- 1 - INTRINSI CALLY COLORED, LUM NESCENT SI LK FI BRO N AND A METHOD OF
PRODUCI NG THE SAME [ 0001] This application makes reference to and cl ai ns
t he benefw0 20fo/psizerity of an application for "Intrinsi ealrlsg2coloossy,
| um nescent silk fibroin and the nethod for producing them filed on
February 17, 2009 with the United States Patent and Trademark O fice, and
there duly assigned serial nunber.US Provisional 61/153,065. The contents

of said apﬂNmNs@aAfLmed:moﬁm UAMINESCIO0? SIS K PERRDANGARD Aer ei n by
reference for all purposes, including an incorporation of any el ement or

part of the descripti MEW&D@F&R@D&WMH&EWE&l ned herein and
referred to in Rule 20.5(a) of the PCT, pursuant to Rule 4.18 of the PCT.
FI ELD OF THE | NVENTI ON [0002] The invention relates to a method for

pr oducijea 1] Urkis eppRettios omek&drefedelcd kddragll nolaihive tHenvenufit O6F pliGatyr 6f ahes to
t he use of | um nescent coI ored silk fibroin to produce threads, ‘yarns or
f abri c8rpliratiph IoF onteHinsicrlly penlpreds ileminesqaticdiRObRIPIDFandgth mvﬁilw%dqr[ 0003]
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anti - 3 % ﬁfél nt| m crobial, anti-inflamatory agent, etc to these itens
wil | Sl ea}?]? increase their value and functionality. In nost
appllcatlons onIy the core of silk filament (fibroin) is used while the
outer gummy |l ayer (sericin) is renoved. 00 However, the |argest portion
of silk consunption comes I%Dt@@ﬁfé&ﬂ‘lk@ 'Frlmgtry, in which dyeing is an
integral part of silk processing. Existing nmethods of silk dyeing are WO
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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
industry, 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 and functionality. In most applications,
only the core of silk filament (fibroin) is used while the outer gummy layer (sericin) is
removed. |

[0005] However, the largest portion of silk consumption comes from the textile industry,

in which dyeing is an integral part of silk processing. Existing methods of silk dyeing are



[ 0006] Maintaining the superior properties of silk while adding colors (and
functionalities) to silk is therefore of high comrercial interest. Although
geneti c emgi2oeams02g/ | mrer si on net hods report the i ncor pecasicamomhHoos9
functional materials (e.g. dyes) into,raw silk fiber, there is no clear

evi dence on whether the col or resides*in the fibroin or sericin. These

nmet hods are not very practi'cal and are therefore not applicable for the
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commercially available food coloring has been used as additive in silkworm feed. Both in
JP 11-235136 and CN1430904A colored cocoons are obtéined wherein the dye is present
in sericin so that the color fastness is not very good. |
[0007] It is therefore an object of thé present invention to overcome the above
disadvantages and to provide an improved method for preparing 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 method for producing intrinsically
colored, luminescent silk fibroin. In the method the silkworms are fed with a luminescent
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,



formula (11) AO010 B rhodam ne 101, rhodam ne 110, rhodam ne 116, rhodam ne
B, rhodam ne B base, and acridine orange. In each of formula (1) and
formul a (WO)2010096@§ be i ndependently an el ectron donati RrgT@EGawp/s@sect ed
fromthe group consisting of OH an optionally substituted Cl-15 al koxy
group and NRI'112, or a polyner; whereas B nmay be independently sel ected
fromOH and N121112. Also, C nay be selected fromthe group consisting of
OH, an xpliagdlal Harivaibed, | pyrbed dedivathred) bR¥¥ingr @dvatihial ogeidimndeMWatlvigs,, and
Rl and R2 may be independently selected fromH, an _optionally substituted
Cio alkyimesine derivaives raf tptrampels dgreaives- S5haasteyergpp sensising 6@ R1 and
R2 in A and B are independently one of CH3 or C2145, then C may not be
OH, OCH3 or 0C2H5. [0010] In a second & to the invention provi des an
intrinsically colored, |umnescent sil prlofn obt ai nabl e by a met hod of
the invention. [0011] In a third aspect the invention provides tthe use of
the intrinsically colored, |um nesce I wbroin to produce threads,
yarns or fabrics. [0012] In a fourt e invention provides the use
of i nt romporad |agcerdingr td formydd tBsCent bri. ra Comppitsheeiosding to
applications. [0013 n apefifth aspect, the invention provides a textile
material intrinsicg gl ored, |uminescent silk fibroin obtainable by a
nmet hod of the invent . 40014] The invention will be better understood
with reference to aikhed description when considered in conjunction
wi th the acconpany s wth the help of the figures illustrated in
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si |l kworns "t hat have been fed the nodified feed contal ning rhodam ne B.
[0021] [#918] In 3egsord sspeshthe dnventipm groyidss apdytrinsisally eelpreddluminessentsiind (b)
col ore I . i 18, .t have been fed the nodified feed
cont ai %bﬁg&ﬁ?@%‘g‘%’%}d%%Tt%‘%fﬂﬁ‘%&g%epi cts confocal inages and

m cr ogrja@ly laf a dagdnaspectsihkkinaédtem prevadesetiie wiet bf (thy iMrinsenlly eokwedy, (b)
papai n _enzynme, and_(c) savinase enzyne + triton X. [0023] FIG 9 depicts
(a) thduaf eﬁcqnity%ﬁ_é.@lwg?dw\ﬂﬂé%%wpﬁBhfaézﬁas-(b) the silk fibroin under
488nm |[a§£)) 18X §1 FREhOBspect the invention provides the use of intrinsically colored,

luminescent silk fibroin for biomedical applications.

[0013] In a fifth aspect, the invention provides a textile material intrinsically colored,
luminescent silk fibroin obtainable by a method of the invention.

[0014] The invention will be better understood with reference to the detailed description
when considered in conjunction with the acéompémying drawings with the help of the

figures illustrated in the attached drawings.



