@osv!\ébld@p(iCdelpsa insulana),

eve {ESHRPAANR CORTRE o, Bl cHGHSUE DSBS . Lo
Gardenngrgddr dEagvixidagtadel), $ogpBeliedSplydesa %rj&tst(@wdggamiﬁ@a), Malabar Spider
(Nephll&@g e Haiaggrexg}-s g T&@{: I(%éogﬁ‘eirdln gﬁl %ﬁ%&\p 9 ] gi\?)é ngﬁdegquﬁél%bta rU%rsicolor),
Omam@pil dEree- (ka rmn(Haemlm@mPtlsw@n@wa@w derdreSps €egss Spider (Argiope

40 ' :
aemulaé,éﬁ%s‘%ﬁi glééég(lbg}{g%}{ofé_ﬁﬁgﬂbg eRIﬁfs %/E' %%gsaqgﬁt?fél?ra hirta), Saint
Andrey' C@msg§aidbi GArgape kdyaérbihg), SSpiad e&cu@l‘qe phcqsémﬁpgcineus), Silver Argiope

(Argloﬂ(‘gir %@ﬁﬁt@ﬁs e;ﬁx)gzba&%é g),fbg%lg\gegr st%{ac it % rcﬁﬁ Qﬁ%z,ls 8%?&:9 €Hrbweaver

(Neoscérdedoaneilierum), et Agls¢we)rossthAagiot acthariey, 8 AadGmGdsroSfipiiier (Argiope

Keyser{iﬂ%I PI’IQPe §t§r?1g'§§)g)eg I%ﬁ?_g/n}ﬁ%qdug)o ﬁ?l&/r% %ﬁ oe? gﬁﬁl@s cl vatus) Triangular

Spider $Airkyts lﬁmpdarwb sT\w-@Issedsﬁplder (Roreityipaghe's laastsdasia), ntjf:})hlla species, €.g.
t [ u i j .
Nephllfgr%l})eg Iél/'}g\lrr'lg élﬁ alt(;‘\?% g gdé&géggls %réer#ﬁyn%'rmé%%op%her spider
species( @aslsebelownt ha cancri for m s) Spotted O bweaver
(Neoscona domiciliorum, St. Andrews Cross (Argiope
aetheria), St. Andrew s Cross Spider (Argiope
Most piefyrsal; [then diaglineTprewirSt arepleSpadd &om (Rah¢ug sdiademgyis dwd )the flagelliform
ys clavatus), Triangular Spider
prowm?%r%g%figr%&n?g%pﬂ flg Wo- spi ned Spi der (Poecilopachys
austral asia), Nephila species, e.g. Nephila clavipes,
I S [N SGafl £Nnsi
Preferrc'k? Qraglm s%&%ﬁge% a?pu ?‘R%e% ng% Mg%g%g?%glsgﬁgeﬁ; } o5 Zx(s)ginﬁ% the context of
MaSp bxeteow)pxod\ib@i by Asdneny diddemane @raghs d@dmabmseﬁmina}/é) Both proteins,

SR TR T R

dragl i ne sequences are ADF-3 and ADF-4. The term

Accordmgza %/fulgheé%mﬁ?ae %entrlhé Fra%gé)nt§ egqn()gr & SCIQ Eh% Jg&ﬁ?e comprises one or

aneus d di a
more pélytiamnmed&tauﬁr)g coanhuspanxteecassThls\ﬁlﬂyﬂarammbonmm @NgEnbUs sequence is

preferaglgedanve%stsqrrr - C%nélr o%n%hg §<f1<3 E?d#glﬁce%%gg ﬁi ﬁ? t1 I%module A)ora

variantflregggfirent is a nodul e, vvherel n the nodul e conprises one
or

According to a still further embodiment the fragment is a module derived from ADF-3 and comprises
the amino acid sequence of SEQ ID NO: 2 (module Q) or a variant thereof. Also combined sequences

of the above (and all other modules mentioned herein) are contemplated. For example, a fragment is



nmore pol yal ani ne cont ai ni ng consensus sequences. This
pol yal ani ne contai ni ng consgnsus sequence is
wopneiesabl y derived from ADF-3 and has the amPO®/EREI0E/008452
sequence of SEQ ID NO 1 (nodule A) or a variant
provnd&h?nr 8 a) vﬁﬁ&@éd’h;ﬁﬂest Shedor Shdrt bt {AD) for 3@@;' Preftably@e spider silk

fragnent is a nodule derived from A conpri ses
proteiry if gig AP EPTBRI|SES @é&ue@%@uo@%@@oq @Af@e 2 (nmodule Q or
a variant thereof. Al so conbined sequences of the
above (and all other nodul es nentioned herein) are )
Thus, the Apcsifisiraedeles fargie Exhppreasnt Bvertian sishalsq kagompiingd dvithrpach other, ie.
modul&st §&bedt) ur‘M%? COmBIAMRI ASRE ONQ A4 OREE A a6\ ChedMdésedl by the present

(QAQ . Preferably the spidér silk proteinin this case
invent t m 8] [ IroGHIC (S 1de rotein is not
ieBnpithayel theamymyep of hegnodules( iopr) Bireducedympphe spiderpils p

resmctui] Gt 3 B?é:fértédQO rrEMg’ %%uf‘ngér H$oduRs bhGe 9;%%%%@ '%eﬂe{]tY\%rEteh&Hce for each
can al so be conbi hed each other,  i.e

recomgipaa pepteiy fhic§ )nupbers @fqﬁ@aly\y snging from éﬁg n@dg{e@, mqp @referably 10-40

d m&} SRR 99-38¥nddlies. Pr esent i nvention. Al though
an mt Egﬁhnber of the nndul%s to be introduced in the

spider silk protein is not restri cted it is preferred

Anothér%r&'&pédor}focﬁdlé"l's' ABRed HonRBHI4ERd Q:Emfn%%s AP éc‘i:d sequence of SEQ ID
repetitive sequence for each reconbi nant protein which

NO: 3gpdale Clsopp epagng bhejeof apernbiged pesHeBeS crmpr@liided in ghmay preferably
Cmnmgg@fg;@%ly 10-40 and nost preferably between 15-35
Anot her preferred nodule is derived from
ADF 4 and conprises the am no acid sequence of SEQ ID

Prefen%pmo%ul@mglweg ffon Qrﬂagel}{ﬁ)%%&elhrh% %Bule @@M‘?ﬁ NO: 4), module sp

uences can provid refera onprise 6

(SEQl@r € D, moleKd E@éIDrNQj@D @gd a@ﬂvlvéﬁsﬁﬂdﬁﬁ\g) ﬂ)agel liform
protein are nodule K (SEQ ID NO 4), nodule sp (SEQ ID
NG 5), nodule X (SEQ ID NGO 6 and nodule Y (SEQ ID

PrefermrgbeonpinatiopegastoriseY s dmb Xeaf ik dhsK s ohBeh-8uK»8, Yi 6, X8,
Xi 6, K8, Ki6or Y6X2SPi K2Y2. The foll owi ng new nodul es

were generated by way of the nmethod of the invention
The follawingr rew mogales wetd agnepsiedflar wal oériboaicthedtod: thaviyghiéon and are in

partlcui gre%'r@gle}nﬂgdﬁlgﬁtger silk Modul Ac : GPYGPGASAA
G COQQ (SEQ ID NO 8) ggt ccg tac ggc cca ggt

get age gcc gca gcg gca gcg get ggt ggc tac ggt ccg
ModulR%or d95e19d Spiadikad Mdul Ak : GPYGPGASAA AAAAGGYGPG
____anprgé%ch%TFEr_ 9) ggt ccg tac ggc cca ggt get age

gcc gca gcg gca gcg get ggt ggc tac ggt ccg ggc aaa
ModulJgS Ca@p?GQGN@MA&A cﬁ%ﬁ%ﬁé@ﬁ%s@é%%%E

NQGPCGPGEY GPGEP (SEQ ID NO 10) cgt tct age gcg get

g8t ceafanegse? BEIECARA 2eREca geR)Eacics geRetesy taFet SRIREE EiS 2getag cag
Modult£9 933pRaPGAIAAIDAAREIG YT REDQ (SEQ ID NO: 9)

ggt ccg tac gge cca ggt get age gee gea geg gea geg get ggt gge tac ggt cecg ggc aaa gge cag cag
Modul C*: GSSAAAAAAA ASGPGGYGPE NQGPCGPGGY GPGGP (SEQ ID NO: 10)

cgt tct age geg get gea gee geg gea get geg tee gge ceg get gee tac ggt ccg gaa aac cag ggt cct tge gge
ccg gge ggc tac ggt cca ggt ggt cca

Modul C*':  GSSAAAAAAA ASGPGGYGPE NQGPKGPGGY GPGGP (SEQ ID NO: 11)

cgt tct age geg get gea gee geg gea get geg tee gge ceg ggt ggc tac ggt cecg gaa aac cag ggt cca aaa gge

ccg ggt gge tac ggt cct gge ggt ccg
Modul C¥*:  GSSAAAAAAA ASGPGGYGPK NQGPSGPGGY GPGGP (SEQ ID NO: 12)

cgt tct age geg get gea gee geg gea get geg tee gge ccg ggt gec tac ggt ceg aaa aac cag ggt cea tet gge
ccg ggt gge tac ggt cct gge ggt ceg



CCg ggc ggc tac ggt cca ggt ggt cca Modul Ck i:
GSSAAAAAAA ASGPGGYGPE NQGPK@PGG Y GPGGP (SEQ I D NO

WO2R007/028t19t ct age gcg get gca’gcc gcg gca get GCHEPRW6/008452
ggc ccg ggt ggc tac ggt ccg gaa aac cag ggt cca aaa

.C I
Modu G@s&ﬂkﬁg%% C%%GGE%@W@\ Iég@;@c‘é#h(ﬁﬁé Jg%%‘dlé%@l\f% NO; 21 3)

cgt tet @@tgcg €¢t 269 BCCE] Zefegct g@gatcggﬁ:: cge geteatag @gt e gaataae Capoast cca tge gge
t ccg aaa aac cag ggt cca tct ggc
chgg{:éégg Qg{gl&g %%gc%gt cct ggc ggt ccgModul Ckc :
SAAAAAAA ASGPGGYGPK NQGPCGPGGY GPGGEP (SEQ I D NO 13)

cgt tct age gcg get gca gee gcg gca get gcg tec ggc

ccg ggt ggc tac ggt ccg aaa aac cag ggt cca tgc ggc
Modules-for flggellifgrmispideqsitk ect ggc ggt ccg Modul es for

flagelliformspider silk Mdul spc : GGITIIEDLD

| TI DGADGPI TI CEELTI (SEQ ID NGO 14) ggt ggc ace ace
Modulgp& at GGHRHEQRD ITIRGARGPRTCERTI 63HQ HANOgét) gcg gac

