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novel pharmaceutical conpositions conprising

P22872 hi enopyri mi di ne conpounds. Moreover, the present
invention relates to the use of the thienopyrinidine
conmpounds of the invention for the production of
pharmaceuti cal conpositions for the prophylaxis and/ or
treatnment of di seases which can be influenced by the
i nhi bition of theNMiRA&Rr3GK ProtdinEHildhkl (Mkia or
MhKI b) and/or WMk2 (Mik2a or Mk2b) or further
variants thereof. Particularly, the present invention
refates to the use of the t(nienopyrim di ne compounds
of the invention for the production of pharnaceutica
conmpositions for the prophylaxis and/or therapy of
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the islets of Langerhans which are responsible for the

insulin synthesis. In addition in |atent autoinnune
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occurrence of high and | ow bl ood sugar |evels. CQut of
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conplications and disorders such as inpaired gl ucose
whosensinggry slEucturgs Shre @oppnet BpalivF aifhilsetss type 1),

di abetic conplications such as diabetic gangrene,

di abetic arthropathy, diabetic osteopenia, diabetic
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nmet abolism (i.e. lipid disorders) and their
ecut i ve i cat i r : :
Howe (G B EHNCRERGT e o ingi & OREPE B BUEE: Bhagrgm hose st

proteirfsraadilatd& sTHE methppe mhighoae dneivadnitke state of the art can not be used in a
generaF%&%ﬁtgfa({d;lgg R%gé&%g&ﬂglgyvgéf?{aaﬁgdf%pnas'ilk proteins. As mentioned
above,gb\rég‘% g‘sedr?glggﬁ(ﬁ{;gjg%{;ﬂy g}éa}riggdé %xrlaf'%’o@?grg })g(%ggd d@Bili3e the multilayer films,
but do mppeoehielaastienrsdl eppmach.sol at ed hypertrogl yceri deni a,

cardi ovascul ar di seases such as hypertension,
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It is, BHeRG6RSGhebBietts of QHQ'CP_? cREGhRNtiSn tBYMOdI &lmethod for producing
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tubul ointestitial disorders, renal failure,

angi ostenosi s, or cerebrovascul ar disorders, such as

cerebral apoplexy. In a further enbodi nent of the

present invention the conpounds and conpositions of

the present invention are useful for the treatnent

and/ or prophyl axis of hematopoetic disorders and their

o o o - o s s ey



nmyel ononocytic | eukemi a (AMWL), polycythem a vera,
| ynphonma, acute |ynphocytic | eukem a (ALL), chronic
wol2popiees?gt i ¢ | eukemia (CCL), WInls tunor, or PEREPg0S/003304
Sarcoma. In a further enbodi ment of the eseﬁt
the presspERYPIPNA BrQAHHYATIRNS 2BRIFAEBAHDS thase Ay Teeyeiams.
present invention are useful for the treatnent and/or
prophyl axi s of cancer and consecutive conplications
Theseaoljeds soe cehevedidly dise cabjeetrmattert bf thgpprdependent claims. Preferred
astrointe tlnal tract creatlc carci noma, breast
embo%gwegrare toe] ‘Hﬂ" E‘éHEQFpe“8§'§ G4MScar ci noma, cervi x
carci noma, corpus carcinoma, brain tunor, testicular
cancer, |aryngeal carcinonma, osteocarcinona, prostatic
The ivanioes ¢stabdisherofor alst Hrstfinei asmethod for fromeng inultgaysarddess made from
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from § !kogg%ée”gg( ng}jrontd%r%{ltng% 2 ar .C Irtd1t¥on%kzi§n?orr g){a?ntp?e oppositely charged
layersdi seases, autoi mmune di seases, destructive bone
di sorders, proliferative disorders, infectious
di seases, neurodegenerative diseases, allergies, or
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I nes Ier IC an nflammatory di seasés suc
ﬁhnsamnpnmng%heh&pmoﬁ i nfl ammation, chronic inflammatory
arthritis, rheumatoid arthritis, psoriasis, COPD
i nfl ammat orybowel disease, asthna and septic shock and
their ﬁ%@ﬁﬁ%@)ﬁé’ 6r kal%ﬁoﬁsogtsmﬂpgrcﬁiérﬁgﬁﬁ%ﬁled or suspended in a
aSSOCIated eremth. Inflammtory di seases
r heumasuatiablleazpiviant; t i s, |nflannatory | ung dlseases li ke
nflannat and psoriasis afflict
e ool E e st SPHTERE O ATEE  of Lhel r 11 vee.  Not
ol Yy dQapbiafify tHeSORRAE theFBRSRHMERNER! Bidaplokif &l layer; and
costs, but also they are often crippling and
débi | |Q@te|omgnormr¢n¢ouw step§ B)aﬂﬁhtq oam; agdditiamalipillf prodgyn film layers
pat hog(e i 5d R QC§ protenti Iﬁx%e yer m onHQrt & %n% Seehstte]% er silk protein
beIOM/ltﬁe currén treatnen proach IS conp afd
is gen@nhal |y specific for any one disease. Nhny of the
current therapies available today only treat the
synptons of the disease and not the underlying cause
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spiderpilRaytensi Rega‘rdlmgfthalﬁtmtdastyngjoﬁmasrlarpiotemsge utf. \2@. However,
conpl i cati_ons and rs such as chronic or acute
formingmpliilaygr filsps WP%‘F‘Ptéir?ﬁ‘ét grﬁ NGEINt he joints such as
chronic |nflannatory arthritis, rheumatoid arthritis,
psoriatic arthritis, osteoarthritis, juvenile
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related conditions, ulceratlve colltls colitis, and

in ordegitg aphipvaariops purpessier(ps they Wil be etlined belos inidegibi s,
oophoritis, endonyonetritis, spondylitis, systemc
| upus erythematosus and rel ated disorders, multiple
sclerosis, asthma, neningitis, nyelitis,
encephal onyelitis, encephalitis, phlebitis,
t hronbophl ebitis, respiratory di seases such as asthma
bronchrtls chronlc obstructlve pulnonary dlsease
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allergic rhinitis; endocarditis, osteonyelitis,
rheumatic fever, rheumatic pericarditis, rheumatic
woenaorssdi tis, rheunmatic myocarditis, rheumat PCTIHPROEI003304
val ve di sease, rheumatic aertic val ve di sease,
prostatitis, prostatocystitis, spondoarthropathies
sing S [ nos oy t 1 .Seain &
Addltlg{:)]éﬁ!’éJ ? couginsa% Xg’(]ytb %ho @y?a\élt}gé Szﬁg%l%? Sé]?( ﬂsrﬁrgm Hlé‘rrls formed
a stable emdmayén f$lrr0€v1tbbhﬁt8thé hSc;d o uhy npsiefiditon @lﬂthe surface of the single film
vasculitides, ipnflammtory di seases of the thyroid
layers {@ eantragt wr@mr@fﬁéﬁ%%ﬁ*ﬁqdomo\'ﬁhy%$ Hiayi ke eWm%Eytthec amphiphile
Y%
chrad RIS ELb o B S LRSIV EALOAEr B rnt by an
thus, atlbee &seforimyg rasstab s mphtdapardgiion, S|ogren' s syndrone,
neur oi nfl ammat ory di sease, sepsis, conjunctivitis,
keratitis, iridocyclitis, optic neuritis, otitis,
In an E%ﬁ@gﬁm?néatch%nné?@qg%?hﬁrthggﬁ&lh% erS'ﬁﬂHsnktfbﬁned from a silk protein
pharyngitis, tonsillitis, lTaryngitis, epiglottit
solutlohnremmnstngonqoweumuypesof stkopratdins. 3yhigh mgmsucxﬂsdks may be used in
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formed ORERA LU e con@n@in@eﬂ&easaﬁkewgeﬁous multilayer film) or different
gl onerulonephritis, pancreatitis, endonyometritis,

(heterqpgoemst miktilayer fitsm) sifk protesmse vi citis, endocervicitis,
exocervicitis, paranetritis, tuberculosis, vaginitis,
vul vitis, silicosis, sar coi dosi s, pneunpconi 0Si S,
As mep}H6&El ghove Ninl ApTetdreddyerpbd dimeht) tiepauhil @fer MSOEInRirise€ one or more
arthropathles intestinal fibrosis, bronchiectasis and
layers giede fiophnsitk Rrofginshndnerir gaore WFWP”%%& ofREmRr§teapaseous or non-
Inown%k&RFQ%hé ¥gd to be inplicated in the production and
evel oprment ‘of various cardi ovascul ar and
cerebrovascular di sorders such as congestive heart

di sease, ocardial .infarcti formatio
In an cgpligdngeny tegbie neSe 24988 SN§ V?lé}féﬁ%mu Px&fefn‘e} ranges from 0.5 to

1.5 pn@q&fv\etg@ﬁ Ilpig als@%%ﬁ@le t8 deQ ﬁth]ﬁllél?)?'tmersﬁlms?ﬁﬁ&% 0 um). Further,
reperfusion I njury, vascu I njury including
a multrlegtrdros pf tPB:nnthﬁmrphl@ffahb]yasaMracs dil9Peaspretamdy X600 and most
P %5agglg vari ous di sorders of bone netabolismsuch as
preferably &G3dP%Es s (including senile and postnenopausa
ost eoporosi s), Paget's di sease, bone netastases,
hyper cal caem a, hyper parat hyroi di sm osteoscler05|s
The n@sp@ctmmcggus matatiahes ipodenabivt sedectedh frorhpolyBtyeangm bolyvinylchloride,
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(PAA)CYtdidte RORAdIENYIdmé ?laﬂin‘iﬁmhﬁ&ﬂoﬂldﬁﬂ i @albmbMAC) The non-
medi ati ng certain conplications of bacterial, funga
proteingeRus rmatETiall may bectsed ridonsueihinaeorabiaal @k Mithsetberk non-proteinaceous
matenaﬁ‘éﬁ 4/6: § 061% da}nh%'o?h %ﬁ@nﬁé@&%%‘?rﬁa&d in mediating
TN Conpli Cat T ons o surgery or Injury such as
neurotrauna and i schaem c stroke. Excessive cytokine

producti on has, noreover, been i Ilcat S i n nedlatlnq )
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those betinmgaobtaimdd‘rmnmifwzlds spayedebbhfran Mlelghan. gildgasencialis, M.
...and acqui red i,mune deficiency syndronme (AIDS), tunour

‘mhﬁ”ﬁﬁW%§?3%Wé?§’ 4t mour netastasis and multiple

sclerosis. The treatnent and/or prophylaxis of these

di seases are also contenpl ated by the present

i nvention Additionally, the inventive conpositions nay

be used to treat inflammtion associated wth

aut oi nmune di seases including, but not limted to,

system c | upus erythematosis, Addison's disease,

aut oi nmune pol ygl andul ar di sease (al so known as

aut oi nmune pol ygl andul ar syndrone),

glonerulonephritis, rheunat0|d arthrltls scleroderna



In a further enbodi ment the conpositions of the
present invention nmay be used for the treatnent and
womoevessison of infectious di seases such as sePSiTEP2007/003304
tic shock Shigellosis,sand Hel i cobacter pylori and
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calledaCalP endapaiDi, hiasing rheletulanwighsl afdsRDhepdtdl kDa Aespectively were

) ‘hepatits B, and hepatitis G, HV infection and - .
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the distf £E4.11AoAR t unt Sf CHSSfer@dseQid fel MSG1 Yark & a;lnggximately
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i nfections, by iInfluenza virus, varice a-zos?er Vi
100% (WDDAS Epsit,e2002BQIN & WrsITEHUADS). hertlpebydsusishréad as well as in the

musse's1 g )gri’erig g_q\grtnl"(qrx]:l%ﬂ%}Se?{]i-lﬁ}gezérg@rgﬁl%é)tglfﬁgupﬁr}n the construction of the

thread” §HRUE 2FRRT {ddRtionkNSrSeIPRSED I NCoING (RS B 88 §hdient), and s, in
invention may al so be used topically in the treatnent

contrast togf@pharida&ol®, efertlpdistabbutell Beasghost tieeshate thraadedtsiphysiological

.or exaceybat ed.by excessiye, cytokine production uch
functiGl PO AN, T & D EhICHReD  are SRt DEsid Collagéns (QIN &
VVArmgﬁb@gnatory skin conditions such as sunburn

i nfl ammat ory eye conditions including conjunctivitis;
pyresis, pain and other conditions associated with

infla hon.Reri odont al di h I een .
Kerat At RO 19 ROEGB R BRERNEE ot EReB AP st form the
hard Ry Sibemimeadlizéd stiet0fes fo8ed o reingBOBirls and nfmrbig. Keratins are also
present invention to control the inflammtijon

found 3 s gl diateningl traghs ok muaY prarlbindding revrdyqsesof gre are various
Sq; it j I Sei -
e 8 SFRRSE UL AL AR SEIBLORL AL g g krains
conposi tions of the present invention may al so be used
Collagef itk T2HBIHAF e oBBaLe ORI BRAIS o] DEdBGs: sbundant protein n
mamnty/ %Jk‘?r@"hﬁ ab&it&d08h of ORI B is m‘gh!aﬂgtigé&téns%lé,e@ﬁﬁ 'great tensile
cerebral” i'schem a or neurodegenerative di sease caused
strengthy and sithamiamn compoenent of cardliage, digamgnistapd iteridops,aand the main protein

hypoxja. In referred enbodi nent the conpositiaon f
compqeRtG Bivas,end it Coliera, O Betiapy Ripcea higpehpd by body, and
occursAn @i F&emEoRR RESWH a PR, GIHiaN el e TRpEl €0 TYHE XMTRLIIBELN, among

chronic inflammtory "arthritis, rheumatoid arthritis,
othersfthere ang 2¢ tyrespbeoliagen amiedalbry bowel di sease, septic

shock, Crohn 's disease, ulcerative colitis, nmultiple

sclerosis and asthma. Protein kinases are inportant
Elastirg RZ ¥ BRtein N ebmedtive titdue thagsikRktOahdodll oW masetibsukdin the body to

functions. The LK6-serine/threonine-kinase gene of o
resumeytheitoBiape aftaiesteaidyag oe copigasctigasklaptieielas skinstegetwn jtg iy original