[0024] FIG 10 depicts the chem cal structures as well as the corresponding
rel ease profiles of different dyes with bal anced hydrophobi c/ hydrophilic
properti es0 2p00R6125FI G 11 depicts the enission spectraProfi/sSGa)ioRh@dani ne B
solutions with different pH values (b) Rhodam ne B-incorporated colored
silk fibroin after soaking in acid an “in base. [0026] FIG 12 depicts the
quantity of various dyes in sericin.and fibroin per gramof raw silk as a
function of their n- WM‘Q@I&PTR@NO‘F"PHECDRAWWG@ (log p). The anount
of each dye was normal i zed as mcronol e per gram of silk cocoon. a:
fluorescein, b: sulforhodarnine 101, c: Rhodam ne 116, d: Rhodam ne 110 e:

?)ErSICdRII 3@?%&%#&%‘@@%&@%&“{%‘8% &tni's Bergsenf't ree%tf?ro%f?g[@gl Eaé(se t he .

use, deyel GRNEFLIn ARt IndbFREdioR EMindRaRYMondtick Yol mmg&m agmebllf asnekdilenal

nol ecul ar_organic dyes with bal anced hydrophobi c/hydrophilic properties
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has excel |l ent color fastness to |1 ght, washihg and l'ike. Further, the
obt ai ndﬂVshghkemtytlamso be used for bionmedi cal appli catl ons. [0028] Thus
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by functionalization of basi c functional noiety, [003 | n one enbodi nent

of the [PRAIHIGP ﬁﬁ@c‘lsu(?ﬂ HesgBntibrgyns wrder B8 seéPlé%tO@daWdr the silky fhgpin
consi stj ng AsnktRtienss.flari vatives, cyanine derivatives, napththal ene
derivativces, counmarin ctlerl vatives, oxadi azol e derivatives, pyrene
deri vat[Do24, Fl6kard riepatesr theatlnanﬂpalaﬁrdodirme adewelV atsi the scormesydrdiighirelease

derivatives a etr rrole deri n.the _above l.isting, xanthenes
deri vatﬂrﬂ’/@se Hﬂ&f%éent s with,bajgpcefl y‘ﬁ‘% Eostf EA‘V@TIOH IEPERHFIBCAS nunber :

2321- 07[0@54 Fl@qqnaéjﬁét s b ermsil@ﬁ sHERIRIRa) REb&Mline B ﬁﬂﬁ‘t‘i’or@r\@@l@ dfiBBertCAS
nunber 5136-58 , ethyl eosin (CAS nunber: 6359-05-3), eosin Y (CAS
nunber :pH y3ugs ®7myodammstle@brp@A$drmlde silk Gibidn aBdr- @abmglﬁﬁo@l%r@lg%) and
SO on; %anl ne derivatives may be, but not limted to, cyanine,

|ndocarb8 eE:yanl ne, oxacarbocyani ne (CAS number: 53213- 82-4),
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10121- gilk 25 2 fpnasigarpfdbeir aciapekvatanparyGon Aocthgigti Goppl Therameant ofe@mhray be,

but not i e dy e_( CA e 7

ni trobe zog’a |g% a‘hz?%ﬁé h%%&!iS%%Sﬁfgg g? gl{)erfggcgogldl gzg?ueor?s&f&g, number :
81377- kftfeshodanthes®0pne: Rhovemaindel 16/alli Repdamihebe10,06i avflinki ofahgs f:0,
cascade_ bl ue (CAS nunbers: 1325-87-7; 12238-23-2; 61725-40-4); and so on;
oxazi ndkhpdaming W eand g RivdamifigBnot |inited to, Nile red (CAS nunber:
7385-67-3), N le blue (CAS nunber: 2381-85-3), cresyl violet (CAS nunber:
52659-20-8), oxazine 170 (CAS nunber: 62669-60-7), and so on; acridine
derivatives nay be, but not limted to, proflavin (CAS nunber: 92-62-6),
acridi ne orange (CAS nunber: 260-94-6), acridine yellow (CAS nunber:
135-49-9), and so on; acrylnethine derivatives my be, but not limted to,
auram ne (CAS nunber: 2465-27-2), crystal violet (CAS nunber: 548-62-9),
rral achl te green (CAS nunber 569 64 2) and 'so on; tetrapyrrol e der| vat| ves
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[0032] I n each of fornula (1) and (11) A may be independently an el ectron
donating group selected fromthe group consisting of OH an optionally
substi t utwo 20/m6eo2al koxy group, NR 112.2, and a pol yner PCB/SGa10/960059

i ndependent|y sel ected from OH and NRIR2; C nay be sel ected fromthe group
consi sting of OH, an optionally substifuted Cl-15 al koxy 7 group, hal ogen
and NRIR-i; and R1L and R2 are independently selected fromH, an optionally
substituted Cl_10 PEYAIBRS BRSCRIPPION GFSEIBINVERTEIONL_15 al koxy group.
[0033] The term "al kyl", alone or in combination, refers to a fully
saturated aliphatic hydrocarbon. In certain enbodl ments, al kyls are
option n certain enbodlne n onpr i ses to 10
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refers to an aliphatic hydrocarbon haV| ng ah al Kyl -0-noi ety.” The "al koxy
group rthypiesent invenior btawns bis rigirahpropsutich amd hds mellﬂltcahob&strmsmdlght 1to 6
car bon at 7, 8 9 10 14 or

ms,frerrpl o 2g 3,04, 5.
15 car boktitopd e R uSrieenBsaridned 1k by, Spobpant dobgETBRAFHy
subst i tappeehtiolxanpl es of al koxy groups include, but are not limted to,
met hoxy, ethoxy, propoxy, butoxy, pentoxy and the like. [0035] The term
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N-sul f onam do, Ccarboxy, O0-carboxy, Isocyanato, thiocyanato,
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to for mhéfoliodgng éh@ﬁﬁhoxhﬁaﬂ@ﬂﬁe Qpﬁmdw@@wﬂ@és the invention, A nmay be

sel ect ed from OH OCH2CH3, OCHZCHZ? CH3, NH2, NHCH3, N(CH3) 2,

NHC2H5, [0 %%)anwlehﬂm@nlq\@mm}@ulea@fd hRy(igseatioy anayhe chpsenxiioms ans
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capable of directly dyeing the silk produced in the silkworm. The dye molecule of the
invention may be a luminescent dye. The dyé 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 tﬁe 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 tetrapyrrole derivatives. In the above
listing?'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:



N(C3H7) 2, N(C4H9)2, and N(C51111)2, wherein x is an integer between 1 and
6, such as 1, 2, 3, 4, 5 or 6. Cmay be selected fromthe group consisting
of OH, OGWB,200@@kE5and OC3H7. In a still further enbodi memtsGaéiotoh@spr esent
invention A and B may be independently selected from N(C2H5) 2, N(C3F17) 2,
N(CAH9) 2, and N(C5F111)2, and C may be OH. [0037] The polymer which nay be
linked to the (for exanple, anphiphilic) organic dye as substituent A nay
be any 1ps1369E3-4)\Rish etey ((DAS&Nnﬁl&bl 6@5900% 3heoghw! rYp@&es atmdeding71-82-1)
characterlstlcs of the inventiv Y or exarao t he pol yner. may be
chosen t¢¥gs r%%ﬁemtm@ersi%‘?&‘*ﬁrfﬂyo 8f @W@9C%9e5)r ?ﬂeorblcb’ﬁmn% Q%‘hvaé‘é’ ey @a}’ npr ove
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ol courERAUBEBHRRY et et HEhpU B P alsBE SahS 0T 00812 EakR el BBt 500
- 500. Q08yatR89 and%goorp%QadlﬁQ(Qe deﬁ@&x@@%ay@ but A6t Qﬁ@ted QQ%ynd%ﬁvaQ(Qe 500 -

10. 000 or 500 - olymer may bé, but is not limt
pol yan{CASe, mpnbe,rpyr7|06$(b7é poltyobhizshdinegle pdiCGA St mganém gB%&ﬁél—‘}O 8),

bol yesbere SRy IrB R aRE: a7 AP BE  &C S SR B BY it enoat e

pol y pheisifatie ScasEdleHHO EPAS @Sihess: 19@5-8@”%9@@3@ 6171;03 y@lupmacsaem
pol yhydr oxyal kanoat es, poI car bonat es, %‘3 yal kyl car bonat e

pol yor Phezad deriasiyes Py hes Petr Befi liaked fsp NilsicddSAS BRpAR: ﬁé§5 -6p3)yNEpt i des,
pol yur a thar r r.C on, nepf. In
R R e R A s R e i R A
consi s{CAg mfmhibw ﬂmWthacsroydmrat&hdmlaaieyl@hhwasnylhy msedhﬁmhcﬁ)l;mlted to,

pol y( hydr oxye net hacr ly(nme t hacy t

pol y( h?&?ﬂﬁ‘)‘(%t(q%éﬁ ‘ﬁ‘éﬂ’ﬁicryT@ra acﬁgﬂnﬁ(@ﬁﬂ%%wgg W}ét %&Qgr%‘r@t gftidine

pol y( a%@ﬂ%v@’fb‘}@ nuRBLy (18% @L@n%gls}gc&{ )acrledin @ atiifatRet May 8O Mty colic
acid), "gelatin and chitosan. The pol yners nay .be incorporated’in order to
enhancémattsldnpamrem@n@A%mmhenm46ﬁ X2k cfyistal viiolet {Q)@SSI]UHMCO‘M&G)Q% 0 one

embodi nent ,of the ent, in i N case are
holope iy ctg ARty ™SR O s holStR Sorbiny BoRUSi s MR B ocors
For exagpliited ﬂﬁg x?lﬂrpﬁgmmamowoﬂsow) g)lﬁlmd)d;dﬁﬂef(CAw @it &s1-43-¢), and
(I'1): rhodam ne 10 odam ne 11 rhodam ne .116, rhodam ne 123, rhodam ne

800, rlbdu'ahmn@@ npFbER 3R B bk Sa 98- ffh@@hm%éwse%éow}b%a@ iyt her
enbodi r FoRC
accord:ggéﬁsqt)l?l for 1ﬁg§afl “gﬁéggﬂﬁfﬂﬁ #%?b e |ng% hénﬁ?g an el %%%%n
donatlmgmgﬁaup WO 2010/ 096025PCT/ SG2010/ 000059 9 selected fronlthe gr oup
consi stin n optionally substituted ClL 1 l. kox g{o , NRIR2, or a
pol ynmed%0 lrlr‘&;?n%é ﬁé’é‘i&f‘é’ﬁ& ﬁgq preseit dryepdory BB hipili AR ganic en‘?&?zy g
selected fromthe group consisting of OH an optionally bstltuted Cl1_15
al koxy group, halogen and NIZIR2; and R1 and R2 may b -uendently
selected froman optionally substituted C3_10 al kyl .ct|onally
substituted Cl_15 al koxy group. For exanple, A may he sel ected from OH,
OCH3, OCH2CH3, (OCH2CH2) CH3, NH2, NHCH3, N(CH3)2, ®HC3 S ZCH3)2
wherein x is an integer bet 1 and 6 such as Al so,

B may BEeeisf @@%WPWWCQ‘Q@?% tRugenesal fQpreses ol B0 K CON(O ZCI%Q) Q?) wher ei n
X 1s an integer moetween 1 and 6, such as 1, 2, 3 4, 5 or 6. C may be

sel ected the group consisting of OH, OCH3 0C2H5 and OC3H7. [0040] In
case the 6 dyes according to formulas (I) and (I1) bear a positive
charge, a on will be present in order to have 4 neutral nolecul e.
Sui t abl e s may be, but are not limted to, chloride, brom de,

0 mgensulfate am osul fate, nethosulfate, ethosulfate,

erchl orat e, rret hyl s on sul fona t enes | f onat e,
gxal at 40032 eafm egqhoq;#%}r@ aa@é ‘?Zﬁ %ﬁ (iquggen% %ﬁaémg
pr opi 0%%%1 seldte&d R % G%tc%ﬁélﬁtﬁig%f @'H taﬁieoﬁt%ﬁﬁytshyﬁlt%@thqafaﬁ@ﬁOr min

case o oton fromt ic organic dye is transferred to the counter
i on. cg@@upl, NB§anarsl :dpelyrrmlr,eB uhas beindependentie neleetad Mo KB pndaM@d; By

th t Kk t t act |
2 CampHRLP PSST TP oo smondeti, anenio o A e ko o 1 ea”

to, sulfuric acid, hydrochloric acid or

]