T P T

atc  ggc ace ace ate att gaa gat ctg gac ate act att gat

Moaullf: Yoo eeeD IIGSREF LR BERPTIG °16) “gar

ggl gg(gzg:g ag:s‘:{tc :gggaaggto:t@% aggatct gggat ggigcg gQC g}g@cg Egc acgga@,c @gtgaa gag ctg acc
gcg ggc ggt tec Modul Xk : GGAGGAGGAG GKGGAGGES (SEQ I D

NQ 17) ggt ggc get ggt ggc gee ggt ggc gca ggt gge
Modul¥a ggaGAGGAFIGAGECGGAGESESROARINGYG6) GPGGAGPGGY

e RO BTG ok AR, o 500 "Ccg”
Modulg?g @GRQGWA@QK@@Ath(SE@dD@@ 1dtg ggt ggc tac
iy gl SR SRR e (0 0
Modulofly ggPGGACPELNGGROGBGPGEN @@@GCQBG@WSEQIDQ@@ @gt

o P 0550 T R TR T M 5 O PR

ccg ggigadéac t 0 achi eve a specific rmdl fication. As an

Moduly*@p! @P(%@%Ggﬁ%ypéﬁég ?bi)hb‘yeépé’é KESBRNREARNO: 19)

construc use
ggt ccg gge ggt geg ggce cea ggt ggc tat ggt ccg gge ggt tet ggg ceg ggt gec tac ggt cet gge gt aaa ggc

ccg ggt ggc tac

atc

These modules can be combined purposely with other modules/spider silk proteins in order to achieve
a specific modification. As an example for the possibilities of combinations, construct C; is used. In

this respect, possible constructs by use of module C could be the following:
C16C", CCig, CsC Cs, Ci6°, CsC, C4Cs, CaC% Ca, C4CsC, ete.

In these constructs a controlled and targeted coupling can be achieved via the thiol group of cysteine
as well as via the amino groups of lysine. For example, by a combination of C® with module CX', the
possibility is existing to couple appropriate substances to the thiol groups of cysteine and to the amino

groups of the lysine side chains.



this respect, possible constructs by use of nodule Cc

could be the follow ng: G ﬁ) cad6, CgCC, C6 ',
WOQo@/B5TIC , CAC C4, C 4CsC "“4, etc. |In thes@CT/EP2006/008452

constructs a controlled and targeted coupling can be

Prefen@&&in@%ﬁ:@s c\6'ul% btera@méﬂ&l Qi fo@BQHFforoJxarﬁ}!l%t&'t}pzﬁmﬁg' é/‘gé dre Bfroduced in one

am ng groups of lysine. For’ exa
single m@ﬁttif: ﬁlat)@éfnco(f) V(’secl\/\mehs Wi Sther msub_lhtlcsh(sn soTsiobs milrtﬂgpr jo§ construct
varian€ 3 Ld-Ag)t 0 coupl e appropriate substances to the thio
groups of cysteine and to the am no groups of the
| ysine side chains.Preferred constructs could b e

Since ig ga?llngtnc?eq'u%d%u{ l‘ﬂLt iAW lef&Eesqmbﬁ lacelg ?%%hgﬂ%@e&gl%glt€§n alteration of

are 1ntroduced 1 n on S|ng e NnNo
the assgmblyhchapetesstiep of ue ninslifiedosgiabletistics @f tl(eawnetnmt nasuss further preferred

altemaﬁwm%rm enEor? gr}ﬁlﬁ{:tg@ fo t“fx ugé’iQ{I S?)eélﬁc ?g@}grfﬂegg aps ébpg)&%dp¥e TAG's as

annot rul single cases t
disclosad: moSFé?XHhhTﬁ)g éoé&rbeloeaéomtmn amstahtt erlgtinaas mﬁrrflomeldé)efore The sequence

of the q’Z\ar ngioy se?éa%ﬁ foel:t %Ell 1§tteﬁ%§ono€v1tfl Qhenggtl (];f{ tﬁg gr(%teljlrl taH% ran influence of the

acteristics construct, a s
assembping behavieur qhbepwaltud«detp thergzeatasvmnssiblorxtess. di rect ed t o
the use o f specific TAGs. These tags (for exanple TAG
s a s disclosed in SEQ ID NO 20-28, below) contain
Thus, aperdaigrie aoprefeyrsi mmbadimente titei modifie erfidar silk Thiaseis gquoarred in step d)

compritgﬁfeon% gl’gl%lgfg\%]f Ing nﬁ)%ul%?!)%(?ﬂ) ngag 18" interaction wth

roteln and an influence o f the
assenbl i ng behaV|our can b e precluded to the greatest

The foREEL PhE SHbe AlyciobBRe pARERE HLNARpAPIRLERERE, |

in step d) conpri ses one or nore o f the nodules o f
amino Brsaihd? s 8-19. The following TAG were devel oped for
Use in the spider silk constructs: am no
term nal TAGs N H CYSI . GCOEEEEEESG GGG (SEQ | D NO.

cvs20) gg gt tct ggt ggc ggt
NH™ e NNﬁﬁ%@%%gﬂG (SEQ ID NO 21)
gt tgeqgt egt@ec geiteeged g gtt aEyegogre ggc NNHH CCYYSS33 . .

NHCYSGO00CCER 5% GH67R5 16 No. GG (SE Q| DN O . 22)

ggt tge ggt gge ggt ggc get gge
NHYS . GCGG S GGGG S GGGG (SEQ ID NO: 22)

ggt tge ggt ggc tet ggt ggt gge ggg tee gga gge ggt gge
NH"YS'; GKGGGGGGSG GGG (SEQ ID NO: 23)

ggt aaa gge ggt ggc gt ggc ggt tet ggt ggc ggt gge
NH"YS% GKGGGGGG (SEQ ID NO: 24)

ggt aaa ggt gge ggt gge ggt gac

carboxylic terminal TAGs

CH®YS: GGGGSGGGGS GGCG (SEQ ID NO: 25)

gec ggt gge ggt tet gge gat gge gat tet gge ggt tge gge
CH"%; GGGGSGGCG (SEQ ID NO: 26)

gge get gge ggt tet gge ggt tge gge
CH"YS!: GGGGSGGGGS GGKG (SEQ ID NO: 27)

g8¢ ggt gge ggt tet gge got gec ggt tt gge ggt aaa gge



ggt tgc ggt ggc tct ggt ggt ggc ggg tec gga ggc ggt
ggc N H LYSI . GKGGGEGEGEGESG (SEQ I D NO 23) ggt aaa
WOgeU/ggtivgge ggt ggc ggt tct ggt ggc ggt ggc RCHEPY®E/008452
GKGEEEEG (SEQ ID NO 24) ggt aaa ggt ggc ggt ggc ggt
CH-SgQcC cab@@@gd@(gqg mBnoFAgs C H CYSI GGCEGESGEEES
SEQ I D NG Zﬁ? ggc ggt ggc ggt tct ggc ggt ggc
gec gg@ﬁcggtﬁtttg}g@gg@@gzcgc ggc C H CYS2 . GGEGEGSGECG (SEQ I D
NO 26) ggc ggt ggc ggt tct ggc ggt tgc ggc C H LYS
GGGEGESEEEES GKG (SEQ ID NO  27) gc ggt ggc gt tct
As alsaygentigoed ajpgee, agan axemplgoibe dlowingali @&%@GKG
(SEQ I D NO 28) ggc ggt ggc ggt tct ggc ggt aaa ggc As
mlal SO mantslloned abovcle,m as an exa Ie the foll ow ng
NH @i Cafeint™ \WH T 2 HCan M USedH NHEKS1C16, Cl 6CHCYSL |
NHCYS1ClI 6CHLYSI, NHLYSI CI6CHCYS1 , etc. Repl acing
nucl ei ¢ aci ds which are encodi ng one or nore am no
Replacagingeleic acidpivilish aesi dnkodumgpensi ansndpy arhipg jagids rspislpssilki preteins by lysine
or cyst&ﬁg 4nel@:gd ltoochgxlgp HEhe cﬂa L&&sﬁ{ka(;fqg %El!llﬁ;lé F\%dl‘?fed Eﬁlﬁer silk protein. In

ed sp
order t@mﬁunmdmmfm@hrm tbaskﬂdmisamaah émcs»ka hol“e@ chogei tbqawemﬁc position of

the subgtlﬂgﬁ\@) QQ&MOB G 81%915&‘) atvgﬁ tﬁ@s%ﬁlé@vlaﬁ?cg ngé\f%dlogglt ﬁ}cn Jr@& to mtrodlace further

stitution reaction in o ose unwan
wantedgdhtietatistion Stetheispider dikrproteinj spquenchu d berkiore, fitds inparti@dar preferred to

use noﬁ_ﬂﬁrgg&tog{c a?l?xh& ?m&sn&/ﬁ)ic}tl QI% I%Qli geg Szir% %otpé’a tﬁl'grbag gg% %Cig'the amino

T ' n particul ar erre _ ! '
acid SItig/dh@pdeb\ﬁcanam mdam ds replacsh latoethnemngrral spidergsilkapretein sequence

addltloﬁlcﬁlg s‘i\‘lg‘ulﬁ}H]ch %BX! abh gﬁ% lh 3 &ep?o d&&'lcdhlﬁélrgr?ce due to the newly

amnb sSto erep aced 1Nt o
introduggd ginimal acigsi dderefird, kit ps ot gianicslag periorecdatidivse earake] ylanine, glycine,

s SO HLY 0 SETBL BB BLBPLARL B ko 21015 2

acids. Therefore, it is in particular preferred to use
Thus, tg ¢lrei medified spiienalk rgbty'mi mepvered in step d) or to the spider silk protein provided in

step a) a nucleic acid encoding an amino terminal TAG according to SEQ ID NO: 20-24 and/or a
carboxyl terminal TAG of SEQ ID NO: 25-28 may be added.

As explained above, the amino acid sequences disclosed herein are not restricted to the exact
sequences provided in the SEQ ID Nos. The amino acid sequences indicated herein also comprise
variants. Thus, the amino acid sequences of the proteins of the present invention also encompass all
sequences differing from the herein disclosed sequences by amino acid insertions, deletions, and

substitutions.