.. ki e.. Wi iat ' j [ . : .
positict A& 50 poReE B0 pARIRE. 51 Ep bl bl e b s aiyeine,
valined eMgine pandnprotihe.t BRstwiponudd ey dnking Dhasywpbiubk tropoelastin protein

suggested a role,ig g@e nndulatign q; t he RAS signal
molecples IRk TRREH YCIESDYDIS, dusBplg)crosisinked m#y:. The cl osest
human honol ogues of Drosophila LK6-kinase are the
MAP- ki nase interacting kinase 2 (Mk2, e.g. the
Howeweay thenpresdvit k@eentiod iMTIOR Dimiderd tdVRs& ipnatsmacettue rraatetialg and many
kingse 1 (Mikl ) and variants thereof. These ki nases
(“hasé$%ﬂﬁﬁgf¢y | ocali zed in the cytoplasm Mhks are
phosphoryl ated by the p42 MAP ki nases Erkl and Erk2
t 3 ' , [ r ' 1S
A R R P e et BB seected from
water, detnarc sicisln Hexafbogesmpsopanoh amd oRastia ndidviéatearsdnbst preferred due to
stress signaling nol ecul es and cytoki nes. The
phosphoryl ati on of Mhk proteins stinulates their
ki nase activity towards eukaryotic initiation factor
4E (el F4E) (EMBO J. 16: 1909- 1920, 1997; Mol Cel
Biol 19, 1871-1 880, 1990; Ml Cell Biol 2 1, 743-754,
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basal and stinul ated el FAE phosphoryl ation (Ml Cel
Bi ol 24, 6539-6549, 2004). Phosphoryl ation of el F4E
WOrmmMzBSﬂsi n a regulation of the protein trans/[PeuIiEMm007/003304
Mol Cell Biol 22: 5500-55& 1, 2001 . There are
its gooah q\’ﬁé@@h&v MG PONIEY - dedey sdbvang thesilkrpenseiny arieﬁelved or suspended.
l.ati t Q
Furthe%b{eg tﬁés S8P\/'b8{ hta.bgf Plgé;icﬁ%%g ﬁescrrﬁ%é ﬁb%ég Wthh can easily be
vaporfatddmi badeptyleatd Bdtmd)l‘hetsbiaued@petdﬁnp,ethdefdrm}mg)ﬁrellndmdual film layer.
transl ati on upon activation of MAP ki nase-interacting
ki nases. Thus, the activation of Mk proteins can | ead
" N indi .k . o [
A SO]B?%I?ellnntﬂtg rn?ﬂe%éf gséfotﬁy p‘?‘%s‘g.ﬁ’p%]gér%tLoZlgnﬁe{%%{sca?lQ(jlﬁfu%Hﬁxture that contains
sitk progetrmsankiiis:amhmﬁxlmm fipasastidgaljpdsa s()BBAni#ﬁ&a]s@&oilBa&) m addmon to
. VO 03é037362 di scl oses a J|n§ bet we gunan
Pmte“b meﬁsar’?‘fé 21 avdey agREeeplss i 1BAdIngs 10T EXHUREn INRKS ‘“mers and
tetramgr%nelshe 3octidhs %?%n%ﬂ@ ha iy @S &P CnfthiRd ‘Més@rv‘éh@n stability, or
regul ati on of bo wei ght or thernogenesis. It
workabidisyt off the eclutibmt hunan Mhk genes, particularly the Vhk?2
variants are involved in diseases such as e.g.
met abol i ¢ di seases including obesity, eating
A suspRh§i6h Hefefh is@efil@Khsa didp@bieh ®F soTRl pdrtites iy RN S SheQhrticles are
coronary heart di sease, hyperchol esterol em a,
~400rmy91¢@ﬁ@emﬂbesweﬁe%@ntﬂwﬁkndﬂ biliary stones, cancer
e i sl n | . . .
In a prggeﬁrtnegc tngaé)la r%%ht h%r%glﬁ@égtgﬁlf 13 %Slggt’eg 3‘&% 11&6& s%’li%é‘?%bnestoer Ssplder silk
protenmé | préfetadlyamdtuedn 6 € rrecodifadt OS K6 rdreins, O‘p&fferdbl@'C bitide$rom Insecta,
the use of nucleic acid sequences of the NMAP
Arachiid geanaleguss Hier¢frinki nase (Mhk) gene fanmily and ani no
aci d sequences encodi ng these and the use of these
sequences or of effectors of Mk nucleic acids or
In pamollypepéfetted arpahei draj_.,la’rel ynd/ok flaghilifoorseqamdes from dragline or
ctivatars jn th pro | axi s, or therapy of
flagell P@éaeéen%%é% 1% am 7 Z/ﬁmed?%@%r Aramshida body wei ght
or thernogenesis. WO 02/ 1 03361 descri bes the use of
ki nases 2a and 2b (Mk2a and Mhk2b) interacting with
Spidertsilks hugraeral/afe iotears polymeasthatydisflay extl@rdidemp}fyismalt properties, but

there i ool (AR afiPh ot RGO ost R b Vet B oY diferent
splderé\/@ée@éﬁélbel\ﬁ@oﬁzy 3SRl 1Y GigleR$e Syprs ST dpiter RIIRR b @ieS from the

/ or theraby of di seases associated with insulin
goldenrcerb Nsetaaﬁdéeph y cfmdzmsamdélnﬁ e&rdtmeroes(mldﬁm'@Wl@rdlqdq?emtus are most

y
mtenseq sttuglgéi Draégpltne aﬁ?ﬂs dre, gen neraH osaeéilo wo _]OI‘ protelr(ljs and it remains

uncleaﬁ%b&@ﬂ@@dlt@ﬁl ?P@t@in@@ﬂa)dﬁl%ngnmdauﬂt&é &Dhlld@ssérﬂﬁlyozgidletﬁe final silk
nucl eoti des an ucl eoti de anal ogues, 4-

structupg, dhe %y Eri e RFOE) ePTRRANepIS @‘ﬁ@lmﬁ Bomediarprediadengius are ADF-

human Mhk2 protein.

3amj$BE‘ﬁéggﬁgﬁg?ﬁﬁﬂﬁhprelégﬁed to as CGP57380 and

CGP052088) have been described (cf. M. Cell. Biol. 2

5500, 2001 ; Cel | BIO| es Comm 3, 205, 2000

I is ncgh@it 6 g9 ”S@@er zdbesotel gifre1g dgessof and ‘]Efa?li’fh“é? all natural
sequend&¥ bt aldo\ a?l hattiafod nlh@ﬁpséauez&s%ﬂléwcve}éﬁHrﬁf'ea R fPSm.

in vitro kinase act|V|ty of 7380 is a |l ow

nol ecul ar melght sel ecti ve, non CytOtOXIC i nhi bi tor of

Vhk 2 Mhk2b) or of M The addition
Accordly SO CUIN PR an e P heTiYPd TEFR SERLERIR KDl termed
“authehtMKiteial THRKE rianMikat (RO QNG J@ngsbﬁ@l&g deRFGubRies Qe isolated
phosphoryl ated el FAE. First evidence for a role of
from théik satural ientirenmertti vwithavd peffponingesgbgigntial \agieadments in the sequence
denonstrating activation of Mkl by proinflammatory
stimuli. The cytokines TNFa and IL-1 b trigger the
activation of Mkl in vitro (Fukunaga and Hunter, EMBO
J 16(8): 1921 -1933, 1997) and i nduce the
phosphoryl ati on of the Mk-specific substrate el FAE in
Vi vo (Ueda et aI Mol Cell Biol 24(15): 6539-6549,

NN AN s



i nfl ammat ory response, induces activation of Mkl and
Mhk2 in mce, concomtant with a phosphoryl ation of
wotXdoei/r28s:8bst rat e el F4AE (Ueda et al., Ml Cel | PBTaHP2007/003304
24( 15? 6539- 6549, 2004). Furtherm)re Mhk1l has been
itself. JheWAIM BoiCARL Wit FSracearied i Peryrt B evisroFcadtiantigmuceic acid

sequeres R oK SR R (R B AfE PR 3 Ay withou

changihgQhe drk®ddPamindQR) seqRANEES i s a potent chenotract ant
of nonocytes, eosinophils, basophiles and, natural
kill er cells. It activates and i nduces proliferation
he atheplic! &I&'ﬁ%@sy R0 Al &R e FONR M Aih S RerHind1 3D ARB)dtRiv
Thea and In uces t%e%ﬁespl Rﬂ(% orf/: burst in ]eog? né?)ﬁ Q}B ive region
(ﬂagel@@ﬂﬂ‘t prc&ﬂds)[hr@/mad'@hcanbpxyAtdrmngij/ nAstrhpmnPBmcg@ﬁ( @)agelliform and
.133-7,. 200 WO 2005/ 00385. uxade e l .,
dfaghrr%ﬁ{m?lfliz) s iy g BeFUTRG pder G50t e buicgsgagples of those
proteullé\mﬂ hehuwreRdMelov.and the control of TNF a
bi osynt hesi s. Theproposed nechanismis nedi ated by a
regulatory AU-rich elenent (ARE) in the TNFa nRNA

uxade et al. denpnstrate ot.ei ns_bi ndi nd .
Accorfigietbos Ml gsmees B¢ eBERS REudhaR, 1o By fmhe amino
termin@N GholHpetitiSR fdgfdnC #f1AgelIMokn NBidicih 3 dathes B retbaki, Ofer@fnal non-

t he ARE-bi nding protein hnRNP A 1 has been suggested
repetitive eqghen éBagelldasn aandodraghing Heotiosh okRNMaturali oceuring: spider silk
ﬁhe only cytokine regulated by an ARE. Functional AREs
are also found in the transcripts of severa
|nterleuk|ns i nterferones and chenoki nes (Khabar, J

terf Cytoklne Res 25: 1-10, 2005). The Mk-nedi at ed
Accor@ﬁséswwrsﬁerrsﬁ etboslEe; Hhsi Srgelireopioteis ihxuld iyps ARE-3, ADF-4,

0 i gl h f |
MaSpH gﬁgtpolz atngcql %‘?k‘ﬁ‘ﬁpgﬁ%rﬂfﬁ(@f.%ﬂe@é RBF-3/N is used in the
contexﬁi@leraSrr ptto&snd\/bﬂoﬂuasi lefownarelis daadetatug € Asaneiis diadematus fibroin-3/-

i .nf | ammat o si gpal i as ors of
4. Bahprfinc APy~ adpon e the elisons SRR 1 Hotes (major ampullae
spldroﬁlr 9Auqt i@ Nexplicitdilare fEANT ks, MO@%QQZ7 afHey c@feh | W@\thch are

cyt Oki nes suggests inhibition of Mks as strategy f
incorparatdd-heméih dpmrafieange.t her apeuti c i ntervention. The

probl em underlying the present invention is to provi de

ot.ent and sel ective Mkl and/qr k2 inhibitors whi.c
MonofRggic HHERss Ivaql’tﬁesa*ﬁ?aesbg%f]’v o 38 G RO AREIRE point of
the pr&fenfBhRRRH. Cridss fRRRifes drideAVTRESMY 1l §é3n%§ eSDERAnd NEDE4 of the

consecutive conplication and di sorders: has now
spider béremegudprdesiangl s falinds tthatgeverklaAG ofh Ithzmgplylcn MNegihite clavipes.

