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Studies on the Degradation of Fibroin with the Oxidizing Agents
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part of lattice, amorphous
G=glycine, X=alanine or serine, or perhaps even glycine,
T=tyrosine, L=1ysine, A=arginine
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C\~%. T peptide Hi1¢> alanine & jf#ff alanine & OFNLT A g r 4y HO alanine BicEFELWC
» & ELH L, alanine 133 XC glycine kAL TWwa & LT —X-A-G-A-G-X~-G— 15 % He/INEH
Bfr R LTz, X Bic tripeptide T 5 glycyl-alanyl-glycine R LROBRIZHL T\ 5.

G=glycine, A=alanine, S--serine, X=amino A. except glycine, alanine and serine
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RESRER G L7 4 7 = 4 vEllED tyrosine & » 35kE & © BIRE ]~ (Tho BAT LR
[LHEDYEST L i tyrosine (TRA L, Fh & FATHRCHHMEOE b IR S N b 2 & HRD T 5.
7 oiEEERT tyrosine OEFIC X 3P L AR L T35, LOZ WRTR OFRIED & 1IFE B
(36 % ULE) DWEMALKERR LS ist 4 % BEED tyrosine DHIEHRD, ZDEHDHHR
WO OFREYSHEL T 5.

Alexander & Gough®®ic X fUT¥Er 5 F v fio tyrosine ZEFIIERICANCH T 5 HaiPhOZERA
5 2D group K4 HR, 74 7 =AY HO tyrosine FAIEALANY LS L CEETI LN
T, Ui LISl « o pHHIC s\ 2R k0 tyrosine %iER Lic DA TH D 0B OE
HWREERY FF VBT 5. CADWALLADER & SMITH! (3.7 4 7" v 4 v % T8 & O A CHifERk,
WIS 5 & OCSRAMRRSHILIL A 1T\, T D4 O7EF I XU cupriethylene diamine ¥
~DOUFREEN A B L, LR RC XD COIANEIMLT 2 B2 AR LI HE L TV 2.
FRALT 4 7 8 A VTN TG OSHBIIL 24 T2 T\, ELE MR OB L OB
CI DRI T WD T S/ BRE O MRS & % B & & CRAAMURER 28 L\ ARaic & 5
cross-linkage JERICE < DO LB LTS, L L ORBBIISEERIRIL AR ET T T
4 v ST OBRLEEY 7 3 VRSN DEHEL TR D AR AR A Bl LT\ s\, F 7o EARLAND &
STELLEEB LR e 7 4 7 7 4 ¥ YA OREED LI 2REL X 5 LB 2, YR SRR,
<y FYFEINE, BRI LOWRETT 4 T e 4 v rR{bLice AHiEEER LA & OB I v
L OIEEDE . T, EALD > v A —BRRSBERICAARRC I8 5 & & wRBTc. JED TR S
S U O LHEDARENC X % RIAMHLR L IR ORBERIE 24T 2T e T &R\ € OFE AL DAE
23 B I C—BAC AR LT\ B BRI BREE L T\ 2 L3R RTW 5. Filiin & U CIEBR AL X D 7 4
T a4y SR 5 & L AERD B, FDERIE tyrosine IO~ v ¥ v T s LD 5\
FEHIC X BEA ) EHEEL TS,

LT A T r 4 Y OFERERT S B 6 HEs XU EUEEE 6 MR e REL MWy Y
EehIEC X B R LREE O RS A P Lict® T O 7 4 7 r 4 v OIS BRILD BRI T 2 J R
B DR L HE 25 B R U BB LA FC £ 2 7s R RIA B OVE I B 2 BB DT, T DR
AT\ D ERR S X OSSO peptide fraction A Mk L7 T o HIC HIAUEREL OG> peptide
DAAER T, UL SANGERD™™ 73 insulin OFRIKIC L b 47 Reld: peptide & IXFRBEDOEINT 5
Beymai e S Fie b, FHEGKENC amide 4k UCIE T 2 ERESIC L 2 C L@ L. X 5
(o Tisic —COOH #4753 % peptide DAEBIAHLVRERLTHD, £ OMEIROME DT
7o L RHERL R “oxalyl peptide” & fygs L7c.®

COOH-CH-NH-CO-CH-NH:-:+++++: CH-NH-CO-COOH (oxalyl peptide)
3 3 3

M 3 e ERALHEE D ERIL 7 4 T e A v ASFEE O G IC R LHLVWEX T ERRT 5 5D
G 2. DLlodn L MAELENC X 5 7 4 7w 4 v OFAEBFFIIRD THT AR b D32\,

SITcH & SMITH® (1.7 4 7 7 4 v iekh$ 2 @HR s X OBE ks O 1EM 2 8% L ORI GE O
H SR LT, S b OEMEAIC X B HEREE 7 A4 7 m 4 ¥ @ cupri-ethylene diamine KD
HEEE 3 L OB R HIEL T\ 5. IBEHERRLO b ORI KERR(ED b DICtEL, —5E
DFERRIINC S5 2 ERIBER YT 2 & &0 7 4 7 = 4 v ERICH U T EERRIL 4
WRECAERR U, MRS 5 O R E  WCRRRINC e LEHE DIEHIE =T 5 LHEL T
3. EEER{LT 4 7 = 4 (% methylene blue FRABIC L AUSEAA KSRRRALD b © & D MR
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DA% <, & HiT methylene blue WKL tyrosine B OE Tk LESBEETH S - &
Tk tyrosine IBIXMILI N TEAMIIC L2755 5 LihT\\ 3. PENB AT T E 1
E7A4 70 A YR ECRNARMEL I b DTh 3. ¥ RAREATLE—EAN ST 4 T a4
Y ISR OWEMRIZ EEIRC L 2 H 0L LTWB3RSF LI Y 5 ICEB I3 & O TR\,
FRALTER O  RIZBILE S HTHAR T LAST BB OMEERIC L b, BEEREEsH
18 < THWMEMEI L E 7o TAMEMII AR E V. Y ORRILES, RERERL 3 WITST B
EOFFRITRIC AT Te B g\, FRIGAIC X 3 BB 2 —F 7 4 7 v 4 v OWERILIE DTk
FRHLZM:A > 3 DOoORE,™ EGERTON %1454 & DBFE ML ST\ 3.

PESPNE T 4 T m 4 v BEIRRH LSO SN LIS ORAETE2E L < LEBEE T 10
AR EAC R I THEI LW ERRNT 3. L IRERE OBHA NI LI BE DD o R
Ik 2 L EREHRINCH UK TEED/IN G 3 2 6, R %32 CREMSE ORI 2 LE 7o’
747 v AYa4TF-D aggregation NIEDOT 3 EHEE L TV 3. AP GBI OBLED T 4
7w A Y OEACTRINAE BT OREMORS, BEOBBIESENTHI TR, ¥ - Tz
Th D RHRORZII TN Tl X 5 1B b s, HRERE OBAIL aggregation 25EIIE F DS
THDBEZL T LA ME T TR ECh b iR OHEE IR D T EE .

HPEL HRBRIC X 2 7 4 7w 4 v OFEYIRME, SRS L, BRE, Y5ERRs X0 ty-
rosine, v F e % 7 3 /EREBRIEIE OE A HKFERE & OGN, tyrosine DER{LIZHE s TIERE S O
RAER S O IR T 0 BEEAYE D CRRIMBE DR FAVE 2 L LT\ 3.

ET AL tyrosine BIXIRA L e Fr %o 7 3 JERRITEIEMT W0 T BRILMR & 2 BE
DIFFED T2 DRI ERREIN D LBNT VB, ERHRENC L 374 T v 4 v OBEBES DL
DEHE U TIEROBFIEH O I131E —3 Lic AL tyrosine BIROBMILIC L 2 LD TE h F0
BFIRICIY tyrosine OIEMILHIENH L E L LR TW3.

RUTHERFORD® (I tyrosine ¢ OH #:¢ methyl {4 ABDERHALDEN & BROCKMAN®? [ acetyl 4t
AT %9 1X formaldehyde MLER 21T GRIEEE AL T\ 5. WAL Z D DHBULIE R Aok
RERTIed O T S BFREE OH 2 HCTb 7y @ T % O I e SERITOL#MMNE 2 & UTHE
ZEHERE OWFET & FERICAT D T U 5 .5966)67)68)

DA tyrosine & A ILONC RS tyrosine & Ehrlich R & o RBic ik 491 7 HEIEER 2385
FHEOD tyrosine—indol {LAM—FH M E ORRBEMNIE 2 BN E LT3, W tryptophan (34K
RTH tyrosine W U DY EHE T 5 2 L 2 Ehrlich FSHEME *EHRT 2 - L 230
DG DOFNY tryptophan Th 3 LHEFL TV 3.