Preferably, amino acid "substitutions" are the result of replacing one amino acid with another amino
acid having similar structural and/or chemical properties, i.e., conservative amino acid replacements.
Amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, 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.



glutamate, aspartate or threonine to be substituted by

| ysine or cysteine. Thus, to,the nodified spider silk
wWOopRA@rs9r ecovered in step d)“or to the spi dePCIIHPR0O06/008452

protein provided in step a) a nucleic acid encoding an

"Inserti%ﬂg"rbq Y 8L THE 8éJre ‘gfﬁ\@thl@}CQQBéjﬂaﬂ Jf‘%b@%—@ th @ahﬁo a%Qfsép4eferably about 1, 2

/or a carbox erm nal AG of may
or 3 arrbeo w@ﬁe&mlm&saced@dﬁrqﬂéémﬂaksx/ére nphr@or&nhewd Oacnrqfe@élm@he@se than 80,
more pgéfecr%@%ggn&%rtﬁdn%oa&%st@éfeﬁ&s&oﬁ hﬁ?&@laﬁ 20) Lrﬂﬁo %&@gtwhlch are added on
sequences provided in the SEQ I D Nos. The am ng aci d -
and/or dusquigshiotes the rrieteias of th?ewreﬁent allve;mloe ok nefed vhat palittose additions are
contemgl}l% inl R AVABn 2Ghlh SRANGNERivey 1Rt MCARIEP cRfaddiftics of the
resent I nvention also enconpass  all sequences
proteingifis¢lesed hgref’r om t he herein di scl osed sequences by ami no
acid insertions, deletions, and substitutions.
Preferably, amno acid "substitutions” are the result
The vasfatipre pllawedhgnaynee grpanioneaeily deicrmings dyhestepaiieady awpkdng insertions,
deletlog@&l srﬁgsﬁutmng Q‘farﬁ‘lho H&ctlsuiﬁqlprcﬁ‘ag{lgﬁ %E‘&mxﬁﬁ DRIrAOtQ%Hu@sSanél assaying
e., conservative amno acid acenents. Am no
the reswurmsltepthmam varipnlp foreaciveitie Thin d@fhewbragm@ rpdre Hiaprdusing experiments for
he skilldd JAQLAr i ty, charge, solubility, hydrophobicity,
t es'% ér%p ilicity, and/or the anphipathic nature of the
reS|dues i nvol ved. For exanple, nonpol ar (hydrophoblc)
It is n@( Pr%te ‘?ﬁ:é ?éf%ngg{erf%geaﬁibﬁl%hﬁﬁl mll}e Ugrh Sse Ot% g ﬁs lo?ngﬁmmg said proteins
preparqq*en bepd) ine; filpro¢nds; nw@lﬁbrrahndatmen@ la{cal stiablottherh gl yci ne,
serine, threonine, cysteine, tyrosine, asparagine, and
gl utam ne; positively charged (basic) am no acids
For thi pwpgﬁgesmmgmgqmnt@odq ey beeusedidhibh areipdi seeknowndn the art. For example, a
t] I
dope S&S“tgﬁ of g@h% Csﬁgerroge 1s@8t§:da(%]h g')r% 3@81|nﬁ&l’ét?(t§ Ifdgﬁga W&ﬁamem The resulting
bloﬁlanﬁdélcem be nisawra@resttegqbpct aWVheneyay thHecrwaﬂgr@e arfd thU1 afrenggments of
molecu%:'{:qut ﬁcﬁlgﬁ’la dr{tgfd%»@p Xr Qpe? )glwﬂlzapﬁlr s%eaqmrgsg sﬁﬁicg%t to orient the
no aci tions Typica are ot nore than 100,
molecurs ¢d euahﬁbﬂhym mestre pasaliel tothewails, of e fdamens fied iapriegse hest terpgde etrength and
preferred not nore than 20 am no aci ds,
mugm§£ﬂpﬁéggg a%%éd on and/ or |nserted into the proteins
of the present |nvent|on Is noted that only those
Preferagg/ hE Idg soﬂltil %egm l’/ag%, léﬁ ltSI")’I émh}ﬂ)@%ﬂﬁr{e‘m/ t)\MHdﬁ’n:fi qgk protein.
t t|ve e’ desired characteristics o
More wﬁaa'pivdhe dors S@lu;t,loh osasdnuvbrae 20%, T3, 304w, i34Y0 40PeadI%wed0% wiv silk
protem"H{iprpf%rrlga(n%gééﬁﬂééltlﬁ?oggggﬁmnn%ﬁtagﬁ Sgltyslﬁ%lﬁw 0‘%’1 Qélr\‘oglﬁed spider silk
protemalmpmfem afodimeatsptho tlefierhasis PH @f appeanrbitelagt9. DNA
techni ques and assaying the resulting reconbi nant
variants for activity. This does not require nore than
By "doposalutivs” esxpeni angrligeidfroixturdidatgiontalng dillaprofegeand iy améngble to extrusion

for the rlfgltnﬁrqiorti Ia’flta btlm?rge’n?%f @'ﬁm r@&tﬁg dDg&%d%)ﬁdtlgnflna% afm)éontam in addition to

nprise the s spi nni Ag sal
protem monomers higher order aggregates including, for example dimers, trimers, and tetramers.

Normally, dope solutions are aqueous solutions of pH 4.0-12.0 and having less than 40% organics or
chaotropic agents (w/v). Preferably, the dope solutions do not contain any organic solvents or
chaotropic agents, yet may include additives to enhance preservation, stability, or workability of the

solution.



prepared in step d) into filanments, nanofibers and

threads by a suitable net hog3 For this purpose,
wogpivmsng net hods may be used; "which are per PETHRPOM0G/008452

in the art. For exanple, a dope solution of spider
By "filfinkdt RIlad Neibr md@m?eq A, Ao FroiPh Lanti OnilBEEHR length

Y mgﬂlng‘#ﬁi Fament lThe0 resul ti ﬁgé?ﬁbl %%mga@ﬁt%gcﬁ%baghgn &% ength fo
lengthssoff 2mndlh et grevie ek éy 2 bauml dlapeniawhiln aylandndngygtrogs an example are

fapggtents of nol ecul es exist in biof |anents,

raw ng or stretching will apply shear stress

sufficient to orient the nolecules to make them nore
Furthepﬂnrf a@&n fe arhllﬂ h%ltl) 19fs {?gresjkl pr bngsngnyl' & l’f(ﬁﬂﬁqn W@O3060099

tensile st eng and T B ness o '|0F| ament
(Karatzas ef abp.aplyblyshed héy HoBe03xs Mhtmus)lnccrrsoraﬁd haeigby tefgred  10%

15% wei ght/vol une (wv) nodified silk protein. Mire

preferably, the dope solution is as nmuch as 20% 25%
Furthe@@syg, tIB596di A@bspide b9k roeteifHoh the pressni kw&mtigtn aiam be prpvided as films or the
. . DI Q | | NS
like, 1.@ £S tﬁgcli]e?gll rFFB&{% JJ}IFJL%:S gorh?hz élda Sgﬁaﬁl? sféf, sErQ)t Pegtﬂl'gfbn

pr eferred errbodl nments, the dope has a pH of

oxi I . N a n .
AccorRELPEBRNE ol e G Sk b8 ot ndBRORS f% Hhove method is
providethiprthbpresenbingsationsi on for the formati on of a

bi ofil anment or filmcasting. Dope solutions nay al so

contain, in addition to protein nononers, higher order
A prefeggmeqgiafied spidarciili grategin frier exampdsene di meresf themiqdgles of SEQ ID NO:
g.og. and tetramers. Normally, dope solutions are aqueous

" solutions of pH 4.0-12.0 and having | ess than 40%
organi cs or chaotropic agents (wv). Preferably, the
t Ne ' vent s . )
Accorcf'—iilﬁgg%ta? g%:dcds En rgucne?cte ?Cq‘?rgé %gﬁgérog dg%?%x?l{}%gclrtao&%&ﬁg& spider silk
proteingastodradred pm etsxe dyof the met}wﬂ@iﬁnhq inyention omior k apidifiedyspiier silkeprotein of
claxms%?ln%tL%Qd Bovefilament” is meant a fibril of indefinite
rangli ng from nanoscal e and m croscopi c | ength
to Iengths of a mle or greater. Silk is a natural
b t y r
The teinh 1?%[% ac1(¥®qg§n%§ i Jsc’a?erx]i:ur;? 8990?0‘?? O? n%f%?lglg&rdgg gp&e%eakgce of these
nucleon@ssﬁenerspl 'dedleisadik’ qod Gpdymuciebiadd’ lag uvedyintrechugenbly |hnrem to refer to
atzas et al.), published July 24, 2003,
aheterwﬁ%qgggﬁ%#ggg%or ated herein by reference.

Furthernore, the nodified spider silk proteins of the
Stringﬁ%‘lg)ﬁéfelpyitorigi%/tg)g} %asq{sg%dl I%P{CIQ %&sqglcg\?cgtlo%§ u?%eé %tlc%r (}{I‘lﬁ%{ftgiﬁ duplexes
are stablespi’s kmivigtoghesp off skitioh tluee:qunheedabllmm ddplryg ist © fumcmcaimddium ion
concen?ﬁt’iao%catgd%nqp?e;{t reggcesf%l (rg)ga&n I lgle(l%lgrogk %{ 1. 5 2‘@%%%“9"??\‘,%““%%\( A Laboratory
ManuaAZ"ﬁrFSf é@wléapnﬂl‘gjﬂﬂl’bedL&i)pradEY ($989k) ﬁtrmgmcn Idvals tuberto hybrldlze can be

readllyér_gggﬂy%ﬁése%?S(ll?{n HOLE of the nodules of SEQ D NG

synthe

As used herein, the phrase "moderately stringent conditions" refers to conditions that permit DNA to
bind a complementary nucleic acid that has about 60% identity, preferably about 75% identity, more
preferably about 85% identity to the DNA; with greater than about 90% identity to said DNA being
especially preferred. Preferably, moderately stringent conditions are conditions equivalent to
hybridization in 50% formamide, 5 x Denhart's solution, 5 x SSPE, 0.2% SDS at 42°C, followed by
washing in 0.2 x SSPE, 0.2% SDS, at 65°C.



