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2010/ 096025PCT/ SG2010/ 000 ’ ’I’WMSI CALLY COLORED, LUM NESCENT SI LK
FIBRON AND A METHOD OF P | SAME [ 0001] This application nakes
reference to and clains the bemebit of _priority of an application for

"I ntrinsi cAPI2Y1080808¥ ed, | um nescent silk fibroin and tH/SE0HEGSdr

produci ng them filed on February 17;_.2009 with the United States Patent
and Trademark O fice, and there duly assigned serial. nunber US Provi sional
61/ 153, 065. The contents of said application filed on February 17, 2009 is
i ncor por at edNRRINSHCALLY G QLORID, AIMENESGENTHEK FIBROINAND An '

I ncorporation of any elngzﬂeﬁ ' mrpt i on, clains or draw ngs
not contained herein and re eIﬁ)gﬁ%Dlﬂ%‘ng&f‘léﬁgm?g) of the PCT, pursuant
to Rule 4.18 ofthe PCF. FIELD OF THE ‘| NVENTI ON [ 0002] The invention rel ates

to a net far produci ng Lum nescent colared silk. fibroin. .The.invention
P so o e BRARHGHT B AEERE N, S0t B Ml PorehPlof aiarifhot Ao
t hr eads, apphdarisn dbr f*@ltringaallgancolored biwmeekcan! sikpfibramt indnshe BRAMGKEROGYUND OF THE

I NVENTI ON [0003] SjLk. ha een L ghly prized terjal sipce.its discovery
2640 BRAURE et SRR BRa Cord Bl e i SR ard TR ¢ bei g
much | i gbffies,.anfEvtere ddly hssighed Smemﬂxm-@ﬂouﬁ'@;@fﬁmmmﬁemd c}@ﬁfeﬁts gsi | k
continues, to enjo tr e duxury i c. The si | ndustry,
Compr 1 srig iR e i HERrERERN 0BR it Psammbratet herdingn Feremc bt 8l et & USD
20 bi I'l'igposey, ifdwdde. an 26QPdrafdtot shyl iemdt OF BERAF kI ddsénptioh d1kims r al SO
widely used in the bionedical field as sutures, artificial blood vessels,
and scafdreyiags 3o8contpiged kergin gnd gderreddgo 1 Rels2Bofaof fy Kb putspmb o Ryleh as
drugs, apidsapaetttant, anti-mcrobial, anti-inflammatory agent, etc to

these itens will significantly increase their value and functionality. In
nost applications, only the core of silk filament (fibroin) is used while

~the outer gumy |ayer (seriﬁtﬂbéﬁgww@mh@ﬁ%] However, the |argest

portion of silk consunption cones fromthe textile industry,

[0002] The invention relates to a method for producing luminescent colored silk fibroin.
The invention also relates to the use of luminescent colored silk fibroin to produce threads,

yarns or fabrics and in biomedical applications.
BACKGROUND OF THE INVENTION

[0003] Silk has been a highly prized material since its discovery in 2640 BC. It is tougher
than cotton and warmer than wool, despite being much lighter. Even with the invention and
use of manmade fibers, silk continues to enjoy a strong demand as luxury fabric. The silk
i>ndustry, comprising raw silk and finished silk pfoducts, is worth an approximate USD 20
billion worldwide. _

[0004] Due to its biocompatibility, silk is also widely used in the biomedical field as
sutures, artificial blood vessels, and scaffolds for tissue engineering. Incorporating
substances such as drugs, anti-coagulant, anti-microbial, anti-inflammatory agent, etc to
these items will significantly increase their value énd'functionality. In most applications,
only the core of silk filament (fibroin) is used while the outer gummy layer (sericin) is
removed. | B

[0005] However, the largest portion of silk corisumption comes from the textile industry,
in which dyeing is an integral part of silk ﬁrocessing. Existing methods of silk dyeing are
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in which dyeing is an integral part of silk processing. Existing nethods of
silk dyeing are 111111111111111 *ACTION* WD 2010/ 096025PCT/ SG2010/ 000059 -
2 - costly and may cause deterioration of silk properties. The conplexity
and high cost involved in conventional dyeing nethods, such as dyeing
cocoons af M 20aH@6¢25f or mat i on, presents a need for alt BEW&GIWEANSP hods to
produce colored silk. [0006] Maintain ng the superior properties of.silk
whi | e addi ng colors (and functionalities) to silk is therefore of high
comrercial interest. Al though genetic engineering/inmersion nethods report
t he i ncoegsdy anid omaypfeadse nieterioratibn neft Biki pxbper@es g‘hedgoaw)exntmtmdrhgh gobtk fi ber,
there i s; 0oy ed SRLRULINCE 0N MOBLOCL NS £OLOTEESL RS, iy e fibbroi n or
seri ci n. TTR&EE ThETHEUE A @ HG "VErS> BFGCT] é’ﬁ’lng anePoaF 8%th Fléfgl?ré@lﬂlbt

appl i cabbﬁesa‘n@ra rtdeéfdraltgﬁat%aﬂlaﬂlqdlsnﬂpmﬂuo@moloﬂaduﬂk. i nstead of dyei ng cocoons
after thejr mat.ion,. it has _been at d ob ai cocoon. whi ch has
al ready HOf 8{7&5315'{13&‘?@“??%1’@?6‘?“?%0# Ee)lgpﬁ’é“t‘al 018 netionalitiesd o 705
922 Al o difk ideixeefoRad High edaherdial fhtdtesdYOioubk g&%'tlbltehgﬂeéﬂglnﬁﬂ’efsféﬁl es of
each growmn _larva, which is fromthe fourth diapauses to the fifth instar,

several Metheds &pott g 1m%ow%pﬁ@nqlgnaéd§aé¢rg§d eci dyese 18101 RW i HERST,Wi t hi n

the |arVaereTR&id @éxavidndeG wibthaBE bRr $85deBLR tie Bblokn b SR trhbdcom t he
spi nneret thereof, whereby a colored cocoon is produced. However, this

met hod r BgtOAe &ravanl very opfaeticl and tasp shesefire notaarnlicatle far dlsndargpescalsl e time
and | abo maﬁ&loﬂeﬁﬁﬁslﬂgtxadf&rdyaﬂg *aowoﬂgmérkm Btriaion] @ha?s%e%& @%i&édﬁmm | kwor s

are radiated wth sun ermttentl |napre determn manner
wher ei n eWRiora wgocrmwlnleh hr@@llrmdydwen dvesh aﬁéhf: time of rttw?@rrg@tiogn&y eghmplagin

si | kwor 69 I . thréads
whose 11 BF Q1 08 e ad iR Besbbea cbd B b AL P0Gy Boan "
commer ci krtay vdnci isafbine the fuirtbodiapausey thabe b’@émnstsredemalaqu sovthai thesi | kwor m

feed. . Bo{liks{ugf 1g Eds%ljbeg §§ ?h%%l]é%ﬂn%\l\%’ﬁg?h Alérvﬁolth%rl erga & en W) we 5%8%{" i ned

~wher ei n pr esent Sericin so t He 8o ness 'S not
very goodal. sxl[cOﬁIaﬁ‘l]entl fromstmhgmefemtethaﬁofoby}&cdbyod cbrweqom:saentxslprmhmbd.on to
over cone,,t he aboyv grl,sadvanta es and to Sgt)rov i

Hoy vever s mmethod TEQUILes frianiy prodyction 5 sta%cglens-ﬁaglog%{)%\égg?rg@g? E{f%g for

preparing a col toure .
mai nt ai ned abd aohaesshiyFoness praiuctipr vepe dh JISUVMRARYE6 Gk wWhtns|ahvialilkiecdN [ 0008]

In a first t, .t.he ention ovides a nethod for producing.
e el SR Bghe bt s Hedieines BT At s Lol Pt o
si | kwor g mea 1ﬁted1ewngdnaseoﬂtmlme@ﬁﬁntrhelyaoriiﬁexawﬁﬁﬂamdn@itheksil'k%laﬁegurmed to
‘obtain the sil.k fibroiin. [0009]. The | rri n scent _d sel ected
£rom t heit B8 PL IR O Caltkse o evign oh e Bl oo LS IAP00K, o ee.
napt ht hgb(ﬁﬁhﬂeldﬁﬂy uaemlawesoomwmfd ol Has G6dni usad hsvﬁigmveqaé gitlhvazel @ecﬁgbthvlalt [ veﬁ
pyr ene 0x e derivatives, acrjdine derjvatives, arylnethine
derivati \f%é}/ Sé“f“i’ &p‘ﬁ# @%Acf@}qreﬁ;chwg argoftpined wherainghe 4y BEHEFYt i ng of a
in sericin so that the color fastness is not very good.
[0007] It is therefore an object of th_é present invention to overcome the abpve
disadvantgges and to provide an improved method for pr_eparing a coloured silk material

wherein the silk properties are maintained and color fastness is improved.
' SUMMARY OF THE INVENTION

[0008] In a first aspect the invention provides a meth'dd for producing intrinsically
colored, luminescent silk fibroin. In the method the silkworms are fed with a luminescerit
dye. The obtained silk is degummed to obtain the colored silk fibroin.