. d tent i Ki .
Vari R o S Rur b AP F2 P ARES B b5 R SO avenvt
under MRYadeBssitnehuthbdre U485 P hAPM7836)S TAB d‘(r@tft“td?%é PYADF3 and ADF4)

di seases which can be influenced by the inhibition of

are coding faui prateensahicl areyfogningrika deggline threaskal the/sder, gre third is coding
for a pr8{(emb2)f ndﬁ qllt\gf%%?sgserl?{asele(fn \8/)8 ];]l%e g:?lﬁngfg(p écf: ghgﬁe%lﬁgg)f qaese proteins,
severatiﬂad@lem%aide‘stghwl a (1):wherein X is a single bond, O

S, S, CH2, CHRL , CRi aR b, CH(hal ogen), C(hal ogen)

2, CCO C(ONR , NH or NR13, wherein R13 and R b are
Modul £1- 6 aﬂi%gﬂPGAGAA AAPAGCGMGRGIAE cycl oal kyl , C3- I8EQID NO: 1)
Modul(ﬁy‘:' Oaé%é&r\ Aﬁiﬂ&%‘\(o"f*}z%é@cﬁgﬁf%ﬁégp (SEQ ID NO: 3)

etero risin t one heteroatom
Modul Qe| ect @98&1‘3@0 §P§ﬁ?@fc5’0 Qto 10 nenbered ~ (EQIDNO:2)
Modul ket er aﬁxacmﬁmmw;slpmqmmpr@mmyeast one het er®Eg DNNO: 4)

sel ect rein Rla and Rlb
Modul g8 tion &ﬁﬁ E?HEI}IPP?JU?&% %#ﬁgne or nore R9; %@DNO )
Modul%ydr ogﬁ,{iﬁG(@lG@A%pﬁ?ﬁAG@i 6 al kyl C3-10 cycl oal(¥5Q IDNO:6)
C3-10 cycloal kyl, Ci1-6 alkyl 3 to 10 nenbered
het erocycl oal kyl conprising at | east one heteroatom

sel ected from

protel



N, Sand O 3 to 10 nenbered heterocycl oal kyl
conprising at |east one heteroatomselected fromN, S
woami7/ﬁs37®6 10 aryl, Cl. alkyl C6-i o aryl, C5PT®EP2007/003304
het er oar rising at | east one heteroatom sel ected
Modul ¥y om NGP | CRYGHIRGHY €GO PREYer oaryl conPFREPAG: 7
Modul Af: Ieaspvmmatmmm@mmategoed fromN, S andsER D NO: 8)

seanthe 5 G g SR RBLLEUEBL 8 141 8 g P56 o
Modul -| m@ssﬁﬁﬁ%%Aﬁﬁp@W@Ecé’ﬁﬁUr@t@d’, uns aSER & NGr 10)
Modul @*'OthQMMKEGﬁGMGﬂW(%Iﬁ@P@GYCGM@g wi t hsRa3p aiadi 1)

moa £ G AR ASGHE fbe ot B FiRE e Q%EEMO 12

Modul Qlé] ect @b AAroM AN ASSR(EY DK MGRAIGRGEY GRGGUbSt 1| t(GE@QAD NO: 13)
Modut Y h °@§Tﬂfﬁd@l?ld@ADdﬁTML?§ are the same orgeqpNO: 14)

i fferent and are independent|y selected from
Modl Fr oot TIEPLE IRGACCIIKIGLA] kyl G- 10 cycl odSRGIDNO: 19)
Modul £3- 10 cgatoatext cadsAlsaryl, C _sal kyl C -i o @EgID NO: 16)
10 A ing at | east one hete
M"d“'gé| oot SHRHEROBRY! é&ﬁ%rd o6 alkyl G510 he{s@@‘ggﬁb[ 17
Modul é‘onpr|§?W%&GQ%€\%@GW§QY&%?%P&9Y%I ected fr@RRND NQ 18)
Modul §d O, GdG AP FPGEsEra GG rEIsaery het er ocycl(eabtnyho 19)

rising at |east one heteroataomselected fromN
From Jhgft @mino tasich ogafese PthdiE @?@ fPoatth OGS “f?ge gosembled.
Theselrﬁﬁﬁﬁesoﬁﬁ th@%ﬁfd@@&@lﬂb&ﬁ&ﬁ%%édfm@eﬁ%nﬁa&%& Others forming the
together with the C atons that they are attached to
startinf anaterzal @8the preschomkthpt of formisg multilayerdiimer ed
het er ocycl oal kyl group, wherein R2 and R3 are
optionally substituted with one or nore R9; R2 nay
The in¥bHOMIE fPhageEd ’ﬂ@ﬂw&ls@ Q)f cﬂ?d ide TAGs. mselta'%s (for example
S(O 2N(R 1 1R113) ; (2 3) ; S(O 2RL
Tag’s pg RsaloggdSnGEQ NPRI@12R26) be oxgpgormam OXSRINE oy_ﬁaqgg The sequence of

the T%O% ieif@%ﬂ tIHN%L 1n;telrkﬁ(;&91\§ %rﬁprﬁ% t%% é)“g%@tel ?én 'influence of

the asskinblo@behividriZian Ge(pddNidRd ko Hldrditest poxsibleeR)ent. V\her e the
ring is at least partially saturated; CCOR 1 1 ; Cl-6

al kyl; phenyl; C3-7 cycloal kyl; or heterocyclyl;
c @j | g . )
mhe AR T A0S o £ Y B B
nore R9. R4 is hydrogen, Cl-4 al kyl, urea, thiourea or

avsiacetyl i ubstituted with one or nore
NH R4 myc?%ﬁ%%?(i@%&%p% menber ed sat urat ed, unsat' ugﬁg)gnb 20)
NH"’ar omat $€GEH@@S ocyclic ring with X; R, Re. R7 (QRQIIRSO: 21)

NHUYSar et hexSadeceéc dsEf erent and are |ndependentl(gE ID NO: 22)
sel ected from hydrogen and R9; or R6 and R7 ma

NH™ 5o 6OKRGHE0Cd” sat ur at ed, unsatured o r ar omaf%(F%IDNO' 23)
CH™™'car booy@bGIC@IGHEE@E ocycl i ¢ ring wherein the (SEQIDNO:24)

cucvszhet er qgysdddsdd N9 corrprl ses at |east one heter Hﬂro ’5
sel ected (1Lfrom N1 S and O R9 is independently Eé(lt? :

CH™™'ON,  CCH¥EESOGGEFECKG: (O N(R 1 1R113) ; S(O GK RNO! 26)
CH"Y*:1R113)GGGEHEIKE R 1 1R113) ; S(O 2R1 1 ; N(R XsfaQ 8{ @: 27)
2N(R 113R115) ; SR11 ; N(R 1 1R113) ; OC(OR 1 1 ; NR
1 1)C(OR 113; N(R 11)S(O 2R113; N(R 1 1)S(OR 113 ;
Preferfdd Rxhmbl &s( &) %&%3Bﬂl(1étotetn§\|(nﬁd% o @k {Rmbldies may be found in
OC(ONR 1 1R113) ; ox0 (=0), where the ring is at
chapter exestplpnand prefeyabdn rer AQNRY @FCs. 1 : C1-6 al kyl :
phenyl; C3-7 cycloal kyl; or 5or 6 menber ed saturated,
unsatured or aromatic heterocyclyl conprising at | east
Examptébeohatteﬁmhaﬂgs%e@&t 26mf whlthNilkSpraftthsOnayhter 68thined afe Bombyx
al kyl , C3-7 cycloal kyl, and heterocyclyl are
mori, @yﬁwﬁalmy%ttgdamrrtalune ik PrO8vRes drowwsk sik)oamorry ¢hers. The latter
I ndependent |y hal ogen; CN; ORn; S(O 2N(RnR 1l a) ;
S(ONR 1 1R113) ; S(O2RL 1 ; N(RL 1)S(O 2N(R113R b)
; SRL 1 ; N(RL 1R113) ; OC(OR 1 1 ; NRL 1)C(OR 113;
N(RL 1) S(O 2R113 ; N(RL 1)S(OR 113 ; N(R1L 1) C(ONR
113R b) ; N(RL 1) (O OR 113; OC(OMN(R 1 1R113) ; oxo

T 4 oy T Y |



Cl-6 al kyl; phenyl; C3-7 cycloal kyl; or heterocyclyl;
Rii, Ri a, Ru b e independently selected fromthe
wogzn)omlnsmnsi sting of hydr ogen, Cl-6 al kyl, Clp@Tairkiyi7/003304

IOcycIoany C3-10 cyel oal kyl , Cl6a|k|3t 10
is progcis REBRhE ke desA S 1yd brayyth @ilmjaratorl @h@? ngple from wild silk

cocooﬁse%feg gr%wnghsﬁ Ct]"ﬁgsef&fgmsj\keecﬁoﬁngav% ﬁ%mt 9 rilons E?Msegr?tfjtrees such
erocycl oa conpri si ng at | eas one et eroatom
as oaks ehety,eshdf derhhlbéi'rﬁnﬁuﬁer@ﬁaﬂnﬁlearqﬂ suck ntsmcﬂ;ChrmemﬂxBeseﬂles (e.g.

h I
Hydropgyfg o orséonggg nr%r)tI ;kg%e%tﬂ[[::ég i?tzelgaglicg?\sve?%}? mrléyilesenc lta kuehniella

0 r
o SRALOBELE UYL G LSRR i i ik )
salt thereof, wherein is excluded. In a preferred
The lagel@d it}iﬁéﬂﬂhltlléye'r $ili©, pr&eraﬁ@cor@n&e onklist Bnore eg¥mRIRorporated therein
CH( hal ogen), C(ha C C(ONR 13 , NH aor. NR13
or locate gw@plh t\mg djgegnt Mrsafl" gomaggn@m%)erabbiareée\;c |from salits, dyes,
metalsC%ﬁn%'ngr e%%hg?t:ﬁgcyc tﬂr%l Qﬁ&ltg q}rl :ﬂésﬁg rg ggg}d Qlt zéaxlsﬁ’%érg%etbquégres 9, 11
and 1hehehchbdwiths ptisdplesl of sm:ﬂndﬁ mébrmmzltlﬁ); Btesubftanesie be thcorporated

het er oc cI i si.n | east one heteroatom
may b§é?‘é‘£ (ﬁlﬁi‘n‘?‘{\ll‘q%i)%go‘éllﬂﬁ‘é 9 Rla and R b are
For e%ﬂ)l@n%é ?hé?r%pa%%uﬁdﬁ e&em tkhyoBe s‘éfecf@ﬁr o2 thCPIRRH RGAsisting of

IS a Sin bond, O or are nore
analgepn%ﬂe/rpnedcs and saedptavdss dmgarfblytlprtecfa@nm@dofenﬂvohlamrmsorxers such as

depresgﬁsgggﬁ%ﬁ‘%pmma ala 6%1 %1?1[25};%‘ éptlié/oél(\?iélls[%r;l}ﬁa@gi T tLe‘?reatment of
Parkingd®4 @Al K¥intingmlOdisy¥sseOating! andCAiMerhd¥l didedse, dfigs aimed at the
menber ed het erocycl oal kyl conprising at | east one

treatmpgt; efr GASorRwER b tsiigker Brgh, fostheneatment ph addictermigad aljug abuse;
| oal t
chemoglgeir§ Ce;ag,éc geg]rt#Ktor ngiﬁ(Ej&lg f}gga ogsZ??/@ 8%%@% | %ﬁ%@%ﬁgf jmicrobes;

immuddsippreéshve Qgbett edrdayti-candepr disigsg haﬁm(br&aSﬁnd)m@rmone antagomsts
het eroatom sel ected fromN, S and O C _b al m/
antagoRiste fefaPON-meAHF i XIS gABANS cdsaiseatiatefYaths r%rr@e{ @é cancer;

dlaganflgnguleta§c<§nTiorouséggﬁrr%b@lcﬁ% '1§m991t058%| Li¥d SlHﬁ'ﬁl% é:%@e agents;
one or nore Mor eover COTTpOUﬂ S as I ne
antibialeey entiygaemedics; Rintils st@mines; allnkydtuseq)ttss oraddapts; stimulants; cerebral

dllatorgy g;%%{o%tggl%s,\émvggcpgn e@] qr*%rg él?(b gz%lﬂgg g{ﬁ])ég ;gqr{f)gymenswgs drugs for

migraih® “EPéahﬁérﬁg Hph&t&r ‘Pngf)&@y%@n‘?& tapd Hypeplyebdnd apbRy danotlr asthmatics;

optionally being substituted with one or nore
antlvmal‘ag)éntssarNRllaxthes theyedfforma 5 or 6 menbered saturat ed,
unsaturated or aromatic heterocyclic ring with Rla and
the N atomto which they are attached are nore
FurthePI R8I dyedfiln &Qoﬂﬁx? & the hv@hBo® AR B MSigndh®hRhr&ecting as drug
and R3 are i ndependent|ly sel ected from ﬁydr ogen, Cl-6
delivesy Rysteranig@pically @ sysiamicalbr eA plopicel apstgm may agrinRBeap enultilayer
systemé \)\gle P& %g\/rpstc%)e% egmg% d f o zﬁ]e(g}r{lg(g gﬁlecgnga%qgs apﬁ egil tl&dle skin for a

predefﬁﬁﬂttirﬁéﬂlalﬁﬂu’}g ﬂfaﬁflﬁfe[ ﬂd: E@Mﬂdﬂeﬁ&ﬂe&es mo@hdor@oﬁmre layers of said
drogen. Conpounds wherein R4 is rogen are

multllwéfﬁémr dis mawgHEnd detiped amaumpsof; %a‘ @ﬂ h @dthe sk surface. In this
drag a en.a ferr
case, PR IR HRGeBe BN B XS, (ARRHAGE IRBHAELE  svstem).
Pharmbceneindlisabstahces as bbratanss bnmconnrpmurgﬂls be wirairgstere®Rbyitlsat way.
sel ected from hydrogen, halogen, -C(ONR 1 1R113) ,
-COOR'1 1, and a 5 or 6 nenbered saturat ed,
As an Hﬁéﬁﬁt‘r’\reatsgl% b sBne&EBh | ght B@tlﬁfo?[%f&leﬂ GvifHi Qn(PQFTQétKv‘ébr'i‘ 8ne or more
| east one aheteroatom selected fromN, S, and O or
layers tonﬁgi@tmerultwbaydn Rftef oralsadmiBistration, mbriperieces atillimaigeate through the
unsaturated or aromatic heterocyclic ring conprising
at |l east one a heteroatomselected fromN, S, and O.
In a preferred enbodinent, R6 is selected from
hydr ogen, hal ogen, - C(ONR 1 1R113) , and -COOR 1 1