According to a third aspect, a nucleic acid sequence
is provided coding for a nnﬂ'fied spider silk protein
woagoigRsabned in step d) of thé nethod of the PAVARRI06/008452
or for a nodified spider silk protein of clains as
A fourﬁezgf)écp ﬁe(gre@tka@Y@an &b‘?esglgﬁ %ct&u%ﬁh %0@1? S ﬁ%%@ gefmed nucleic acid
ers to a heteropol yner of nucleotides or
sequengeadene &1 gforg fegulatoplitecncesd dbis expresstoarvestor m@’@raéimcompnses one or
hffory 3Bhendd! MRUEIS OLIpHRSioR & 1348 GlheldMly & B¥d or ph
merer ﬂ"g?r% ?%en er to hth eSrI%po t ? e# %u%‘lgggt@%g‘ﬁ of.priage or.
virus oStvedterg &M CaXPssingyd ppldpmﬂﬁv/nrntelraﬁomseeBNﬁefFéﬁmq) sefednee. A gxpression
fifle G th fn 1
vector gat%@*ngh&%nﬁ Bori{%s‘ght E o‘?ran\éi{%g tﬁ{% 952 ogﬁglagér?e’%c t@{se ent or elements
having gtragilatpny yolgfin densl axpressiorn férymremplonpromotstsdir ignhaneess, (2) a structural or
: tr r I
codmg%%ﬂ%rﬁ%oﬁﬂ]rcn Q0 r@&gxﬂ}%)ﬁ%g@ﬁ) rg? %r?fﬁ%slakg mtg)é;?g%’g and (3) appropriate
transcriptipny aniti® jpg @gl te(r@obt@bnqupqgeS—lg&tygﬁuraLamm; antendgd for use in yeast or
9 r
eukary&ilc %?%els‘lo %})’Etlelgg El%f"e)feh éi%é@l'g?e g&??ﬁrgﬁgg&ﬁ é:hé;dglfxg &%@elhﬁa& secretion of
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i
leader Eretf'a%F;Zorl}tte s% &e%@éjnucggﬁlcc:lhg%l&n dB}? ?gﬁg%tglho?ﬁngggﬁdue This residue may
or mawndelrctsubsycquanlefclea\@b Iﬁwatboevtprem%rp@eernatxwrotnmneprovnde a final product.
preferably about 85%identity to the DNA, with greater
t han about 90%identity to said DNA being especially
The vegprfrefierably. is Pplesraidabh yiral voden; prieéeraplyss bacnigeimts sygiendiot & parsinia virus

vector sr%rr?; %ﬂglllerrl g'glsve%e %l-s?étnfsgx’l 5)£) %acl??«%ﬁsle&j g‘lzﬁﬁs§gge€lngrb§g§ﬂﬂ §&§ to case, a

modifigation 9iThe ﬁ@ﬁtdromd)ebyedﬂdsﬁxang)lqs forQfuhex vEERECtoB. aPd/ad8ms iruses and all
- Aat 1Y t [ d to an expression
negam)\%)esg%g%ﬁvﬁ %a‘pér%?egergéat% g Ig d%g defined nucleic acid
sequence and one or nore regulatory sequences. This
Ready- ?oxlps %%r?étxg QOIYS%&Q Earpl;eegl%ﬁqn lefépq%pgdn%ﬁac&l'}ea\%laﬂw E)ﬁ)ressmn vectors
regulatory sequences rm™expressi on vec
as for geammialpEW (Mﬁ@es, Madigorp | Wisnandino MSﬁhagehe pQErsysteme (Qiagen GmbH,
. [
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promotersh&)nemrrw,le T29r BS)st ruct ur al or COdI ng sequence whi ch
Is transcribed into nRNA and translated into protein,
and (3) appropriate transcription initiation and
Preferablyy thenattboeomsgGeethe @boveSiuclest agidibequerice soding émdenodifed spider silk
protemlﬂﬁg PJe Fﬁ td Yedg%ﬁat'h%! 1‘1"1? g;(cg&ruogﬁggqena : ﬁﬁ%lonmg vector pAZL) or
awnm@XMﬂﬂﬁellular secretion of translated protein by a
host cell. Alternatively, where reconbinant protein is
expressed without a | eader or transport sequence, it
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aaatctagtt ccaaactatt ttgtcatttt taattttcgt attagcttac gacgctacac 360

ccagttccca tctattttgt cactcttccc taaataatcc ttaaaaactc catttccacce 420



The vector preferably is a plasmd or a viral

preferably a bacul ovirus syf
Woveees718yst em Further vira

be used in this invention.
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cactcaaccc tatctcggtc tattcttttg atttataagg gattttgccg
atttcggcct 1020 attggttaaa gﬁlgtgagctg attt aacaaa
wosnegaegec gaattttaac aaaatattaa 1080 cgttt a®@aEP2006/008452
ttcaggtggc acttttcggg gaaat gt gcg cggaacccct atttgtttat
1140 ttttctaaat acattcaaat atgtatccgc tcatgagaca
agctaddBrCeei@attapahgetdaetd 28 raadaat afdFagadnagganthctg 2400
agtatgagta ttcaacattt ccgtgtcgcc cttattccct 1260
tcecttttadtt goapgyeatad tttgeaddacecaqiitreddayg cto@tegag&caacgerygt 460
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gt aactgtca gaccaagttt 2100 actcatatat actttagatt
9C99t©%&tt°t ACALSEECTIC SFRITIO5TRI FACHEATYG AR oaGtR AT aFyEaa 3120
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taaat tgacct'ct cqg 6c%%<_{0g %agc gg aaagaé té:ttl(':aacgtagaac%aaa g:180

at caaa

tagat&dddg! L%Qéczl{gc t;t;&&éalatttet%gegia@c% 2282 L £L9GLALd dce 3238

gcaaacaaaa aaaccaccgc taccagcggt ggtttgtttg ccggatcaag
2340agct accaac tctttttccg aaggtaactg gcttcagcag
agcgcagata ccaaatactg 2400 tccttctagt gtagccgtag

A fifth i ROATIACIHVAEDE £38ERE (& h GRbILALERN L BIGLERASRIMm&Nh the above vector.
acct cgct ct gct aat cct g ttaccgﬁg@gg ct gct gccag t ggcgat aag
The hogsic gey eta aro ‘5’2@“’0%‘@]@ @[qugtgy a@raégcalhtsasgt{o{tlave 3%@ expression of the

synthetf 820368 68 pIEOH R U8 exdnIAR GO B8 KPBQr Gt L6FBIEAS. The yield of the
acagcccagc ttggagcgaa cgacctacac cgaactgaga tacctacagc

expressgEn §¢ gyt he ohputiwd apee eerddgef bastwig! %‘%@{?gagaaa
ggcggacagg tatccggtaa 2700

The host may also be a eukaryotic cell, for example a mammalian cell, plant cell, yeast cell or an
insect cell. Preferably, it can be a CHO, COS, HelLa, 293T, HEH or BHK cell, a yeast cell (for
example Saccharomyces cerevisiae, Schizosaccharomyces pombe, Pichia pastoris, Candida albicans,
Hansenula polymorpha), an insect cell selected from Lepidoptera insect cells, preferably from
Spodoptera frugiperda and from Trichoplusia ni, more preferably a Sf9, Sf21 or high five cell, or a

plant cell, preferably derived from tobacco, potato, corn, pea and tomato.

One advantage of an 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 micro
organisms. 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 desired. This
characteristic may in particular find application in suture materials and wound closure and coverage

systems.



gcggcagggt cggaacagga gagcgcacga gggagcttcc agggggaaac
gcctggtatc 2760 tttatagtcc i tcgggttt cgccacctct

wogeenmeguagcyg tcgatttttg tgatgctcgt 2820 cagggg@GEFEP2006/008452
gagcct at gg aaaaacgcca gcaacgcggc ctttttacgg ttcctggcect
2880 tttgctggcece ttttgctcac atgttctttc ctgegttatc
ccctgattct gtggataacc 2940 gtattaccgc ctttgagtga
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aacctggcaa aatcggttac ggttgagtaa 3120 taaatggatg
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fram.Irjch u r } d? ?
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i eld of. biotechnolo and/
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processing of paper.

81e manufacture and

The modified spider silk proteins of the present invention may be added to cellulose and keratin and
collagen products and thus, the present invention is also directed to a paper or a skin care and hair care
product, comprising cellulose and/or keratin and/or collagen and the spider silk proteins of the present
invention. Papers and skin care and hair care products, in which the proteins of the present invention
are incorporated are showing improved characteristics, in particular improved tensile strength or tear

strength.



wound cl osure or coverage systens, suture materials
for use in neurosurgery or_ggbthalnic surgery.
WORMYR&MADre, the proteins/threads may pref er OITEPR@6/008452
used for the manufacture of replacenent material s,
preferably artificial cartilage or tendon materials.
Additionally, the threads/fibrils of the invention can
Furthetyeorg shecmedifiedfpidemsiliiparieins of the inwedion a1ay Hevied s a seating & textile and
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construction eri weat h erproofing materi
condudtddeyith |fdmp amade toup af thet wedifkd sgigor 1k prgigingrabaved thetd, regisfance and
stabilit) Rifords! dBidHRE ibnAdh iBGud afig D1 | s or fabric for which
Igh tensile strength an asticity are desired
characteristics Adaptabillty and use of the stable
Ina Set/éM 54 eBr@ tﬁ(ﬁl B\h@gs aﬁﬁaceﬁrcgporac%srﬁetg:ayco OQMOH C ntammg a
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i nvention. As nentioned above, phapnaceutica
substances may be coupled to the nodified spider silk
The inyantiereis figrthef illusteatddrpy sl dcopmpanying figines, g4hsteai: ne/ | ysi ne
resi dues. Especially those coupled proteins can be
used for the above purposes. For exanple, an
Fig. 1 einvhosiinmidd schophiicsiuriore dife chnilg casseitrsédid tyr pyessitrinyestion;
the manufacture of a suture material or wound coverage
system having anti biotics or anti-inflammtory drugs
Fig. 2 albsiwatee dn exampheeofphreonelinsyizatipe aldbe DNAoneduids of thee ipegpenirvention.
made. It is explicitly noted that the nost preferred
applications of the nodified spider silk proteins of
Fig. 3 rdvealptheswalysis ni ewdifioh spide silk préteinsdihafsaoplay wergragialysed with (+) or
withouP d?cr%ﬁrﬁ:!il ga%fbt gi-%elr'yagtgetfl% A{ tﬁ)ﬂa;}f l &6 }ecglggmlarﬁ astrllﬂefgrotems were
onot 1 ve tovers an part alrcraft construction
detectertetfier asterm dxotiieg Withgini antit Hetagrantitfodi:t () Preteids p\rerfcsmcwg to SDS-
PAGE (Pgllo%@ B;' srlv-gpﬁal g {'n;?ﬂb%%%gé d}'ﬁts% gr}: g{ ?I fgwﬁnﬁéd é @C (straight line),

resent”inventio e and
NH oy @arigrdasties) and1q” é?g,e(dotpdcbm)catrs shemal Vtithusxcitation warvesmtits of 275 nm or
n [ rRct p I
295 mln Y Eéétlgg a?%éé’} a?igra gll(t:tﬁg C%q xtrelgesa?sn AR %{srsr?cl oseﬂjgé]g;?}%% Huorescence.
Thereftxre,rtat pmteamam@res dohédtzghibit amddettdttezbb:pp@temir@iutrkofwa@tlml p®teins.
of the present invention. Papers and skin care and
hair care products, in which the proteins of the
Fig. 4 shaysetht seqoudany isowctiae @ndlpgo roﬁmoatﬁedl spider Stkombtqgls CD spectra of Cie
ved~c S $c rti.c :
(stralg}it We?l g d% i ?l%l:l %%5{6%) INeI—gf o r@gtgt tnh Fd’élsl?erﬁ)e I?Jr;?’(; g& %igtted line) were
recordggipt?2§Ced spi der silk proteins of the invention may be
used as a coating for textile and | eather products,
thereby conferring stability and durability to the
Fig. 5 dapatsettic pgavepation ofthediBéd yniheint spides silknproteins. Aggregation of proteins was

determined after incubation for 2 hours in buffers with (A) varying pH or (B) varying potassium
phosphate concentrations (see table 2). The obtained curve for C,4 is represented by squares, the one

for NH*Y3}C4 by circles, for C%Cyg by triangles and the one for C,6C** by reverse triangles.