EDIR 74 T vy DOESHKG T XD 48 L7 peptide R43DIGHES%# 4T\~ tyrosine %
BT TR EBEOERITI i o & wfd, ¥ Z KT tryptophan T h B FETT
tyrosine & FeM: T I JERETTEEILME T S U BRORIET L B DL HEEL TV 3.

JEALHREC DWW TR KIR 7 2 VB OEME R, JEEs L O OB LDE B, HEED &
XN IEIZ X B peptide #54 OYIBFHTIES oW L RN T 3.7 MITCHELL & RIDEAL'D™2CARPENTER
® OICHGHT X % peptide #EABHEL ORI 250 mu DUTF O EDBEMGIOBE TH D, KB
(280mu L E) OHBAIZLTRVERBRL TV 3. X LICHERM/KSMERT X 25555 R
FICHEN KA T 2 O Tl 34X =12 & 0 /KBRS GBI U s B — VRS R — JERS sk ~
DEAIGFES L E2 T\ 5.

PUE#R U7 BFEe 288 T 5 L RGO TIE 7 4 7 1 4 v OSTHIEE, SREEOBbi bl
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AR 03 B 0%, BRALEIC X 2 BAERT D\ UL RBE ORI LS B\ XHEREE ORRILERFIC D & So7e
BRSPS & 0 BB ST\ 2 DA TR OBMINER T2 2 L HBRR V. e AT <,
74 7w 4 v HkiE ORI LR X ORI RATE s b OSSR L, I HIThbO
BTS2 (1% & OBEEEM A &0 THFL L33 & A E R B Te . FE0 THEHFIEN &5 TelilR
7 AT e Ay ORREENC X % BRERTI 21T 27,

BRLAIETE & LT RIS B R L RO 3 O L3 b 5 DAL £ 0 i X DERIT AR
Wied D r Ui~y # v BRI L REESERE 7 v > 7 A% X OSBRI kR 23 E Ui, BR(ta T
B 3 BRI O LA & Bre v SR, B4 A Y OB, E ROt LRI LT
LR 2R BN REI RT3 L5 BAF 3 h 3B, 2hb oA X b B
%ﬁoﬁté74fn4vﬁﬁﬁb,%@ﬁv@Mmﬁwﬁﬁi,ﬁ*«@%m%ﬁ@ﬁ%wﬁ®ﬂi
Bk, % LORILT A 7 v 4 VORI, i, mEREML, “5E07 3 JBRER, T KRR,
ERIE, TEEHER X ORRRE OHE, WER TS VI X BRSSO BB R
Wiafiote. SLIMIbT A 7 v 4 v IEKEOWEE, JelEL BLkE, TR ~<7 + A5 OWRBARRE
TOZE D b OREEE LA B L.

HR L7z SiTes™ O@Eh: 7 = + DM ASRIS KRB 8 ThhTwicy.  Thid Ea-
RLAND*? 2 CADWALLADER!® & D X 5 B LHVILEIC X 3 7 4 7 v 4 v OBEFIN OB LIRS TE
B2 Th 5. Lo s ICERTR IR ART 5 L ERICREZ LA & CRMSHT 2 BIR & A
H USRI O TTRETS = & 3l te. HFETOfe 74 7 v 4 v ORMUEERTHK 3 2 —it otk
L BT AT X B BAREIBIZE L PSR T T a0 T S T B D 43 DI 4 OfERUIERIb
HRECH LML E 52 5d0DLEX5.

H2E 74704 VKBROBTHEMEICL DR

=S, BT E 137 B OSER w T« ORI 3 B & SAE LB < v A Y BRINEK T
AR AR N b PSR R F s & S LT RSB O R & B, ARBEEL KRRY
=R B ERE X DM SR SRIA IS LR Tw B T OBEITEE UGBS L ik
b~ v H Y Th b EELLRTWS.™ FERDOERRABIFIL TR CEEKET Ishbb 7 4 7w 4 v il
ZEELE Uiz d O Th 3 O CRILE G & —1fThe 210, EHIITHE~ v 7 v BRINE ORI X
BERESEA AV LERE L OHEERY R 5 12D IIRE T ORIEZIT 27,

BIE B HVEMBEREREMEOZ7A4 704 I KEBRDOHERK

R FOEKRED 18 % M T B < Ve VAR, 3% THMTERERY —F X0 S0/0
TR B B B TS B AH L 3R L, T OBEK, HKTRAVBRERREZL T4 7
m 4 v EkMEA 45 7. COoLEMAN & Howrtt D3N X b Aflk#E% Cupri-ethylene diamine (12 :
16) (LLF Cu-En & B53) AR BEEE 10 % /s 5 X 5 S HIERT 3 oML fs T e
1.25N-CH3;COOH G IEFEIC HFI LR\ CHEKENT S L OFRIBABINT 2 1T\ 74 7= 4 ¥ KR & T
%. 7ot Cu—En (12 :16) 1Z7/kER{tEE 4R 12 g+ ethylene diamine 16 g /KT L 100cc & L
BEYERDLT.

NI LTEE 74T e 4 VvKAKRDEFIRIE 1% Th3. BUX 0.1 N-KMnO, sk
X0t BB ED 74 7w 4 v IKBKIEF LT 5 2 LR bR,

FAbF R PMCEHWBE 74 7T e 4 vKBKD 1% X 0 EBEEoOREC BT VELTAT
w4 vk e 77 B AN E £ 5 UBEMIC X 2R T,



W74 704y ORMMFK X 3 BB d sHWE 7

TIEYTAR L ANKEMEIL e 7y VEEREBECHSBEIC X B 74 T e 4 VERENRED
WM T, 74 7 m 4 v KR DEBEFRIET BRICE PHOENIX DIFFERENTIAL REFRACTOMETER™ % F
WRHTEREGIER (dn/de) 1% 0.1799(C=g/mle LT) #EHR L. 4 DEREFOKEHK 10cc 1z 0.1
N-KMnO; Z¥i, firdudBEbCll~y 7y BB 2B UE 1 R0 2.5 % Bisaiiiedt
TEOKTREINL IIBBETCIXIME LT, BRI T 3% BENRERAOL S CEbIE.

Table 1. The stability of the fibroin aqueous solution at the dropping of 0.1 N-KMnO,

Conen. of fibroin (%) | 16 1.8 22 2.5 33

Gelation ‘ — — — — +

Several drops of 0.1 N-KMnO; were added to 10 cc. of each sample solution drop by drop.

F 708 2 % PR 60 cc Wil 2 I TIUE 30ce MMz TH A TRHRAKEDOEFTHE. L)
LTe IS DFIRE DD 2 i Te iR ¥ X D b Bl E 2R D BEME O AT 8o b b, 74 7
v A4 YOTRER 7 2 /RO BT tyrosine ZRILANE SRR LI R TH 5 O TR0 tyrosine s X
O FBRICETLMEZE % 3> phenol, glucose, rhamnose 7KVAHK D ~ > " > FRINEFGAIRE O Mk 2 57X
7z. 0.02 M-tyrosine ¥ X ¢ phenol 7ki&# 5 ce, 1 % glucose 13 L ¢F rhamnose 5 cc = 0.1 N-KMnO,
1hE dee T TLhEEM L. &5 fibroin, albumin, polypeptone, gelatin, JAMEHE D F N F
1% KB 5ce W ARRTEN L Tk 2~ 7. tyrosine %5 X ¢O° phenol skiAH T REICE
<YV ERIMB AL, M1 v OBEIITHA LE 2RO LRBH CEBORELET .

glucose, thamnose % VW FEFFHNIEV DL CREIFEDO MK 2573, fibroin, albumin s X % polypep-
tone JK¥EH L tyrosine JXIEHE LR U S EHIC Mn" 1 v O E AL ¢ CEBEOHIE LT
A% gelatin 35 X OVAMEIRM KIAHE Clk MoV o v OWERHEFFIIEIRTH 2. EHOBAIT L QT
BThz. LrLANDEBBABKERZDORTHRIEXET IR\ .

Table 2. The quality changes of organic low and high molecules aqueous

(A) solutions by the dropping of 0.1 N-KMnO,

Sample solution ‘ Tyrosine Phenol Glucose Rhamnose
Quality tranSpar%x;t.sglrlété?lg{i grllack-brown same the left same the left same the left
(B)

Sample solution l Fibroin Albumin Polypeptone Gelatin Soluble starch
Quality ‘ S otl’llxa{(i:(l)(x-l]?;(())wgpt. same the left same the left same the left same the left
dQegi],itgt alf('gf:é 10 ‘ gelation invariable invariable invariable invariable

Disappearance velocity of pinkish MnVII jon when 0.1 N-KMnO, was dropped onto the sample
solution was the following series ;
fibroin, albumin, polypeptone » gelatin>>soluble starch.
5cc. of 19 solution except for Sce. of 0.02M tyrosine and phenol were taken as sample solu-
tion, and then 1 to 4 cc. of 0.1 N-KMnO,; were dropped onto them.