OH al koxi des) and at |east two independently sel ected conpounds of Fornul a
Bx, a conpound according to general Fornmula (Il) may be prepared. In the
above Forwol2a10B950288y be i ndependently sel ected from OHpCasGaptoiooowa | y
substituted Cl1-15 al koxy group and NI%1R2 The .conpounds of Forrmula (I1) may
be transferred to conpounds of Formil@a (1) by generally known net hods. The
preparation-of such conpounds of organic dye nol ecul es according to Fornul a
(1) or o{du?% hél%g&Pénd'NmK eghd R, SK@R?QQ\{ﬁdéplsﬁdé%tlS/%El'eM@d %ﬁﬁﬂ' fn @Hﬂahgr

exanpl &s possi bl e preparation procedures are described in 2005/ 007678
or EP 6ubse8tsPC;- 1otdﬂe/1dn@@ﬂlo:smr®11dfsubmmdhd Cs-14 aik«ummoatt ed by refer ence
herein 10 042] «the resent I, nvent| tional

or gani &4 9& Wit HL8 r?&léy o?)‘hlgb(fog?mwlrogphe ?risg B%BEF?W&EE%% used as
a feedhpdroast®bh.i 1g t@fazrﬁlém@@hﬁsms Tafcy@ddird | offioREYy Raibustkdl MnaRytdiRr M
which is suitable for the uptake into the silkworm For exanple,' the

or gani emipdiniaags, pe akykeamprisea o {0 cphpn giomeadirecpaple bio § pasken ponserry

| eaves e e g o

m Xxi ngjt %_gfnca\g/%\nf’@ﬁg ﬁ]e %" ‘plgen%%(lega eawger%@t]ﬂoa?é OCP th (ﬁ%h%lrn%ggngwg e and
sprayi beloal) aamaidriegl abigd) sﬁc:H i 'i 1o s] 06 ik OCY-l0gy"f ssfets t(AB@Ch'ﬁthgeloifn the gtneﬂt may
be used for pre arln such solutions, .as long as the_ solvent is not toxic
to sil k¥&ensEar kg means fhat 3R STRNRCOTAPTESEE OB & FRTAPNRSPTH P>

ther ei gapbx %{H%se% c% bo’ﬁ%&&ﬁ% E@rP&r?at%ﬁlg‘,’?r&El%oB%oxﬂé @@&B&Qat%ﬁﬁp‘?%ﬂbtﬁﬁ
solutions Include, but are’not imted to, water (for exanple, regular

dri nki a@m@ﬂe:arbomaltctrm, é)cbavbwneatomstelmmanédnmamag)lo rmrtbharamms eﬁxlamptﬁs obr
m'xture hereof e .sil kvvor ts e, organic d and as gnsequence
0t "t he i h &R g R s i POl 6 r sy B b OB e et he
si | km'is%bﬂ?’l s%t%tyt neﬁdjt@ytnemahw @gmyﬁlhbyytcﬁt@p}e@c@m%‘nlyuqte@ﬂcm thei | k

cocoons (c The functi onal | ecul ar organi c dye may be any of

t he abbke-nentloned Iunlnescent conpounds I n one enbodi nent of the

i nvent td nj d Lagy! dto, a
e ML 0 IS SB0RL, SRR YFIRLAGH £, O RO RNl BORS 15,

not |i Katiag ah@lkyﬂimd@mttﬂéfhbfblk&i}ogro&p&myl teveASo nlsrﬂaﬂfon eét&xi:§5stté8a§1 tbhe CAS
nunber depends on the anion), rhodam ne 110 for exangl e CAS nunber.:
6

13558- 39 Cart’pn AHBHANS 1960 4B Pt@mSe%r?pwepleASm%m%éw 669: 191y 12r Kodami ne
B (for r og S
nunber 1@’%%‘9 34- ]%%Sat%gg@rcieg? %eé%ﬁo?@rltlggﬁt?*f rrpgt)pgl%eoét r?gﬁ%}ﬁ%g{égeogﬁ 6) .
The coijzemplts ofealkdrey goegs ahadwde, dorut jare ndtnhmutadndnmet/homh, cthsy, poppounds.

[ 0043] , Thus, theyp g en]|t invention also refers to a nmethod of producing an
i nt ri nSPIO3Y] BEESYSR 3}‘ Kfvi nescent organic silk fibroin. The 'organic dye
of the G%S?Mtbqemﬁmb{pthﬁtauji%dbétﬂut@ﬂ'o%t&@ tb%%?qﬁﬂifhlﬁh Inoné, e @ nidie

feedi ng net hod. Thereby, the organic dye is not only taken up by the silk
gl and @&fant pee it haokydregen stpm:su achpery repjadedcwithorr @8 Mateo Srdve(sdi AR

ow o Sheldifiug! deltotcioNoR, oficii> SN Rl HR AT Bloflicyt R 10

now pi gnents ar resen |’n gericrn wh owever oved  dur i ng

t he prapgssiyiadkyd dmuﬂmyng@on aFbustic héteroegd:lerhmomtatths sy1daL nrepigt
practical for actual appli a?élons Now,. the organlc dye of the present

i nvent F‘B‘ﬁ( thio, .aﬁxlétlaoﬁ&%l@dh ;ocqTRenli Hhierasbomd OneAsbaBylorNradempd ©-i s
hi ghl 'y 4i; he I r ki e scare
mai nt a|t ne 19%99er hetggﬁ&g(g I(\)I]Par nqrégtgergl Sgllﬁ- gzgergfcd:al bﬁéé{‘%f%ﬁt g{)prcgsent
i nvent carokgs smtc'aﬁ)bhg prlecp):manattes 606,09 60RbBCTABER 01 0MDA005dyL 11 -

for bei t aken n sIk nd silk fihroin roduce
intri n@%?m?gwgﬁtf@ﬁ g‘é‘ﬁ’ﬂg g}o:ng P?‘%Bb?‘lt?su%"g?fﬁﬁ‘]mq%ng’toﬁ%s d?esent
i nvent kb olterf®ihelcR twd 6991«!»% Hﬁdxbgérf hiDs Bald Meeqloslueﬁﬁdtedl e uesaed silk

fibroin first enconpasses feeding sil kworns with a feed conprising a
| umi negeaips mydedikdd scfoomediegove. | n one enbodi ment of the invention the

such al00 e aieBet et BRI ok T PR PRy Mo e 101
r hOdam@%SC% %&“I—ﬂglfNHK ,NOUETHL) EN S H )4 ONEIT, PG, &(aaﬂaz,amtcaw di ne

or ange feeding of the silkworns with the organic dyes
of t he N§Cedantand N(EnHidm Whatein & 13 eniintoge bevesaeand 6, 4891 asidpdrddi4nd %n, f or
exanpl e r f e 4 er 0 f the
TR wh APE PoRbche RaeRE R SR AEINHGE NGRS TS RREIL,
b0|I|ng wat er , the obtai ned raw sil k secreted fromthe si | kwor m f ed |s
degummed. Degunning is the process of renoving the sericin, or silk gum
fromsilk. Renmoving the gumi nproves the sheen, color, hand, and texture of
the silk. Generally, the degumming process is not |limted to a particul ar
forntor a partlcular process. Any process knomn in the prlor art may be