particul ar show applicability for coating Ieather
products, since in this case, tanning and its negative
WOeNf78es89f or envi ronment can! De avoi ded or at PCEARL006/008452
reduced. They can al so be used in food packaging or
i Q01 RS &F: md i e W | <fik | & d by C
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. i tsf&x?h‘i'% 2¢h NIGRY, battery
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| _ . . .
Fig. 7 BRL Ebesg%cﬁlggg Blordtd gﬁsgﬁagggaggxt ASifled HROSRGELAARRY Protein solution
in HFIPmaelatlalmad bsfofeufiltrheasting. I(Bl)slfihuﬁt edclsyst filoer HEWodipathy Pmg plain quartz
glass a {lg}’gl szétri ewkfeﬁ %{)& rgir?cio Sse?{]agy&ug(% lF\E c?ﬁre}%ﬁtgs]:g% tprocesse:d with
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I ‘Plhwf I I
a plam \a}é% gﬁgsl %)% itcg T})a rr%Iec\E)ega 3 “H}Pegdg]ﬁg 1cl§l|‘eg !)(;tfeth%f;@‘ﬁf %é,\aiw could not be
determspdder silk proteins. The sanples were anal ysed with
(+) or without (-) reducing agent (2-nercaptoethanol).
(A) T7-tags of reconbinant silk proteins were detected
Fig. 8 défi@s cowpdite ofiRbbdantinenBediMith maleiande toTVHE'3G:.afttd dyodied protein was
B). R e
anatys by SO FARE, 1T QbR G Bkl BE e BhERp] Rnggamine was
visualiged by ffiuedsc€ntG@egifgt r ai ght line), NH s C (long dashes)
and CCC 6 (dotted line) are shown with excitation
wavel engt hs of 275 nmor 295 nm respectively.
EXAMBXEBt ati on at 295 nmreveal s the absence of
tryptophane fluorescence. Therefore, the protein
sanpl es do not exhi bit any detectabl e contam nation of
EXPERIMIENFAIRPRPCEDEIRES. Fi g. 4 shows the secondary
structure analysis of nodified spider silk proteins.
CD spectra of Ci6 (straight line), G 6Cc (long
Mater zdl&ﬁtem)iqalslw@(aﬁﬁﬁﬁi f(rcdmt\/k:rcacritﬁaj"aélbﬁem)tafanﬁer@@@)ﬁf (d otheswse stated.
ord 200C,
Mampulatlon an\glte{ngfl]xﬁc?%on (gid P eA dW§§/ Hfﬁ&{rgg agp%;gglbe& qri\ iously (7). Restriction
enzqu:sr mre |oh&med\@gmel§jat/ iEnplaod Bprlabts e(Bn\gzrl\mMAd diSgy)rnd digasffren Promega
810501ences %?t (/Son lfucxjsr Ong hoo%g ngﬁ Wcatnlan (wa% er(] Plo kits from
( ing RAassiPum te COncent rfat I ons
PromegaaBioemaﬁces Whe(&abtlamm@dlslm,lrﬁﬁe IﬂS)‘k) Cyhéts clf@ptlt@%hﬂ@dwtry obtained
from ]\/E\g&?%”otaecl‘;]lb f\ggEgeﬁ eggg rgegl\rl?]l_agy ’Al cé(lrér@/ %g Is r\\pelrezgs;e’rf ];rged 19 t}ge% coli strain
DHI10R froaMNgpivegen EMgdis@), WyEahs asserrbl y forrrs of m)dl fied
spider silk proteins. (A) Spheres fornmed by Q 6 and
nodi fied proteins visualized by scanning el ectron
Cloningroftmabaipylk (nSENYs. andBY GNlamothelpiiZL secvarsual | zed by atom c
force microscopy. (C Filmcast froma 1% wv Cc2Ci 6
solution in HFIP. Fig. 7 shows CD spectra of protein
Modulé Cf (‘SaE(DrﬂDi &ICK: 1 O)wam chiefited: dia POIRCIBNtagkinkHs ymirgt Mbdige C((BEQ 1D NO: 3) as
lution in HFIP was analy bgf pre
templaP st nuc?eo?? B9y ﬁscev\eraendcastPr Sm l-‘#%'—l” & cfr) ec {%ébgﬁAgCGTCAGA
CCCCGTAGAWA)Z (SEQ ID NO: 30) and pAZLmutrev (CTCTTAAGCTT

TCATTAGCCTGGACCACCTGGACCGTAGCCGCCCGGGCCGCAAGGACCCTGG) (SEQ ID
NO: 31). In order to obtain an optimized primer some codons of the original Modul C were mutated
(CCA (Pro24) to CCT (Pro), GGT (Gly28) to GGC (Gly), CCT (Pro32) to CCA (Pro), GGC (Gly33)
to GGT and CCG (Pro35) to CCA (Pro)). The PCR-product and pAZL vector (SEQ ID NO: 29) were
ligated after digestion with A/wNI and Hindlll. Module NH“*** (GCGG S GGGG S GGGG, ggt tgc
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films cast fromformc aC| d directly on a plain quartz
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for 8, o
olow 6], R P8 ST ARG Sl LAl o g e e
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clonm%s%ﬁ @'aﬁ!lg%?é‘alx\gﬂ%aoxl &&If éﬁl Hbs 2 gd %Ba gﬁ’f‘znd Hind1ll.

urlflcatlon was usi ng rom Pronega
Bi osci ences Inc. (San Luis Obispo, CA USA). Synt hetl c
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while tbpe@t:ved comariPGR threu B algemiesli gengsiragneab dvab eliCseSBQHH Bsdid, and Bsal
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gene fig@heranandplad [tontite- reeansiitAT@TFARESPREL vector's ampicillin resistance gene Aph

whic A AGCCECCCEEECCACAA
hi h%@@g&&%%%%@ er 1o obtain an opt i rcn;G?gdCCT%)

primer sone codons of the original Mdul C were

For Oe{@&g %%t%&%%%tp é:;gzéd'(}ulésg&c@;%g F[§ %O@é@éﬁ%gEbg&% 22) were

connectgd do RRGt (uP?moBlE;:) Ci. ol\m«ax@iprt@y) wer¢ [grci s{é@Fﬁ:opr thd pA Laredtor with BamHI

and Hzp esnt\éel? %ﬁ v& ﬁﬁ%ew%:t dﬁ%g?essmseck%g)%ﬁﬁg%%%en 4 s%dxgesled

providx@}@ﬂﬁ&g{mﬁMg @GQQMQ@) (W 1D NO: @gl ccgl(gtc sgg@ngg@) tBe fidelity of all

1 22 ted b
consmlgt%ﬁvéggl ng % BNA( ﬁé@n&ﬁ)%l | gonuZ:I \g/gtsi gégaNle (G{\TCC

ATGGC-}TTGCGC-}TGGCTCTGC-}TGC-}TGGCGGC-}TCCG GAGGCCGGTGECTAATGAA)

Gene e LD &@%@iﬁ%@ %@Wo§%@). Cells were

grown Ar¥A@In Idgynwedism to an ODgy = 0.6-0.7. After mduction with 1 mM IPTG (Isopropyl-8-D-
thiogalactosid), cells were shifted to 25°C in the case of NH®3Csand C1,CE and to 30°C in the case
of C“C,, respectively. Cells expressing NH“Y>C ¢ were harvested after 3-4 hours of induction while

cells expressing C“C,¢ were harvested after 4 hours and cells expressing C,4C* after 5 hours.

Protein purification. Cells were resuspended with 5 ml/g buffer containing 20 mM N-(2-
hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid) (HEPES) pH 7.5, 100 mM NaCl, 0.2 mg/ml
lysozyme (Sigma-Aldrich, St. Louis, MO, USA) and incubated at 4°C for 30min. Cells were disrupted
by high pressure using a French Press (Basic Z Model, APV Deutschland GmbH, Liibeck, Germany).
Genomic DNA was digested by incubating cell lysates with 0.1 mg/ml DNase I (Roche, Mannheim,
Germany) and 3 mM MgCl, at room temperature for 30 min. Insoluble cell fragments were

sedimented at 50,000xg and 4°C for 30 min. Soluble E. coli proteins of lysates were precipitated by
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pmol / m (each) oligonucl eo&ilde solution from95C to
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Amershﬁ?h—B@gClQWW&mwﬁ? YBEQ I D NO 34) codi ng sequence
(2). The fidelity of all constructs was confirnmed by
DNA sequenci ng. Cene expression. Al silk genes were
expressed in the E. coli strain BLR [DE3] (Novagen)

Cet s were growr ale@7C T B MegjpmsE o am OD60QcE. /¢, o©
0.6-0.7. Affer induction with 1 rnMIPfG (1dopropyl®™ "

extinctiba Dtmedi@:ad:naut oSi d) cells were shifted to 23C in the
276 m@@@% %fu HOYS3G 64aftl C, 6cCland t $5389C in the castd WP
respectively. Cellslexpressing NHCL |S3C 6 were

Table hdixviegtoadoeffitients 8f synthotitr pidef silkn Gatbiaed avdordigg odlill & Hippel (3)).
expressing C C 6 were harvested after 4 hours and
cells expressing G 6Cc after 5 hours. Protein

Fluoregpundef Floarksoonce sQaitia svweneeord@&usqaﬁndebllamtSpecSroﬂhélgmeter (Jobin Yvon

ff er \§ 20 ni M N
'%{;%fr Poxyet hi‘/)?fgl p 1549 p&ver %ﬁl elfahbs oY onﬁl}({:“choﬁd)or 10 mM
Tris(hy(ideRESﬁylpﬁﬂnﬁoxﬁethahG@dew Nzﬂl](pH 8.02atrfAj/ 9@, Iﬂtggxanz)ylnmle was 1 s, step size
and ncub

was 0. 4r%i1 g% AI dr&tﬁs »&;F% nnl exc1tat | %’l %)(% 1s%on ,nres reévg, a'r
usi ng a French Press (BaS| c Z l\/bdel APV Deut schl and

Secondfuaz tr%zé{ﬁlrencéndéyevrs irimlg‘gtc reulat ? rﬁ?lralsx}[})%Dﬁ\ﬁ{)ecgﬂgweée feftq'(n CHsmg a Jasco
715 spéVB‘lpSﬂimmﬁter@qmﬂmiy\)utlamténﬁenﬂMd\@ﬂrﬁl wnit (Fasaninteempienah Cor ktd., Tokyo,
Japan). él)aectraowépe takeI ntsaoplnl(; e&neco%ce:enltratlgnacgfq‘ga pg/mvile ?O mM Tris/HCl (pH 8.0) in a
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corrected.