IS DBILINI-BEOBESTBK L e 77 YEWRANKE KL L TBHITLTHHE~D
HEME OB ETED . FETCEILEN . MV (384T complex R L T\ 3 Z L 235HHE
I3, 747 r 4y KBRIEEREE ST 0BT/ b T 2 nE2ROMB~Y VR
MERILT A 7T e 4 v bECDOER Y & 5. MORILESFBRREIESZETHE. COBRFL>
AT e A VAT E~ Y H VBB O BERC X b SFREMELAC BHZL L T polypeptone ff &
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7t ) Mn-complex %L T3 DTCILi\ o & &ned 5. REMTIZ 47w 4v% Cu-FEn &
VBB RIS 238 O BRI Z T LT3 74 7 r 4 v AKBIRIEEEPE L2 eied L7 AN ED
FAAblion o L ERTBDH TN 5.

W~ > # IR & BRI 2 543 e b bRMLEEN LT T 2 B4 MO, BRO LR
MERT BN MR 2 (A) Ok Y b 7 4 7= 4 v @ tyrosine 2o phenol HEIZIC X b 4k

B T3 B\ R OFRAL AR & U 7SR B G O 7o I i 3 % 48 R peptide 25 OFRILIT X
BLEZDNS.

2% Mn-fibroin complex ;&% DHEE

B © Mn-fibroin complex DR EZTERL e D TRRALEEDOF7: 3 complex I D X SELEEL#:
N ¥ SIS TR ERIIE L. 7A T e A Y KIBRICTE 2 DR OB~ v 7 v IR E R AL
Mn-fibroin complex A& ZEE L 7oL O I WEFOFEHY 22312 L T tyrosine 2RIENVEFET 3
W=y F v ERIERERSEL L oHRCHNEXR S L. L13% 74 7w 4 vKEBHK 60cc %
kL Lic. 747 w4y tyrosine G 11 % & FHUIIAH B @ tyrosine & L-CTOHEL 115
mg Gl %. 0.02M tyrosine V5% 5cciXiEiiLC 0.1 N-KMnO, 25 cc #5155 O T sk
kL Tty 160 ce #3033, Lo 2 ICFEHIHE 25cc Of, @0 10 JhE 12 cc @ik Mn'!
A v OWHEHEEENRFH Ch D phenol FLFRILDTH-—BFE D RHICIX 160 ccx1/2=80 cc FREEA B3
BLEEING. 7ol BHNC X 0K OEEIE AR b o b LIRS T Ut o TR E 235
QI D HFHLEREE OHIE S RAIHE & 72 5 O TR EL 0.1 N-KMnO, 10, 20, 30 cc ¥ X 0% 0.4N-KMnO,
20cc ¥ L7-. 4 complex A% 0.1 Mcarbonate buffer (pH=10, »=0.22) %4 ks 1L v 7> v
A EF L C 3AEEN YR T 5 M-urea per liter-0.1 M-carbonate buffer (pH=10, £1=0.22) %4}
WL 3BME@EITLIc. Z D% Spinco Model-E @m0 i a By 15220 r.p.m. 60 55% B2 UEREE
#BEBHIC No. 4 fifF7 4 v — & icml GRHEZMEEZ &1 5 72) SLHEHELH v v I JE LA L.
ZyTF-EollsE iy Brice Phoenix Light Scattering Photometer & Differential Refractometer 2 F\~
7280 PRI 375 L T B Foed scattering ratio 12383 2 #IE &4 T2 7 R B Ok b F 3 X OV IE
1FERIL. BRICE B DOHED 2R L1c. 4 complex JEiE D dn/de (I ARIHT b 5 7 b EERIIERIET
b7l B o

HIEF O—E# 10ce~15cc Zer 77 ¥ T ANZERKEINEE U TR ICHFEL 38
EXHMEEESL GE 40BN T 5. Z O X D IIRER IOERE I SEALET IR A &
R Lo, T OBNRN & 7 7 AT NS LS E G 7> 7 — 7 — B CHh LR
Lo, Wi o3 2 g ind e Differential Refractometer Gxked & D & JEEM HYK
FW X b dnfde HEH LI

n-n,/dn/dc=C
n; RO RITR, no; WO T, dn/de; RITREGIR, C; BE (%
4. complex YR dnjdc (T 3FDOBEH Th B.
SFRETHIIREIT X o,

HC _ 1 o 32 7ne

7R
M; 5Fi%, nn; FIECOED, 2; BFEEE, N; Avogadro 3,
n; AHR, C; B (g/ml) «; HY e (turbidity)
BRIV D\ T« ORI COERSREE 2 W LA D e HC/r fERRECH LT vy

n—no
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Table 3. Refractive index increment of Mn-fibroin complex solution

Complex soln. 1 A ' B f C I D )[ E

i

dn/de | oam o174 | omos | o068 L oun2

A : untreated fibroin.

Preparation of complex solution ; 10, 20 and 30 cc. of 0.1 N-KMnO, were respectively added to
each 60cc. of 1.73 9 fibroin aq. solution (sign; B, C and D), 20cc. of 0.4 N-KMnO, added to
same fibroin aq. solution (E). Each solution was dialyzed against 5 M-Urea per liter of 0.1 M.
carbonate buffer (pH; 10, #; 0.22), centrifuged 15220 r.p.m. for 60 mins and dn/de was measured.

P51 Rk X OV 2 R hn & el ki 25
wHrB. RE D (HC/[7) om0 fE % RO T

CHHT 3 L AROMEFBREIMEORS.

U7 1 7w A v O FHsT-RIT 41 %104

Th B DI L 0.1 N-KMnO, % 10 cc L

T

TERALL 72 % D1 17X 108 & 7o b BEEORRILT 20

ZELVHERERT. T RO o8 %
BHDRAEOEMICH S ST ROBMERAD

S\ ZDZ &I tyrosine B OER LIC IS 3

Mn-fibroin complex JE % k3 3. AL595059

NET AT e Ay ORT- RIS X b 5 wo N . A i
6T 2 2 & 2B DGF D&~ 2 A C($/mD)x10°

LCTw3. ThRRIEZ7A 7w it pH= Fig. 1. The relation between light scattering
90~1L0 T2 255 otk LTHERL Smol ety and soncenttion o i
urea per liter 0.1 mol carbonate (pH=10) < carbonate buffer (pH—=10.0 #=0.22)

Table 4. Average molecular weight of Mn-fibroin complex determined by light scattering

Sample | Solvent CHe/e)emor 10-7 ’ M.W.
Fibroin (A) [ 5 M. urea/l-carbonate 242 41 10¢
Mn-fibroin complex-B ‘X ” ” 59 170 104

” ” C ‘ ” ” 5.0 200:< 104
” ” D | ” ” 4.8 210X 104
” ” E " ” ” 4.0 250x 10*

Complex represented by each sign is same as Table 3.

RBALSF (MW.=12X10* % 2% 13x1049) L7 3. e TSI TRIAIEICIITNT o 0%
xRV, TOREAMA F >~ BRI B CORERE bR/ EIT 6X108 IKITEX R
IONEFOHATIRNGTFRBIMEL HIY & B TBUC X 2 5 F B HANCTIN 2 0 t3E% % 7o
W TER T A T e Ay OFRBER X ORI L D SFRIIECUEREEA A B 08 A
EEERAS TR ERE SN TRELSTFRIREL 3T EoTEIEY 4 71 4 v ORTF-BN
RE LSBTV 2 DIXAMST O~ MANEAFEE I N TW B L B h 3.