Conpounds wherein R7 is hydrogen or together with R6

forms a 5 or 6 nenbered saturated, unsaturated or
woa0am8378 het erocyclic ring conprising at | ea®PCTEPR0E/003304

het eroat om sel ected fromNo S, and O are preferred. In

layers gr ik pe forsed ewtuintentof brdy flyidsy@megenystepmrsnagowly dissolving
onec orvPﬁ %If %e%térﬁm@g %r?cgﬁﬁ)sg{fe{l @ﬁ%tgirnegdr elelage gintﬂ aF @?ﬁ‘v&g}lbstance.

e present ion T 0 caonpounds
R? and R8 are hydrogen and, in another aspect, to
npounds erein R5, R7 and RS are ydr ogen and
In oth%fe"apeh%aé@nf,r SRexamRle clashingchemyldlayer y'waﬁﬁ Saﬁ%flﬁaély adapted to
r Y :
the ren&ﬁ%r@gtfiﬂd égq%sgg@? ﬁe&%m\'lpvﬁ:t Eﬁ‘ighpﬁor nJ%r?etagrsmtg?e WM%@%Z Jraterresistant
layers sAﬂdﬁ[ianzdty,, asnsatxample dileer mighteiiocdrpdetadcipg the layerg in order to
S|n? g; | east one, preferably two, heteroatons
mvvﬂggp@evgmh CHATIN, S, and O, preferably N. The conpounds
of the present invention nay contain a hal ogen atom
preferable selected fromd, Br and F. Particularly
Accorqungft@ rarfgdh@fompfﬁmadsenmceiim@mte tteesilkf protanRA8 m\falently functionalized
Ik Pr |n Fi | $resent inventio

befored? éJ@{:r geP o ]abcfv&. glsm(j rmef: (1t S jalso renfeirgd to the

accompﬁﬂlﬁ% E‘xd‘mﬂ]E@ s@d‘ﬁxg@rdﬂ dridlgayer film obtained
therefrom The invention is further directed to

varlous mat eri al s, products and conpositions
The ]aﬁl‘g %aafég b%?tfu%h%bltocésg%cg in oréﬁrptgr& h1e9e tagc?}b #?ﬁ ra%%'rgtlcs For

exampﬂd Imeaweteuseédmhbm@r 1saalpﬁé@quf¢aé ifei yndsf appli @oi9as oI ;irotem films
lications could be said to fall into two genera
(whlc}b a‘fee@’@ﬁqlﬁéé“at‘traﬁqhéhl?)néh‘? L] Bﬁgor@qu%Fdsm PRICE tqibepome water-
S [
ot SSTAIE MR, 0142 GAGL 10 SARLECS b hnac o
rndhmmﬂcludes coatings, colloid stablllzatlon,
light-emitting or photovoltaic devices, electrode
nodi fication, optical storage and magnetic filns, high
The mﬁ(lqﬁ()%@n g@lﬂﬁbﬁ Yoro&stifg 't}?esveslpécﬂ(@tlz%re? 3 $he ﬁ‘lluttﬁﬁ)&gr'fﬂﬂl Rfcontaining
bi oconpatibility, enzynme imobili’zation, flocculation
0.1-20V@rpredatably t)rSebﬁ%Emor@pdefgapb'r 1Bk vy, offsujkqtrpt@mallt is important to

ranes arat L.ons arr.. ers ed rel eas
note (ffi e aworokufnce! i b s Cirdia” SRek Ol afl, HEERRE gpe actual
thicknédd€ofPirRf BIrh eszklmebm%soﬁndaﬁ@p@nbﬁa malthyRYSInd bf MByed§ thaving a
capsules is controll ed vertical structuring on the

predeteranoerethéaknessaian be Argsivicyd agantefietorthe spacHicegnvisionsdjapplication.
defined as a nultilayer film made of pol ypeptides. In
some i nstances another type of polynmer is involved in

The lav&e dfahs intdtilager AMOOEIBe pfdenti iASEAIBEMAY Q)Eefﬂhﬁ@d by any available
nodi fi ed pol ypeptide 13 , a non-bi ol ogi cal ani c

metho@,mry@ra@&x Bb mqqédlg}g, splmoagngé)r y;gsé@,ghtgﬁ |sglé1t195 on a suitable support.

I t

The B8 FRERENS 5o BN, RO i TRt (B &f \R@QS‘W“@ glass or

silane loroanynethér Qurfdce vadaly ey tesastdit aachd vpRiyed aokvents) mayrise named as
that is not adhesive to cells 16 20 . Miultilayer filns

suitablg suppatsnept i des are promising for the devel opment of
appl i cati ons whi ch enconpass sonme of the follow ng
desirable features: anti-fouling, . bioconpatibility,

In a sdzondl @gpeat) abeé Ipresgnt Bpentidn ¢1iir®t€r¢btoe@ unhtdtilaganﬁ]miomatinyable by the

ntal eni

methof g8 Jefiaddihnas FHATSLe citk meudmo i o 1t Fierties comapiag at last

two layir b RJiMlkSprafeth fikgal |y suited for such applications by
virtue of their biochem cal nature, the control one

can have over chemical structure in various approaches
to polynmer synthesis, the ability to control fornation
of secondary structure, or the availability of genomc
dat a. Patent application US 2005/ 0069950 Al descri bes
the fabrication of ultra thin nultilayered filns of

pol ypepti des on suitable surfaces by electrostatic
Iayer-by Iayer self assenbly (ELBL) Further, It

"



information for use in ELBL and recording of a desired
nunber of the notifs is provided. US 2005/ 0069950
wochar/z38he use of small, highly charged pept ipdadgEP2007/003304
ELBL assenbly. Spider silka are protein polyners that
Accordiing pltaya eshitdacaspédiarthe physnicerl  powvides t & esosmuisaAly qomeposition;  a
different types of spider silk raglj nes are. nost .. .
pharmi i E8IC, o G mBRILGR s Pl TEE 4ol S0 Bpigiial cen,
contactVe1aNd RGasi, daistincd-felbabel dri@nR1iaeng Ewredn, aftifidi@i skineg@ft; food
and as lifelines that are permanently dragged behi nd. _
compasgiong Hskemetive ads apTOFAULG feMpenety sAgPAteA data storage device;

v B L MRS TR SOOI ED .

that of nost other known materials. Dragline silks are
general ly conposed of two maj or proteins whase prinmary
Furthegnpige thgrisesea hmventioncyavigas thepise PE thoemytdayer Skmap gedpgine.
orb web's capture spiral, in part conposed of viscid
silk formed by the flagelliformgland, which is
The ptdsertteihoeraiomawddt bkl iHgsatdted by mheifblkowing winFlemaing Branplas and the
triple.in I ength before breaking, but provides only
accompanying figuiednsi| e strength of dragline silk. Systens
for the reconbi nant production of spider silk proteins
in E. coli have been devel oped earlier. As an exanpl e,
The figures srersbdwimgdble fadlowin@006/ 008163 A2, WO 2006/ 002827
Al, and US provisional application No. 60/712, 095
(unpublished). In the expression system descri bed
Figuré eI Bpectiangf QyUblicisR Horslss (AD)ARMAG! &8 ©andiBRlved in 6 M
yarled_?reely and can thus be adapted to the
guanidigigoi thepaianate gpllewed dyedinkysis agagwst SMadIpetasyipm phesphate pH 8.0
(straigmlll?n(:‘\e)aor ﬁisg(!)l%g(i %Sﬁgllﬁéd%ﬂisch an-f' ef. 2 1. I_bwever , up to
now, “t'here i's no general net’hod of formng nultilayer
films fromthose silk proteins avail able. The nethods
whi ch are known in_the state of the art can not be

Figurg,3 &D-speciragd peotain flays merdepireia i AQ)uliRoind (gl Filngyere cast from a

1 1 Sk ' i Vv
provcil, BT ADEEh) Y G Mo oS0 B8R G cgroscons
(dotteds tiad). [Tihe dfilivh evamshibdeljagtatly priokessed lvith HdV potaspiuoy plesphate and re-

uni versal approach. |t _is, therefore, an ?bject of the
analyzgd.oRag o jindcshtacls nodgiingng die digkeesionl hsy ips ddermgould not be

ilayer silk protein filnms and to provide filns

ddmﬂﬁ%%ginable therefrom It is a further object ofthe

present invention to provide various applications for

. those nultilayer filnms. These ohjects are achi eved. )
Figurg ﬁ@/l%(ugfég&n_ & v dHmgrcaptfzom r?d%ﬁ@nﬁéh‘ﬂorbf’r%ﬂ ﬂz@_cessec? w1t?|ypotassmm
fenr i . f [ o [Tal]
phospl €, G ERIETRAONRTS: S aLPriFhn 85y, RET FREFCERRY yhen the
carboxykgtoags 60OC, f wermangvated ¢)luaynerEDC | Inscontrale ofhyolmttls iflukrescein bound
proteins of different igi.n, They sh d t hat )
to filmg, withqyt @Qé?&?%ﬁt’&f‘ (oh (B BBy RY HE cg ef@@%%%@éa Wa§ monitored
sing e S o AT TRk e A LarCy bR iRty only
on film$ tbmuhall betn betivexqule etithd EDIGa(+)s tveilee nomrhttivagade filrhs lomby showed

id gaé be formed fromsilk proteins wthout creating
residug] shgymate 39Xy {dons as, for exanple, oppositely
charged | ayers. According to a first aspect, the
S ' ' hod of formng nmultilayer silk
Iﬁgun%?ggg%%ﬁgkﬁﬁ@%igﬁ%??%?ﬁ% the steps of: a) providing
one or nore solutions of silk proteins dissolved or

. suspended. in a suitable sol t; k) form ng one of
FigurESPRSE o dal bRy #ip Sy Rnst QoA b

solvent, thereby formng a first silk protein film
| ayer; and d) once or nore repeating steps a) - c) to
formadditional silk protein filmlayers on said first
silk protein filmlayer in order to forma nultilayer
silk protein film It has been known for a certain
time to cast filnms made of silk proteins, in

. o . o T



present invention, the advantage is provided that
tailored nmultilayer filns can be produced. As an
woexenmB®s t he thickness of the filnms may be coatrEP2009003304

by the concentration of the enpl oyed protein solution.
Figurg 6 Gapiengof multidayer eillefitmsywith dpffq;@réufnsctmﬁhw conbi ned

in the sane or different layers in order to achieve

the desired characteristics. Additionally, the present
Figur@CIaibaladoupMsg bﬂa@tﬁiﬁbtdﬁﬁll& potnd ks sHovtrefor dxaypleswith EDC (N-

with other, for exanple, artificial polyners in order

Ethyl- No-(%r@m@tbélava@qnﬁwlbewbe@@@d@bsmtih@? wPuRlinge ofuan jappigo-reactive
below in detail).Additionally, it could surprisingly
be shown that the single layers of silk protein filns
formed a stable nmultilayer filmwthout the need for

nodi.fi catjon_of the surface of the single film
Figure aﬁiépgcl ¢ fupgipnabization ook piek surfagesn dpdniltifaygr Jﬁ@@e}}olamy can be
3L cter of
Obtamtg—{:e sﬁ?loygfgoet?é@hgb qjlﬁyd%ggynot Hﬁﬂééﬁg? gl%{ngj ection
of the different |ayers and thus, allows for formng
. a itable nultgla er. film ?q_enbodinent, each
Figurg 9 Yeqoepqraldt olcaeetisdn my e} aV%{;ﬁél H¥mis formed froma
silk protein solution conprising one or nore types of
silk proteins. Wiich types of silks may be used in
Figurey @ éndogpangfianne ageets emmultapertsilsiilugs) Diffrserdlypdoddnaé ghemicals were
| aper... For, ex m.i s ﬂnnedfrom
added sk BB MR s ufRilib ot Blosb L ibiolel e
film or different (heterogenous multilayer film silk
proteins. As nentioned above, in a preferred
Figure i insormemation ¢fsolith hgentayet sandpishoprisaysesillofibnor nor e
| ayers made fromsilk proteins and one or nore |ayers
conprising other protei naceous or nonprotei haceous
Figurénd? &idogdcBatidnrofaluie agans imendandivivh ribltitdgeesitk ifm.one
single layer of the nultilayer filmranges fromO0.5 to
1.5 mm However, it is also possible to design thinner
Examfks:t hi cker films (up to 3.0 mm. Further, a multilayer
ITmof the invention preferably conprises 2-1000,
preferably 2-100 and nost preferably 2-20 layers. The
non- tei nageous material is preferably selected from
Film casfi P yrader sk pEAECIRS: chi ori de, pol y(styrene
sul fonate) (PSS), poly(allylamne hydrochl oride)
(PAH), poly(acrylic acid) (PAA), and/or
In ordgolty cdstafilny themsenytbesnpssiowsiyhéoplosied tl@@DA@M&O)h.etiimfelk proteins,

AR B 3SR S 1L P L SRS B! Al and DT

from tA@gaRlen Shidér AF@icRl WBaRndhAT TRERSSroRim KRS based on previous
materials. Those ot her proteinaceous materials m

observgtietsethabiPFsdlagd tHAF 4 enveb|as dlgedrsivabyessdiplap @ ma)l/wdly different

solublf;ts' ea%h&gss?gfo)f)zg%a%lour 01{4654?1%%2 ?c&ltaF hl@ﬁ]%ﬁ%ﬁ' ?%ié?tg? {)%(I%%N}U and Cjq

agent.