[0009]. The luminescent dye may be selected from the group consisting of xanthenes

derivatives, cyanine derivatives, napththalene derivatives, coumarin derivatives,



conpound according to formula (1) A a conpound according to formula (11)
AoB, rhodam ne 101, rhodam ne 110, rhodam ne 116, rhodanm ne B, rhodam ne B
base, and acridine orange. In each of forrmula (I) and formula (11), A may
be i ndependently an el ectron donating group selected fromthe group
consi st i ngWeRMP603h optional |y substituted Cl1_15 al koXgI/r81WP0aY NR 1112,
or a polyner; whereas B may be i ndepgndently selected from OH and NR111. 2.
Al so, C may be selected fromthe group consisting of OH an optionally .
substituted C1 15 al koxy group, .hal ogen and NI|IR); and Rl and R2 may be
i ndepend@ifiagele efesivpibyess P&S‘i’ﬁ‘% d’eaﬁatwﬁi:. BFrziney datyss: feddne degvalivey and an
opt i onal dryingdtliad ki&ﬁkﬁaﬁdes%létrﬁﬂylﬁ%&mé}[v‘aﬁ%s E&hcﬁsﬁe%o@%rﬁ%tl %!oﬁaand B are
i ndependently one of H CH3 or 'C2}15,- then C nmay not or 0C2H5.
[0010] In a second aspect the |nvent|0' |0V|des an |ntr|nS|caIIy col ored,
*vluwd of the |nvent|on [0011] In

| uni nescent silk fibroin to pr oduc ds™~yarns or fabrics. [0012] In a
fourth aspect the invention provid- intrinsically col ored,
| umi nescemposid lacédrdingita HromlbiHredi p I cat i orempdud0 1:8tordimgatof i f t h
raspect, the invention.provd des a textlle material intrinsically colored,
“lum nescent silk filp @ Obt ai nabl e by a nethod of the invention. [0014]
The invention will be Ag’ er understood with reference to the detailed
descri ption when copgigered™
with the help of t illustrated in the attached draw ngs. BRI EF
DESCRI PTio@sui@~(INHE D 06 15hodantne ﬂouemwamlmhhloschmnmm 1d@si gn of
nol ecul a r (A i
i ncor por{a ;3%1{1‘1%{%?3”{150210 81 P:Isgba}néita%nbl% %ﬂ% {lgacﬁlc(latll%'t‘ﬁﬁ%\g:) F‘n gl)?tl |l e
“appl i cat (IBnss r{l@ObG]mEdp@;deﬁtlyjeam dbarc(na)ionalneg ‘Egrbup neleaed ﬁohkv«hnf eeouwphat have
SFSE df g?co\éﬁ%}é in ng f—lkgdoén%%dllycg\.{%statu{%drlq 15 Qﬁg%mgr&?p aBn({j Mﬁle?‘or aﬁJbem fhe silk
whereas B may be independently selected from OH and NRR;. Also, C may be selected

from the group consisting of OH, an optionally substituted C;.5 alkoxy group, halogen and
| NR|R:; and R, and R; may be independently selected from H, an optionally substituted C;.

10 alkﬂ and an optionally substituted Cy.;5 élkoxy group. In case R} and R, in A and B are

indeﬁendently one of H, CHj; or C2Hj;, then C may not be OH, OCH; or OC>Hs.

[0010] In a second aspect the invention provides an intrinsically colored, luminescent silk

fibroin obtainable by a method of the inveﬁtion.

[0011] In a third aspect the invention provides the use of the intrinsically colored,

luminescent silk fibroin to produce threads, yams or fabrics.

[0012] In a fourth aspect the invention provides the use of intrinsically colored,

luminescent silk fibroin for biomedical applicatidns.

[0013) In a fifth aspect, the inventibn prO';/ides a textile material intrinsically colored,

luminescent silk fibroin obtainable by a method of the invention. ‘

[0014] .Th'e invention will. be better understood with reference to the detailed description

when con51dered in conjunction with the accompanymg drawings with the help of the

figures illustrated in the attached drawmgs



[0017] FIG 3 depicts (a) the col ored cocoon produced by a 5th instar-

sil kworm that has been fed with podified feed containing rhodam ne B dye,
and (b) the sane cocoon under UV-light excitation. [0018] FIG 4 depicts

t he absorption colors and | um nescent col ors of the cocoons produced from
si | kwor ns MRWYR26 he nodi fied feed contai ni ng rhodanPEESGUIEWEY es.
[0019] FIG 5 depicts the em ssion spectra of the raw sil k produced by

sil kworns that have been fed with nodified feed cont ai ni ng rhodam ne B dye.
[0020] FIG 6 depicts SEM mi crographs of non- nodi fied raw sil k and (b)
col ored silk producedBRI ElDE(S/ﬁigl?ﬂp D&@ewll’ﬂﬁﬂ the nodified feed
cont ai ni ng rhodam ne B [0021] FIG 7 dep| cts confocal imges of (a)
non-nodi fied -raw silk and c(gjb) colored silk produced by silkworns that have -
been fed[Q0H8] Fifeli ¥ dericts desdschematisi deisigy of medeawian strotued 6 24fferti G uBalepi ct s

conf ocal d, m S treatnment wWth (a)
Varcor | 1 BE e TR LARARNun R IRRIS ol Blelie b EE W gl X

[ 0023] Fhplic&iakepi cts (a) the silk fibroins under Ul f exci tation and (b)

_the~si|k nder n XCita 002 Fl G |cts t he
cheni cal | dtIELpt tir egepéfts @%ferga{{% mfsﬁaém Mgﬂf{bere’é ih H’i"é’%eﬂg
lo:|i| gerl (]a-n't:ordg&&mgvhoﬁbmbﬁ!mdm dxdf(yﬂmaﬂh\oﬁ?rﬁi/&ﬂédmm dlklwloﬁnprB opelrtles [OOZﬁ] |

cts the enission spectra of (a 0 ne B _solutions wt
differ enf‘ﬁygh i’/’zﬁ'j] Eep(‘ﬁﬁ ?Mﬁﬁc%o?mﬁﬁglb@&y&? g]dPWéHkg?’F‘kﬂW BtSoi n after
soaki ng beendfed eitAmcbdifedoReeeontR0RSholiiddne BaRe e s tHeh8mawadiontind&f vari ous
dyes in Ue(r/\}ém n and fibroin per gramof raw silk as a function of their
n- oct anolJNHBEFXPEHN t i on coefficient (log p). The amount of each dye was

nor mal i z@gh18FIG.CH Qf@ic@s BRI atibPib® fcofokd Kn&Q@rQQl@sceﬁ’t ccflbﬂdoéfeﬁﬁeéd%oons
sul forhodarni ne 101, c: Rhodam ne 116, Rhodam ne 110, e: acridine

orange, Pt dpged FE9R ﬂ(l}wl)ggs fegh\ﬂthdhe 1%Q%e%ccgatammg glodarmgv,&pq_eggygygscm PTI ON
OF THE | MW kN £ Q%Zt]; tﬁ@qérﬁlsﬁ&?%@{ra bpﬁﬁ%woﬂlkcbrgﬁlcgé S§ shﬁ@oﬂﬂ%eth?t

devel opnent, optim zati on and desi gn | um nescent and” functi ona

mol ecul abawihgehicd W@O%%dﬁe@aﬂoaﬁmlﬁmphﬁlﬂb’w hydr ophi | i c properties
that can dh@o]eﬁ(?(‘éd %&sﬁ@%ﬁ&%ﬁﬁﬁp anka(!hﬁ&gﬁuPJﬂktagg b?gol%%smk

SpeC|f|caIIy, zwitterionli c an |c dye nol ecul es be used for
thi s pur pedecedysilloveramdhat éa\@é)wgﬁﬁd@fe mmﬁffdﬁch ¢®mn&ﬁmdmngﬁ t he

anphi phi-l ol4 Y. ules are
fed to t do@lfrﬁwo.}r %eﬁvﬁl C |%}:§€a§l8§r1%ﬂe?n %moggggq |rsglgtg+(§:/(bﬁr$tglgp%hsgﬁs | k
fibers whedugsddosdkwngmshisrhavEieersfell khepnatifiekidedgonteiingghobanime Becul ar

hae- excenl 22k FIG ol SR AIMERY R rEbRDR o Sfhi L A 4t SRR T\
obt ai ned withI(%) Mayeﬂéﬂ smp,t!b) pepaid eﬁmnebarmite)jsa(vmlaseeqnpjfmcamtomx [ 0028] Thus

e ore=ieal FHEN b 1ol % BRI SRS AP Wl kol o

repr esenbmdea488mqlasrremtatmat| on of know how in nol ecul ar design with

mat eri al atlo and a B |nc r oratln ctional .
mat eri al g‘ﬁg?ﬁ@ §/d SIES ¢t %Cgfrm%@l ﬁf“‘:%“ﬁeér & W\éu y ﬁﬁopglﬁﬁrfn]ﬁ?seeffect on
5 he ori gpmnespmmefetnt eﬁ:s Qﬁth}bbl@ncfeﬂh&droﬁkﬂb’id?ﬂ%fdtmpﬂl—]f fp&@pemtel uset OL I ;Jhm nescent
es S onfocal m crosc o efficie u eir
a%sor pti gq{ﬁﬁss%%sﬂ ‘gelplapts ﬁégﬁsﬁﬂdpﬁrﬁ@? aﬁﬁ@‘&ﬂ?‘ﬁ’d‘@@ W‘Ft}rgmﬁ AQrrath %/fﬁ?te readily
appar ent pHrv@riet (19 Rhotdmine msgnxlear?bmatcbmm ARG AR atBPRREe ifidhngs. [0029]
The arrphl philic organic dye nolecul'e of the invention may be chosen from
~any dye Rt¥ecul e t hat may be absorbable into silk glands of the sil kworm
and t hat (gpay) PR;.O2RRBICA RS quhnfi/Tr bvifri by Al EGintsBScis hxlxci(ﬁl%fﬂ%? 8fhnl OF hRe

sil kworm _The dye nol ecul e of, "the invention may | um nescent dye. The
dye nol e8ill & s@ctioand ﬂ'&ﬁlfphﬂ%@ﬂol/}”étetmﬁimQ@lefﬁcleﬂé(log P) Ahg apeury of hashi cal
conmpound 4 S h I i i

(fat-1iki ﬁ'p)%%r gg@%th?éegs% )ﬁ%’rﬁﬁ&é #é} é}’Xﬂ{le S %ggro erbh&%%celnbegachl eved
by f unct swieahqdamineoillof c: aRbalingnef Utgtd: othJdanmneetlyo EO@G@}md nrapge, Enbodi ment
of the i h nesgen dye may be selected fromthe group

consi sti gégdeé%ﬂlﬁégln(}tlh%n %&ﬁn&’éﬁ%ves cyani ne derivatives, napththal ene
derivativces, coumarin derivatives, oxadi azol e derivatives, pyrene
derivatives, oxazine derivativesS, ac_ri.di ne derivatives, aryI met hi ne:
derivatives and tetrapyrrole derivatives..In the above listing, xanthenes
derivatives may be, but are not |imted to, fluorescein (CAS nunber:
2321-07-5), rhodam nes (cf., for exanple, below), Oegon green 488 (CAS
nunber: WO 2010/ 096025PCT/ SG2010/ 000059 -