&8 L BHE & D complex & DWW TIXTE « DH-EMNLD 578 Cull 2 Fe''! o in LB TLER O
WEBIIERESF PO SHELFRLL, complex 253 2[RI 15 .96 E —HEE complex i
3& < DB A A v 1o ligand group & §54T % complex & 2% 3\ 3D ligand group




10 H

ic
ot
=

50 1 é 1 140
C(Fmi)x103
-___0___0____-—-0/’0’ C
5
0 5 70 15 20 '

C(¥mi)x103

15

o

5
({Gini)x0®

Fig. 2. The relation between light scattering intensity and concentration of Mn-fibroin
complex in 5M urea per liter 0.1 M carbonate buffer (pH=10.0 #=0.22)

Preparation of each complex solution was mentioned in the marginal notes of Table 3

r #4542 chelating complex * 73% 5. £ O

W) o ™ HABRRE IXo®mY th 5.9
S Mo N PEIT BRIV T O [ N .
A-M A-M-A l'\ 0°C com#4E albumin & Zn & © complex (X
AM A-M-A AM @ mek b Znix SHE: KET 5.2 HuHEs
AM A-M-A A 3 2 45F-o 1 dE albumin & Hg 1 570 dimer

= ZHHELI=ELY D 1{HO SH L% $ -2 albumin

Fis. . Diagam dhowing poslacd 9758 o4 4 ercapt altumin & 54615 =

A ; Individual group in the protein molecule o Hg— 1fi#f albumin o dimer (3 (ID) B g L

M; Metal i plasma Hi o> (Fe'™)y—transferrin ix ([11)

S B 5 5% (II) 20 chelating complex DFA LRI ANTERICEDIZZIRTE aggregation %

BT 5 38 ¥ SBAVIET 3 L ABEST L BRH L OBAVELTIL VX5 e k6 OGE

L& LTHICEDS { 4Ex Hg, Cu, Ag, Ni,Co,Mn 3% 5.9 7 1 7' r 4 ¥ /KENKICHE I < >~ »

v BRI A L C 2 B3 Mnfibroin complex [X4EULERY 4 T m [ Y I HL TR OFEL

WSk AR O TR B e (1) B chelating complex Tk b L2 & 45T & OBARMIN X D =G

aggregation %LU T\ 3 Z L w5® 5. HEEH O complex FEMNTIIIINA~ 7 A HIE,™™

PH 5% f SRS 2 S T B s AR K duE (ID 2 chelating complex D2z
BEREFRNCIIIEHELEEA R D THFIR 2 L 25FRD LT,
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(1) BILMIEa 432 tyrosine, phenol, glucose, thamnose %5 f#{4>F+ fibroin, albumin,
polypeptone, gelatin s X O AIVAMEBM S OB FKIBRIC R ~ v 7 BRI 2800 L < Mok 2
#~7c. tyrosine ¥s L0 phenol IXREICHRIL I LEE L 7e b BAEEEE (MnOy) A&k 3.
glucose ¥s L ¥ rhamnose % _F38 73 Mo LR LERBEIT IR A RIRE DO Mk 255
fibroin, albumin 3 X ¢° polypeptone K¥S¥i% tyrosine sK¥AHe & RS RBICEAL I 3 23 i %
EERAET 4 i~ > v IR FAREIARICZE 5. tyrosine %4y E 7o\~ gelatin 35 X OV ETYAMIBMKTA
WL ERAGHRBE D E S D X CHIK EEAIRIKIC L 5. 2 b OB 2172 T b AN~ D e
DI TRDTIENN. PLED Z L7085 tyrosine 3B A s & 3% Mn-fibroin complex o 4k gk % fi&
Pl EBEFMET R DB 74 7 v 4 v 3F$HBHEL L T polypeptone £ 7 » Mn~complex
TBRL T2 DO TIks\ o L MEETE .

(2) 747 m A VKEBICHE 2 O RO FEE~ v 7 BRI 2w L #EE © 87c 5 Mn-
fibroin complex WM 2R LIc. HHELE TR ORI OFHST-BAHE Uiz & & A mLs ~
AT oAV THLZELLLGTFERMERL TS, DEOZEhb 747 0 4 vKAKIB~ Y ¥ VR
TR X b, tyrosine ZEJEAIL AL L Mn"V 24UGHUMAL 33 chelating complex #2323
=L wERD T

HRIT WA 704 UHiEOB~ Y HUBMERRIC & DEME

B 74704 080 B=  HVEMBEBES L UEETL

14 denier D4R A MRLZT 400 E5E TR Y 1 HOSRMENE L T 5. Fha bk s
U 60 fEDKEHNTH—~ b 7 =7 HT LEE 2 MR L 0% 0.5% NaxCOs 40C G
M, SHOEERSRELTRIET 2. 27147 e 4y OFBILTAMCE Y RETHS. o074
7 e A vHGR (550mgHifk) % S0cc OKICHESED L MTFHETHEL QAR ERNTR D) —
FEEE LT 0.1N-KMnO; 40 cc HUTIYA LHIEMALT 3. AERMGRBEDC Y S A7 4L 5 —
(No. 3) TR, —E&DK S0cc THMET 5. ¥k, Wikx b 20% HS0, 30cc #hn% 70
'C itk 0.1 N-(COOH): Tidfiith L & Hic 0.1 N-KMnO, TififiiE L OB A~k 3. i
LN 7 47 84 VHHEITGR OB 2R E LRI L D 3BT 2. 74704y lgmy
h D 0.1N-KMnO, {4 &4 L7 =y P32 LB 4ROMEWBEMBA 155, L
D ¥ & 2 B XTHE RUL SRS £ < 1o 3 03sRERRSEIC X 2R 5.

CDZ X747 mAYaT-hOLRR{GHED tyrosine 2360 phenol 4423 HiKHVR BT 73D &g
MR END Z L HRET 5.

FRAGRTER DRRME D Mk & D20 b B ERIR 2R T £ O FiIRE I X 226 Kantius
SRDmE a3 5. Mo B 3 < MRt L BRI IENUHEZ RT3, 247 aq
VREHEDR ~ > Y BRINEERAGIC X 2R EALIIAEE, MnO: i X 2 40 & XT3 53708 2 Zooks
R DEMIRIE TS ligand group & Mn & DFSAMHETE S5 O C FRbMHE 2 BMSE C L b
Z5H MnO: O¥pRUTEXRD IO, FLHEBIIBILIN: Mn EiCHET 2 L2212 bR 3D
KMnO/H#EREL W BILI N/ Mo & (mg/g-7 4 7 v 4 v) M UEROREIE (mg/g-7 4
TeAY) LHET L OERENCEL . FEOTHBLBILIN Mn B0 RDIZ L = AL
FRALRSE O d DX T T, ZE—EH T b b PEs 1.69 2R L. FORMayE SRR
T3, ORI Mn JF-F23800 Gk chelating complex JZRICEES LT 2 & 2573,
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Fig. 4. Variation of 0.1 N-KMnO, consumption Fig. 5. The relation between weight increment
by fibroin with the oxidized time of fibroin and time in 0.1 N-KMnO;,
oxidation

Table 5. Reduced Mn values and weight increment values of fibroin in 0.1 N-KMnO, oxidation

S1 . KMnO; consumption Reduced Mn { Weight increment I Weight increment
Oi(i time (min) (mg/g. fibroin) (nfg/g. fibroin) ‘ (mg/g. fibroin) i Reduced ‘Mn
10 121.94 ; 42.39 69.4 1.64
20 153.32 ; 53.29 88.5 1.66
30 188.34 65.47 111.2 1.70
40 3 209.74 72.91 126.5 1.73
50 218.40 75.92 128.9 1.70
60 ! 220.00 76.47 129.4 | 1.69
Average
1.69

3§ complex JARICI% Fe X mono oxide D CEEL L T 3, Mn i} oxide HUCIZES L Lis\~. Fl
2 & Mn—oxide » Mn ¥ ® k%% H LT & MnOz/Mn=1.58, Mn;0s/Mn=2.87, Mn;Os/Mn=4.17&
W ERRL, - O D oxide T ST 3 & LIXAEML LA S hp. Green et al® (X
alanine @ Crl!' complex (A WX D% 4 DTl 5 & L wFEMI L T\ 5. peptide complex DL

( 0 ) >
l Cc—0 OH:
B ol G
* N PNHs b= Min=-0— c
. H, / \ | 3
O OH TTNH

11 peptide 54 C-O DS D O H3EEm~ DEAL

RN D © & OB A ORI peptidefii & D

ES VI BB TI/JETHLAZ ERHDNTY Fig. 6. Diagram postulated as to Mn-fibroin
ZIOFREAIC X B 7 A 7 r A v ORRALDHAICIE chelating complex

Sitch™ 35 T 0\ZEE OPFL, (35 7 355 6 G2 R) 5 tyrosine #5350 phenol #4PHZ4C X 52 —-COOH 2
OB LRSS S, 2 ORI A 2R L Mn ORI 6 i T& % O T Mn-fibroin
chelating complex 12 6 [ DAn& a4 5E L.
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I X5 FesETIE Mn OETFAEE 4 Ch h Rt OB EALL AT S, L BRSO
Mzt cross-linkage 1 X % % ® & LC HO-Mn-OH/Mn O ke 5L 3% & 1.62 &7e hRTELOMHE
Bl 1.69 2 13213 —F T 5. FED THRALIIHE OHEALILEE 6 M O4nE Mn—complex £RICE 2 H D&
e TX %, ML X b ERSh 3 -COOH # & BILI N7z Mn & ORJICA A v fGavE ) ~OH 2k
B L D RSB b O LHEETE 5. XIS Mn & peptide 54 O NIHTF& 5 ik A fUIHF
DONJET L ORICHEE AR B A 5. 74 7 r A vElllfiai~ v 7 v BInERR CRbT 5 S
%m%m%%&mcMMh@i&%%@%ﬁchu%zﬁﬁlﬁﬁm&tm<pmmﬂ&%%mw
Fo R BT ORILC L B b D LHEETE S, v r — 0K bERLC X D -COOH ikt
M TAsZ L iﬁ%”é\bb BT 510010 i 55109 (3 thisf < v o v IR R A B fER S5 & b A
50> MnOg 32 U B AR bl & LCHER Ly &R Cu 2 28HTEE D BkyTA K ORRAL, 7 4
T 4y ORI L OFERRR(EE D Mn-complex JE#h bk O BAREA LD YA & -—#E complex
RS LT IR D,