Aggregation assay. To test the solubility of the proteins at different pH-values and different phosphate

concentrations, respectively, lyophilized protein was dissolved in 6M GdmSCN and dialysed against
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Spectrofiuorometer (Jobin Yvon Inc, Edison, NJ, USA).
Spectra were taken in 10 nM NHAHCC3 or 10 nmM

Influendd d';tszggh%xgﬁtexmﬁtl‘hﬁbﬂ am nonet hane (Tris) / HO (pH 8. 0)

. at . Inte ste si ze was
Protein G Yt B AL AL R 5 (P QRsdird AT S oSOy ere 0.4 mgin
and ph&s@lﬁté&dneﬁ)ranms\me@io B, YOO 8T 06y, 360 ﬁMﬁMFSf)O mM.

anal ysis. Far-uv circul ar di chroism (CD) spectra were
obt ai ned using a Jasco 715 spectropol ari neter equi pped

Couplid bR bmivp Yuddimide 1&£ BdIT@bupd Nint orelas coupldd enhmabigamalcompound to

apa were t

..Co. Ltd. , Tokyo, n). .Spectra ken at a . w3
modiig i 5T BN LB CRSHON A WFeoLDRN FF PRI Cie A
stock s§IptibrBefOmM Rhaddhide REA™ alz hale@idt MAléaArPrebey dididen alheAPetherlands)

in DM Pt s ook s 1D TEER R s

a profgin %lglogéil %qur.'a Méar fxcess of 20.
The reftfifon bk caSRARS: YR Gri@y 6f aAgedarknd 4bof T nﬁawa&clteaﬂ}mng non-coupled

ﬂuoresﬁ%g g Ld on assay. To E"ﬂi/é’faﬁe%dsﬁ%um

0, M -rigreapipet do di'¢ fr
chromafdpepRi AL D1 (C EINGEHY, S@ﬁﬁa@ékSG IS?iPﬂﬁﬁfat:M Hidtech, )U?)pﬂild iSt@den). Fractions

di ssol ved in CN and di aly
were C@Eﬁﬁeﬁéﬁw fﬁMh?mr%Sfmo (Pfﬂ—F‘% bé) [EPAEOmaD| ar@fwaﬁ&m\}o@% by SDS-
PAGE.| VBUdRitem &t ploRe® 5rﬂnﬂlerfihldﬂc51ﬂhofe05va32 p&@dHnSd IbY silver staining and by

fluorescent imaging using a Typhoon 9200 Variable Mode Imager (Molecular Dynamics, Amersham

oR
tb efore size exclusion

Pharmacia Biotech, Uppsala, Sweden) with an excitation wavelength of 532 nm and an emission

wavelength of 580nm, respectively.



different buffers (see below), protein precipitates
were renoved fromthe sanpl§§ by sedi nentation at
wo2eE/000eg for 30 min and the anmount of the r @CRIERRG0G/008452
sol ubl e protein was determ ned photonetrically. Since
the sum of sol uble and aggregated protein had to equa
the initial anmount of soluble protein, the percentage
RESUKFS aggregat ed protein could be cal cul ated by
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ADF- 4I m‘nh Ugy ?ﬁrdé}f sl VALMeS diRlehS W&k %FéaFéBSTH\é? hedifichii¥ng dontain one
h buffers of different pH 5 able 2). Fina
CYS‘emﬁr”b?aéh Af e Meseaisr iEbing W e 19 tse Mgdule Ci Fheedisgergie at position 25 was
mutate&‘lhrc fre Quaddifitaetife %lﬂ:o@ar&y b BARiRb adis. Qﬁ&ﬁox@aflly the position was
Tabl e 2: applied buffer systenms with dlfferen?
conmdgﬂi gl tpesfffr%mr@@ﬁccéa@ﬁle@%@s peraruiclottcbysrerkipbisity Pregicpis for this
mutatiGHdi H@r‘ SV sHRET P frghllM&ﬁﬂje &: Pue Ilésulﬁ IE_‘ IﬁQﬁﬂe( @""(@(9?1) ND: n@i was gained

rotein ‘concentrations were O. n% and phosphat e
using F(dhpuagatis GAsexReTBesy nwledtzreﬁ@ Ingfoliyang g, SBQuplRetidsgequence of
Module @O iVl c16HRM Qkatp(anpI)r w%gg&rﬁ‘@hm&oﬂhéjgeqb&& t'b'o@xlng for Cjs yielding
groups. In order to couple a small organic conpound to
proteingpdiGip eddd spisHerusiig| klopngt cies PA4e (BE oﬂés@@nﬂ9byédmnmw“% an
ollgomfcmqm&ﬁe%@%n&ﬁﬂﬁl £ QlAboanQ@tlr@' ot F\’ﬁ&anc!\“éngné zglhame'%ysteme (NHCYS3

stock sol ution of "I MM Rhodam ne mal ei m de cvsic
SEQ 1P N§): & asrclapediydie 5 ttermdeah nucﬁ?éldv\léqu@WF gerhig for qis pvBeld NH
mas added to a protein solution in 10 nM Tris/HC (pH
5) to give a nolar excess of 20. The reaction was
After bagfqnplegyr@lmsxsov@ghﬁﬁﬁ otk prateinh ewerarikrifed Ag. a fgat step followed by an

almllodlm%hfp}{ﬁte %rcrcﬁﬂgtlldy ﬁge n&%ﬁ@oéfpllh@ %rcttélhko vas G&{Hrmg(y gy nqaglgnoblomng

-nercaptoet anol was added to the reaction before
using %‘P‘Z@‘@)@@WB‘F ageinshF Gaetide tagplguepaDl Wagksddenths, angegyisgaiagl end of all

sitk prg';’elgé AP g@ﬁﬂmgdnathg'u%@@ltﬁed HR)Q&@ % w%"%ﬁ@& Bds fd@é:?dlloféﬁcth proteins,

were collected, tested for the presence of protein

traces Qf\praigiac it leser Vo@ﬁdarqu@t wgrezpbagryasleth qoptrsDORAGE!! modlpl ed proteins,

conlanM{gs&ﬁlc!y&aBé %h %vcﬁfe@taﬁ 'a&ﬁtl(ﬂﬁfjpr{){éﬁl l;alnf‘:l‘ Qtr IQBA'E? hfoldMA3r weight (Fig. 3A
erforimed b ilver stalnlgg | uor escent

and B ‘|p ‘o hialy cand reawwb%@ﬁmgz cmaraf:%mﬁ @e%mercam@@@mo to the samples
(Fig. 3‘3 WI ﬁ%&r%r%?%p?e%ent%éﬁ Iaﬁﬁ@rf k@ﬁl@&f 133 BL RO dges, Protem purity

psal a, Sweden) wth an excitation wavel ength of 5
was demp@g@bgme@qﬁpggﬂmewg lewisgion. lo¢idggdighyof 275 nm leads to ex01tat10n and

ﬂuoresEe%%@e&ﬁ]hs\(&l| %f 55%%&9' Q@S{rﬁﬂop}éﬂgt hesies 09%5 mfgs exclusively excites

purification nmodi fied Synthetic Spider sil
tryptoppirfe.eyinget nome i theedpsignefusnader Iskls etpteys ¢omprisgahtrynserihanes, fluorescence

emlSSl(ﬁlm gﬁ rCX(§lla J)S’l \Mﬁqgéﬁm](}\&(oﬁﬁ@lak pb&@1ncﬁea'tlv¥\@r(‘cbnthlﬁmgl%{gl ng[I protems

agline sil roteirn ADF-4
which slplamﬁgemoaﬁeub%u Qifdé/ﬂ?ﬁlp ane (\ﬂ)arFéumsemcemeaSm@nent of all modlﬁed silk

protem@éﬂafa'n&?sh%%%d %91'&%1%}1 Bp 28 akin the spectrum of tyrosine, which occurs abundantly
in the silk proteins. In contrast, no tryptophane fluorescence could be detected, indicating high purity
of the protein preparations (Fig. 3C). Yields of pure proteins ranged from 12 to 30 mg per litre of

culture medium.

Modified C s spider silks show the same secondary structure as non-modified C 4. Secondary structure
was investigated by CD spectroscopy. All modified proteins revealed spectra akin to Cjs, which

displays a spectrum typical for intrinsically unstructured proteins (Fig. 4).



cysteine in each of the variants, either in a TAG or
in the Module C. Therein, S8 ine at position 25 was
WOrRN7AR8H9t 0 cysteine due to Similar size and BOTAPRA0G/008452

of both amino acids. Additionally, the position was

Mod:f&&f*,ﬁ kﬁ&& ecmmt: nIoPL ﬁzfszfe?%le RARY-& ﬁhoﬁﬁ@k%&?ﬁ Ak FS-}8Afied C 4. pH,
dr ophobi ci redi ctions his nmutation

ions, sughfap @Pta@wng/ agg physphaje, ﬁ%meW@awleﬂress arpénvplveq it naigral silk assembly.
We inR € tHeGn iRk 4 fent L sdi@s p%bﬁ‘a@éjcdiééd?ﬁng&and varying pH on the