. o - " oy o o o



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 W% In view of the use of the soap, the degunrning
pr ocedur ewp0mamsi26d out in solutions at a pH between alpowtsGéommdooapout 11,
for exanpl e between about 6 and about, 10. 0 or about 6 and about 9. The pH
val ue of the solution may be 6.0, 6.5 7.0, 7.5, 8.0, 85, 9.0, 9.5, 10,
10.5 or 11. The degumming is further carried out at a tenperature between
about 0. tn about
80 C, g\ggh%)gm 4H%B al{a %@ml)?%wﬂgrlggngﬁ? gégg}éﬁ\g&g lgm@(?’%%&h Iézég} exarrpl e,

t he te&peh: ator 6. 6?f mtahé)ed@glﬁs,m figmpthecgresp reaysitingsof OH,56CH;3, 60.8;s a8 C, 70

SRR Lo IR s T R T A g e
m nut esnddpelaul sélebteal HFro@f N@@en)zl w@ggaT)z,’N(e4Hp>g,aadaad(egplllgz edd € Jn'é?/fb'bbr oi n

may be further processed to obtain the final desired silk materiial (e.g.
tw ste@fétc ). In a further enbodi nent of the present invention the

degumnm r for 1
nour 1 1O 86 e Ap O Hlebeittkedlo e (RERSHARY EmBhioRiRY hugisdBe s 1
not ed fshisstitwdnk Adﬁgyrtm ang/ ﬁgmelswm hey leESI‘ilthlWﬁoﬂ tltehﬁu@b@slﬁf gidirgnthe

t enper at ure ranges, and th(? ove Qi ven anounts. [0 47L By inparting

col or &h%ra?taﬁ%ttqscﬂf thq)ng/ieptp(vef 3f§’r PheTaaRle; the go @é‘%fl%ia% trae¥a tmeWé(e

i | KwOrgiBealilis o 68 8k i IReRk! QRAMY, BBHIVE hIsiSbiBRY fil ffiain. GORpsNkNg and
nuner ous new functi o of co ore tabric and bi oconpatible s’ |I - based

mat er i @blsyme[roﬁ)aa;SIor'Ehum;)letlbﬁea hqmopwlgmat os aldepotayneal B pdymsethaf/on shinenedi cal

i cat Funct | silk bi tibl | dded. F
ool &G Bt vy 5 YRR GO SRy B ChP8eHRoaP R LAt Bns. i n

the ti $SHQbRMGhALSIIYMeY. th@'p‘élﬁx&r@wﬂ%ﬁﬁl@} Be S&1BREY to hove 4 BRIGLRIMTESH:

artificial tissues such bone and cartilage. Small nol ecule additives -

such adn thedﬁn%@(ﬁﬂmlﬂéouﬁ% 1000rA0Resicl is abpicX08chYA9AMY, S8he2oRbed o c,
PH sensihbighh) s (ﬁﬁdS@bH@%O%am§3®d RGE" P Rl (ﬂ Yot hISrbObh?‘hélyl)b/ﬁne?%E{yO&Ea .
i e absorption of

m croscopy can used to efticiently stud

t hese IgummﬁﬁtcﬁmiteagelsdeM1m ghlypﬁtrble Mﬁ)r/]p(tlgtlmqﬂﬂnﬁﬁp(ﬂy(@thy]b’nen%yc?ﬁb '
treated so_that it delivers a drug, Attac the drug to the fabric
can be Pebighicahe acih RAIVEAPENIcRNE, H@&d?%aew Wg‘gdroawa g@% RABYSStest:

bi ndi n r t u ntially
used; %((J)%Plﬂynqrﬁéﬁggg gﬁ%ﬁ%@%?ﬂ M%@%@?%d erglﬁti gtf(é?cgol ()S\?\F%éggégftors
such agohwphespmonghsgeni pplmwtaapn& ( Bl\/l?s)yhordrogvdwalhoaﬂ@st f er @ntylcaltblomtteﬁ actors
(GDFs), hlnh bi tors ttractants n aci

{ranst 8PRATHTORAR, oo RS e ap B0y SRR i ePTISPEIdeE RPN st af ned

r el easgoRfpeftiths! ﬁdlfﬂ%th@ﬁés §b1§/@thb&sﬂ@es Bo19h & yRSesYr| donibindtioh§ teflod SIndheat

promsefor contro del |very due to its uni que structure and ’
cr yst alenbagigens od g mvestl% thgerqlymer mas bst selacteslalyamt g esow swg%lea odbove.

Silk f p

spray- ”E,Sﬁ&gfﬁ?hﬁg%&gféé@ ggB/rN%%nﬁ Qm{gginds]?) fp’o kglg#mqgétﬁgld tnﬁr e, 8)’I i ght
coul d lpelﬁmbth@fi/edneﬂ?&tr?llatd) al p@llydd,ldm‘gleﬂﬁzj/ Qﬁéth&¢rgh¢e)butpow(ethnm |e|tm§llt ed to,
| um nescent SI | k, coI d si| orescent tissue-engineeri caf fol ds,
sut ur ediethagsRrick paly (agpiaEICEs e@@vwgﬁﬂmo&@ olphaoly(Aetts 8rid): g@gﬁmcm so be
used f e p pRrd t e

devel o%glgsf gélh{\ygra?lgugmﬁﬁﬁ ﬁglzecé’% co%Mor dyesin%bﬁggag%({ ? ?odriragrts ﬁse:%gh Qlfgs - 13
- coul dbbnp@mm&nchdtmnomrrgam%rom i norgani ¢ polyners for inproved col or

f ast ne ar oconve tlo ein the quality of ,th | or could
b ooy KR ot e e b Brebg ibykmoBHomt e B &' i &y o

Pot ent ipglar® ifdepéidentfPYnSONMII NEE, CRUS: @J1E;, Bith ¢ isidtesH t@cxah ot ocnﬂg CF%‘r' y -

col ored and | um nescent silKk yarns and fabrics. Thus, the sil

accor diekgupls, Ehvefqﬂoee%pompwds iasm ex¢ladetl Somy fasmarast @ asd 1(0): frélbdam@ecan be