SSus protel

solutioabralepled aﬁﬁﬁHﬁeM/hﬂhéﬁceiﬂ aqu@fu@fbﬁﬁabiir)d HFtMoiVsecddddrly Structure. In
aIIoprOV|nC|aI|s M californians, ar Ceukeria

M
aquem&eﬁﬁ%g%n Medoaresemsddivplayed @1 §855pecirpgy Witheat pipglegminimum at a
wavele?%g{a"ﬂt)érirg\ktﬁg?m ﬁfﬂkﬁﬁ% {e}la déé%]%‘%pg g{ggrg??]add?mrr%@&ﬂehlf)?‘oteﬁf(t??gure 1).
pepsi n-resi stant col |l agen fragnents, ’called Col P and

havi n | ecul ar t 0 kDa and 60

In Con&r%%ptbt%tsn’%?g@??f%ﬂﬂepwéwﬁ inet 3 Fesfrvsdans et ron A 201 = 202 nm and
an add?ﬁ(ﬁfapmlﬁ‘ﬂmnll Y(A@)zﬁl‘b‘l%)o&oﬁdﬁ?der RCRF 8290 Ingn DM % 15@10%6 of an

found in the distal area. In contrast, the anmount of
increasgdlobhélivel easery (Figutehd). Gush ah eflaettoft fbmmatedmlmhoa gn proteins and

100% (LUCAS et al., 2002; QN & WAITE, 1995). In the

byssus thread as well as in the nussel foot, there is

a further collagen-like protein which takes part in

the construction of the thread structure. This

additional protein is called ColNG (NG = no gradient),

and is, |n contrast to CoID and CoIP evenly

o,



Collagen is the main protein of connective tissue in
animal s and the nost abundant protein in manmal s,
worali/12g378p about 40% of the total. It is toquc&memmemm

i next ensi bl e, mnth great tensile stren and is

peptidgsihas bserp serartedgprexipsly| agehay plgahesr © % s7c1eq At S Abroin and 2
t
synth Sy JaltRl BerRie, B0 (R BB SR pr BT FER g pider Nephit
clavipand occurs in different forns known as types, mhlch
include Type | to Type Xl Il collagen, anobng others
(there are 27 types of collagen in total). Elastin, is
Films a\zvé?E U ﬂohnZ(Rpﬂn‘Fﬂilpvﬁleo%§ l&%nfanﬁﬁg 2% %J/asﬁrbt%lrﬁﬂﬁl a polystyrene
lows many tissues In the body to Tesunme their shape
surfacaf toer om;tqtnamhg,lrags dor db[mmaisuneng:ntsbzl adter ne\hpbpsos kot the solvent,

Qg REs o both4Bp el B oBb s nh  S1d st R el G the surface
Assunghgqoﬂqﬂetgaévbﬁ@mt]@l. 7 (RE sBRENPER tRe defSit§Séf thel Srof@A&iIm to be
by 1inki ng many sol ubl e tropoelastln protei n nol ecul es

ldenthad) withk theareparged valug red dl- dilglam® @arsatdiee draghise silknthedthickness of the

fims ¢ EHsu BRI Fanes BB TR SEet M %080 ey oboeab ] B made of

either PeoteisiRlissoNed aips R lcyrtatt with afatdr abinye vafed |11@sblLﬁ)®1|1t\j/G§1b pré&requisite for
used. Thefpolar sol vent preferably is selected from

most gppliptionsgrfrreteit fitms. heg seareAdotos GprTepeRior plipdin order to render

films ngsgl %all%t?ﬁu}%ﬁ)sg}?aéégﬁg ItktnB(vﬁf & !rﬁf?}s S%ﬁ{/eggh{'lc?n t%ﬁg dfom]atlon of

chemlsall)kstp)llsletsmuﬁmrarcﬁ t&elemﬂoyrrd slksjretetied Alﬁuhtehmmbh& been used to

t.he saol v nt has tao be chosen from those substan
obtainralhPIE Sk E‘r%losaes e“\FzSB’ES’H'&QédOFP??S%}P%Ié‘PCTQ?t‘F‘ébQ/ S-cast films with
1M p?f‘allgélﬁﬁn é pl?zﬁ’é \5? e'ﬂ{a%)ﬂe@ﬁlftecf f?lul%e SN %‘P v&a@g' sY)'hﬁﬂ'@hlms into
utlon I'n the neani ng of the present
wmawnuﬂmwe@ﬂsneans any liquid mxture that contains silk
proteins and is anmenable to filmcasting. Those
solutions may al so contain, in addition to protein
To mJ@@t‘i@a@@fh% stidb QPR Hrof FEEs HUHE EUAS QR kDhdt ReuctufY of the underlying
exanple, dimers, trimers, and tetramers. The sol utions
proteipsayas irolesicatediby GR-epectiosepyanseapr ’élsm eatdleh @ spectrum with two
sta

pronodisBRanbihatiopch SR 2al i 8uichl % St iRl Sopjeny e han that

of sol@flé prAatkis. Anelap&dcastéirdg with 1t REpp@Rsdius| Hosptate, -l révealéd spectra
di ameter, the suspension is colloidal. In a preferred

with agingbelmimimum st Ssimkwhichtietypidabfosel feshestirieh protéinstrueture (Figure

roteins or spi.der silk otel S ef.er
2). Sinhilgr PR oy e Binsh AR Profrsemany ol PR rARRROL o). Thus
the trah§i06h FOSL®hRY-sAUBRIN LR aRf-iRDRIbAGY Sfas thariIefed WY a ddhversion of the
particular preferred are the dragline and/or
proteif s agponpany sfrurwegiiemoebely orfi-sheahl i ne or fiagelliform
proteins of orb-web spiders (Aranei dae and Araneoi ds).
Spider silks in general are protein polyners that
To tedi thpil aghendal adbiliitafiimp hysrie calbniergydefdri 26 hobitst int BeMe urea, 6 M

;s only limted information. on the conposition of the

guam%ﬂnbf@sdrgqh qradenaneg & guaidimivymp dhiagyanais; Asrcast(fdlms of both proteins
as welﬁ&{ﬁi %g?ﬁ)ﬁ% gr eSS tv% h?;é(q'r)%felﬁﬁ gﬂ%sp\il\\gtgsoz rn?%\léasfﬁ %Fe soluble in
all ofcthesei pensatm'adtst he @atrdsn Gy dﬁmssptodmed\r\mm}elm.tassxum phosphate or
methalgtl}l:g%ga r y %‘égv&gglgit gtlrl]asnee 1umaJ ;)ce)gll'nstgei l§| Eﬁwne Srl(zlllblig chemical
stabilifySSBC SﬁlHﬁ% ?(?erntlmetb R4t cﬁqﬁ'tdrhloa}@éhrw theér{astopthﬁ‘tyoiarecombmantly
significant role in silk assenbly and the final silk
producst rancit arsembled eA Pivet. g opup swdess rroslhpaondate sassfmbly properties and
draglines from Araneus di adematus are ADF- 3 and ADF-4
(Araneus Di adematus Fibroin). It is noted that the
term"spider silk protein” as used herein does not
only conprise all natural sequences but al so al
artificial or synthetic sequences which were derived
therefron1 Accordlngly, the splder Sl|k ‘sequences nay

o o o oy



(flagelliformproteins) and/or the carboxy term nal

non-repetitive region (fiagelliformand dragline
wopoeressrs) of a naturally occuring spider siIWCﬂﬂﬁumemﬁO4

Preferred exanpl es of thoset proteins will be indicat

stabilifigq ofyassephlsd &t rw‘éuqeé direetly WHA rtheéﬁxﬁgm 3 SCqUCPEes ot the sfk proteins.
Thus, ?H)?Qﬁms b s BAUGIRAM X afi d‘#{%Eﬂl)y 6d rdﬂf@dl 1{3??1%% 3Qhe nma structure
ermn non-repetitive region l"age orn1pro el n
of the ailidptein vea manipobation of thieratrespond mgesilk tgene (Figgie .
(flagelliformand dragline proteins) of a naturally
occuring spider silk protein. According to one
Many mpﬁfleitfoed of rgrowdinméilvis réch&redﬁﬁgﬂ)demwrotft sf;ieniﬁicsﬁmbtli@alities on the
pe ADF-3, ADF-4, MaSp he. .
film’ SfSPfaf@%q o Bt dSTOnHTS it SioxedShidepril flpsican be modified
with slﬁ?a?ldotga ighr%ofégﬂlteg)%ts Wi M@molg?f&glehﬁém%(gg&ﬁ@sds&% as_proteins, the
Arane i ademat us (Araneus emat us fbroin-3/- f
chromelﬁdT fhroadseein and ﬂ[aFetﬁym&cB galdctbgtimmegvdre ché’lmcalll)asmlpd)éd to Cie films

Il proteins (major anpullate spl droin IIE
proceSés‘ebwnél. RAt3EsiuEt Bhosphake oaSV@@@éPé@Q‘BQPP e. {1k YR "é%]f“?s &Phleved by
ch in at ef eren I }
activalffly € lotfiBe CERDORNS, SAALE L Cetnl ST AT EFs o TS ! ethyl-3-3
dimetlf)damnngrc@ylétaibtbdihgidpoI(ED(I:)f fr he ;ﬁ‘ﬂmserWere n\fmmlueronncubated with

es are rived romt enes ADF3 and ADF4 ¢
cthy Rt e S G ‘A ST b AR s T BN HEguRgo eroup of
ethy]eEéd%ﬁ?lfe WQ? s%BééﬁlﬁéntNﬁQBlE#@d Cﬂoaﬂh&%eelﬁ{%thﬁkﬁﬁ% QEsuld¥® in the
enpl oyed sequences of 3 and ADF4 are publi
efﬁcneat/m\aaéﬁmt énkageatf] fusirescamden fomeatipood ssstahie rﬁlunb@asleﬂvatwe (Figure

3). Sl%ﬁf 55 & atb%umg(?? 6 18?t08?16s(ee\yﬁlgEmf%%wgfe§¢ E‘ﬁﬁ“ﬁg d?tﬁéhe formation

of amQTea%ﬁdlebét%@x@‘%aﬁfoxS/h%{&Rﬂsd&r C,d RRd tiHh&ly| smhfRdli RS fﬂ;Hm lysine
a protein of the flagelliformsilk. Based on the amn

residueg)iof [kgajar@aﬁéasofwlmhbs’eerpragce@snhir atsidsg eanay mpsduiriase. V\éfter repeated

g5 R RO SIS OGS SRR Oy

hl (ﬁE@IDL\@ factdpyeds &WM%@@@%@(SEQID
R0 (Z))I\[;bd%a td\%v ¢ YG PCGAGEPYGP GRAGEPY ( SEQ | D

NO: 4) Mbdul sp: GGTTI | EDLD | TI DGADGPI Tl SEELTI ( SEQ
The invEWtDIS co)d ddreidHstrie ke AR CHAGREBR i SERohDs et1c spider silk

6) Mbdul Y: GPGGAGPGGY GPGGSGPGGY GPGGSGPGGY (SEQ I D
proteingO The) filsel (higte initigiby ereasmterATANTSY GRGbemnoses ith potassium

ool Bl e EE A S5 B or e

applicAtRaeP Cobiparibdn NP thtOghditidall stekilitics GPSAYMMAIe from two different

ASGPGGYGPE NqBPKGPGGY GPGGEP (SEQ I D NO 11) Mdul CK2
synthetic st epatphe $ioys | werrdased on the

o S O T O s o

spider TilCEEdnES, it SEQ bOpMSibIE4p dvdtdte sk prOGHEl thEDE®m films displaying

spemﬁle;g;;DGADGDl Q%{%Eérgg‘ gﬁg%qlngl %le%@ dE(:: céﬁgléntly attached to the
film’ s%%e%%?o@%@lﬂlalm rﬁg&lcdybg%ﬂlicXﬁoﬁs can _therefore be

GPGGAGP GPGGSGEPAGY GPGECGEPGGY (SEQ I'D NO 18) Modul
approavked. GPGGAGPGGY GPGGSGPGGY GPGGKGPGGY (SEQ ID NGO 19)