mut'agenesi s (see experinental procedures
aggreggtion| hsbavigyr of &pdified Prefeins EctisdeSearkNEe of e Nbl‘eﬂ‘léa”&" to G All
modxﬁé’&%ro?eﬁrﬁ%%b@%&ﬁﬁ@emt %g‘é%§g£ﬁi‘)@9 Lhen Q/Hlﬁlese%lb@'% 0, C Ce even at
sequence codin I el proteins CcC 6 and C
values gebow (/s Al ghopyﬁg ﬁg)rq,é@p dp /OpnggrggethQt I NG 1e:2i9)contrast, only displayed
moderaﬁd %Lvérleé)aﬂ% llﬁﬁderanle&' LSRRGS Q@fg‘ )Sggﬁ‘iﬁﬁ]ﬁ/e pgfa%gﬁ Mhosbhate led to
consi sting of glycine, seriné and one cystelne
aggreg,z(tmmrof g‘logg'led PREpipOatNOY erxpycepjgaiions diae dhage obsgeved for Cye (Fig. 5B). This
et by QLAY BF dRSABERES pRAGNGANRA! bObGidifRd by o difr
greater%us & H?:L rC#%ﬁAftertbacterl aIp sy nst élS]I S, © ﬁ) 1 c?' @ different
charge Qf qhk pmetyInSeaSrfbelv\iélﬁ@retpﬂaf ispdlentridnping 19nléqttlcslt(é1|bl ¥ o¢isbt\ﬂél@ﬁ g of Cy6 or
differs Qﬂy@g\?@ﬂgﬁ{!}) (§ul|5 Q@raé(% P£r%0j ‘pé Fo@bl(,? nThe;lgﬁ&e tg{:s‘ Qh’e&anglflt be due to the
s was confirnmed by inmmunob t1ng, using
presencgref p bﬁéﬁll@%ﬁndlthﬁ‘e@@%wﬂaggfmtsmvlﬁ dbaers | de tag sequences,
attached to the amno-term nal end of all silk
pr ote| ns. As conparl son the unnodified protein 6 was
Assembi g pvalhgoespider bilk prpigink pr ot ei ns, traces of
Synthe!(? ﬂ)ﬁ(ﬁ& E‘iﬁ( [w)ttenxs ld%ﬁ ﬁm %?dél‘ &l s\éﬁdega%s AY-§ agcpﬁﬁrFV@gm bk Bssembled
cont rast 6, all |f|e proteins, contalning one
into megphiplekicel distie! foavwaliked spheread apnafidrilsl fparlm eh¢ fand Tae following
expenntf@n%h;?err%w%o%&% R dde%hﬁgtdc (h'gf xgodlﬁéi %ﬂg r Bk prot)em\é\@lll&\hthe same features
cou e renove I ng reduci agent s |
ConceﬂBnMthmS@mHﬂ\Hh@avmw t he sanpl es (Fl g. 3B "+").
Therefore, they represent protein diners connected by
di sul fide bridges. Protein purity was determ ned by
1. Sphemsasuri ng fl uorescence emnission. Incident |i ght of 275
e - i.t.at SEA0 f
Protein sﬂﬂeor{é’sl %ggl;&&% %ﬁf%?so% Eﬁrﬁgggwgé u(ﬂﬁ gﬁc??@éﬁn ?Img @A)\So«et% generated by
adding éﬂcMmm@nm exlphatet 2 ﬂyﬂgﬁ/mbmww of & ﬁmeCrrb@neNH {Ghgand Cyg in 10
r [ [ 8, es
M T e B o P (T SUL T as observed
betweeneplictts haderbmeredifredipedtinyve Gior cont ami nating E. col i
proteins, which on average contain 1.5% of tryptophane
(4). Fluorescence neasurenent of all nodified silk
2. Nangfiboisei n preparations reveal ed eni ssion spectra akin
Nanoﬁ&ﬂ? w%n%q(értrﬁeldm qr‘lcu‘i)thr% oﬁ%onsWé Itmé}lg%l-%c \az%u ”iﬁ%tdll% Trl} pH 8.0 at 4
the silk proteins n contrast. no try
°C for feleralrveskefotewedy idcubetiahet me@mpﬁm@rq:@t B d@'smﬁgm&iu rity
of the protein preparations (Fig. 3C). Yields of pure
proteins ranged from12 to 30 ng per litre of culture
3. Filmpredi um Mbdified G 6 spider silks show the sane
t Y
Films AR Ghker L HEL I 00 IRt B8 define SREBRAE ADF-4 rom the
garden gpdéridrenbuprivienaiss qanbe abst ompgwaaftuarakiprepere! GIBIP) whioghic acid (5).

Lyophilized proteins were directly dissolved in HFIP or formic acid. As observed for C,s, HFIP

induces an increase in secondary structure of the modified proteins CCy6, C16CC and NHYSCyq.
While CD spectra of these proteins in 10 mM Tris (pH 8.0) showed only a single minimum at a

wavelength below 200 nm (Fig. 4), which is indicative of a mainly random coiled protein, CD spectra



di spl ays a spectrumtypical for intrinsically
unstructured proteins (Fig.,4).Mdified G spider
WO2D0KRSHPe nore susceptible * £dnar ds phosphat e PEREPRH6/008452

than non-nodified C, . pH, ions, such as potassi um and
of protah 9(?13&?& Ma@féﬁ%%ﬁﬁlunﬁét hB2S0 Ak aﬁcp rﬁgd\ﬁﬁgnélghoulder at 220 nm,
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From ngodifidd] spnlgdslﬂqmqtelpqz bines qoulddieeast quisefdHilP ec el as from formic acid. Films

> !
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dissolvprupbe icorgaat aritiotvates, é»cplvmm@dattxy wath dndtliamplke 6%). 6ﬁatr@1® wéatment, the

spectru?nh?evgzglg ecll gﬁglgﬂlﬁ'&@traé;ﬂt‘ﬁg& L\gl%on 1§ %@c&? gcgrr LCB d&?lfh nFlCh structure
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r h t
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i.Ve o}
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describa®d fop 1904 (dgnkgcaslpedwt piecfilnf fyormﬁ? Clsirkwalsg bver mgiima at 208 nm and 220 nm.
Cy6C” pergl %ffhl?] etv%alsée ?Qr%ec?rno 1tfh al;!ﬁ%le r@gﬁnodé]ns ,J«tlt 8 m[;llg t hat
m)dl f| ed spider silk proteins show the sarre feat ures
4 LabSONRCSr NN i StdRGtsasagnbl y behaviour. 1. Spheres
ng di anmeters rangi ng between
Modifigatign afi dyritheic n;md(:rstg\s b§A) qyswmemrgmrshbeld aflyw dddspegifig .cdupling of

drugs, MMM@ c%%l éfl)xzri] &Eg e% I]h 08@4 de%n%lng‘g’alte He gupg'ngQ)ﬁhe Q—l -group of

a cystélmd & (sinyldiromgayrxrmhm}dcylleanﬂlndimtdpawe(fﬁoda&)mq)MaS @uplpib to the protein
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b ﬂuorescenced aNl;p‘Sg’lee stalmlg ;grl S pH 8.0 at 4 0OC for

Yy THogaver alm e eRE” Fol’f owe cubation at room
tenperature for 3 days (Flg 6B). 3. Filnms Filnms nmade
of synthetic spider silk proteins derived fromthe
dragline silk protein ADF-4 fromthe garden spider
Araneus di adematus can be cast from

hexaf | uor o- 2- propanol (HFIP) or formc acid (5).



Lyophilized proteins were directly dissolved in HFIP
or formc acid. As observed %or Q 6, HFIP induces an
WOi2He7/(3888 i n secondary stru'c% re of the nodi f PEH/EP2006/008452
proteins COCi 6, Q 6CC and NHOS3 Q 6. Wiile CD spectra
se proteins in 10 MM Tris (pH 8.0) showed only a
REFEégNé$$ m nimum at a wavel ength bel ow 200 nm (Fig. 4),
whi ch Sagmbraedi L and Kuesselk, Da(%ﬁ?rﬂ"@l’@q‘“émdm@m | ed protein,

P Spqertonaefjpmaa'walapmae g A WER urqvesq{nggmas Chen, C. Y,
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. C | I8 o !
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Biol. 13d8845Fi | s mere cast on a pol ystyrene surface, where
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tih’]e SO veﬁtcb ?E(? @(?H ﬂl%ﬁ)@, ller?g}%gi C"a']lgﬁlgtaog%gig&glﬁ%kﬁ&ngﬁ Coefficients
from Agembﬁdérsyqlsmqjé&m HAaafical Beochdisn, 182, DI9B3R% w v protein
spl uti S qganiizg -
R cvanuleT, oAl O T DA A ChERL X, G BRIAEY  Riey, M,
Collade-sedes.flr, dihﬂﬂﬁt P D.eledd €dKs pbahew, Wi K hGreger, i Bavia NatW 2 88rkpatrick,
220 { ndihgat RV i '
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E&hﬂmbmem4Kﬂ@bE@hk@’(lhéihbﬁﬁast films readily dissolve
upon er tn t .
Bt haﬁ&gﬁ{ g; ‘i’h eI\r/,VBI%Ih %reltntr?ggliln‘ekﬁ%l&h Pea‘_I’)c%glb\é\fl TE}(ZOOé) Structural
analysig eﬁmaieedlkaﬁlms r&}b@mﬂmulnumcawms %%l ch | s typi cal
for a b-sheet rich structure (exenplarily shown for
NHCYS C]6 Fig. 7). This change in secondary structure
upon processing of the filns was al ready described for
synthetic spider silk films (5). Interestingly, filns
cast fromformc acid differed in their secondary
structure depending on the protein enployed. Wile
NHCYS3Ci6 d to a fil mdisplaying a b-sheet rich
structure (with a mninmumat 218 nmin CD spectrum
like it was described for G 6 (5), the spectrumof a
filmfromCCC 6 revealed two minima at 208 nm and 220
nm C 6CC protein filnms revealed CD spectra with a
single mnimumat 200 nm 4 . Labelling of nodified
synthetic spider silks Mdification of synthetic
spider silks by a cysteine or |ysine should allow for
speci fic coupling of drugs, netals, polypeptides,
quantum dots etc. In order to denonstrate the coupling
of the SH group of a cysteine to snmall organic
nol ecul es, the fluorophore rhodam ne was coupled to
the protein NHCLS?C 6. Rhodami ne was used in a
mal ei m de-conjugated form which reacts readily and
very specifically with SH groups at pH 7.0-7.5.
Ef fective coupling was visualized by SDS-PAGE fol | owed
by fluorescence inmaging and silver staining (Fig.
8) . REFERENCES 1. Sanbrook, J . and Russell, D. (2001,)
Mol ecul ar cloning. 2. Kroll, D. J., Abdel-Ml ek
Abdel -Hafiz, H, Marcell, T., Sinpson, S., Chen, C
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Bl och, C. A, Per nwod}hedep,deﬁgﬂﬁqe, , R| ley, M,
Col | ado- Vi des, J., d asner , C. K
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Patent 8@ins: K-1 2, Science 277, 1453-1474. 5. Slotta, U
ammer, M, Kroner, F., Koelsch, P., Scheibel, T.
(2006) Structural analysis of spider silk films, Sif
ronol eciilar chemstry 18, 465-471Modified spider silk
proteins Patent clains : 1. A nethod of nodifying a
L spimgghod of rdifyieg smdes sllpprpisinsgmprgngthe pispsoff:  a)
providing a nucleic acid encoding a spider silk
protein or a fragment or variant thereof not
cont ai MPYiging g sheieic aeid eyesdisz nepidersill peesein o) a fragorentdmigriant thereof
i L&haqmaglﬂr%e spaeginggesmgs or nore anino acids in said
spi der si protein by a lysine or cysteine encoding
ridc| ei replaginginunisieiaidsecnceding et eTgnere AMIogicids ae isald spider silk protein
é“l}ﬂﬁl% o@%%téh@ 'eﬁ&df?lﬁﬁlu@l'efé R Qﬁue%)@&%qlaﬁgmglﬁsﬂdgﬁhc acid sequence
and/ or cystéine to said sequence; expressing t
nasdiafningchualgislagide encofiag dsmgender aypieiap mae@lda saqushcd n a
S(H' t abéxﬁre%’fgt the ﬁl%glﬁga nhFGOYEL éeggentggotﬁﬁw 19??1%‘11 sujtable host, and
nodi fied spider silk protein. nmet ho Ialm
19 whi r@?PVﬁIEFF& th@?"Pé%ﬁ@W%&“@@@pﬁ jfilkgraseimer subst ances
to said |ysine and/ or cysteine nolecules in the
nodi fied spider silk protein. 3. The nethod of claim1l
2. grhepmethpre p‘g Flaim He wbith fortharmompeises rourlisigduher epbsanees fonsaid lysine
and/or é)?s?e@nemlol@é'u %ﬁlhgﬁqtoﬁgiea Eﬁ&@rtsrlg?ng{egpp consi sting of
yci ne, alanine, serine amate, aspartate and
threonlne 4. The met hod of claim1-3, wherein the

3. Shah ftaalpxehgpgplvﬁgeﬁ)Qhé Xﬁ‘é Qlem%da(nfﬁﬁ §85§ H:? be?d in step b) are
ecte fromthe group consi sting of ypep des
Selecteib érblylébﬁz&rhlax qogeistingroh glveme raldnngudenre, gtqltparrﬁm AsPdate amd threonine.
nmetal s, nucleic acids, |ipids and | ow nol ecul ar drugs.