Wi RaTt el 1Py R 75 lgReny 4285 e SO g B0

machi neh(bcfa&nﬁélBtbab@amadmﬁﬁQ@@] In order that the invention may be readily
understood and put into (ﬁractl cal effect, particular enbodinents WI Il now

be desd?§393dn sy fugdigr embedimentop] twinvesebmMVENeN. iip jhe reppinbdic eiganig dye

unders f t i on I Ut from
he soontablrh ARtkisk 1B AR AdRhEye RS R R 4R B o051,
Exenpl ary enbodi nents of nethods according to the invention as well as
reactants and further processes that may be used are shown in the foll ow ng
section and the appending figures. Exanple 1: :‘Method of producing
intrinsically colored, |lum nescent silk fibroin by feeding the sil kworm
with feed conprising the Rhodam ne B

Yt




[ 0052] 0.05-0.1 wt % of rhodam ne B (obtained as all other chemcals from
Sigma Aldrich, Saint Louis, MO, USA) were dissolved in deionized water and
m xed i ntwoantwmsesal sil kworm feed. The nodi fied feed was/scGhern/oh@dst o

sil kworms starting on the third day 85 fifth instar. After around 6 hours,
an obvi ous, col or change was observed Throughout the silkworm s body as
shown in FIG 2. The silk gland, obtained through dissection, also absorbed

the dyecrpdd BRAANE: CRIQY & -sisﬁflg @@qﬁﬂ; &d%ﬁ%da]!l?rmub&&h@a,clt_,_@eaugdxlykge@\ﬁﬁzs

started producing intrinsically colored an uorescent sil k cocoon as
shown iNMRiR:Cor 8 pobsaerpBemay berindependantly seleoted dtorh {dliandi NRBIRy Cdperi bsi | k-

14 - rh j B t 581 in EL.G._ 5. Th
ol or ed P dfit R Bt EaRHEE o) St oRillh SR SRIN g M Pt
M cr oS gRRgek RESEWR R dintl AL hnd RANANBe SRBPEE@INtI§oRIReR fFinCiPsp0RRIlyThe

FESEM m crogr aph di spl ayed two fibroins held together by a | ayer: of
seri ci wubstiféiediiGaneabyl gnd @acptiongbosubstiaitebCr.p ghpxyvarqug. Faeckamplindss of

i AN Rl ey
onser va bef R foh L, QGHTDLBER SRS T CICHG R s
3 _how:’l iNl-étEi}G, IE?(&H&(%%)_&#}WMfr?C&I anl in’&gaSb@ﬁeérhe aﬁdim'iesmtasd;, |2$ ahl5eorad.e |

I Spl ayea | . e .contro coon_snoweaq aut O- uorescence unaer
the. | a@?oaegcif&a&t‘?eoﬁ?w%ﬁm Ol%lh_th i iHEE ﬁ‘éﬁwﬂg ed @oN&EJ_ésC%)gm y
f1 uor esarRin WO L §ntkB& Jebrl M @30aPRS1 Shanads Lhat (gf)ng‘?l BRI &hddkedih | anent s

inside the raw silk are in conplete contdct,’ the con I mges showed
sone spbhegrobp comsasiingnd QH, TOCH:, 0Qiband OCHBt the sericin, or at |east sone

part of, i was not fluorescent and was thus.not ervabl e.under the | aser
bt ¢ s 16 Esa 1B srf S RcaRE S m g e Pt tesd

di sti NnGbuntbtBNNEIICENprebdrfdeh Srdét tdhaiRi £ uffalildculuSufipletothte BRS sy es.
These i mages clearly showed the uptake of fluorescent dyes into the silk

fi broi e, Btarpnet Bmitey e, [sbjorideobrenddam dodidri subetanhydigeensuifateaniesy fate
fibroi . Furt cessj car | sed I he
i ndust ?? %ﬁ%s atr?dar dagésb"@%gﬁﬂre t)%g%l\oéf\a\%/eért ‘ egl%rlgtyv%ogig K i n%%zg? E]gélrfgr{rfhé%’eri al
for f aldthylbdirenssotfonmewasoalatgt sidlédted dodnate) edacatatel 10 hfddoayacktdie,and 80
Cfor 2 h, followed by innersiond&nqna series of water baths at 95, 80, and
60 C t ARSI eP OB AR en SUaTH IR tpriafs rg thepiesRishie REotoNad 19rddass,

very |ightd sheGRbBh MRS HeQsibicAREhniOa At heRADIE] RRRE 85ReAbnCOl OF I ntensity
was observed.  The reel ed sil k- was 'subsequently wei ghed and subjected to
degur niiP®l] pOgress dyo mdeole ohtesarvemion may dre, prpuied by gendnd shmdhietied
| uster and touch. Various conbi nati ons of degunm ng agents, dispersants,
and degunmi ng conditions were explored with varying degrees of [col g

retention as summarized in Table 1 and FIG 8. The optinal de

pr ocedur ith effective renmoval .of seriji.cin and hi ghest a
ben evantal b hLAE A Rk EUBNT 8 oRichish . BMRp e Bl &
65C andvifiHa Lohddnsihgharent (suldiDag 080/ 6AkdAb, SERHOLH80Rochldri®acid Regunm ng
agent Concentration (W% Tenperature

OH

alkoxides) and at least two independently selected compounds of Formuia B £j\x, a
compound according to general Formula (II) may be prepared. In the above Formula B X
may be independently selected from OH, an optionally substituted C,.;5 alkoxy group and |
NR;R;. The compounds of Formula (II) may be transferred to compounds of Formula (I)
by generally known methods. The preparation of such compounds of organic dye
molecules according to Formula (I) or (II) is not limited to the above illustrative example.
Further examples of possible preparation pfocedures are described in WO 2005/007678 or
EP 0 468 821, the disclosure of which is incorporated by reference herein.



(© pH Duration (hour) Soap + Na2CO3 0.5 +0.2 90 11 1 Papain 0.1 55 6
Savi nase
WO 2010/096025 PCT/SG2010/000059
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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 silkworms. The
additive may 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 theI:1 with
the feed or by preparing solutions of the organic 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 respective solutions include, but
are not “limited 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 compound 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 number: 81-88-9), rhodamine B base (for example CAS number: 509-34-2) and -
acridine orange (for example CAS number: 260-94-6). Thé’compounds may be used alone
or in combinations with other compounds. - .- |

[0043] Thus, the present invention also refers to a method of producing an intﬁnsicglly
colored, luminescent organic silk fibroin. The organic dye of the invention may be used to
produc;é luminescent silk through the feeding method. Thereby, the organic dye is not only
taken ﬁp by the silk gland of the silkworm but specifically is incorporated 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.moved 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 vprpperties of .the silk fibers are maintained.