B2E ERMERS BMRKEICT 3 D IBERMEKSRS L VMERROEH

S 1 ECIB Lt 7 4 7 = A ¥ H5R (600 mg k) % /kiRtk 0.02N, 0.04N, 35 L 0¢ 0.IN-KMn-
O, WA 40 cc HITHF A LB T 20 £ EAk{t X & T Mn-fibroin complex MMtz 490, FDOIX WD
%%ﬁ%l@%@&m%6§@ﬁbf%é.%@W%@Méﬁkb%%ﬁyﬁymﬁmmmﬁm%l
U@@fﬁi:kﬁ@%é.fmb%3%}MhMMm&émm1%mamﬂhﬂ%&ncmmﬁ
%ﬁ@%#ndMé?é.:@%éHﬁwMCI5%@ﬁ%ﬁﬁﬁf&b%@m%ﬁ%%%?éﬁ%
@m;5%QM%%H&<ﬁ%mmbﬁéﬁmmmaﬁﬁbﬂa.MMV@@@M@éhtm%m&
%ﬁﬁ@&%b,:@@%m@&mﬁw%@fﬂﬂbf%%mm<ik%ﬁ%ﬂ@?%%mbkb.

ﬁﬁ@7ﬁfﬂ4yﬁﬁm%ﬁﬁmkhékLMmmmnﬁmK%f<§@%%¢5ﬁ@@@m@

Lt%DMﬁﬁ@*mkhék%%@%%¢é.ﬁofmé&Oﬁﬁ%@m74fw4V@m¢K%
Hé%%@hm”@%%K;%%@ﬁmt<7&/@%%@@&&%KI%%@?&&

ER(LHE A B Uz S5 il 3o L OV Bt~ v v R OMiMEDFR I, il DA 6 I RT.  HBEE
Suter's SERI GRAPH ic X 7=, WAL GGEMMEDR, MEELRciLicbnTds. 3%

Table 6. Tensile strength and elongation of both the oxidized brownish
fibroin fibre and the decolourized (demanganesed) fibre

Brownish fibre
Iég/rllgnof Oxidized time Kh({'r;?;r-%()br:gtilg;ec‘ Colour of fibre |~ Strength | ‘Elongation }
(g/d) (%) ,
01N 20 mins. 42.55 Deep brown | 154 | 45 i
0.04N 20 # 44.68 Brown 258 \ 60 |
0.02N 20 # 49.34 Light brown § 3.04 | 13.5 ‘
Decol. fibre with H:0. | Degree of weakening(%) | Decol. fibre with oxalic A. Degree of weakening (%)
Szf/ndg)th ElOF%a)t on Strength Elongation SE?;‘f;h Elo?/é;éa)tion Strength ) Elongation
0.83 0 46.1 1000 | 140 | 32 | 91 28.9
1.61 0 36.9 100.0 2.45 ‘1 7.0 3.9 (—)16.7
2.23 7.3 26.6 459 | 3.03 4 13.5 0.3 0

Brownish fibre was decolourized by soaking with 3 % HyO: or 1% oxalic A.
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HeO: 12 X 2 A HREREC S 5FE L VIR, MO L X123

74T m A VRS X5 e85 HeOe KIS P 1 B HEERE L Th 4 b L\ DGkt
<Y WY DHENMBEIRE R L b DTH S, T, BERC X B itk o b3 1 <R
Vo SREAEL TW B D1k Mo I X AR AP RE I NI L b, SIS ¢
X 2% (COOH): T 1~2'C G 30 40MLE U 7c s 4B 5 X O N T LR 17 Hh — R4 25 ¢ 3 1577
HY, TOWMHIRANPWEA LT3 BB TWB. Lo L EEROBEMENC X 3 ik
FAKEL TN B DO TCHERBREKROERC L 20 G2 EL bR 3.

Table 7. Weight change of the decolourized fibroin fibre after oxidation against the untreated fibre

Oxidized time (min) 10 20 30 40 50 60
Weight change (%) —1.3 —22 —1.6 —25 —24 —2.0

Oxidant ; 0.1 N-KMnOy. After-treatment; decolourized with 195 oxalic A.

WEIC 0.IN-KMnO; © 1043752 60 SR L T 1% (COOH): # fi\~Tlhi~ v # v Lokl
DEEZCAHE L 2 A B TROMIZ LA EZGIEE D bR GRS /s b HBIRbLT
X747 r Ay FIARHT IBOEEEIMTIES I L 2R LT\ 5.

BI3E EMMEBREMEDR NG L UdE

RRAERER 14 X OB R BIE T 2 BACIXEME X 087 74 7 v 4 v 8k 3 LR o 658 LT
ABELETHD, TRTERLFERLCLOREEL LT3, 20 MIMTAIEC KT FETS
%. O.IN-KMnO, CHARHHEEMIGLIc 7 4 7 = 4 vliflx 1% (COOH); Cifs LKEEER L
THRTY, MEELRIE L. £ ORRELH 8 FICRT. MM LOMEOTINIZ L <, ¥
10 S DFALCIRILEEER F1E 3.48 g/d »% 1.40g/d ~ L (KT L# 60 % ORftEA R L CTis b, fib
BEIMBILELO S O DK 22 % X D 45 % ~ LB LK 80 % OWALRARLTWS. L L 20448
FRAGELER D b O TIRIFRIREE & & bICKRIS A LRI A 7R E. G o B LC IR b O S84 B0
B LBROERE AT OBSIREEDBINC X 3 2= L 2 HE X g 2.

Table 8. Tensile strength and elongation of the oxidized fibroin fibre

OXi%i’fflf’? )time Strength (g/d) Elongation (%) Degree of weakening (%).
: Strength ! Elongation

0 3.48 | 22,0 0 0
10 1.40 4.5 59.8 79.5
20 1.32 4.2 62.1 80.9
30 1.09 33 68.7 85.0
40 0.97 2.8 72.1 87.3
50 0.76 2.7 78.2 87.7
60 0.75 2.5 78.4 88.6

Fibroin fibre was oxidized by 0.1 N-KMnO, and demanganesed with 195 oxalic A., and then
strength and elongation were measured by Suter’s SERI GRAPH at R. H. 75 %.

BAE LB|XR, FOLUHELIVE FOFIT I JBSBOTIE

W > 7y MBI R, SRR CBE LARE L 7 4 7 n 4 v iDL T A%, tyrosi-
ne, serine Is X ¢ threonine 45 4 skab7-. 7r B, ZDH4 0.1 N-KMnO, B bstEHTE 3 TR~
h%ﬁxi@@ﬁwt&@%@%%m,MHNKMML@wﬁﬂm$m3dmmr@é%@%%@b
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dDLDERLI. BRI D7 4 78 4 VERNIET-A %3 X OGRS RCEE R &\ e
WM & DAICHAR L O BRMEEEEL ORI TH B, AWM T A T e 4 v R L LAt 1am
WKBRMTPHCIEL THD —&HiE (4gm) L LT 0.01 N-KMnO; 200 cc HucHs AFR(L L 7-.
WREBIT S — Y — BRI X O,
tyrosine 5 5! Block & Bolling i & 2 Millon-Lugg o [ 7199 1. 1 v 7- . serine¥s X (X threonine
DSE RILEF T OIKI % IRFERRMRIGIC X > T35 HCHO 35 X ¢f CHy-CHO # i3y
W& D3Rk B HEEC K07 2 ofRAH 9 L O 10k 5.