- 6 - 195136-58-4), ethyl eosin (CAS nunber: 6359-05-3), eosin Y (CAS
nunber: 17372-87-1) texas red (CAS nunber: 199745-67-0 or 187099-99-6), and
so on; cyanine derivatives may be, but not limted to, cyanine,

i ndocar bocyani ne, oxacarbocyani ne (CAS nunber: 53213- 82-4
thiacarboc§6ﬁWH$”“ﬁ§rocyanlne (CAS nunber: 62796-23-0) PCHA 20404008459
napht hal ene derivatives may be, but not l[imted to, dansyl (CAS nunber:
10121-91-2), prodan derivatives, and so on; oxadi azol e derivatives may be,

but not limted to, i dyl oxazol %CAS nunber: 70380-75-5),
ni t r obenzoxadi azol e]f‘%/?@ ESCRIBSEANQF FHE DLYBNTXANazol e (CAS nunber :

81377-14-2), and so on; pyrene der| vatives may be, but not limted to,
cascade bl ue (CAS nunbers: 1325-87-7; 12238-23-2; 61725-40-4); and so on;
oxazi ne &R, Bhip presentanvehiion digelossp thel used cteezdopmentl\mtmnz@mn(amsemb%r

7385-67- nb
52659- 20- l?wgéngggdntﬁ%i@omfé nunqo%ar%?@é’fgg'gﬁé’ala §eﬁﬁé)ﬁg¥1§§dl§%ﬁ9§% cri S:Jneer
deri vat i yapenigy thoecanbhet effeotivdly absohed tio sik glands/ ohthe GABvoruntSpecifi@By62-6) ,
di unber
255 qor o7 eRdRe SEORPERGE i RITethey BE M R Y BSOS FRSERRR: o (o,
. aur iam Re fé@ﬁof‘lthﬁtfanamﬁdl%t-l&?ﬂﬂ)he mplgﬂs}alhc le;(;esl ﬁtlllﬁmﬁdPurMG 1. 5h8se62- 9) ,
acnite n SO On r
dori var1 Ve g mOlEeG MR g R Yo ish R e TAERRe 68 . o)
pht hal ocy@nfipgs @@@rﬂ&hfdﬂﬁg’thelﬂTHhegsﬁk@odubéd by &Bﬁhg'\thé Gfb‘&cuufr‘@@amc @@oof65- 4) and

SO on. e above gi ven CAS nunbers are only exenp and further
derivati \QESPNCT‘F“ ‘%“E?)‘hﬂﬁﬂﬂﬁ’és ‘P\%\%}mﬂ B‘ioﬁ?"b‘ﬁsr%“dd?s FH@llﬁ‘i’tégléhfaS‘i“Fﬁ?éWc‘%n [ 0031]

In one erhgdngBAd B¢ 1fKe FRABGEMe bhMRBd AR, mhy eilBEI BB IfhC bRmaRbC dye may
be sel ected from conpounds according to general formulas (1): A Bor (ll): -

[ 0032] | nBRAERHISS fornmula (1) and (I1) A may be independently an el ectron

- donat i ng (@281 Ph&E R f%@'enft revBntibe i HRU Brs QRefofdtiafen fr 1%1151@511}0951&»@33' Iy
substituted C1_15 al roa NR1121, and a polyner; B may b

i ndependélﬁlﬂlpfgﬁC%‘éIS@éf‘éwnf thghrisciresthy pIHzer)by x@kwayn%gweqeer@s@& ¥ \ammet he group
consi sti @Qmﬁ’itlatgﬁL oP%QWH&\P%' %0§Hﬁ§rt 'dE ér?%ﬁ:nl er?ajl yacteZzﬂmHuﬁld hal ogen

and NRilt-1; and Rl and R2are|nde£ ently sel ected rom , an optionally
substit u@mdlcetlonl@sallwrpoaﬁmgaﬁmetwa matdriplss diseatiyt inte dheCHibt@n,allierexys gr oup.

[0033] Th Juﬁ{ Hinde%’ﬁrhé’dt al'efBL AN Lbrigifh BRFRHAALE O sind. RLARE, R 18 adethd ¥

saturate
lummescent dyes, convenient use of confocal mlcroscope to efficiently study their

absorption is possible. These and other advantages will become more readily apparent from
the following explanations and the appended drawings.

[0029] The amphiphilic organic dye meolecule of the invention may be chosen from any
dye molecule that may be absorbable into silk glands of the silkworm and that may be
capable of directly dyeing the silk produced'in the silkworm. The dye molecule of the -
invention may be a luminescent dye. The dye molecule may have amphiphilic charac;ter,
i.e. it may be a chemical compound possessing both hydrophilic (water-loving) and
lipophilic (fat—liking).properties. As shown in Fig. 1, said property may be achieved by
functionalization of a basic functional moiety.

[0030] In one embodiment of the invention tHe luminescent dye may be selected from the
group qonsisting of xanthenes derivatives, cyanine derivatives, napththalene derivativces,
coumarin derivatives, oxadiazole derivatives, pyrene derivatives, oxazine derivatives,
acridine derivatives, arylmethine derivatives and tetrépyrrole derivatives. In the above
listiﬁg?.xanthenes derivatives may be, but are not limited to, fluorescein (CAS number:

2321-07-5), thodamines (cf., for example, below), Oregon green 488 (CAS number:



hydrocarbon. In certain enbodi ments, alkyls are optionally substituted. I'n
certain enbodi nents, an al kyl conprises 1 to 10 carbon atons, for exanple 1
to 8 carbon atons or 1 to 6 carbon atons, wherein (whenever it appears
herein in any of the definitions given below) a numerical range, such as "1
to 10" or WQ20uMPe02Srefers to each integer in the gi veRCHaGY/0080s§. " Cl- C10
al kyl" means that an al kyl group conm. ses only 1 carbon atom or 2 carbon
atonms, 3 carbon atons, 4 carbon atons, 5 carbon atons 6 carbon atons, 7
carbon at ons, 8 car bon atonms, 9 car bon atonms, up to and i ncl udi ng 10 carbon
atoms. EXMPI-E&4behaf repm Griolpunhenctdga95-urosiane ((vd$ npmhet &6 78S et hyl
ethyl, nNeRLGRYIGAS 2@RELPM7496RY LY I 5700595145 Yahd sS 68 c?ﬁﬂlb{é deritxlgtweq bt y!
tert- anyl pentyl, hexyl, heptyl, octyl, nonyl, decy and the |ike. [0034]
 The t er nbe; ARk jimited ko seanise, indoeashasiyrmine, @ﬁacmb@ﬁwmet(GA&mwhepﬁézﬁc

hydr ocar I i ygygé to 15
’ car bon a%’g@ét}ﬁ'ééé&%%c%% llﬁwoc}gancma%r( %\Fté “é‘:&@ﬁ’s%gr car dngﬁ\[( fache
exanpl e derivativeg, may bs, bat nJt ligited, to] @ansyll (CA3, nt&@:'er 1406¥1- 91151-)ca:xr¢1hn at om;.
In certaj t [ re n S Exanpl es
of al kox?erg?%g,singﬁglo% OQAG{;&?% o%n(t)atR/%s %a%bgplgd.lt% ?lletﬁi? )P%é}kl{%i%l,e pr opoxy,
but oxy, (&8 oxymberd t7TDEBO-T D), [rﬁlﬁﬂaﬂzofﬁnhazto&r MCADt inomakt y BabsE0-BYyt ed”

f
e, R oS50, L R BT 00"
sel ect edlnfnrtamo 6dskadle bluesiCASomIntbyers: 1824- &aﬁ;ktd"smmzeﬁmma#)wﬁd sacotg| oal kyl

aryl, Ialkyl het er oar yl., . non- ar om : , al koxy,
aryl oxy, HRINE SSE Ve gy E’f\fnbdlt n ?W‘ttﬁ{% blﬁa (Cr‘}fgfv’ gtfa%%%ﬁ% N
t hi ocar belay l(CAS-aibea mak1-85k3§,a¢rbaMutolet (€ AlShinggtRE: bmb 200t baemaribanyl

C-am do, N-am do, S-sul fonam do, N-sul fonam do, Ccarboxy, O-carboxy,
i socyanat‘:b‘\S EHBREY EHEPS0- Dsthdhsbes; AsHtiae damvaties By P, but nof limited to,

trihal onat»han@swmso,mber aﬂﬂ62ﬁ6%]n&ndin@@rﬂ%leW@A@Hﬁhbénd6d-|94»%}'be§:hﬂﬁ1€t ed anmi no
n

groups enbodi nents in or nore dr ogen, at-ons. have been
subst it uYBW (GieS sumber d3A?-9Yrodpe %WC‘H&“?tblﬁRéﬁﬂtf’éW%Waber P¥igaot [ 0036]

I n one emﬂﬁéh {Ee'a&raﬂfnet @AY AURIL B4ks ] @%‘VQQ ﬁ@b@gﬁsﬁﬁ nlinB& k-6

OCH2CH3, CH2) " CH3, NH2, NHCH3, C2H) 2, N( H7)2

N( C4H9) 2malaﬁtate|~ac@m€fx)92mm}9ﬁrer5é9ﬁ4>eh qdgA OPn‘tCE@é’FOtFe‘i%éWei mgdesbutsuch as
1 2, 3, ncft’lm§te@'to BorpingOasthuffibt:: 1618608 Gh oLy AR € sl}ttt&bet\lkﬁwz gh(Cre) 2,
NHC2H5 N( C415 010/096025PCT/S 0101000059 7 8 -