Surprisingly, the class of material described in the present invention has suitable properties
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luminescent silk fibroin.
[0044] In the present invention the method of producing intrinsically colored, luminescent
silk fibroin first encompasses feeding silkworms with a feed comprising a luminesce?t dye
as disclosed above. In one embodiment of the invention the luminescent dye may be a
compound selected from an amphiphilic organic dye such as, a compound according to
formula (I), formula (II), rhodamine 101, rhodamine 110, thodamine 116, rhodamine B,
rhodamine B base and acridine orange. As described above, feeding of the silkworms with
the organic dyés of the present invention may be achieved by several ways depending on,
for exémple, the feed or the form of the dye.
[0045] After the cocoon of the silk worm is 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 improves the sheen, color; hand, and texture of the silk. Generally, the
degumming procesé is not limited to a parti‘cular 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 agent 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 the respective protease isolated from Bacillus clausii (that is commercialised by
Novozymes) 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 wt%, 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 weight of the degumming 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,
0.2,0.3,0.4,0.5,0.6,0.7,08,09,1.0,1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2.0 wt%.
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 about 50 to about
100 °C, such as about 50 to about 90 °C, abdut 50 to about 80 °C, about 55 to about 80 °C
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or aboﬁt 55 to about 70°C. For example, the temperature of the degumming process may
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
degum_xhing process may be 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 i%lrther
embodiment of the present invention the: degumming reaction is carried out at a
temper;a\ture of about 55-60 °C for 1 hour in case 0.1 wt% savinase is used as degumming
agent. However, it is noted that all degummihg 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
gfowth 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
efficiently study the absorption of these luminescent dyes into silk. Silk may be used as
such orhmay be treated so that it delivers a drug. Attachment of the drug to the fabric can
be covalent, or covalent via degradable bonds, or by any sort of binding (e.g. charge
attraction) or absorption. Any drug can be potentially used; non-limiting examples of drugs
include antibiotics, growth 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 crystallinity pfoperties as well as the other
advantages discussed above. Silk microspheres can be fabricated using physical methods
such as spray-drying. Fluorescence imaging, sensing of pH, temperature, and light could be
achieved. Potential products may comprise, but are not limited to, luminescent silk, colored
silk, fluorescent tissue-engineering scaffolds, sutures, fabrics for wound dressing.
[0049] The functional silk may also be usefi 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 detrimental
effect to fabric’s texture and sheen. Potential products may comprise, but are not limited
to, intrinsically colored and luminescent silk yarns and fabrics. Thus, with thf: silk
according to the present invention the dyeing step for silk fabrics can be eliminated and a
more uniform color having less defect can be ﬁchieved. With the inventive silk, minimal
changes to existing facilities or machineries must be made.

[0050] In order that the invention may be réadily understood and put into practical effect,
particular’ embodiments will now be described by way of the following non-limiting
exampies.- 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 may 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 rhodamine B (obtained as all other chemicals from Sigma Aldrich,
Saint Louis, MO, USA) were dissolved in deionized water and mixed into artificial
silkworm feed. The modified feed was then fed to silkworms starting on the third day of
fifth instar. After around 6 hours, an obvious. color changé was observed throughout the
silkworm's 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 ;'ntrinsically colored and fluorescent silk cocoon as shown in FIG. 3.
Example 2: Characterization of intrinsically dyed silk

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

shown in FIG. 4. It is further verified using 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 microscope (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 noticéable 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 undef 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 images showed
some sﬁace between them. This indicates that the sericin, or at least some part of it, was
not fluorescent and was thus not observable under the laser excitation. On the other hand,
the two fibroin filaments appeared as distinct, luminescent fibers with uniform distribution
of dye'.molecules. These images clearly showed the uptake of fluorescent dyes into the silk

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

[0055] Further processing was carried out based largely 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. Throughout this process,
very little color was lost and no noticeable de‘crease of color intensity was observed. The
reeled silk was subsequently weighed and subjected to degumming process to remove the
sericin layer, giving it the desired luster and touch. Various combinations of degumming
agents, dispersants, and degumming conditions were explored with varying degrees of
color retention as summarized in Tablé 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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Degummiﬁg'agent Concentration Temperature pH Duration
(wt%%) - (°0) (hour)

Soap + Na,CO, 0.5+0.2 . 90 11 1

Papain 0.1 55 6 ’

Savinase 0.1 55 9

Savinase + triton X 0.1/1 9 H

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.

General structure of

“0' )
4
CN
0L OO0
B A ‘o B A O B

. _ ‘ (a) for rhodamine B base (b) for rhodamine 800
rhodamine family
Counter | , . .

A B C ion in worm | infibroin | charge
Rhodamine 110 NH, NH," OH Ccr yes yes Zwitter
Rhodamine B N(CH,CHj3), | N(CH,CHj,), OH Cr yes yes Zwitter
Rhodamine 101 | N(quinlizn); | N(quinlizn), | OH - yes yes zwitter
Rhodamine 116 NHCH; NHCH; OH HClO, yes yes zwifter

i N(CH,CH;), 5 D

Rhodamine B (CH,CHa3), | N(CH,CH,), @) i yes yes neutral
base @ @ -
Rhodamine 123 NH, NH, OCH; HC1 no no cationic

T T -
Rhodamine 800 N(qu(b)lzn)g N(qug}r;)hzn)_ - (b) . Ccr no no cationic
Rhodamine 6G NHCH,CH, NCHQCH3 OCH,CH;, HCl1 - - 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 ﬁave efficient uptake into silk gland and silk
fluorescein, Alcian blue, Bromophenol blue did not display significant uptake into silk.