Table 9. Total nitrogen content of the oxidized fibroin

Oxidized time (min) } 0 10 30 60 120
Total-N (%) J 189 18.7 18.6 18.8 18.8

Oxidant ; 0.1 N-KMnOy, Sample ; Demanganesed fibroin after oxidation,

Table 10. Tyrosine, serine and threonine contents of the oxidized fibroin
(i) 0.1 N-KMnOgy-oxidation

Oxid. time (min) ‘ 0 10 20 30 40 50 60 90
Tyrosine (%)

11.63 9.16 8.49 8.10 7.82 7.55 7.14 6.80

[
|
Degree of diminishing (95) J‘ 0 2124 2700 30.35 32.76 35.08 38.61 41.53
(ii) 0.01 N-KMnOy oxidation

Oxidized time (min) | 0 10 30 60 120 240
KMnO, consumed

N S | 0 83.38 138.2 162.4 200.8 217.0
Tyrosine (%) 1 10.65 9.56 9.05 8.86 8.41 8.34
Serine (25) \ 12.82 12.11 12.82 12.65 12.82 12.82
Threonine (%) ‘ 1.57 147 147 147 1.60 141

Sample ; Demanganesed fibroin with 19 oxalic A. after oxidation.

tyrosine & HIIMALICHEL WA T 5 23425455, serine 35 X ¢ threonine &-Eici1i3 & A EZE L%
RDTRV. AERERIEALE RO I\ OB RS D 2\ I A D -NH, HAsmbicss L2z
LT B &uRT DT, phenol KBAZNC X 2 IR EEI N B 1D Th 5. EEHONE
CHEL T2l < 7 Y IRINEIC X 2 HUEUBRARIEA M F D CO: 35 X U8 NO: DA R BEILT 4
CO. FEERIL mg B ThH 5 DICH L NO: FERIL r I TH D92 D= 213 ko B
T5HDTH%. serine s L (F threonine &EIC 23 bAi7e s DILER(LANT 74 = —AM: OH 3k b
b phenol {& OH FT accessible Tk 2 & & &45R LT\ 3. tyrosine 2 DR LA 5 Ik
DaPIRTIULER T Mds LU 8 MoIn& i & 70 3. tyrosine 4L 5%) O KRS OB LG Hoetry
L BY L ORDBAIFRIZTSH 5. = OWRSHMMOMIKIZE 1 #io KMnO, 142 5 i (4
XD s JoEmERHL GESRD Lz LT3,

LU tyrosine G RZBILINICHE~ > VY BMBOR (cc/g 74T v 4yv) wxfL 7 ey My
AL 0.1 N-KMnOy s L OF 0.01 N-KMnO, FALD D H45C 455 9 [X 3 1 O 10 [X 040 3 5
BRSO S 2T~ v 7 v BRINEIC X 2 B LAIE O KSIEEE & L C tyrosine #3ic a3 =
EMFmENG. 0.1 N-KMnOy, 10 5ffR{LD 7 4 7 = 4 v @ tyrosine WAOHIL 21.24 9 ¢ 60 43
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Fig. 7. The relation between tyrosine content Fig. 8. The relation between tyrosine content
of fibroin and time in 0.1 N-KMnO, of fibroin and time in 0.01 N-KMnO,
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Fig. 9. The relation betwecen tyrosine content Fig. 10. The relation between tyrosine content

of fibroin and oxidant consumption in of fibroin and oxidant consumption in
0.1 N-KMnQO, oxidation 0.01 N-KMnO, oxidation

REREALD B D TUE 38.61 % ~ &9 2 FAR\RAERIC e B ASEEICRRD b ivic & 5 10 & D84 DRI
[ERIT 59.8 % 238> 184 % ~, (REENEILERIE 79.5 %15 88.6 % ~LHIANL tyrosine & DU HE
Lo FRKkE . Ui LR oRL T tyrosine Ji/ st U CAERIv M O tid D Ic R &
WEEEBELTWA. -2 Do LT Gl HEE T b LEIRILC X % 7 4 7 e A v ORLFHR
RBOENE X VERSENTEHDOTHS.

BSE BE74 704 RROMES S UHTFHL

BT 4 7 v A VICKHT 2RISR L A LI SN TR, it b7 4 77w 4
v OYRIEC O THEBEHIE R T HiEE 2382 L1 SiTcH et al™ & EARLAND et al®” O3
55 DR ThSB. 747w AvEREOEACE LiBr, LISCN, NaBr,'™ Cu-En® %234 % 4% SIGNER
et al™ 37 4 71 4 vit Cu-En BCERESCHICHEELCPE, FIHFEHRBE 7sp/C 2 0.8 JiE
3.0 OSF o HiEEEC polydisperse Tl 57> HFERE FICEMT 2 & LIXTE v L iNTW 5.
EARLAND! |3 90 9% HCOOH icdisk CaCly % 10 % Wi X H TN LICBRET7A T v A4 YD
HYARIE LTHE L, AMBROSE!D (12 7 v AREMRAHER L C\ 5. ZOmMEAX L 747w A
VIEKET B EEERNR AN E STV S, ZOBKET 4 7 v 4 v O Cu-En ~OIWEMRER], &
Heds T OUR BRE % BRI K5 LT EHELER © A TR L TSGR OZA SRR 2 E D T
%. fEOTEEIEAIL LTk Cu-En % Hv7c. 0.1 N-KMnOs T x ORI, Titalic>
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A7 = 4 v iliiiE Cu-En W38 4030 THk S 2 25812 54 3. S > 4 7 m 4 R
1:10 ORHT Cu-En A I A LEHT RT3 IRILAPC S8 eV ISR 83 B 3Bt 7
A7 84 Yikae{fRics. BIt74 7 w1 v% Co-En ik ic B 1 : 20 TRAT 3 LEBDICHEA
TR L ARy SEEDIREE L 7o b 150 DR T4 R OMBA T X e o, MRALKE 2 50 %
DY 05DEDHITEALFEHETSHS.

BERRRE D & D 2R FHECHR S IR A MR 3 & MWK syrup K &7 b F OEB% i T BT 5.
C ORI 255372 30 5 & E. i 110 TR bic BR L 5 PER DBFFLE T ST~ 4
7R Ay EE B DA EBSIC TR L 72 %o 2 WIERIBI & 15 Toivo L3 TChB.
SitcH et al™ 37c ¥ 7o & o @R bk E s X ORFERROIMEBALANL 7 4 7 7 4 v % Cu=En ~
ANBFAE L7\ D T3 3. EARLAND et al¥) W~ v 7Y EEMBERIL Y 4 7w 4 v % CaCl,~HCOOH
BAIE FCELEL 1:200 © 40 SRIHHL L TR L 2355 0 & DBETAEEZREL T W Bi1cd
v, BBRIEERNBRL AL INT BT 4 T e 4y @ FEC DI 3 TR S X ¢ 1.25
N-CH3;COOH G Hfuf%, 7k¥k\~C 5 mol urea per liter 0.1 mol carbonate buffer (PH=10, £=0.22)
THEITLIC. BRI Y 4 T 0 4 v L B0 fih bkEE TR 5. T DB EER N TR
W\UTz. ZhuFiE e UCHE« OB % /ED Ostwald DRHERT 3 F\T 30°C DIEIR K B
TOREEERBIE Ul £ O ABEFC LT ry b THEHERBIE LN 3. BENTC = it
BHREE ¢ (ml/mD) i, WA FRT 5I0IROME BAH bR S,

OB =-S5 (k) = 7,1
[ (EAHRED =lim(10/C) 7/ C; FTCHEHE
v (@%ﬁ%@ﬁ*ﬁ£)=gﬁ(%p/¢)
d,d; B LOWBEOWE, 1,1 Wil X OO TR
C MRREE (8/100ml), ¢ ; AREEREE (ml/ml), =CV/100, V; (mHss
RIS LUK 4 7 = 4 v PR ORBEMB 25 11 X3 T 0088 12 FeRd. 747mqy

D 30°C I B 1T BMEET 0715 TH D 7. BOT
PoLsoN'"D 1365 % Is B D 5T 8 6 L Ok

FERBITE o B A S 1 fe TARR & RIS s & 30 -l
i ST TERE & DRI Hd T BN D TE -
TBHZELHRLTWB. PoLsON 12 X BEEEE L

60 °
EEE O & OBFRIUL v=4.0+0.098(a/b)? §
Ths. a/bi3fTh D a L ER, b 1xEy s 5
FzhHT. : . .
R o 3 s 0 10 15

FUNEBIOFEI2E LD v*&j*&)%@ﬁi M l)x10%
DEIEA T L. B#BILT 4 7 = 1 v OB Fig. 11. The relation between viscosity and

k2 L . i e concentration of untreated fibroin
SPGB £ O AR 11 2 L in 5M urea per liter 0.1 M carbo-
{LANEF R & Mk BRI L BRI L 5ic nate buffer solution (pH=10.0 z=
TR & T B 0.22)

TIHBLRRALDMEITE & I IR /NS { 7g D BT TARE DS HRIR & D BRIk ~ AL LT\~ 3 = &
WARLTN S, MBI T A T e 4 VB OUKBER L ST B bR, IR E¥ & 5F
B DRI 70 JhZE 80 TE < —FT 54 PoLsoN T X 3 & D1k 27 iy 1/3 {EFL
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e ()] N-KMnOy, 10 mins.
ey, ” 20 mins.
——— ), ” 30 mins.
—pml— ” 40 mins.