N( C4H9) 2bilizubin - N(/{%nummz 03 wh&rbiand go 89 Blre abwegefenuét&eembmsammy such as
1, 2, 3, I ,
Cort, ocHERG BARGNRARE, G PRI el BB GRODE e Bl
|nvent|onWﬂﬁ@nd B may be independently selected from N(C2H5) 2, N(6H7) 2, :
N( C4H9) 2 ich may be
[ rked ¢ ORI chE st o e pheclpiaic e bR I GreR MO e A ey

be any pol ymer which may be SU|tany for the pur pose ai di ng t he
characteristics of the inventive dye. For exanple, t Ilyeer may be
chosen to inprove the stability of the dye in the silk] such as .to inprove
the stability in fibroin. A respective polyner ma l e be a
honopol ymer or a copol yner. The polynmer may in sopre enbodi
| i near, seletedStanac@hfoun@icgomding tb gespatdoiibaadi)
hyper branched polyner. The polyner will usually be selected to have a

nol ecul ar in the range from about 500 - 1000 000, such as about 500
- 500. 000, $200. 000, 500 - 100.000, 500 - 50.000, 500 - 25.000, 500 -
10. 000 or 8Q0. The polyner may be; but is not limted to, -

ol e and pol yt hi ophene, pol y(ethyl ene glycol),

pol ygl ycet ne"at: oBycaproIactone pol yl actic acid, polyhydroxyalkanoate,

d,
ol yeste ol yanhydr este oSphazenes,
Bol gphosma@p %b %‘p‘ff,og %Zﬁ@?\ﬁg(ﬁ)% %%B‘Bgﬂfﬁg‘%g%”%p VHP&R%’BﬁeS
pol y- hy dg@¥ ablkaaDab@Sthe RedupCanhiomat ﬁSOHPQﬂl »pdldémngzaﬁmmdee, " alkoxy 3
pol yort hocabqnat es, pol yest eram des ani nes, yeeptl des,
Rae

pol yur et E8HRNR R %Pé‘tah@ BE¢te Bsmay) be MEPWH%’&SCEPW‘E&% Qgtffnér% eof . In

one enboaayreefsa@&e& Han'tﬂé/gfthbeenmﬂgmlmh d@atfnén@ s%ettﬁat@@ trmphe group
consi sting of poly(methyl metacrylate), poly(Nvinylimdazole

pol y(hydr oxyet hyl nethacryl ate), poly(nethyl nmet hacryl ate),

pol y( hydr oxyet hyl met hacryl ate), poly(ethoxy ethyl nethacrylate),

pol y(acryl ani de), poly(ethylene glycol), poly(lactic acid), poly(glycolic
acid), gelatin and chitosan. The polymers may be incorporated in order to
enhance absorption and retention in silk fibroin. [0038] According to one
enbodi nent of the present |nvent|on in case of A and B Rl and R2 are

~1 S o P — o a 1 P~~~ 1S o




met hyl benzenesul fonate, oxal ate, naleate, formate, acetate, hydroxyacetate,
nmet hoxyacet ate, propionate, succinimde and tartrate, or the respective
protonated formin case one proton fromthe basic organic dye is
transferred to the counter ion. [0041] Organic dye nol ecules of the

i nventi on YOW&92Epared by general syntheti¢ COR2H r oREBICRHAIMISY n t he
art. For exanple, by contacting a coppound of fornmula A with a condensing
agent (such as, but not limted to, sulfuric acid, hydrochloric acid or OH
al koxi des) and at |east two independently sel ected conpounds of Fornula Bx,
a conpoumelrabdegadang NRoRy apdRapndidr avgiindegenfgntiysslegied femghra@ptionslly he above

For mul a - be .i 3 ' fr optionally
"~ substi tljstﬁté%mg%}lglssgikggﬁlg%gggﬂ%lagﬁgl%ﬁﬁl?ﬁle%blés Q'Hl%\?éé%l%ounds of Formula (11)
- may be t[PeIHf er Theltamn "elspiicalerisorah chwbimatien, ¢f¥rs by adelhesarhigd khpwtic net hods.
The prepanation of s C N o] r.gani I cC Lng to
For mal a oy o8Ok 1y “HEdncRIRRAARE: st P20 GulPheTRBTNER BE SRR Y
Furt her emtadinieas, af albyssinplies pre p@cabomoatops, deedtuangke lavd ddeaniodosari n WO
- 2005/ 0071678 or. EP. 0 468 821, %he di.scl Qsure of . whi cgti S Ei%fnctorgor ated by
r ef er encen@FEPH SOPHORETER (VRSVH LIPS PRFEhE B %4 B PGB ecul ar
or gani C baysav)vi riufnebiadl e subly &y 'apb abl' 6f TG4dT g héftrs €o puch pteder @xsthegivehe used as
a feedi ng addi tj ye f of ﬁ'i | kwor.ms. T & addi tive.may P"e usgd in anly,)form
whi ch i S388% £4bl e Ferlvhamtins Jied ap Atks! S198P SPTRURSE PR FATBXR A O £ he
~organi ¢ @ynMimde chib¥e dtotn, Atdrbd bk, SédrboMOdtomd, @ednn Adlsh daatbherry
| eaves. The qrganic dye nay be m xed in, the feed % directly spraying or
mi xi ng tH#FRE R EIPORAETeLEBM Bomprefarrhicising P SASCR PO HYARY dye and
sprayi NGhef &Rk iRudRUsh £0Inet lipted ) tiRethlCeth@ed-préy, Kbfopf n-b@yyent may
. be used for preparing such solutions, as long as the solvent is_not toxic
to sil kvierhwylasserbayl (trhbutyls tarhamyy gemiyleheryb hestyk el dioark Aseyt ardithe e
t herei n.j;exanpl es of such suitabl e solvents for preparing respective
solutions i1nclude, but are not limted to, water (for exanple, regular
dri nki ngl002Al he tefm (‘ellspxad), elarepr injefrabinstion. velferarty apealinhaiis hydseoashenl or _
m xture r 3Ty j 2001 B CrstvE 14gnsequence
of that ﬁ%xﬂ%feh%salﬂl% kyép;ﬁaégf E}({)\QQE%%}?%E@S ?ﬁ%hdfe %ng béﬂg\gné(ﬁlg%lsgc}e%. Then, the
si | kwor mitheagbostatams qurldd Gciarbgn iatermsi fos exantply 1L.chBot.ed 6ahd, Pl Wodbsldeht, sil k
cocoons {. ' T ' I j G : any of
t he abovgér%lns!t:éfagbnog?t %Smlﬂﬁgés&ég{r:]%&g%%ﬁ%c?g\%% %Fogﬁgeg%&g’glg?&{ng ns'ltm%‘fmfg%e
i nvent i dxanipdesf afnalkaxynabumsrigelnde bay erenmdt doniked tenynethoxy,bethoxypprdpoxy.t ed - to, a
“conpoun ccording to .faorrmula (1), formula (I1) or a conpound such as, but
not Iim%ug%\ytBe,ntorx%oaathaeiqlrll‘% 101 for exanple CAS nunber: 41175-43-3, the CAS
nunber d@pasideheanmt Neptianallyngupstithtedarafere tdl 2 Gréupoin ehkiahmpbmee, GAS eoruntyer :
13558- 3 1), rhodani ne 116 (for exanpl e, CAS nynber 62669- 77-6),, rhodam ne
5 (for cbamsbe CABe Tufiger argheh o IShT 1AtaoTa E S, SERILIE Crs
nunber : inBéeddently salected ¥dnti alkeylOhateeikif, dalcaaglpheterdifoatiyitbeycloalG0- 94- 6) .
The conpounds, npy be used al one or.in conbinationg Wth other coppounds.
[ 0043] " THYs S HREBRE Pty BEEGH RAPE e PETERE AT o EHB NSt ng. an
i ntrinsi gryithyo, CaLMHIEdcyanbThale s ¢&Bbnyd thidtatofill tO-tirbaID N-dhBarfylg@ni ¢ dye of
~the invention may be used t6 groduce | um nescent sic{?k}{)hrgu h.the feeding
met hod. thinspidpgyl t%‘g“?ﬁag%ﬂiyb y‘\‘-}“ﬁ:l% N@W‘%I%{S‘{lffﬁ‘éﬁ’ ) ‘9‘.’1 ‘ﬁ‘gmgoi Ig_'gl and of
the silkypsdRybutos®6ky,i Caobyank®, | NBRIPHaRL disbiRyddar, Si hitrof | bsigi,n of the
silk. Raw silTk is conprised of fibroin and sericin. Up to now pignments are
only pr etsisalomethanespifenvh apfiagnng, dnclufingemene- and fiweptigied #GNP HEOYPFOBessi ng
( degurmm BflodintiSin 41 A H'hd4 35}&5%@%%@91&@%&{ Sib9ReB! @€ blnsAtuedor act ual
appl i cations. w, the organic e of the present 1 nvention Is Incorporated
i nt o thegbiprmodyrbedimdted toulsrme gkiog. f ast ness is highly inproved, wherein the
gener al ties .he sj i .ar ' ' PHisi Aeky, the
cl ass of l%ngﬁgﬂﬁ g glgl{s)%&rl%rgdb{r Ehé; ﬁ@%@?ﬁe‘ﬁt@n%ﬁ%&gﬁdhggﬁ S Elﬁa ?g}’,
proper t | ©SH, U, 2(CHA$ERCHRCNHBGAHI0 Q00FR),; NHCHSf d(CH)ngNEGKen up into
FLLnkng!s(a:]gg@@%efspldlfllﬁ(glfs%;)l%?\lnﬂerag ) irs(e)xgtl]rﬁggelr gét(vlegnsi gr?ci Ji,ysu&? Lsof,elq 3?&1% or
6. Also, B may be selected from OH, -NHz, NHCHj, N(CHi);, NHC:Hs, N(C;Hs),,



[0044] In the present invention the nmethod of producing intrinsically

col ored, lum nescent silk fibroin first enconpasses feeding silkworns with
a feed conprising a |um nescent dye A as discl osed above. In one enbodi nent
of the invention the |um nescent dye may be a conpound sel ected from an
anphi phi | i YQIPYERSdye such as, a conpound accordi ng PETAGRNUIGH] ) .
formula (11),. rhodam ne 101, rhodan‘i_rge_ 110, rhodam ne 116, rhodam ne B,
rhodani ne B base and acri di ne orange. As described above, feeding of the
sil kwornms with the organi c dyes of t he present invention nay be achi eved by
several WeySTdeNERdishgandN(Cslin)ewbargin & is amintdeerbetweent hendfswhak 1t Be dye.