From these am no acid nodul es, synthetic spider silk

protein constructs were assenbl ed. These nodul es and

The p&tb%ﬁ(m?ﬁ INIES bifd P, Oda@ BeScadeinty &k TRk IsiRifg BofHRWP or formic
others tormng the starting material in the &r;esent

acid sqtationsd However, rﬁmgﬁmﬂ sikk| protain 1bll11h’990ﬂ1'hlér medeles i(saguerce 1-27) as

well asfrrhua{tltlrg?insgét a?& t(sﬁgerI $IK I_I_Fﬁ}gteiih 8 fbe%&e o’ggeg Eoltgeé@A F%n 1s cast on

polysty¥ehe, £ths2 Er sib@k QoY) anyanha&i sﬁrfﬁ&éﬂvﬁich%r@i‘esisvcﬁlt tethe Ehployed solvents)
sequence of the TAGis so selected that an interaction
wth the rest of the silk protein and an influence of




the assenbling behavior can be precluded to the
greatest possible extent. The followi ng Tag's were
WO #128p58d for preferred use in the spider silPCT/EP2007/003304
constructs: N H CVSlI : GCABGEEESG GGG (SEQ I D NO  20)
and thg spjvewtgs OOIT@W?TSEQ gitgrwayds le_lijcp,;;t ifsegn hexafluoroisopropanol

soluticFS AR ST SR R0 ke S R 3 e i

CYS2 GGGEGSECECG (SEQ ID NO: 25) C H LYSI GGEGGSGEEGES

G(SQIDNQZ HLYSZGGG%B | D.NO
metha%x @F PEESEYR Oéé‘aé? FéWﬁ‘haé't r@%ﬂnweﬁ UedRsoliie in water
e nodul es may be found in chapter exanples
W"hOJtﬁg‘mS%%‘Fgerabry are (AQ 24NRJ and G 6. Exanples of silk
produci ng i nsects fromwhich silk proteins may be

oht ai ned ar g Bonb nor | t her ae litta ri ental
The tihRsY Ratheny iR o Foms et B i Coebtp igniur 8¢ SFSyed protein
solutldna(td'ét?arr'l(ﬁ SRbRHY Al riaHEP And dah: bel U6 %ms b(illitldm% é"f a single protein
browni sh silk yarn or Tabric nade fromw ld s
(One-proeoofiknfor af hyopmitahs Cloveprotdhddmsor ms f eed on
| eaves fromvarious plants and trees such as oak,
cherry, and wild mulberry. Further exanples of such
Two-pro¥eRClibnsar e caddies flies (e.g. Hydropsyche
sl ossonae), noths (e.g. Galleria nellonella (wax
not h), Ephest a knehniella (flour noth), Plodia
The mkzgr]l'tgrgspa:rllgﬁ%gé L&%e{h' Fﬁ rftlg' % ?110 cg!r}%mosfcropﬁ'}{rﬁt% PD(? F)?otem components
(Two- f)ﬂokdim rﬂlmfs)erazlehlyd aodifferse sanetumy omﬁlﬁh@gﬁntcﬁnpanson to One -protein
I ncorporated therein_or |ocated between two ad]

films. (AQup and TheoQk (APl B3 pndiasMNB yWess élsgtére*ctneldFtlJr Grﬁ» Wiv cach, 2%
w/v 1n§@tlah.SFords\éﬁ§erhcg%i%hﬁamgh% Qéﬁet%@ 2 @% ﬁ%éoﬁ’@drated herein
agents. Int

I'S regar Is referre gures
by refetdncand 12 whi ch show the princi pl es of such an
i ncorporation. The substances to be incorporated may
be sol.id, sem -solid or liguid wthout Iimtation. For

Two-pgotgifpfilms see SAYr FeRelA Rba(C 1agaptar ﬁatgp He' 2105 Pdd24NRHC16NR4
(molaxirleagaqropg ﬁg%reﬁt Bfha abﬂnaﬂv&?he Of?%@@% £F 2 ¥hbination of the

tives, drugs for the treat psyc latric
propertessof therfinmsuabt Gemdbpsogsd stk pnmdelm‘: MiszaphTeniprotein films made of

| il epti and anti cpnvul san drugs. for
(A hiibriecbrobRIEImad et S AEeEin MREt B el Rishdnethanol, these
films 12hM8 AR ZN G ang WHés %ﬁ?ﬁblulﬂ@qg%ol@hﬁﬁ‘sdota@dﬂﬂ@ and GdmSCN,

treatnent of CNS traumm Or stroke; drugs for th
reflectingemnthrmmncal ottatalityi st ween thati ofl plain Ebuereplain (AQ)m ﬁlms As-cast Two-

. chenot her ' ts for, parasi |nf ons nd
proteing R0 B oCg PT o Tt BE SRRl gRadthd B R Aer water
treatméftd aBghoG R PEAEIndsgpgatROWERNR A Hg. hplﬁdrﬁfrﬁlatlon of intermolecular
ant agoni sts; antagoni sts for non-nmetallic toxic
disulphide nbridgesy bessrean | teaddhregionsr cond beearctedad 66 emse eamorphous
s ARIGRL B SUARHANEEE s BB R THRE Al mpresgf o educing
agent subh kS Pandroghite@har (3% (SHAPR&Sssidbf rhalaae)aﬁNm/c,bNm films with
rel axants; stinulants; cerebral dilators;
methaned JedHigrchemi qa stabiliSe 1 Wategandwre?-s and constri ctors:
anti-hypertensives; drugs for mgraine treatnent;
hypnoti cs, hyperglycem c and hypogl ycem c agents;
In the auatd oA Sunpiotads ;filais} thei tredtmanie wmith; mathdnati bed uo%chemlca] stability
Further mul ti |l ayer fil ording to th

r eqf
‘“ﬂueftcﬁ b 9o PHRIGNBeCofaRgH da %Yf‘d’lﬁlogglesyﬁ PRFO §““d?auﬁhef" blending
usuallﬁ@éds%? nfixed Pr&fBriQPIsGal IRhdffg &Y 84teMLIGAL [¥r pforkiAR! fRkeneral, the
tem may conprise a nultilayer system mﬁereln a
structum sn:cbugerhcptqmr of preteinscigrooomdgethdadependls om mepgtfactpiss When mixed,
applied to the skin for a predefined tinme. During that
time, the liquid penetrates through one or nore | ayers
of said multilayer film thus providing a defined
amount of said liquid to the skin surface. In this
case, the nultllayer fllnrnay be regarded as TTS

.



one or nore of the outer |ayers and subsequent
(sustained) release of the respective substance. In
woonoer28zspl i cati ons, for exanpl e clothing, th@CT/EP2007/003304
mul til ay er frlnrnay be spewifically adapted to_ the
tWo PrOEGRS; r*@a pingl Mtesactygally 6‘?"1@2&%{ ehenrncglrﬁrahﬁlatvéoerrémoﬁhe absence
[
of the qggogﬂ\ﬁéé(}gr?}pﬁmas@{ e %treg gﬁbn%oge{ggoﬁgpég%l A o ﬁ{e dhemical
| ayers in order to provide an antiseptic effect.

Accor di ng g further preferred enpbodi nent, %
stabilify: dp @Ph%asﬁr‘éo NRAFERSPINEd VTSR Pylehe BaFSH & ermcar ptapility was
bmweéfﬁﬁteﬁ% é% qn@pove In this connection, it is

al so referr to the acconpanyi ng exanpl es, see

Figures 7 and 8. The layers may al so be further

processed in order to achi eve additiona

characteristics. For exanple, since water insolubility

is a prerequisite for nost applications of protein

films (which are nostly water soluble), the filnms may
Multilggenfilosessed in order to beconme waterinsol ubl e

Sui t abl e nmethods for this purpose are treatnent with

pot assi um phosphate or methanol. The silk protein
Multilapdred Fiffs EQY beCatsthinBg by b@stfn@sﬁaﬁﬁéﬁ I¥@erk a¥ QlreRly é)hﬁmg films (Figure

mul tilayer filmis containing 0.1-20% preferab
4, 5, apd0)1 64 layiers ©f orepkilaysr Jilm- @o, by made of |SP1If<1€fp$IH‘t énurr filmtlayers can
addm(!m 1 po rr}lz?(f%t o% tlpegt %alerr]l% Ech% %? P%%Q% s‘rfllii(l s?h P)ﬁ %en keratin,

ne 't he

dtron is crucral SI nce ern

polystyﬁhe wa)ﬁﬁnylf:hlbﬁ@e fpol ytsty Aing Quidyndtd)i (P SBE by (all }ahﬂnﬁfeel@'drochlonde)
mul tilayer films of |ayers having a predeterm
(PAH), m%k(ﬁeygccaéhd)béP/br*bd%é@l%&é?}fregﬁxlaﬂmé@rfémqe& (PDADMAC),

etc. T}fé“ﬁ'ic?(‘n?&%ﬁ PRI AL O bl Qo RYE B§ t}?é prot neg’&.‘géyeh g%&{ Each layer

present 1nvention may
can coatedh halhﬂf@emlhqxﬂotem(aﬁmmbhzyccbyr srmddrd;rlhgor spombinanti sl based on

our PSS el i BERGR Iferishl PRl PhyuE roRRsiey durher, cach

film caM F?:BQtraﬁxsdl‘?fer@l@lB/yr%B&lﬁ%H%alk%r@&ﬁlso({thes Hd'ﬂﬂ?ca(l@ﬁ c@ﬁ‘){al&t ?ﬁf:e before
surface which is resistant to the el’rp Oyed sol vents

film casipgp e indlye dachs layai cabbe pesursqa@trmrs’cessed withet dediredsfpeaionality by
.t t ti di (51 fil
chemifglf RHERTEIEER hernbeete Bk prien il 7 ¥ T

mul tilayer silk protein filmof the invention

conprises at |east two |ayers of silk protein
Substmptwnh@omoamrgted antg frlmis rcalstaf@@etqcombn@nt snrdertsillsproteins by

Qvi,des a |

addm%am be, org cas 1 r{FIggre% %r?éé m%p\/elg t@é@fb\%ﬁ)@/é&s&{y ct% e%n%n on top
of a sk filf ard a’ﬂothée killk fi®B4RBE cdseﬂﬁ itq@aduredgl1 and 12).

sust ai ned-rel ease drug delivery system artificia

skin graft; food conposition; autonotive part;

u

s » SRR, HToROTRGWikrs FATB bERicoEq HEMR: BRLARG RN

above multilayer film FurthernDre t he present

. invention provides. the iIlmin
Singlersali layeryen so%gévﬁtcor Galhy F@ﬁ“wa‘rze% ‘.lorqv Prstffescagfingy Further,
blendst BEwES 5iBWaA® apARs {dudh s NG1tEXAR] BRta) EhbRReals, drugs, etc.) can be

acconpanyi ng frgures. The figures are show ng the
preparéd Iprionit; gastifigg Giastirlg Ees peclayer ginesjest ettilgyegi filkns with different

. pr ot. : uani di,ni um .
funcridaffEs, Hredh i Suehimyyaren ol SitganpCs s Pighith Hims 4R enirely
new. Aias Y HRAGS ﬁ@%ﬁf&%&ﬁd&%ﬁlk%r%tns' E4e®) fulétionalized differently,

di ssol ved in P (dotted line). Figure 2 CD-spectra

for cagimgpr singlenfilm isnmevwrabherdyo p¢hnanglenie ahd raplglayer pragein film can

were cast froma protein solution in HFIP directly on

a plain quartz glass and anal yzed by CD spectroscopy
(dotted line). The fil mwas subsequently processed

with 1 M potassi um phosphate and re anal yzed. Due to

i naccuracies in defining the thickness of the filns,
CAFNVcouId not be deternrned Frgure 3 Nbdrfrcatron of

~ o~ " oy r - O~ N o



to films wthout EDC activation (-). (B) Activity of
coupl ed b-gal act osi dase was noni tored using X-Gal as
wo0bz1283Me. The occurrence of a bl ue precipit @Ca&/EP2007/003304
~indicated enzyne activity only on filnms that had been

providgehififerantelingiiaraliEee yieljlingiheareplan thraedimensianal peatipldwith defined
spatlalcﬁgtwg tinso efdsli'ﬁ?éle %Wl%ﬁg IFI %?é ld .gi¥1&%b%lpgtg%g%glgeoﬁwau%if:ate, smart
three- d‘iﬂiehmbl%leitnﬁ:tdrks Eard ﬂ& W!stlh dirfallgy @Mk films can be layered with other

functionalities,Figure 6 Casti of multilayer silk
existingjpokgney fil Wsd?I’P?té“rge‘ﬁtxefilm@f'ladﬁ%ﬁ\%ﬁ fdiffereqi gaaponents.

Chemi cal coupling of agents to silk proteins as shown

for exanple with EDC ( NEthyl -
IndustYial (applicsiEtiby 6 faolie ioveneioyt ) - car bodi i mi de) i nduced

coupling of an am no-reactive agent. Figure 8 Specific

functionalization of silk surfaces. In nultilayer

C 0 g

M B s el PP FET A RIS p g amount of
mnovafﬁlvgupmdgcusmf@‘r goodt sobamcef \a@mtchqusalnudutd Ithg/ecosmdnk'al medical,