D @ e ® o 7 ” 60 mins.

P(mYint)x103

Fig. 12. The relation between viscosity and concentration of the oxidized fibroin in
5M urea per 0.1 M carbonate buffer solution (pH=10.0 2=0.22)

Table 11. Volume fraction intrinsic viscosity and axis-ratio of the oxidized fibroin
(in 0.1 N-KMnO, oxidation)

Oxidized time (min) ‘ 0 10 20 30 40 60
limgoo (7sp/8) , 50.5 28.0 26.8 28.3 21.4 19.8
Axis-ratio 2w 15.65 15.25 15.75 13.32 12.70

Demanganesed fibroin after oxidation was dissolved in cupriethylene diamine (12-16) solution,
dialyzed against the water and 5 M-urea per liter 0.1 M carbonate buffer (pH=10.00, #=0.22)
and viscosity was measured.

T B LIRRT B, FEFTE O 2K
BB D% B L T LD MR % 5 7o
AR EVCTWA.
HB6E L7404 BEROKHE
5 M CRRICME R TRILZ A T A Y
Vi A SR UTE 4 OFFIBERC 31T 2 JEHELIR
EEREE L. He/r OfERAFRRECH LY

Axis-ratio

12r
awy FFHIUTEMET A4 T e A YR OEEFL g
AR LRTE S, ThuH 14 KiORT. 0.1 N-KMnO; consumption (cc/g-fibroin)
K& b (He/t)emo KD PR FREEZ FHHL Fig. 13. The relation between the oxidation

degree and axis-ratio of fibroin

FOERE 12FCRT. BEZATrAYD
?%ﬁ%%umﬂ%ﬁm@74fm4viD%ﬁbf%b,a<mﬁ%ﬁ@&®%®@m%®%kﬁ
L, LY 4 7 a4 v Tk 95X 100 D¥EFRAY 0.1 N-KMnO; 10 ARERRAL TG 33.3x 104 & 3
K LT3, FOBRMBLEOHEITE & i TR/ {7, 40 SRR LD d D TCIE 154 %
10t 270 3. L3I S04 60 S3mito b O CIREOHRL TS, MILEY 4 Tr A ¥ TH
Cu-En YA# f-CIAMRERFI % © 0 REA 6 4DL Lt d 2 LMK E 32T 5 DCRILTA T A
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- Above figure ; untreated fibroin

Signs in under figure was as
follows ;

—tb——de. (0.1 N-KMnO, 10 mins.

5 e x —o—e— 7 20 mins.
NM’/ —-Q-—_D_._x—-x— ” 7 30 mins.

X ” ” 40 mins.

—— ” 50 mins.

OO ” 60 mins.

(He/r)x 108
N

A Il 1 " 1

0 1 2 3 4 5 6 7
C(3/mi)x10®

Fig. 14. The relation between light scattering intensity and concentration of untreated and
oxidized fibroins in 5 M urea per liter 0.1 M carbonate buffer (pH=10.0 2=0.22)

Table 12, Average molecular weight of the oxidized fibroin determined by light scattering

Oxidized time (min) | 0 10 20 30 40 50 60
CHe/)o0-10-6 [ 10.5 3.0 4.5 50 6.5 2.8 2.8
M.W (10%) 95 333 22 20.0 15.4 35.7 35.7

Solvent ; 5 M-urea per liter 0.1 M carbonate buffer (pH=10.0, #=0.22). Preparation of sample
solution was the same as Table 11.

wﬁﬁ%%@%ﬁmmﬁﬁmmﬁ%@%ﬁﬁ%ﬁﬁh5.%mm%%%fﬁ%§®%kﬁ%&ahé
:amoim74fm4vmﬁvyﬁV@ME%mmiD%an&wmmXéémﬁéﬁhmﬁ
BRE SN DI A TEBERE S O MUIRIGD 5\ X8 L\ UG ATk RO T Bz L%
RS StrcH et alPIER(bT 4 7 = 4 v IR OWEEELAL L TR AL D EH M2 3 U, EARLAND
LOIRALT 4 7w 4 v D Cu—En VAR L7585 OB ILEEED (5T s DO TR A L T\ 38
ﬁ%k%K~ﬁ%ﬁ%®ﬁ@#6%%bf%Dﬁ%@ﬁ%@ﬁﬁﬁﬁﬁﬁﬁmﬁm?%gk%ﬁb
fm&v.@m@m@ia<ﬁ%ﬁm%m&&H?W%&&Hh%éﬁ%%fuﬁﬁwﬁib%%ﬁ
A TIARDIERE G 115 DA TH b EELEBEOGWTIEL R 3 DI F20h 3.

74fm4Vﬁ@ﬂéhfﬁ%ED%k&ﬁ?$%mt©:k&%&#m%ﬁﬁfvé.74fw
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¥ 5 d B 3 OERIIRORCEZ OIS, 7 4 7w 4 v O tyrosine FREH I B LA A
Kﬁ%éh%@f%:%ﬁﬁa?%ﬁﬁ%&é@%ﬁm@mﬁﬂbIMEnK%%&%~%@ﬁV%
A7veRtE LT aggregate & L CZEENLEM AT —ED YRR AP & B2 T b D % aggregate
kLTéE?%tbﬁéB.#IBK74fm4VﬁMmK1Dﬁ%gw%ﬁ&ﬁ?$%m%zmi
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=7H EMET A7 04 Y BEROBRKE
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40 volt, SmA, 19°C, 2RI NEIRHETH 5. Bl —IREE QLI 7 4 7 = 4 VIOV THH—RFT
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Fig. 15. Electrophoretic patterns of untreated ~ Fig. 16. Electrophoretic patterns of the oxi-
fibroin in 0.1 M-carbonate buffer (pH dized fibroin (0.1 N-KMnOy, 10 mins)
=10.0 #=0.22) at 19°C, 40volt, 5 mA. in 0.1 M carbonate buffer (pH=10.0

£=022) at 19°C, 40 volt, SmA.
A; Pattern after 2Ars in both sides
B: » 3 hrs in ascending
C; ” » 3 hrs in descending
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L2 LAY B, BA" RBOBRIRIL v E#E 74 T r 4 v 2L V HLTELKKBIZTV 1 5
IR LHFAY native 74 T 4 VIIBE—SFALELHMEL TS, READ 74 T w4 v
BHL 0.5 % NHOH C 555 3 MM AEL b0 Th D, ZORBTILEL 3BRESTOM
BAWES BELIWE T4 70 4 v CRBLEAICIZ—BRASLRD. BT A T e 4 VK
DO D00 X 5 ICE AR E 70\ 0% 2 BRI ORI CHl 3 0¥ 1 HTh 5.

3SEEABNI ORI A A2 B LEIL T 4 T r 4 VT IEDE I BEL L hHKA D (spreading) A3k < 7
DTS, LT 4 7 e 4 % Cu-En [T LRI 2 ¥ CORMEEE L o83k #Es
By, KBRS EEEOR - 1 ORI bh 2 L Ehh 3.3

PEDOTRRALT 4 7" 0 4 VIXKENEEEDEM L CIRATR I VR D, £ OB/ BB AR R
LD THAS. Flf{ic Xk 2EBZ(b, itk JOSTRBEME L 5beTEL 3 L HyEn
D aggregate DIEARE VRS LHEEINS. HISRBSIOE IR I WV EUE Y 4 7w 4 YO EE)
HEZ 100 2 FHUIERL 7 4 77w 4 v DX S BB 2 B cix LEM/ 165, TRER|| 167 X 7ch, 38
BGOSR 2 & AU ERA) 158, TRER) 142 L 7o h b 7 4 7 = 4 v OF5H JkEhBREENS
Huv 20z b7 4 7 v 4 vix (=) #8R% < Thik COOH #EoMghn (5 3 #E 14
B wrsdnriEEshs.

ESH ¥%

(1) 747 e 4 vBHELHEEE~ ~ 7 Y BINEBRE CRET 2 S WX B bR O W BT ERE
SLIRCHI S { © ORFEFEFGE L & SBT3 . B OBMEIOEIRM:, BEke iy
BT B RAIHAD & DITIX TRt~ ~ 7Y OWHEHRFBDTL . X IR LA DM B il & BiiED
HEREIEMIYET 3.

(2) HMEMEIBLEINI MFETFORI D AENTE L, FOHIIARRILEEEO b Dic s\ T+
hER—EET bbb EE 1.69 Thol. > TRRLFIHOME s X O &iT Mn-fibroin
chelating complex 1 X % & & Z#ER L T DEERE A O A ofn s L.