0045] Aktegr Is .
treated W in° Roe G P dedelehf sl fialBER el BAERE A OERS SO35 M ¢
secr et edOGhBm bhe sill Kwwem dnexﬂdmsend@guuhﬁeptcseﬁegummwg AsantlhE mny)d:ess .of

choon. | CbaperSRh Gl PR G TN RN b R Kl o R B g

process D#l.not limted to a particular formor a particul ar process Any '

process he Rl ar t dto Chl e desired result. A
degumi n@ggf;ﬂ Jge }Bq'%%be ”lﬁygg Zﬁfﬁ ﬁmph f%réa‘gﬁgﬁff Bor any
ot her comumange A el aﬁyttﬁ)%efr (Nhlclhhﬂnﬁy B s RieHB; fo'EQﬁe pXpoR| & aidiRe ttikegunT ai ng
- agent ma |imted Marsei |l | e soap p}egal n and a bacteri al

g

pr ot eas eghaéiﬁtet”éﬁ?s Or}ﬁltéec PRFRYP dk)‘? djtoeéé"énﬁlﬁdhﬁﬂ‘ey’iﬂﬁ‘em & ghosen EnERYe know as

savi nasege stbilfty 6f &8 Ayoin MOZMIRUSasAO MHBOGE BlelsiablR@th Abrof. AGkglasnat
prot ease and include the respective protease isolated fromBacillus clausii

(that i sPRSTRERAY 4 SeRPlserdiaRPAEEFT oF 2 CoRAMTERICTHY PEYIENTRY INDfiess Pr ot
accessi 0BmpstHAgHts %9§qgﬂaar Lgoéﬁlgh-[hﬁol Gfdnim M]ﬁa-gﬁ%dlﬁ@ms Be ek N
concent rat| onz@gener ally used inth prepar at i on. For

exanpl e, hynsebranshedmlymer dhe H‘ﬁE/’meeWﬂlb‘mmUYOQe f’reiqerieﬂé@ havs, a mgleaelagweightt o about
2 % s o t t 0 O @R 50h..0 Wt % or
0.05 to ‘fpdﬂegflﬁggggﬁ agﬁut%bg ? 8?43?66 S&h%%ﬁ Sﬂde) (516e0 %br?%;%d systngbFor
exanpl e, 19he00:; 8¢ e A0.P8Q.i560 - 3F. Oﬂﬁéoﬁegl@rﬁﬁ?ﬂng Sagerft OqﬂaﬁhbeommHlaY)baZ 0. 03,

0 6. 1”0 o fimife 0 pfbyRifne oflg i g by By eyl fon %, 71, 2,5

“of the unelygifchlneaosfbaaplycepreladteg@nmmlyigctpr aud dpaldhyideoxgalkanioetd, olyestars,sol uti ons

10.0 bor BReuRSE Ry PO Ritburb ey s iR SR B R 0" B,

7.0, 7. 5p018p10.‘8p18m5t,es 9. O,polajdﬁxaxm;s 10. 5obhydm»yallr¢aeoaiesgum’rpoigcarlsonhmst her

50 to- abbr 8RBT AU FarhIER" RiMleiol BIPNES oL °3,700

about 55p®1@p<zpludtst palP@ethbos, p@k}&:ﬂmtestexst h@lyaoeymes atamﬁmmfnonshthexdefg lmomeng
process ] . C, 85 90 C, 95 C
P 560" ctiodifigR hihe Mtemiop die BolBer By 8 sfteudd 65t P ot S fhut oo,
sEch gs ﬁsﬁi@@mem},?mamdémla&?,i( fpd]g(m -vidplimidaiol® s @6lgﬁbﬂt&XyathﬁOUiélemﬁcr§M&ﬂ |0nger.
The obt ai ne or ed, si i br urt her  processed to obtain the
final deB9VERFID| mehgcsylptg) ?yégyégﬂ?hy&?‘éh é&eéhaffylﬁp S a POIEHEY otBldi ent of
t he pr esarthatmlaed)t p@p(atn&nd@gum@mw@acgly@n lp%lﬂl@étlid e@ldptﬁolﬁbly@ohc
terrperatur® of about 5-60 for hour 1 n case 0. avi nase i s used as
degummi niF' Qg itatin fosan; ¢ FSP‘WH’E‘%H ™M3Ya ed‘i“lorﬂféﬁﬁqnﬁ‘rfﬁ g@nf‘g‘a?f;&y be used

Wi t hin tﬁﬁoﬂ}ﬁgﬁ%ﬁe{@ﬂoﬁﬁ@pgﬁ%ﬁ{e ranges and in the above given anounts.

[ 0047] nII[)artl ng color and function to silk fibroin that is directly
secr et ed fecording taopnesmbpdiment efthyprepamy BveRting. Frh%ﬁs? eEdland BrRisingni f i cant
COSt savRNGreaftp BIHIRAPY Jf‘fmhun@ﬁ 3 Pl 66t dRR5EA, @nﬁgm oggpatibl e

il k-based naterl al s. 0048 S ¥unhctl ona 0 'be used for

bi omedi ca’iarrwmalth%éﬂiowm cqnm@amdsoaialex@luddd fiery tbrentjasoﬁbmp;hﬂll)blr@damme _
val ue- adg E@d}mﬁé(qn@l ﬁ’foda?thlhg 1f1'6b l%dgm ne }Lg, rﬁgﬁ%u?es ? ljlrogarnmé ds OT I n
applicati ons rnt ssue-eng ineer| ng i as a sca support for the
growt h ofhogmmnf:in)aaé altdlrh@daesn@iﬁ:h as bone and cartilage. Small nol ecul e

additive or anpl e um nescen| om C,

t her mochfoAT cﬂgﬁf- élgrn%nlﬂfo)a\f% nt 8&9‘ Lfeé *iRYHigR, oy &%PE‘BE@F:@I& WEPH Het he sil k.
Conf ocal asrorlings wofoymalas (1) fapd (BX AMpke be hiepaRidnt P agfefechoe dénaying tgttaly t he
absorption of these |um nescent dyes into silk. Silk nmay be used as. such or
may be treated so that it delivers a drug. Attachnent of the drug to the
fabric can be coval ent, or coval ent via degradable bonds, or by any sort of
bi nding (e.g. charge attraction) or absorption. Any drug can be potentially
used; non-limting exanples of drugs include antibiotics, growmh factors
such as . bone norphogenic proteins (BMPs) or growmh differentiation factors
(CGDFs), growth inhibitors, cheno-attract ants, and nucl e| C aC| ds for

e p— T L Y 1



could be grafted to organic or inorganic polyners for inproved col or
fastness. Conpared to conventional dyeing, the quality of the color could
be inproved without detrinental effect to fabric's texture and sheen.
Potential products may conprise, but are not limted to, intrinsically

col ored an¥o20Wie@dtent sil k yarns and fabrics. Thus, BTSGCRHOIS K
according to the present invention tRke dyeing step for silk fabrics can be
elimnated and a nore uni form col or having | ess defect can be achi eved.
Wth the inventive silk, mninmal changes to existing facilities or '
machi ner seksstedifeam e graue cofsiuisg jof IO, gindwtiondlkyt subkfituted ot dlsexyngypube readily

- under st n LAt i - oy r I, i1l now
pe. descrRAG" By Phay e % RS filkpelchF bR bR IROR TP a5 oo

under st osetected dtormtitt £iovp comnstiog ofl €Hhian aptipndlly swhsteuteil tthoubtlkagpgotp,ng from

t he scopg,of the.ihiwentioq. MPLARY, ENBODL NENTS THE | NVENTI [ 0051]

Exenpl argal%%%oa ?nl\:]algn'%ﬁé o?cmr%éta}%%( S n?%’(i’:eolrnyf? %ead?no % ﬁ%e%ﬁv%"ﬁ?i nOPanavgvgll | as

r eact ant subatitdted W5 halkyl, grdomesgieaaltyhaibstitangd 105.) 41 slkok yap@up.Eomrexampleha

i nsi a1 P St5e B Phnpheecohiat ROPREr B B, Mseai gt Re@rkuor m -
wi th f eeNHCOHRN(EHIOHD)eviBhaR g aenBgdr®Rivden Q. 428 -60sukh\at % Bf3, B welegri ne B
(obtai ned as_all aqther chem cals, fromSi gma Al drich, Saint Loui %/’@)r MO, USA)

were di sé&Pv@dmiaﬁ e FdtricHe oRa OB I\gﬁﬂd NHGEy Nf?ﬁ%)i_arlfmﬁ%ﬁ’ é‘f(cﬁfﬁ m f eed.