[00591 Thus, the desired dye molecules should ideally possess balanced hydrophobic/
hydrophilic properties or be zwitterionic to ensure efficient uptake into silk gland ansd silk
fibroin. These properties 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
profiles of drugs or other small molecules from silk biomaterials could be established by
investigation of the release profiles of functionalized amﬁhiphilic 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 ﬂudresccnce intensity increases while the emission
wavelength is blue-shifted with increasing pH between pH 2 and 6 for the rhodamine B
solution. . | |
[0062] Fof 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 amphiphilic
dye molecules may include but are not 1irﬁited to wound dféssing, to monitor, for example,

the pH changes of the wounded skin.
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residing in silk fibroin rather than sericin (e.g.k 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 ~1 mM, 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, J, E. & Steinfeld, J. I. Aggregation 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 more
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 49'9 99-106 (1999)). Acridine orange molecules

were thus retained in the gland walls with very low uptake into gland content.
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the ex mat eria ecl recited herein. [00671 The invention
illustratively described hereln may suitably be practiced in the absence of
any element 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 Iimtation, 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 terns of Markush
groups, those skilled in the art will recognise that the invention is also
t hereby described in terns of any individual nmenber or subgroup of nenbers
of the Markush group. - 1- Clains Wiat is clained is: 1. A nethod of
producing intrinsically colored, |umnescent silk fibroin conprising:
feedlng 5|Ikmorns mnth an f eed conpr|5|ng a Iunlnescent dye and degummi ng

I T 1



3. The method of claiml1l or claim2, wherein the [um nescent dye is

sel ected fromthe group consisting of xanthenes derivatives, cyanine

deri vat i wee,20meb025hal ene derivativces, counmarin deri vaPCYss20w00aaisazol e
derivatives, pyrene derivatives, oxaﬁine derivatives, acridine derivatives,
aryl met hine derivatives and tetrapyrrole derivatives. 4. The nethod of any
of claim1l to 3, wherein the |um nescent dye is selected fromthe

gr oupc@jsinsd i ngof aconpoundaccordi ngtofornula(l) , a conpound according to
formula (1) 10 AOB, rhodam ne 101, rhodam ne 110, rhodam ne 116, rhodam ne

B, rhodam ne B base and acridi ne orange, wherein A is independently an
el ectr onating, .group selected fromthe group consisting of OH an
option ! Bted C1..15 al koxy group, NRIR2, or a polynmer; WO :
2010/ 096025PCT/ SG2010/ 000059 -- B is independently selected from OH and -
NR1R2; Cis selected fromthe group consistinq of OH, an optionally
subst i tlut ed Wethpg of Praskepingriniipsichdy edensd dnmingreet silk figroin comprisiaggid R2 are

i ndependent |y sel.ected froman optionally.substituted - al kyl and an
opt | onal Ty subdgiith e bt o B A R el ik o e 2™
wherein A Ls sebaah@thd the Bbidthed Phtridilk SErEdiBond BRI Gd3, NH2, NHCH3,
N(CH3) 2, NHC2H5, N(C2H5) 2, N(C3H7) 2, N(C4H9)2, and N(C51111)2, wherein X is
an integer between 1 and 6. -

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

molecule.

3.  The method of claim 1 or claim 2, wherein the luminescent dye is selected from the
group consisting of xanthenes den'vlatives, cyanine derivatives, napththalene
derivativces, coumarin derivatives, oxadiazole derivatives, pyrene derivatives,
okazine 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 to  formula  (I)

, a compound according to formula (II)

1

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

consisting of OH, an optionally substituted C,.;5 alkoxy group, NR;R2, or a polymer;



6. The nmethod of claim4, wherein Bis selected fromOH NH2, NHCH3,
N(CH3) 2, NHC2H5, N(C2H5)2, N(C3H7)2, N(C4H9)?2, and N(C5HL 1)2, wherein x is
an int egewobetowenrsl and 6. 7. The nmethod of claim4, wrersG@@ssel ected
fromthe group consisting of OH OCH3, 0C2H5 and 0C3117. 8. The nethod of
claim4, wherein the polyner is sel ected fromthe group consisting of

pol y( rret hyl met hacryl ate), pol y(N-vinylim dazol e), poly(hydroxyethyl

me]t h?crﬁl ate), H)[@Iny({dpsﬁmdmltl?/rgelb&adﬁy&}xﬁoﬁ)andlpmy{dhg/dr oxyet hyIh Imet haclryl a]t )e)
pol y(et hoxy et nmet hacryl ate), poly(acryl anide), poly(ethylene glyco
pol y(I acti c ac.Cﬁ)s fgrpdbe gaouacqoaystn@ev%wn@n&moeﬂfx Pigfitut @8 \

nmet hod of '@k@éﬁ%up\gggcgﬁgad({}[ﬁe ase af Aand BRL and R2 are |ndependently

one of H, C I's not OH OCH3 or 0C2H5. 10. The net hod
of any of cl ai Rg ahd{Rp @¢ indepemientljz bateded) fromrinnaptagelty substivtieds €510l akydoap,
papai n, or a_ bacteri ea 11. The nethod of claim 10, whéerein the

v s R L s a0

bacterial pROFRIRET AV 8 ret hod of any one of claims 1 to

11, wherein the degunming is carried out in solutions with pH between 6 and

11. 13. The nethod of claim 12, wherein the degumming is carried out in
sol uti éns vihehmgtiodeoivedaims 45 valriein0A 4 selgtted niseho @b O, dMeHdEHg! ai ms 1

Lo & e ESRUNHL e NSt SHC. ) R FERERREHES, ReEURS, 2bout

carried outan@N(asfqﬁnpe/haﬁemﬁlmn ialReertbebbeda 1 dft 6. An intrinsically col ored,
| umi nescent silk fibroin obtainable by the method of any one of clainms 1 to

15. 17. The use of the intrinsically colored, |lum nescent silk fibroin of

clai m 46t qyRr,QdMGE orMAATS, wHARSBAS LRl Som OH, NH,, NHCH;, N(CHs),
NHC2H5, N(CzH5)2, N(C3H7)2, N(C4H9)2, and N(C5H11)2, 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(hydroxyethyl
methacrylate), poly(methyl methacrylate), poly(hydroxyethyl methacrylate),
poly(ethoxy ethyl methacrylate), poly(acrylamide), poly(ethylene glycol), pely(lactic
acid), poly(glycolic acid), gelatine and chitosan.

9.  The method of claim 4, wherein in case of A and B R, and R; are independently one
of H, NH,, CH; or C,Hs, then C is not OH, OCHj or OC,Hs.

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.



18. The use of intrinsically colored, |lumnescent silk fibroin of claim 16

for bionedical applications. 19. The use of claim 18, wherein the

bi onedi cavoapplive@si on i ncl ude sutures, fabrics for wouRrdTEGRe®INYS9

sust ai ned rel ease of substances, fl gg;e_scence i magi ng and pH sensing. 20. A
textile material conprising intrinsically colored, |lumnescent silk fibroin
obt ai nabl e by the nethod of any one of clains 1 to 15. 21. The textile

mat erial of claim20, wherein the material is a thread, a yarn or a fabric.

13. The method of claim 12, wherein the degumming is carried out in solutions with pH

between 6.5 and 10.

i
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, luminescent silk fibroin of claim 16 to produce

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 application 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.