5. The nmethod of claim4, wherein the | ow nol ecul ar
4, drhegwethod of elpise tl & Whersin theugybstansatiaibpiongpled to lysine and/or serine is

selected from the group consisting of polypeptides, polysaccharides, marker molecules, quantum dots,

metals, nucleic acids, lipids and low molecular drugs.

5. The method of claim 4, wherein the low molecular drugs are selected from drugs containing a

carboxyl, carbonyl, imido or thiol group.

6. The method of one or more of the preceding claims, wherein the spider silk protein provided

in a) is based on a dragline and/or flagelliform protein.

7. The method of claim 6, wherein the dragline and/or flagelliform protein provided in a) is

selected from a dragline or flagelliform protein of orb-web spiders (Araneidae and Araneoids).



car boxyl, carbonyl, imdo or thiol group. 6. The
nmet hod of one or nore of thg precedi ng clains, wherein
woh&/epilder silk protein pro Bded in a) i s baPEl/FPR00&/008452

dragline and/or flagelliformprotein. 7. The nmethod of

claim6, wherein the dragline and/or flagelliform

protein provided in a) is selected froma dragline or

f .nr. I i . . .
5. AR R e, Do B AU QIR GRReiR lovided in
a) arederigdifiom frootieidivgdensidy and/dr Negfelaldidvépesn pr ot ei ns

provided in a) are derived from Araneus di ademat us

and/ or Nephil a-cl avi pes. 9. The nethod of claim 8,
9.  whlerméthod ¢feldimBgwhereinithe Gagmetis@, madulsy whereinhee mrodiu¢ eomprises one

ni ne contai ni ng consensus

ormo£gaggﬁggixgégng%hHgﬁg?ﬁ%g¥&#cha|n19 wherein the

polyalan|ne cont ai ni ng consensus sequence is derived

f a . .
R B P 00508 (00 SRR By QLR i v

from AGIF-3 hrad has Ehe awiirer agidrsequencd ofgiteit NOs1 tmoerdutiud)eor deriiang thereof.
from ADF-3 and conprises the ami no aci d sequence of

SEQID NGO 2 (nodule Q or a variant thereof. 12. The
1. nBtdrodhafofclaan § wdereindhelftagnwheis gimpdulzales pidderm ADFK3 and comprises

the am?‘n&%&ﬁl £c%" gg)lb%@tf@ﬁ%&le%@%% VL tﬁ%??ﬁorlzm\c\;e:); i

t he spi der silk protein conprises (AQ 2, (AQ 24,
( f_cl.ai
12. tﬁng“fﬁgcgdr n%fﬁ]cwélégm% gfkyhe-xrebi trhlg\%éggrdsllg rc%%ﬁ _;)E?vgdgflm ‘Mr‘SE é?rlzomprlses
one or trioee AN QDamidardQd&yuence of SEQ ID NO 3 (nodule C) or
a variant thereof. 15. The nethod of claim 14, wherein
the spider silk protein provided in a) conprises Q6
13. oFhenetli@l of Fhém 1121 wisulein thepalemsil$, prathie cemnprisch AAQY a gh@nt, (QAQ)s or
(QAQfS a nodul e derived froma flagelliformprotein and is
Mbdule K (SEQ ID NO 4), nodule sp (SEQ ID NO 5),
nodule X (SEQ ID NGO 6), and/or nodule Y (SEQ I D NO
v\i}heox{letﬁod;/% cla?rg%d&'{l]e%lgg{g fralikzltent 1?? n{ya&lr Sg'le g%lnaw]é]fl cs%mprlsmg the
amino Xiéseqignce Bi ﬁi(biD N&(Ziﬁpoqw@@or al@rlaﬁlfhl@renét hod of one or
nore of the preceding clains, wherein the nodified
spider silk protein recovered in step d) conprises one
15.  oFhermetieodaff claine 1fychetedsthe fpiSEQIL Do pr8vid@l in APconTmises Ci6 or Cs,.
met hod of one or nore of the preceding clains, wherein
to the nodified spider silk protein recovered in step
16.  dyheometbal dfiednirg3i Wbcremlthd(frqlgnnﬁnmsm mpedule dbeided frors tadjagel)ifoam protein

oo PSRy SEEOSPERIDATSER LT S TR R R, e

modul SECSEQID NO: 7) or a variant thereof

17. The method of claim 16, wherein the spider silk protein comprises Ys, Y16, Xs, Xi6, Ksg, KigOr
Y(,XzslezYz.

18. The method of one or more of the preceding claims, wherein the modified spider silk protein

recovered in step d) comprises one or more of the modules of SEQ ID NO: 8-19.

19. The method of one or more of the preceding claims, wherein to the modified spider silk

protein recovered in step d) or to the spider silk protein provided in step a) a nucleic acid encoding an



NO 25-28 is added. 20. A nodified spider silk protein
obt ai nabl e by the nethod of ,one or nore of clains
WOR2e@257291. A nodi fied spi dei2 Sil k protein coRPTIEPRGVG/008452
one or nore of the nodules of SEQ ID NO 8-28. 22. A
C Har.
amino &%bsi ?ééedlcgorgﬁlgg t@ggﬂgﬁmggtzggn onygsrﬁ?gﬁ é.%ﬁrQF*TAG of SEQ ID
NO: 25a28mdqi¢e|ded spi der silk protein of cI aims 20 or 2 1.
23. An expression vector, which conprises the nucleic
- acid sequence of claim22 and one or nore regul atory
20.  shqedificd spid@ilk Mieteiveirinabloby b mietod 8f ongter glerd of clpims 1-19.
plasmid or a viral vector, preferably a bacul ovirus
systemor a vaccinia virus vector system 25. A
21.  vAotodified whiderlsili progsin enasprising oneied radre ofidi chodelgueliid€) BF NO: 8-28.
claim 22 and which preferably is derived fromthe
cloning vector of SEQ ID NO 29 or a variant thereof.
22. 26 nudieih@sid, sequenchedding foe @ madifgdsspoteneitk piotein ashebtaingst iorstep d) of
0 1 f,r6)aim26, whichis a
claim 1 Jr fﬁfﬁh%@?c Sg?q%f sifk §°tg—’$%fgl 1(§')1]issté6o E:I aim 27, which is
E coli or Bacillus subtilis. 29. The host of claim 26,
23. "‘MS rés%oﬁvgc%%%{%!:oqn }athe FchlenJ pc? %L%ﬁéncggf &J\lﬁﬁya%g’one or more
'S east ce or
regulataﬂysmsm cell. 3 1. The rmrmal ian cell of claim30,
which is a CHO COS, HelLa, 293T, HEH or BHK cell. 32.
The host of claim31, which is a yeast cell. 33. The
24.  Hidwtvedbr of daim 232 whighiig b plasm8aw charabrsetespreferablyi ashagelovirus system
Orava%gﬂu}g&q/%&g&rﬁ yyces pombe, Pichia pastoris, Candida
I cans

senul a pol ynmor pha. 34. The host of claim

30, wherein the insect cell is selected from
I f
S&F; %gr? te“r%ra réoglﬁ)g&és hE nhgmf Pa%ﬁi] %@9&%};} of Elg{;ﬂaZ% and événchﬂ]referab]y is

derivedhfos thefclaningivert8dof SHARITEND: 291eramemtthm:@1f | is a Sf9,
Sf21 or high five cell. 36. The host of claim 30,
wherein the plant cell is derived fromtobacco,

26. pAhedt,oyhidoras bequamnstnonddonitt the v&Tor ofclpihmr2drRéeut i cal or
cosnetical conposition containing a nodified spider
silk protein of claim20 or 2 1 and a pharmaceutically

27. dbedpttalbcleint 26, mihath. is 88rokdxydtidaed/ t hr ead, fil anent,
film foam sphere, nanofibril, hydrogel and the like
made fromthe nodified spider silk protein of claim 20

28.  OFhedodt.of claim 27, which is E.coli or Bacillus subtilis.

29. The host of claim 26, which is a eukaryotic cell.

30. The host of claim 29, which is a mammalian cell, plant cell, yeast cell or an insect cell.

31. The mammalian cell of claim 30, which is a CHO, COS, Hel.a, 293T, HEH or BHK cell.

32. The host of claim 31, which is a yeast cell.

33. The host of claim 32, which is Saccharomyces cerevisiae, Schizosaccharomyces pombe,

Pichia pastoris, Candida albicans, Hansenula polymorpha.



39. A paper product, conprising a nodified spider silk
protein of clains 20 or 2 1,,.40. A textile or |eather
wopnedastly conprising a r ecofby hant spi der si | RCHEPR@608452
of claims 20 or 2 1. 41. The paper product, textile or
34. | ’ﬁ?et E%K oP rc%%% Q&ther%hrfltl{gsin%%t QL Ax‘so se]é’c@e%r bl Eejﬂfﬁdoptera insect cells,
reconbl nant spider silk protein is present as’ a
preferablydtdann§podaterafiugéplerdorang fiomalicgerrtprd %i ng or consi sting
of a protein of one or nore of clainms 20 or 2 1.

3s. The host of claim 34, wherein the insect cell is a Sf9, Sf21 or high five cell.

36. The host of claim 30, wherein the plant cell is derived from tobacco, potato, corn, pea and
tomato.
37. A pharmaceutical or cosmetical composition containing a modified spider silk protein of claim

20 or 21 and a pharmaceutically acceptable carrier.

38. A fibre/thread, filament, film, foam, sphere, nanofibril, hydrogel and the like made from the

modified spider silk protein of claim 20 or 21.

39. A paper product, comprising a modified spider silk protein of claims 20 or 21.
40. A textile or leather product, comprising a recombinant spider silk protein of claims 20 or 21.
41. The paper product, textile or leather product of claims 39 or 40, wherein the recombinant

spider silk protein is present as a coating.

42, A gel or a foam comprising or consisting of a protein of one or more of claims 20 or 21.