The nodi §}&6infxa8eh WASsel B&WeéLHakd0s, Shdnkadar 53 it 8ok 6NO Y velRBedthd frémday of

fifth instar. After around 6 hours, an obvious, color change was observed

t hr oughothe S carsising PHPEL D6 QS:HswehRG:H-FI G 2. The silk gl and, obtained

through gosgeaich@nhe Blgafic %9&%@&%% e fo%G1a8 (1 aﬁ?ﬁ!ﬂ%m%daftﬁg chdtfe,day 8-9 of

fifth instar, the silkworns started producing intrinsically colored and

f 1 uor esceawntes jankwitldhequesenisingidsrrio hayep|ngutrg m Syitgble hatenémamayat i on of

i ntrinsigahly i e, ¥ 1 &T‘%O te dhigsufeh@dam ne B

dyes mergé}ghgaergéggl at 5§1M%£r#ég{0gﬁ%\’m%%rn’ él "é%@%&g‘%o e(‘)rééf) STaw’si | k was

i maged uwmithgsulfaisl d- eatiiessifdn scaemilagtee| ecmnetbplswifapatss c o fentmEsEvatand ~

| aser-sc I : cont | m sco he 3 di spl ayed

tao 11 br B AUCpRRRpb e PUNRE | MALRSTOREnall" AqREl ThAk g 0

fi broi n msthdgyac@atpnprophindte sutmnimideciod ¢atatef orgdbe respavtive p@tonated f@miint m  No

noti ceabl e norphol ecai cal . di.fference .was obsery etween the colored raw

Si 1k and e ANGRR IR (e Rasjcpraafic e id Ban e it%ﬁ’g|°%‘“‘%’.‘°‘t'0054] Conf ocal

i mges ofoodtle Osganiz §@t mofecslasrpl ¢heaineendios phayy bel prapatel Gy generbheymtiodticr ol

cocoon showed only auto-fluorescence under the | aser excitatican; while the

intrinsically colored cocoon was highly fluorescent. Wile the FESEM

m crographs showed that the.two silk filaments inside the r Ik are in-

conpl et erHRREAGN id A€ af ORIrQ&Ahplk 'RASRESHAE LR DPARHulG] ween them This

indicates that the sericin, or at 'l east sone Par_t of It, was not _

. f1 uor escwith agepardensingtagast (weth ashBerned bimited feletulfune atidslydresrloric geidorr. On the
ot her hand, the two flbroin filanents appeared as distinct, bum nescent

fibers with uniformdistribution of dye nol ecul es. These i : s clearly
showed t he uptake of fluorescent dyes into the silk fibroi anple 3:

Further pioGESS iaﬁtga@i@%t %Q%@%&%aﬁg s‘%fe?@&%@m? s fo! %ﬁhﬁla}ﬁ Fyr ther
processing was carried out baSe rgel’y on the industrial-standard
pr ocedur eomppund aecerding tpegeneral Borfuiula (b onapyidgarenaradekn &k aboye Hoabula B XThe

cocoon LE ' ' : Qr.. nd..80..C. h,

fol ome\é\@'%fzi":s iiepehiabdb1oRAG o] O, A okt Blaity (el e alg‘g‘yc%%‘%raé‘é Cto

| oosen t N&;BgMhe icompaohdsiofiFormule@l) inmy. beThanefegrad ti cdnpomingy afdésapla®ry littl e
color was | ost _and _no notjceahl.e decrease of color intensity was,observed.
The r ool By SR oolnn bR S RERGHEES of o ElsPep LY bbaliniRo or ocess
- to renovoldoales arcbgling toPpanula @) i (10) ik hott lritedias ithesbolv el Hletrate @xdmple.n.

Vari ous c¢onbi nati gns of umm ng agents, di spersants, a 1 ng

condi t i oRYTHHEE FEATRS Ypasst Pwperaf?% geedriss awdesgived ip vy E@Oéﬂ}%%f?“%fs

summar i zegd 9i488 B2tk dischitreldf@hidhis ihBGipbHRicl BRleféRANEGA Procedure with
effective renoval of sericin and highest 67é& retenti on was achi eved using

t he Savi nase enzyne (Novozynmes A/'S, Bagsvaerd, Denmark) at 65C and pH 9 for
1 hour. :
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[0042] In the present invention a functional molecular organic dye with balanced
hydrophobic/hydrophilic properties may be used as a feeding additive for sitlkworms. The
additive .1.nay be used in any form which is suitable for the uptake into the silkworm. For
| example, the organic dye may be mixed in artificial silkworm feed or fresh mulberry
leaves. The organic dye may be mixed in the feed by directly spraying or mixing fherh with
the feed or by preparing solutions of the _oi‘ganic dye and spraying or coating such solutions
onto the feed. Any kind of solvent may be used for preparing such solutions, as long as the
solvent is not toxic to silkworms and as long as the organic dye is sufficiently soluble
therein. Examples of such suitable solvents for preparing respectlve solut10ns include, but
are not 11mxted to, water (for example, regular drinking water filtered water, deionized
water) methanol, ethanol or mixtures thereof. The silkworm ingests the organic dye and as
a. consequence of that the silk gland also absorbed the dye and become colored. Then, the
silkworm may start producing intrinsically colored and fluorescent silk cocoons (cf. Fig.
3). The functional molecular organic dye may be any of the above-mentioned luminescent
compounds. In one embodiment of the invention the functional organic dye molecule may
be, but not limited to, a compo‘und’_ according to formula (I), formula (II) or a compound
such as, but not limited to, rhodamine 101 (for example CAS number: 41175-43-3, the
CAS number depends on the anion), thodamine 110 (for example CAS number: 13558-31-
1), rhodamine 116 (for example CAS number 62669-77-6), rhodamine B (for example
CAS flumber: 81-88-9), rhodamine B base (for example CAS number: 509-34-2) and -
acridine orange (for example CAS number: 260-94-6). Th_é‘ compounds may be used alone
or in combinations with other compounds. . - |
[0043] Thus, the present invention also refers to a method of producing an intrinsicgily
colored, luminescent organic silk fibroin. The organic dye of the invention may be used to
produce luminescent silk through the feeding method. Thereby, the orgamc dye is not only
taken up by the silk gland of the silkworm but specifically is mcorporated into the silk
fibroin of the silk. Raw silk is comprised of fibroin and sericin. Up to now pigments are
only present in sericin which is, however, .re.n_mved during the processing (degumming).
~ Thus, the coloring methods so far are not practical for actual applications. Now, the
organic dye of the present invention is incdrpqrated into the fibroin and thus color fastness
is highly improved, wherein the general ‘properties of :the silk fibers are maintained.

Surprisingly, the class of material described in the present invention has suitable properties
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for being taken up into silk gland and silk fibroin to produce inﬁinsigally colored and
luminescent silk fibroin. ' _ |
[0044] In the present invention the method of producing intrinsically colored, luminescent
silk ﬁbroin first encompasses feeding silkcworms with a feed compi‘ising_ a luminesce?t dye
as disclosed above. In one embodiment of the invention the luminescent dye may be a
compound selected from an ainphiphilic organic dye such as, a compound according to
formula (I), formula (IT), rhodamine 101,vrho.damine 110, rhodamine 116, rhodamine B,
rhodamine B base and acridine orange. As described above, feeding of the silkworms with
the organic dyes of the present invention may be achieved by several ways depending on,
for exé.mple, the feed or the form of the dye.

[0045] After the cocoon of the silk worm 1s formed and the cocoon is treated with hot air,
steam, or boiling water, the obtained raw silk secreted from the silkworm fed is
degummed. Degumming is the process of rémoving the sericin, or silk gum, from silk.
Removing the gum unproves the sheen, color; hand, and texture of the silk. Generally, the
degumming process is not limited to a partlcular form or a particular process. Any process
known in the prior art may be used to achieve the desired result. A degumming agent may
be a soap, in particular an alkali-free soap, or any other compound generally used for this
purpose. For example, the degumming agént may be, but not limited to, Marseille soap,
papain -and a bacterial protease. Suitable bacterial protease include the class of enzymes
know as savinases. This class of enzyme is commercially used as a detergent protease and -
include 'thé respective protease isolated from Bacillus clausii (that is commercialised by
Novozyrﬁes) or from Bacillus Lentii (Swiss Prot accession number P29600).

[0046] The degumming agent may be used in concentrations generally used in the field of
silk preparation. For example, the concentration 'may be, but not limited to, about 0.01 to
about 2 va%, such as about 0.01 to about 1.5 wt%, about 0.01 to about 1.0 wt% or 0.05 to
1 wt% based on the total welght of the degummmg system. For example, the concentration
of the degumming agent may be 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3; 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2.0 wi%.
In view of the use of the soap, the degumming procedure is carried out in solutions at a pH
between about 6 and about 11, for example between about 6 and about 10.0 or about 6 and
about 9. The pH value of the solution may be 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10, 10.5
or 11. The degumming is further carried out at a temperature between abouf 50 to about
100 °C, such as about 50 to about 90 °C, ébdut 50 to about 80 °C, about 55 to about 80 °C



[ 0056] The successful uptake of dyes into the silk gland and its subsequent
integration with silk fibroin nay be attributed to the zwitterionic and
anphi philic nature of the rhodam ne B. Conpared to previous attenpts using
hi ghly hydrophilic nolecules, Table 2 illustrates that the bal anced

hydr ophi | i &9 WY¥6PBAobi c nature of thi's particul ar dyePEESCHRHMPIBute to
its nore efficient uptake through hydpophobi c channel in the sil kworm body.
General structure of rhodamne famly(a) for rhodam ne B base(b) for
rhodam ngr gb%%t 556\ toBabCout Olgg cr>r éxgx%pie? thvéntgrilnpérgtlgei-ol?frtgé Qegcugl%igge pfcz)rggscsi ?nrgyne 110
be 50 °C, 55 °C, 60 °C, 65 °C, 70 °C, 75 °C, 80 °C, 85 °C, 90 °C, 95 °C or 100 °C. The
degumfning process may b_e carried out for about 20 minutes, such as about 30 minutes, - |
about 45 minutes or about 1 hour or even longer. The obtained colored silk fibroin may be )
further processed to obtain the final desired silk material (e.g. twisted etc.). In a t:urther
embodiment of the present invention thé degumming reaction is carried out at a
temper;cltu:e of about 55-60 °C for 1 hour 1n case 0.1 wt% savinase is used as degumming
agent. Hové/ever, it is noted that all degumming agents may be used within the above given
temperature raﬁges and in the above given amounts. _
[0047] By imparting color and function to silk fibroin that is directly secreted by the
silkworms, the present invention may result in significant cost saving and numerous new
functions of colored fabric and biocompatible silk-based materials.
[0048] Thus, the functional silk may also be used for biomedical applications. Functional
silk may be biocompatible and value-added. For example, silk fibroin may be used as
suture threads or in applications in the tissue-engineering field as a scaffold support for the
gr'owth of artificial tissues such as bone and cartilage. Small molecule additives such as,
for example, dyes (luminescent, photochromic, thermochromic, pH-sensitive) and drugs
can be incorporated Within the silk. Confocal microscopy can, for example, be used to
efﬁcien"dy study the absorption of these luminescent dyes into silk. Silk may be used as
such or may be treated so that it delivers é'dr_ug. Attachmeﬁt.of the drﬁ_g to the fabric can -
be covalent, or covalent via degradable bonds, or by any sort of binding (e.g. charge
attraction) or absorption. Any drﬁg can be botentially used; non-limiting examples of drugs __
include antibiotics, -growtﬁ factors such as.bone morphogenic proteins (BMPS) or growth
differentiation factors (GDFs), growth inhibitors, chemo-attractants, and nucleic acids for-
transformation, with or without encapsulating materials. Further, sustained release of
substances may also be possible as silk fibroin holds great promise for controlled drug
-delivery due to its unique structure and cfystallinity pr_bperties as well as the other
advantages discussed above. Silk microspheres can’ be fabricated using physical methods
such as épray—drying. Fluorescence imaging, sensing of pH,'temperatufe, and light could be
achieved. Potential products may comprise, but are not limited to, l[uminescent silk, colored
silk, fluorescent tiésue-engineering scaffolds, sutures, fabrics for wound dressing.
[0049] The functional silk may also be used for textile applications. Dyes with modified