10 | t t | t
pharmidoufieil; BMoBe (et BAiE £o) BASke cRaepas cetifly MlNealeT cxample,

devicet odtings Sklek BF Al @dded AUndbineNalP EélP fatthGhrféHid)l ragugasieﬁvery systems,
proof —of principle. Figure 11 Incorporation of sol

artificiaeiisscantach lenarngwiings, sustainedagedease idrug ddlivary S'618@m8ebmensors and

functlonafl ﬁ\gzrrn%tecli Q&a&%qli l)vuthg/arai 832 tg gftnﬁ%la(g E 5)44 %mlt gng:g E{ode mag,netlc
electro@h@infit,Ngnid d);!ihdér ﬁﬁfpef-tfés gagt ehtdndmgtthe bipN®BésosShandheld computers
preV|oust e yed the two synthetic silk proteins,
and comRujer ANRSNSG ueire thgamenntefainissterspse vithgel ke synalgl anseenabling
r S
sutomilet B AR R oy A el el g R Rt B pnd thereby
reducingtherbavdedls dbs@idiidneas)s t hat ADF- 3 and ADF-4 as wel |
as its derivatives display a markedly different
solubility and assenbly behaviour. Measuring circular
Multil ‘E'} 191 1ARs (Gloh 1 PhaMNER 1316 be UbkbbenS &?Nrﬁ%?rﬁ ful
- Q}e fer er%tcg!?n%ﬂ%f %ce %f aqueous%gf fer and Hrl% o use
light, amlcmm@aswbrsg}rtmss ulneautdmoaqm'mdustr)s olultiliaper doldit 1ﬁ11rrrsr @mdmme;mployed

i spl ayed. a pectrum w t single mninu
that el Bp B G s o PO OHUCGVT LTS OBPEly clear a property
that cdBd 'FJeYus%ﬁﬂ'Ciﬁrﬁrg}ﬂtécﬁﬂalpﬁﬁﬂl‘%htﬁbr{sFWH%Qnér)easehndé?ﬂ)i@hf @ahsmission is
the spectra of both proteins in HFIP displayéd one

desirabig.nMnlivager fidn thap@ge wompnidechrof deltidrédsned layers wiirtransparent silk
oul d 20 n ich.is
polymirs PG 2 @O A L BEess ok oG BRnEy P G rafcted and
transmitled chdfige &b REAIE6T thefanfllew® Whivki thely'RIHephiol s on proteins
andpepti des has been reported previously and has al so
been observed for silk fibroin and a synthetic silk
Multilfeds Rirfls 681 b¥&@CudedaB b tRina@noperosh lakid RRiciopofoulBm@hbranes and
fromthe spider Nephila clavipes. Filnms were cast from
can begrpexpheitadrsmageyicaetpsfer ey aihasingf metallianapepardicleson a
pol ystyrene surface (or on quartz glass for
CD- neasurenents). After evaporation of the sol vent,
The hydQed-biRidednehuliilabat Bilk ofilmyd cn ales EatpdoyedS it Fﬂiaph&ﬂions such as
could easjly be peeled off the surface. Assum
micropRH @RI Adediis &:ehwrwlaﬁretq@etrebvﬁs@ﬁeeamtmﬁéorueffsﬁ {pe dyydrogen-
rQt I [
bondec%/ 1 1&18 lgf @élsﬂgf)l'e @rﬁ% Fgﬁrohg{s ‘2: r]ﬁgt?uallxyf[?éqn éﬂi?ﬁiﬁﬁ%&éﬁﬁ behavior of
muhﬂ@hxﬂkh@éﬁnﬁﬁsVhsuﬁNMnﬂdmagnoﬁﬂmdﬂa$ed to range from
0.5to 1.5 mm As-cast (freshly prepared) filnms nmade
of either protein dissolved upon contact with water.
Since water insolubility is a prerequisite for nost
applications of protein filns, we searched for a
processing nmethod in order to render filns insoluble.
Pot assi um phosphate is known to i nduce aggregati on and
formation of chemically stable structures of the
enployed Sl|k protelns Also met hanol has been used to
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proteins was investigated by CD spectroscopy. As-cast
films revealed a spectrumwi th two pronounced m ni na
wOoa0020283718m and 220 nm i ndi cative of an a-hel i ®&lT/EP2007/003304
content higher than that ofs soluble proteins. After
Anothpr applsitieg wionld beMeotiassiiansgphusiphat hirglitynts key to molecular

reveal ed,spectra,wth a
recosiipah bk PP as A BT oo s e Bbeg arues has
spurredfthé Uéﬁ‘elgﬂmerﬁl ofi tedinig RS Ubt propariveltat Reshraddrebf chiral molecules.

processing films wth nethanol (data not shown). Thus,
Membrrane-baseh §¢qaram)nﬁ heyg aidnaeted saaliatientign dee to operatlonal snmp]1c1ty and
1OWCWEter-lnsolublllty was paralleled by a conversion of

Ptie protein's secondary structure froma-helix to

b-sheet. To test their chenical stability, films were

subnerged for 24 hours in 8 Murea, 6 M guanidini um

FurthesappBedtions iof andhtayer milky Gdme @rfh Pmﬂq%%waﬁ&@ewﬁ@ Ruggtaccidents

mvol\fe expg?‘ls&fe g?l%td?%g)r Ak %ki'ﬂs Iififhe %o%ra%A@ gé&'&g& Hnn’(B]oss of fluid and
ot assi um phosphat e ~or an

aid tsz(Bd: t@iaﬁ' dnid I&ane@ﬁt]dnhé"ﬁe shexoairalr adt Sinctiohat aipesisds, ofCirbideal skin

| ms processed with ota si um phosphat e_. o hano
substl%wsaowim gloprly amakes) gegerel gt g?fmcmh ehit %wafa%ﬂtete preparanon
I Lt f
roce . Sl SERCAJEARETRELBLPVUAL i SEELA, HRIR, gcon and
actlvanén ro€ abertnfienmbiprp respoosd Mnlilass epidee dilADHmS. could be useful for

e iy S QU B0 B TSI BERREH i s

withottNEnief8 §1%, ARAH, &ﬁﬂé@ﬁ‘&%ﬁldﬁfanﬂ%lﬁebhd&ra@'é ﬁih@?entlwl‘)‘#&ompatlble
properties of spider silk filns can directly be

nodi fied by alterlng the primary structure of the silk
a_manj u at on_of the correspondin
NanoffRiSH AN e S ERuRA B! el FRe SRR bitRes . is used for
applicht@sHsl fuehtRewpiee seReEnf brapidsh Wderf 1e0latiaBioa) hld d§esalt separations.
the films surface. In order to denonstrate, that the
Such anphreicng dopiatapquiie the highhilachreiesdionbiat REtyRicehokreypIse osmosis
I
R0 8P TS LR st Bt RSB S M FRSTAEFLES rauives
less er&iﬂgyy Ror Ihig adaa o, ki desef NErie gedlemgea;hﬂ})y bouaimduéd)d&ediopment of

films processed with pot assi um phos te as pr oof
selectiyg,; Hgh- %wé meplrapes Rt 41§ S vé? AHieEy @yg é&qql@ shhange e utility of
: 0
this seﬁg{aﬁgﬂ? -?e??ﬁ?@?égﬂr@t ggl@;érﬂdnlggr%‘ngﬁbﬁ aerpcg’h | | r(r)?g es%lectwe) skin layer on
a higﬁﬂhepe‘riﬁea!ﬂevxmpporft ubdchese thecubained thidkhest biy Itk elinamayee allows a
adj to.the formation remai ni n
reasorpF B dERpity 1 5T WA AELeh FTRHEHES 100 5LQUOEIF) membrane
structtﬁ@su Pl@itiet Phdsk URV&SIoRI 4HdS %rmaﬂ(%b{ Qﬂa&ﬁnﬁc%ﬁls” théMBranBs b€interfacial
ficient covalent |inkage of fluorescein via
polymfeozamu; @rafting.aostfdinl depdsitour en ajewr¢fvan¢d/@0(®89m08) Composite
Simlarl i nc ba |on of, b-gal act osi dase
membREs 0% it GRS b P e B R gl Afoggts of the
potentﬁﬂ&d&p@ﬂl\l‘@‘gﬂncﬁﬁﬂéﬁél\/|MGlftﬂ>AMéS s@k fhfs @odiderd wBftYolled method for
anlnesmé¢ from|lysine residues) of b-gal actosi dase
formingrthe kindayer af membrasies fortNF rgassapaations aad,peryaporaign. er
repeat ed washi ng of such nodified fil ns,
b- gal act osi dase activity could be detected usi ng
5-brono-4- chl oro-3-indolyl- b-D gal act opyranosi de
(X-Gl) as a substrate (Figure 3). The inventors could
denonstrate that protein filnms can be obtained from
synthetic spider silk proteins. The filnms, which
initially were water soluble, can be processed wth
pot assi um phosphate or nethanol leading to
water-insolubility, which is a major requirenment for
many applications. Conparison of the chem ca
stabilities of filnms made fromtwo different synthetic
spider silk proteins suggested that the properties of
the filnms were based on the primary structure of the
protelns Enploylng our preV|oust establlshed clonlng

. o o,



solutions are water soluble. To achieve
wat er-insolubility these filnms have to be treated with
wombeseis, et hanol or potassi um phosphate. Fi Ipca/EPasi7/003304
fromformc acid are insolisble in water w thout
Literptwiessi ng. The thickness of the filns can be
controll ed b)é the concentration of the enpl oyed
(1) Dephest @i drigwiedPP b’ 17ddt-not shown). Inportantly, films
be &3 0 f S e protein
@) Ch%%wr\e/'-’g\rlotelhrt{ P- i Frr@?éllg?}og %369%? ojtdg?%s (Two- protein
(3) Beftrandpl.; Johas; pr, dheihehiskymA Thegriasemassnah &apieGomm. 2000, 21,
ther films cast from solutions containing two
tel n conponents (Two-protein filnms) revealed a
) Hamrt&erprrr Sl UObH eo%zcﬁinﬂbfdcbts& bO0d; QMRS i son to
One-prfotein fi (AQi 2 and Cl16 or (AQ 24NR3 and C
(5) An@NRA-IWBresebli K@gﬁkmédmilwa—m?ﬁ’ (1% w v each, 2% wv in

(O TR w500 g L 8 Pl BBl ond

TYRIRERL B 'Dfof iyl P@l YRER0IGRSbaskd MMIGAR s 26 G- a@eﬁlﬁﬁésax{nd
ratio 1 : or ( 24N /C6NR4(m)Iar ratio 1 :

rﬁmqam@uresaehmemam ciemtyfer BtrldtSbérﬁ $tevenson Ronel G, 2002
r e I es
) DeREGr S8Rl 1 B RE R 1Bl AT S B Ay

W&ﬁi@c@ﬁrp&ﬁv@)ﬂ/f&/@@als@ Wnaagevtzerenvaahémt Gdnﬂa@} l20b®st ed
reagents. After processing wth nethanol, these filns

(8) SchymbgfeM. ka6t (inie ¢¢{1%('€F'farrd%r?é)£3 B30 sol ubl e in
agt h |
©) SC@@E\‘E* [IQ/{@ g{e)t ween at %n@@\# or Iplngu ﬁ ((:Ag)m -

(10) Hambmomd, F!\sroasWaTm;mm e?i6|;11271| ms of (AQ 24NR3/C 6NR4
onpl etely dissolved in water. After

coul not be
(”)M}d& $ Fledlt ﬁ’gﬁfsw’é Q‘bl‘%’gu%zlprotel n aggregates were
(12)P{;ﬁ£'i€htnt”9 Dd'fnd, ©F MRELOCRIm. | i SEI2064 Y3286 sul phi de

ridgés bétween the RR-Tregions could be éxcluded to
(13) Bcvdtmdaxanbrpﬂﬂu&t&@geagmmﬁﬁ,,bsﬂﬁ@b t he behavi our of
the f] I.rrB d not the presence of a reducing
(14) H&Gﬁ& s G- %’7%’%2@@;%2 fnol (5% (v/v)). Processing
(15) P@Srtt@eet(at\@;%él\ﬁéllgcéb\l%zf(ljlsm“: 2002 hygrepdmnol led to

chem cal stability in water and urea. In the case of

(16) Elpa. Erbt Elerberrt, CmB, ; Hwlebelly bt rfemgrwint W9l haddb. 1 ed to

a m cal stabili bot h proteins.

a7 R%ﬁ%e‘r e%latlo%m%%céﬂ'f'lx{‘fﬁ Ist %ﬁe IP?éO pol yners, where

(18) HRRRAT NG, CIgEs3bh,YP. Mumfsmnxed MJrJoraer dhem, S&12b04,1 i Mo9.
i s astoni shi ng for proteins. %ener al, the structure

(19) RighertiInt AFHELY 98C6FatF oV eFER, 4 Vil R Bt Sl S 761 3.
agt.Qr e ins, that do not
(20) ng%[léérlgb G8u€lﬁ)mlv\P %@ﬁéﬁ%%dﬁgi r’ ﬁﬁgm cal stabili ty
20 Hﬁmurwlnch rDt h&lﬁb,s(éfw{? Gathihben, 96 Ruddph; Bt eScheiblel Te Bsechemistry
hey do |nteract usual |y bot h protei ns show a hi gher
é“@ﬂa%%l 3694hility. In our case, both proteins seened
rgc ugy .t S g isb Y, S
) e Slor Oy Uy ARl e ApB R R tes LA PR | s
Mul tilayered films can be obtai ned by casti ng further
| ayers on already existing films (Figure 4, 5, and 6).
Al'l layers of a multilayer filmcan be nmade of spider
silk, but filmlayers can additionally be made of
other materials such as insect silk, elastin,
col | agen, keratin, polystyrene, polyvinylchloride,
pol y(styrene sul fonate) (PSS), poly(allylam ne
hydr ochl ori de) (PAH), poly(acrylic acid) (PAA),
pol y(di al | yl di met hyl ammoni unthl ori de) (PDADVAC), etc.
The thickness of the silk filnms can be controlled by
the protein concentration. Each |layer can contain a
different silk protein (natural insect or spider silk,
or reconbi nant sil k based on our nodul es sequence
1-27) with different chem cal and physical properties.
Further each frlnrcan contarn drfferently nDdrfred

. o g, a o o Y o



of a silk filmand another silk filmcan be cast on it
(Figures 11 and 12). As a summary, the foll ow ng
woab)rss7scan be achi eved by the present i nventPiCarEP2007/003304
Single silk filmlayers caw either be covalently
functionalized before or after casting. Further,
bl ends between sil k and agents (such as salts, dyes,
netals, chem cals, drugs, etc.) can be prepared prior
to._casting. Casting layer by |ayer generates
multilayer films with different functionalities in
each layer. Such multilayer nultifunctional silk
protein filns areMultilaxarpikkRyoteiadiitponal | y, bl endi ng
of different spider silk proteins, each functionalized
differently, for casting a single filmis new
Thereby, each single filmof a nmultilayer protein film
canprovide different functionalities, yielding a
conpl ex three-di nensional scaffold with defined
spatial distributions of single functions. In case,
Patenttdhaimsi ngl e function can conmuni cate, smart
t hree-di nensi onal structures are the result. Finally,
silk films can be | ayered with other existing polyner
films, creating mxed nultilayer filns of different
conponents. Industrial a icability of the invention:

| ppl i cé
1. Mymethed ef forming mpiitaer @fﬁsaproseelaﬁfrm ermpAYUNg thestaps s
aje a . A 1;V .
57 7oBgPldind e Br HHIF SFRUEL ob ik BRAXE uGoREE R Shibended in o
medi cajuitapkabheaeuti cal , autonotive, aeronautic, etc.
mar ket ., The applications involve for exanple, device
c®at i npsmme qgie ¥ stisa PAREs @A dIThel i al col |
tach : [ - 4 £ ci: .,
RO b S G G AR RS SR B
sg)st enenceliras@nsepeatingneps ane ) oninnyadddwarat gtk protein film layers

materials with varioys electric e.g.. Light-emtti
b fr sl 'R @R et i o oL protein R
properties (e.g. enhancing the brightness of handhel d

conputers and conputer screens, reducing the anmount of
2. i hhenfegrodnefeclaim H, edieram gacts bigalsl ley erapfdthenmbltilaygr film is formed

aytr%rmsb%l es toSOE L{lrz)ctcioonnrr%r e, efofi coi e tle¥ g% rerf { ecting
i nPPdrad 'Y GHE O hea Py s) eang t’ﬂ‘ef%g‘gf’ ahtlly Hg e

burden on air conditioners). Multilayer silk filnms can

take light that would normally be absorbed and turn it ,
3. i Fhomethedaf eneger mogmef thecrreessiingeliang, rvelagsein| the multilayer film is

.  ndu ' | : . '
HREE o SR St e, BHRE R dch bR il or diffrent
nheteeapebos kil fylet ibmpgikk mrotgdset el y cl ear, a property
that could be useful in architectural applications
where increased daylight transm ssion is desirable.