structures could be developed for various luminescent color dyes. In addition, these dyes
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could be grafted to organic or inorganic polymers for improved color fastness. Compared
to convehtional dyeing, the quality of the color could be improved without detn'rnenfal
effect to fabric’s texture and sheen. Pbtential products may comprise, but are not limited
to, intrinsically colored and luminescent silk yarns and fabrics. Thus, with the silk
according to the present invention the dyeing step for silk fabrics can be eliminated and a
more umform color having less defect can be achleved With the inventive silk, minimal
changes to existing facilities or machineries must be made. -

[0050) In order that the invention may be xéadily understood and put into practical effect,
particular embodiments will now be described by way of the following non-limiting
exam;;les.- It is understood that modification of detail may be made without departing from

the scope of the invention.

EXEMPLARY EMBODIMENTS OF THE INVENTION

[0051] Exemplary embodiments of methods according to the invention as well as reactants
and further processes that méy be used are shown in the following section and the

appending figures.

Example 1: Method of producing intrinsically colored, luminescent silk fibroin by

feeding the silkworm with feed comprising the Rhodamine B

[0052] 0.05-0.1 wt% of thodamine B (obtained as all other chemicals from Sigma Aldrich,
Saint Louis, MO, USA) were dissolved in deionized water and mixed into artificial
sﬂkworm feed. The modified feed was then fed to silkworms starting on the third day of
fifth 1nstar After around 6 hours, an obvious. color change was observed throughout the
s11kworms body as shown in FIG. 2. The silk gland, obtained through dissection, also
absorbed the dye and became colored. At day 8-9 of fifth instar, the silkworms started

producing intrinsically colored and fluorescent s_11k cocoon as shown in FIG. 3.
Example 2: Characterization of intrinsically dyed silk

[0053] The presence of dyes in the raw s11k could be observed even at the cocoon stage as

shown in FIG. 4. It is further verified usmg ﬂuorometer where the emission peaks
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rhodamine B dyes were observed at 581 nm as shown in FIG. 5. The colored raw silk was
imaged- using field-emission scanning electron microscopé (FESEM) and laser-scanning
spectré_l- confocal microscope. The FESEM micrograph displayed two fibroins held
together by a layer of sericin. The diameter of each fibroin is 12 + 2 um, whi}e the
thickness of sericin is around 2 pm. No noti_céable morphological difference was observed
between the colored raw silk and non-modified control silk as shown in FIG. 6.
[0054] .Confocal images of the same set of sample are displayed in FIG. 7. The control
cocoon showed only auto-fluorescence und_ef the laser excitation; while the intrinsically
colored cocoon was highly fluorescent. While the FESEM micrographs showed that the
two silk filaments inside the raw silk are in complete contact, the confocal iinages showed
~ some sﬁace between them. This indicates that the sericin, or at least some part of it, was
not fluorescent and was tl_lus not obgewable under the laser excitation. On the other hand,
the two fibroin filaments appeared as distinct, luminescent fibers with uniform distribution

- of dye'rr_xolecules. These images clearly showed the uptake of fluorescent dyes into the silk

fibroin.
| Example 3: Further processing and degumming to produce silk fibroin

[0055] Fux;ther processing was carried out based largély on the industrial-standard
procedure- to convert the raw silk into fiber material for fabric. The cocoon was first stifled
and dried at 110 °C for 1 h and 80 °C for 2 h, followed by immersion in a series of water
baths at .95, 80, and 60 °C to loosen the sericin and aid in réeling. Ti}roughout this process,
very little color was lost and no noticeable decrease of color intensity was observed. The
reeled silk was subsequently weighed and subjecfed to degumming process to remove the
sericin layer, giving it the desired luster and touch. Various combinations of degumming
agehts, dispersants, and degumming 6_onditions were explored with varying degrees of
color retention as summarized in Table 1 and FIG. 8. The optimal degumming procedure
with effective removal of sericin and highest dye reteﬁtion was achieved using the

Savinase enzyme (Novozymes A/S, Bagsvaerd, Denmark) at 65°C and pH 9 for 1 hour.
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De ummirlw.a ent Concentration Temperature H Duration
g gag (Wt%) - (°C) p (hour)
Soap + Na,CO; . 0.5+02 . 90 11 )
Papain 0.1 55 6 1
Savinase 0.1 55 - 9 1
Savinase + triton X 0.1/1 .55 9 1 4

Table 1: Processing parameters for the degumming step

[0056] The successful uptake of dyes into the silk gland and its subsequent integration
with silk fibroin may be attributed to the zwitterionic and amphiphilic nature of the
rhodamine B. Compared to previous attempts using highly hydrophilic molecules, Table 2
illustrates that the balanced hydrophilic/ hydrophobic nature of this particular dye may

contribute to its more efficient uptake through hydrophobic channel in the silkworm body.

CN
B AT II (] II B

General structure of

. . . (a) for rhodamine B base (b) for thodamine 800
rhodamine family
Counter | . . .

J A B C on . | ™ worm | in fibroin | charge
Rhodamine 110 | NH, NH," OH Cr ves yes zwitter
Rhodamine B N(CH.CHs3); | N(CH,CH;), OH Cl- yes yes zZwitter
Rhodamine 101 | N(quinlizn); | N(quinlizn), | OH - yes yes Zwitter
Rhodamine-116 NHCH; NHCH;, OH HCIO, yes yes Zwitter
Rhodamine B N(CH;CH,), | N(CH,CHs), . '(.é) i ves yes neutral
base (a) (2) .
Rhodamine 123 NH;, NH, OCH; HCl no no cationic

inlj inlizn), : .

Rhodamine 800 N(qu(b)lzn)? N(qu&r;)hzn)_ -(b) Ccr no no cationic
Rhodamine 6G NHCH,;CH; | NCH,CH; | OCH,CH; HCI - - cationic

Table 2: Efficiency of uptake of the different dyes into the silkworm and the silk fibroin

[0057] The colors of the silk fibroin could be clearly observed under UV excitation (FIG.

9a) as well as under 488nm laser emission (FIG. 9b).
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[0058] Apart from the rhodamine series, other dye molecules were also tested and while

Acridine orange has also been found to have efficient uptake into silk gland and silk

fluorescein, Alcian blue, Bromophenol blue did not display significant uptake into silk.

[0059] Thus, the desired dye molecules should ideally possess balanced hydrophobic/
hydrophilic properties or be zwitterionic to ensure efficient uptake into silk gland an*d silk

fibroin. These prbpefties will be incorporated into the design of new molecules to produce

functional silk through the feeding method.

Example 4: Release profile of dyes in intrinsically colored silk

[0060] As illustrated in FIG. 10, the amount of dyes released generally increases
with time, indicated by the higher fluorescence intensity of the solution. Thus, sustained
release of the dye molecules from the intrinsically colored silk is possible. In addition,

various release profiles can be obtained from different dyes. A model study on release

. Cr

profiles of drugs or other small molecules from silk biomaterials could be established by

investigation of the release profiles of functionalized amphiphilic dye molecules whose

rate and duration of release may be tuned by selection or modification of their molecular

structures.

Example 5: pH sensing applications of intrinsically colored silk

[0061] FIG. 11a demonstrates that the fluorescence intensity increases while the emission

wavelength is blue-shifted with increasing pH between pH 2 and 6 for the rhodamine B

solution.

[0062] For silk samples containing Rhodamine B which are soaked in base, a higher
luminescent intensity with an emission wavelength at 573 nm was observed in FIG. 11b.

When a similar silk sample is soaked in acid solution, a lower luminescent intensity with

an emission wavelength at 579 nm was observed.