. e , . ; .

4 R of bhidl Ml R Oel A iy RHERAS R, mulilayer fiim
opmpaks iont eorf arceadeyees freates froithsilkvgrefeangambs onhadr aroee layers
reflected and transmtted change as a result of the
ATPGIREISHEE QAATTIHOCHRGEQHS OR AP PTNEINRTICHS BRET Y ns can
been used to formthin nanoporous and m croporous
menbr anes and can been expl oited as nanoreactors for

5. tThe sethadesf slaph Hewhkieinc theanoparatéiohesous Thaerial is selected from

hydr ogen- bonded l.ti.l ayer.silk fil C b | oye .
TR aeonardHRFSE” HolRitine o HTRGRE, PaSly PofS(allylamine
dgldry@iotidepher e (RRAYT ol ofolyfaerytieconstacigt i on (patag, of  and/or
t he hydrogenbonded filns i s desirable. One approach to

risdy(d ity ey lageeriymebletidon PEEHAVMIASE)- of nul til ayer ed
thin films is via structural design of the
films. Anot her application would be enantioneric
separations. Chirality is key to nolecular recognition
in biology. The pharnaceutical industry's need for
singl e enanti oner drugs has spurred the devel opnent of
techni ques for preparative-scale separation of chira

o T




10.

1.

12.

13.

14.

15.

16.

preparing artificial skin grafts, as the nethod
provi des a sinple neans of producing filnms w thout

wol2o0r/128378 si ze, shape, and conposition and polPZpareotes33o4

are inherently bioconpatibtie. Nanofiltration (NF) is a
pFeesmgthed pfiong or meerpodike peseding cliimprwleseis the gther proteinaceous
u o) C sof t eni ng,
Hﬁ%%E%g%Sagﬁé?%?ecganﬁgﬁ &?§§1§ﬁE$éghlt separati ons.
Such applications do not require the high NaC

ections that are typical of reverse OSHDSIS (RO
n%gPPo ofsenengr @@&Pgt% PIEceing Clans: | Whereiethe solvent is a polar
P d e
For i @tt%%@% SRR o RAR o ER, WERERT opanol andior
caetic acidd devel opnent of sel ective, high-flux
menbranes that are stable and resist fouling should
enhance the utility of this separation technique. In
bpgd m%@lo%ngf BFe JFBHJBF@B?%&%Fb%'e&ﬁtﬁoélat%ss%}?e%lhvtﬁe SikNprotein is
| ayer on a highly perneabl e support because
nsetdctedl friohi ghseet silbf proens k)rnsptd\greslllalpromsa preferably natural or

reaso abl e ux despit nse nature, Typica
TR e s P o PERY PHeerah B ST e dh AP eEian AR ERda or analogues
| Rededm. phase inversion and formati on of conposite
menbranes by interfacial polynerization, grafting, or
filmdeposition on a preforned porous support.
ggtggn:egﬁcfdh@%?tr&a‘%eﬁtg?% ﬁ fpt%;]%r%?e )él ?%gr %,%e\t/ne the layers of the
patikiMdyeakilnd cOMPERSS Mt (ﬁkrhﬂrer@%ﬁtfsllﬁéorpd\t‘dieﬁlth@yﬁxrorslbbd(ed between
fllns provide a controlled nmethod for formng the skin
| tipeadiasentlagif-anes for NF, gas-separation, and
pervaporation. Literature (1) Decher, G Science 1997,
277, 1232. (2) Chen, W; MCart hy, T. J .
VB owetiodcafl €sinl 99 twhedfin tH8 oné 3y et 4gand, arP. seledtedaBom metals,
A ; La chemsk A R Macronol. Rapid Comm
soicaandirgh ghapmy CePﬂﬁ%%ﬁﬁ%Pts P. T. Omw. Qpin. Colloid
Interface Sci. 2000, 4, 430. (5) Anzai, J.-1. Bunsek
Kagaku 2001, 50, 585. (6) Tripathy, S. K, Kumar, J.,
NEHensethidd & oneEais morcHa)lﬁdb@(pkecocﬂmgmlayetsea\thetﬁnytthxs SJahlnqbrotems are

their Application ol yel ectrol yt e- based
NEW?eP%¥§F§“°§gF?SB§§%$%r? Sgﬁd%%anostructures;
Anerican Scientific Publishers: Stevenson Ranch, CA,

2002. é?) Decher, G, Schlenoff, J . B., Eds.
I\Ihetﬁ'nb 9é|0f Bhe ar Fiorersf tl@erqg@qqitnatzlam &vhisrem dfe silk protein solution
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cho Ring, SHRERREGF Aing S sopfon kel s KGN Rg >
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LA mudtilagér. silBipoorainr fdnoteopi s 2060431 tv@o laydd®f sk pBtein films.
Hal t hur, T. J.; Caesson, P. M; Elofsson, U M J.
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219. Multilayer Silk Protein Films Patent claims: 1. A
met hod of formng nultilayer silk protein filns
conprising the steps of:



18.

19.

21.

22.

23.

24.

a) providing one or nore solutions of silk proteins
di ssol ved or suspended in a suitable solvent; b)

wof200mm28gysone of said solutions into a film cPCI/EP2007/003304

evaporating the solvent, tiereby formng a first silk
protein filn1layer and d) once or nore repeating
S'Ph@muﬂ ]ayercfil ?f nqg ﬁlsq)lrt I o ereslI Itllt<e ?ttllglé}.ftlllnl iQ formed from
| ayers o g rotern fil aye¥ in order
tl@yér@kﬁh@nﬁmlgtthb ayae (Bd)rhtigdﬁbﬁi ﬁtdmlﬁyérnﬁlnﬂ or ldiffereat (tagerogenous
of claim1, wherein each single layer of the
rmpttthlﬁyétm} silkaproteissor med froma silk protein sol ution
conprising one or nore types of silk protein. 3. The
met hod of one or nore of the preceding clains, wherein
thiee multilay ey 8im fdfl one sr harewd ddiom | HY2r sshe@ipithes nntilayer film
t he sane (honngenous multilayer film or dlfferent
(‘F%‘t@t%@éﬁ’@u%r PRACE i P)ﬁ‘iférm?qq %’)O”Slslk EfPEﬁ”eﬁ ARd ope qgiore layers
nﬁ)tl r8§el E&usQr ntoﬂgr&%ﬁﬁ@éé)'u@%a%t@*lm wher ei n

e nult r m conprises one or nore |ayers made
frontsllk protelns and one or nore | ayers conprising

ot.her r,0t ei hacepus. non- pr.ot ei naceous. nat eri al

The el oITe Par A, | SWRFBTR (oh B BT BREr hAUAGIA 1 selected
lﬁrﬁcﬂysty@neeﬁ@ﬁ@?mﬁf&ﬂbp@t%&%ﬁ@eunonate) gss; poly(allylamine
pol yvi nyl chl ori d y(styrene sul fonate

dmdchattlmydeam(%th dmd)x:(ht:rwhc deyidf PAHA), p@hst/(oac pyly(@allyldimethyl-
aci d

p%??%ﬂ‘i(]gl%ﬁzﬂ”cﬁil E&%PM‘%%oni unchl ori de) ( PDADMAC) . 6.

The method of one or nore of the preceding clains,

wherei n the other proteinaceous material is selected
f Flesmnglil g die, ofeqlaiat il f wherriarthe jother proteiacees merteril is selected

Of*}’ﬁ%n%r 1£'Pern§ e?£st1§a‘2>‘? k@# ggeding clains, wherein the
ar “Sol vent preferably sel ected from
wat er, forntc aC|d hexafluor0|sopropanol and/or

acetlc aci d. he net hod of one or

pHhec 8l tHgY e alnmof AMfereitPre e drme pe @Pe.\weren stEF etk eprotein is

f n o e 0

e et AP o R, R RGN PrieRboirrtRely matural or
ptedxeblabrhty sith Ipksteins o prdfasblyt silksAfraoh rhns@atao rAraotalidg wesanalogues
F from 9. The nethod of one or nore of the

pPEEEA™g cl ai ns, wherein the layers of the nultilayer

filmconprises one or nore agents incorporated therein

or |ocated between two adjacent |ayers. 10. The met hod

ofhec nmiltmhager fiheradi ang lve oo of chaone ldgeht whenem the layers of the

seI ted romnetals, chencal rmaceutic

TR Sl S oo o 80T REvrls ORGP PR RE iR penveen

qh@umﬁmemhgy@gn the silk proteins are covalently

functionalized before or after step Ib). 12. The

met hod of one or nore of the preceding claims, wherein

t-he si s [ t,00 i Qi
5 Bl 918 Q50RO PGPy b et o
phéettB] themlicals diForngHahBacaticaingems. nore of the
precedi ng clainms, wherein the filmis fornmed by
moul di ng, spincoating or casting the solution onto a
o I |
S'ﬁ{e ﬁmtﬁoﬁf%ﬂ{)hg oé? Orrm/_\rjge% (#fi él?%(“ rrég 75%@&%\ b Lif kﬁ}’otems are
movaliehthy &mcsondizpd.otein fil m conprising at | east two
| ayers of silk protein filnms. 16. The nultilayer film
of claim 15, wherein each single |ayer of the
multilayer filmis formed froma silk protein solution
conprising one or nore types of silk protein.17. The
multilayer filmof clainms 15 or 16, wherein the
multilayer filmis formed fromlayers conprising the
same (honogenous nultilayer film or different
(heterogenous nultilayer filnm silk proteins. 18. The
mul tilayer filmof one or nore of clains 15-1 7,
wherein the nultilayer filmconprises one or nore
| ayers made fromsilk proteins and one or nore |ayers



conpri sing other protei naceous or non-protei naceous
materials. 19. The nultilayer filmof claim18,

wovoeT/ 28878t he non- prot ei naceous material i s selpPeaiErd007/003304
from pol ystyrene, polyvinytxchloride, poly(styrene
sul fonate) (PSS), poly(allylamne hydrochloride)

( .Cc aci - . ...

erytnedt SAFRING, L Ehe At PRI gmpanaigon pisferably drue

Tdetivery §ystery,edrtificlamcell, @ngdonld, codiapebustdingl-alldaee drug delivery

prot ei naceous material is selected from coll agens, .

eyysesm, aridicigd sk graft; pod compasifon; auterpel Ve PArmagiongyis gymponent;
| aj - - ot jql. i .

Bl S iob et BBl b el S ElP bnfane comprising

pihe heiltilayerttlef €f aleloy niat of alairns 14-2¢onbi nant si | k

proteins, preferably silks fromlnsecta, Arachnida or

anal ogues therefrom 22. The nultilayer filmof one or

rfPﬁeeus?fof Q}II@I#IHFHJ}%T £im of BREBEMBE O ki uSr£fn thBficine.

mul tilayer til m’conprise one or nore agents

i ncorporated therein or | ocated between two adj acent

| ayers. 23. The nmultilayer filmof claim22, wherein

the one or nore agents are selected fromnetals,

chem cal s and/ or pharmaceutical agents. 24. The

multilayer filmof one or nore of clains 15-283,

wherein the silk proteins are covalently

functionalized.25. A cosnetical conposition; a

phar maceuti cal or nedical conposition, preferably drug

delivery system artificial cell, contact |ens

coati ng, sustained-rel ease drug delivery system

artificial skin graft; food conposition; autonotive

part; aeronautic conponent; conputer or data storage

device; building material; textile or nenbrane

conprising the multilayer filmof one or nore of

clainms 14-24. 26. The use of the nmultilayer film of

one or nore of clainms 14-24 in nedicine.