[0063] This illustrates that the applications of the functional silk containing amphiphilié

dye molecules may include but are not limited to wound dréssing, to monitor, for example,

the pH changes of the wounded skin.

no no
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nol ecul es shoul d ideally possess bal anced hydrophobi c/ hydrophilic
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However a sharp reversal of this trend was observed for Rhodamine 101 (2. 19) and
Rhodamine B (2.43), which were found at a much higher concentration with a majority
residing in silk fibroin rather than sericin (e.g. 350 ppm for Rhodamine B). This indicates
the presence of another factor, aside from hydrophobicity, that affects the uptake and
distribution of substances in vivo. |
[0065] The concentration of Rhodamine B in gland content just before the silk production
reached Nl. i‘nM, as measured from silk fibroin. At this high concentration, dimer would be
formed (cf. Kajiwara, T., Chambers R. W. & Kearns D. R. Dimer spectra of rhodamine B.
Chem. Phys. Lett. 22, 37-40 (1973); Selwyn, I, E. & Steinfeld, J. L. Aggregatioh equilibria
of xanthene dyes. J.  Phys. Chem:. 76, 762-774 (1972)). Molecular self-
assembly/aggregation could expose either hydrophilic carboxylic acid or hydrophobic
ethyl groups outward to change hydrophobicity of Rhodamine B dimers, resulting in mofe
efficient transfer from gland walls to sericin and from sericin to fibroin to produce highly
luminescent silk. In comparison, the concentration of acridine orange in gland content was
very low. This is because the non-amphiphilic structure of acridine orange does not allow.
tuneable hydrophobicity upon formation of dimmers (cf. Antonov, L., Gergov, G., Petrov,
V., Kubista, M. & Nygren, J. UV-Vis spectroscopic and chemometric study on thé
aggregation of ionic dyes in water. Talanta 49; 99-106 (1999)). Acridine orange molecules

were thus retained in the gland walls with very low uptake into gland content.
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di scl osure also formpart of the invention. This includes the generic

description of the invention with a proviso or negative limtation renoving

any subject matter fromthe genus, regardl ess of whether or not the excised

material is specifically recited herein. [00671 The invention

illustratively described herein may suitably be practiced in the absence of

any elenent or elenents, limtation or limtations, not specifically

di scl osed herein. Thus, for exanple, the ternms "conprising”, "including,"

containing", etc. shall be read expansively and without |imtation.

Additionally, the terns and expressions enpl oyed herein have been used as

terms of description and not of [imtation, and there is no intention in

t he use of such terns and expressions of excluding any equival ents of the

features shown and described or portions thereof, but it is recognised that

various nodifications are possible within the scope of the invention

claimed. Additional objects, advantages, and features of this invention

wi || becone apparent to those skilled in the art upon exam nation of the

foregoi ng exanpl es and the appended clains. Thus, it should be understood

t hat al though the present invention is specifically disclosed by exenplary

enbodi ments and optional features, nodification and variation of the

i nventions enbodi ed therein herein disclosed my be resorted to by those

skilled in the art, and that such nodifications and variations are

considered to be within the scope of this invention. In addition, where

features or aspects of the invention are described in ternms of Markush

groups, those skllled |n the art mnll recognlse t hat the |nvent|on is also
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3. The method of claiml1l or claim2, wherein the |um nescent dye is"

sel ected fromthe group consisting of xanthenes derivatives, cyanine
derivatives, napththal ene derivativces, coumarin derivatives, oxadi azole
derivatives, pyrene derivatives, oxazine derivatives, acridine derivatives,
aryl met hi nWOJdB{WERY ves and tetrapyrrol e derivatives. ECT/SAR810M840R DA of any
of claiml to 3, wherein the Ium nesggnt dye is selected fromthe

groupconsi sti ngof aconpoundaccordi ngtof ornul a(l) , a conpound according to
formula (11) 10 AQB, rhodam ne 101, rhodam ne.110, rhodam ne 116, rhodam ne
. B, rhode&hime B base and acridine orange, wherein. A is independently

an el ectron daonating group selected fromthe group consisting of OH an
optionally substituted C1_15 al koxy group, NRIR 2, or a polyner; WO

2010/ 096WRAERCIIABEAGE 0/ 000059 -20- B is independently selected from OH and
NRI R2; - Cis selected fromthe group consisting of OH an optionally

substituted Cl-15 al koxy group, hal ogen and NRLR2; and R1L and R2 are
i ndependent |y/mstbé 6f grddddiihainsiofily divatd, unsiti@strit ik GbroB3cohdprignky | ;

- feeding sitkworms with an feed comprising a luminescent dye; and

~- - degumming the obtained raw silk secreted from the silkworm fed.

The method of claim 1, wherein the luminescent dye is a zwitterionic or amphiphilic

SJ

molecule.

3.  The method of claim 1 or claim 2, wherein the luminescent dye is selected from the
| group consisting of xanthenes deli\fatives, cyanine derivatives, napththalene
derivativces, coumarin derivatives, oxadiazole derivatives, pyrene derivatives,
oxazine derivatives, acridine derivatives, arylmethine derivatives and tetrapyrrole

derivatives.

4.  The method of any of claim 1 to 3, wherein the luminescent dye is selected from the

group  consisting of a compound according te  formula (I)

B, !a. compound according to formula (II)

B, rhodamine 101, rhodamine 110, rhodamine 116,
rhodamine B, thodamine B base and acridine orange, wherein '
A is independently an electron donating group selected .from the group

consisting of OH, an optionally substituted C,.15 alkoxy group, NRR», or a polymer;



and an optionally substituted Cl-15 al koxy group. 5. The nethod of claim 4.
wherein Ais selected fromOH, OCH3, OCH2CH3, (OCH2CH2) CH3, NHCH3, N(CH3) 2,
NHC2H5, N(C21-15)2, N(C3117)2, MA1102, and N(C5H11) 2, wherein x is an

i nteger between 1 and 6. 6. The nethod of claim4, wherein B is selected
from OH NMO20MMEE@S N(CH3) 2, NHC2H5, N(C2H5) 2, N( C3H7PQT/SGR0CHM9052, and
N(C51111) 2, wherein x is an integer _.bgtween 1 and 6. 7. The nethod of claim
4, wherein Cis selected fromthe group consisting of OH OCH3, 0C21-15 and
OC3H7. 8. The nethod of claim4, wherein the l|golym3r is selected fromthe
group consi sti nd Bfndsaendenx sracted famcPHiand RiRpol y(N-vi nyl i mi dazol e),

pol y(hydr oxyet hyt jngtbrg i) oﬁcﬂoﬁﬁﬂﬁ?wlo}ﬂ%rﬁﬁi'b)ﬁl@l&)ostituted Cp1s
pol y(hy-droxyet hyl methacryl ate), pol y(eChoxy et hyl methacryl at ef,
pol y(acryl antlkey, srpm hilegamand F&iBi: yedbl ), pol y(l actic acid), poly(glycolic

acid), gelatine AR, : tfp&? >l A awharei naqi ) case of
A and B R1 and @T]aqa?{gal}n@g%gﬁdegﬁi[%ecg%e 0 aii—){Op ﬂﬁ!l%tlwﬁéiﬁ}%ﬂt hen Cis
not OH, OCH3andran@@R¢HEIly sithstitited Grat dlbakygiowny of clainms 1 to 9, wherein the
degunmi ng agent is Marseille soap, papain, or a bacterial protease. 11. The

met hod of claim 10, wherein the bacterial protease is a savinase. 12. The
nmet hod of. anVhonetlnll of alaire 4, tvberdih, Awleseddcredt Fromd ©@FYNOTCHY, OCH;@HE,i ed out

wherei n ¢ ne gt RGP YR MR e min s Wi PR BeS e s

10. and N(CsH, ), wherein x is an integer between 1 and 6.

6. The method of claim 4, wherein B is selected from OH, NH;, NHCH3, N(CH3),, - -
NHC:Hs, N(C2H5)2, N(C3H7),, N(C3Hy),, and N(CsHi;),, wherein x is an integer
between 1 and 6.

7.  The method of claim 4, wherein C is selected from the group consisting of OH,
OCH3, OCsz and OC3H7.

8. The method of claim 4, wherein the polymer is selected from the group consisting of
poly(methylmethacrylate), poly(N-vinylimidazole), poly(hydroxy_ethyl
r.nethacrylate),. poly(methyl methaérylate), poly(hydroxyethyl methacrylate),
poly(ethoxy ethyl methacrylate), poly(acrylamide), poly(ethylene glycol), poly(lactic
acid), poly(glycolic acid), gelatine and chitosan.

0. The_ method of claim 4, wherein in case of A and B R; and R; are independently one
of H, NHz, CH3 or Csz, then C is not OH, OCH3 or OCsz.

10. The method of any of claims 1 to 9, wherein the degumming agent is Marseille soap,

papain, or a bacterial protease.
-11.  The method of claim 10, wherein the bacterial protease is a savinase.

12. The method of any one of claims 1 to 11, wherein the degumming is carried out in

solutions with pH between 6 and 11.



14. The method of any one of clains 1 to 13, wherein the degummng is
~carried out at a tenperature between about 50 C and 100 C. 15. The net hod
of claim 14, wherein the degumrming is carried out at a tenperature of about
55 C. 16. An intrinsically colored, |um nescent silk fibroin obtainable by
the met hodW8P'YAY%Bhe of clains 1 to 15. 17. The use FCHHEUIMShsical |y
colored, lum nescent silk fibroin ofarlaim16 to produce threads, yarns or
fabrics. 18. - The use of intrinsically colored, |uninescent silk fibroin of
claim 16 for bionedical applications. 19. The use of claim 18, wherein the
bi omedi cal application include sutures, fabrics for wound dressings,

sust ai negs, r efhgasfhodlof 214iE 1 AN RS ein il MHBRERNLR chiifed bB0inabRkiOH wiglsi ng. 20. A
textile material conprising intrinsically colored, |umnescent silk fibroin

obt ai nabl e BpteRe6i@nAdet of any one of claims 1 to 15. 21. The textile
material of claim20, wherein the material is a thread, a yamor a fabric.

. . 5
14. The method of any one of claims 1 to 13, wherein the degumming is carried out at a

temperature between about 50 °C and 100 °C.

15. The method of claim 14, wherein the degumming is carried out at a temperature of
about 55 °C. '

16. An intrinsically colored, luminescent silk fibroin' obtainable by the method of any

one of claims 1 to 15.

17. The use of the intrinsically colored, iumines_oent silk fibroin of claim 16 to prodﬁce

threads, yarns or fabrics.

18. The use of intrinsically colored, luminescent silk fibroin of claim 16 for biomedical

épplications.
19. The use of claim 18, wherein the biomedical applicétion include sutures, fabrics for
wound dressings, sustained release. of substances, fluorescence imaging and pH

sensing.

20. A textile material comprising intrinsically colored, luminescent silk fibroin

obtainable by the method of any one of claims 1 to 15.

21. The textile material of claim 20, wherein the material is a thread, a yarn or a fabric.