(3) ERfiR o s BT T BB bk SR
B\ IERRTALET 3 L Mn 23T ;>
B XN B NEE R AV B LRSI DSk

M T B LRI D TR &  BET L HN--.._ OlH o)

b TS . B SRR R B 0:6‘4‘ Mn— 0 __\\C
EREGIE A LB LT, R b \ | IR
HFTRERT 2RO T DEHELES T O o -NH

W //

4 BB ER i~y ¥y ShlflifEo
BRI EE DR LRI ERE R LD O THED
TREL ZOBEMEREE & DTHHL TV 3.

(5) 747 w40 tyrosine SRIXMRILICHIR\ AT % 2344855, serine 35 X O threonine &
RIIZE[EL g\, tyrosine & & OFRAURFRIRIRICAE T 5 WA AT E ~ >~ 7 v iR ME E s X
O &R L N FREZ 789743, tyrosine R EZBILINICB~ Y ¥y BINBEICKH L7y v T 52
ERBERNMELI 3.

(6) fBHLELZ 4 7 m 4 Y% Cu-En HIETH 20 BAUREI~ Y ¥ Y Shic7 4 7 a4 vizF—
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KETIIRETEH 5. ZHIEILT 4 7 v 1 v OBRESEEMEE L LISBRE T OS2 T RBIC L
7z

() WAL A4 7 = 4y OERESREAERELZRDEELAYHH L 25, WHIRILOETE &
LT/ 72 Z LR b,

(8) WBHEBEIZ L h BN TREY KDL A7 A T e YXEBLE 74 7Tr 4 Y XD KRE
¢, 2 RICERBERILD L DT EORANE L. 0 THER XOHRBRE 74 7T e 4 V45T
OEHEHFFCIT L L0 iy LA S FHEBEMR A ORSrERINC X % lateral aggregation Jisb b
SFRIEAGCEET L 2 LB bR,

(9) BAtL7 4T a4y DBKHKIIN A OTFHEIATBD LI, BILT A4 T » 4 v BRI
HHELLD aggregate DIRARL DB LHEESNE. 0 DKEIEBEIIILE D b DL F V.

H4E B4 704 O REEFRIAILY 7 LBEICKDEME

BIE 74704 VBEOREERBRALY Y LEEESLSUEERL

747 84 vHRe B VIEER A 3 R LML L /e & FERCKRE, MTHETHD —EERIC
U ORI SERRIEIA I IR AT 5. eRHREgE bIC 77 A7 4 v 2~ (No. 3) CIELK
PR, FERERMMT L CHEBEID 10 % KI Zinz Tk U IcIREE X IR IR 248 R 3E & LT 0.1N-Na,-
S:0; CHEET 5. kiR, KI OB EDa —~ F A Y —~#EU . RRRIGERB b OA%)
YosEm BARIES R RER L 0 sk THIIE L7z, 0.1 N-NagS:0s ¥ OFEENE & » Wit RERHEVA K
O (cc/g-7 4 T4 V) bBWINGRTUERR (mg/g-7 47 v 4 v) ZEHMLA. KEEE
FEREIRIE OWHERITE BERIOHE 1ITR, HHI8FIT/RL T 5.

Table 13. Calcium hypochlorite amount consumed by fibroin fibre
(i) Reduced chlorine (mg/g-fibroin) in 0.01 N-Ca(OCl); oxidation

Oxid. ti ]
Sample Temp. xid. time (min)
- 10 30 50 80 120
Cocoon layer fibroin l 26°C 98 135 144 149 151
Reeling silk fibroin 26°C \ 67 125 141 148 149
Cocoon layer fibroin 16°C ‘ 46 86 116 134 144

(il) Consumption in 0.02N- and 0.04 N-Ca(OCl), oxidation

Oxidized time (min) ] 10 30 60 120
0.02 N-Ca(OCD); (cc/g-fibroin) | 249 429 608 915
004N-Ca(OCDs ( » ) ‘ 239 489 980 1015

Oxidized temperature; 20°C.
(iii) Consumption in 0.1 N-Ca(OCl): oxidation

Oxidized time (min) ‘ 10 15 20 30 40 55 65

0.1 N-Ca(OCl); (cc/g-fibroin) \ 50.3 65.5 70.0 75.6 82.7 88.6 93.2

Oxidized temperature ; 6~7°C.

13K (1) Gi) 1ZEHZEE 200 mg % 80 cc DYRARIESEFRIER P CRLL 7o d 0 ¢ v (i) 1%
Bi 10denier » 400 F&EHART 4 T r 4 v (500 mgfRHE) % 6 JIZE TC \ARDT-HHE 40 cc o
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—
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Oxidized time (min.) Fig. 18. Variation of Ca(OCI); consumption
. . by fibroin with the oxidized time
Fig. 17. Comparison between Ca(OCl); (oxidized temp.; 20°C)
solution and KMnO; solution 0(;4N CacoCl
X ——— ), -Ca 2
consumed by fibroin —o—o 002 N-Ca(O Cl%g

0.1 N-Ca(OCl);, 6'C
—o—o— 0.1 N-KMnO,, 30°C
CRLLT b DO Th 5. BLROWERIIRYOEREIICEH L, BRREL &L JITEBET 22 21X
D@~ v 7 VERIERILDBEA LENT 2. HELHBIEEREIAERINTS { 1x 3 23RHFEE
X BB UERIEREE— T 5. P I3RNLERHE 7 A 7 » 4 VIEBEIVNE WD THRZ A 7
m4vYhbEEEckT AMNBRENS L, BAEEIE 74 T4 v ORBCIDOTRREZ &
P Z . X BICERMRBOSSTEEAEESAYAE . F 1T RICIR L & 5 CRESESR
ERMEVS A R T — BB OB~ v F v BRI BT e LRSI ESMEVCIC R L TENICE L, K
FESERII B~ Y 7Y BIE X 0 L RISEERREVI L 2RL T 5. KIGL (TBHENTT L
TEEEM ORI ~ v # VBRI X D ENICE OV LB T 223 SRR ORI REE
FUCRT % BEASELLTAERI VAR L TRV EERTHS. HEOER LKL
SBHETHE T B LB O FIES/N X V. B LOHTE & IR T CaCOs 3R L, J#iB
KEELTh 74 7 = 4 vl i CaCOs 2375 5 O TR LR OB RZEGEIE O S WIXVERRANE
BOF S AT ALY — -OMKEY 2% NHCl THEA4WLHERE, KERZLTHKEELRD L. 2%
NH,Cl O RILFHER CHRESIRZHEAL TRELLIDTHS.
ERILRTEE DRMED K B DN HLEBE LA KD 2 L 1453 L O 1SKOm S WHESRRIER
[LOBATIIE~ Y F Y ERIERL L IWCE L VERBERSAD LIS, & OERBAORLRILR
e LT my 3% 28819 R oohn & ISR & 72 5.
LA ipBiEgRicd LTy » y P TIUWEERERESR . 320 ik 0.0IN-Ca(OCl).,

Table 14. Weight change of the oxidized fibroin fibre against the untreated fibre
(in 0.01 N-Ca(OCl); oxidation)

Oxidized time (min) 10 30 50 80 120 180
Reduced chlorine (mg/g-fibroin) 46 86 116 135 144 146
Degree of diminishing (%) 1.75 2.69 3.73 422 4.50 4.66

Oxidized temperature ; 16°C.
Oxidized fibroin was enough washed with 2 95 NH,Cl to remove CaCOs and the change in
weight was measured,
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Table 15. Weight change of the oxidized fibroin fibre against the untreated fibre
(in 0.02 N-Ca(OCl); oxidation)

Oxidized time (min) 10 30 50 80 120
Reduced chlorine (mg/g-fibroin) 99 329 398 459 561
Degree of diminishing (%) 2.0 13.4 21.8 24.1 29.1

Oxidized temperature ; 19°C.

5 -
a4l
S Q
Q
- ~ =
p - 3
w2 (7]
2 2
) [
= = y,
1+
I\ 1 1 i | i el
0 50 100 150 0 50 100 150
Oxidized time (min.) Reduced chlorine (mg/g-fibroin)
Fig. 19. The relation between weight loss of Fig. 20. The relation between reduced chlorine
fibroin and time in 0.01 N-Ca(OCl); and weight loss of fibroin in 0.01 N-
oxidation Ca(OCl); oxidation

16°C (¥, 200mg: 80 cc) TRALL I2HA OEMRBIMRD & & IR L 1S HOE H RETIUER
BRTH 5. TobbERBMAORIYRIIERE (ng/lg-74 7w 1Y) O—Rilgkk y=ax¥y) Tk
Az ENBdbRN. y TEEBEAR, x XIBLIhEEETHS.

T m —~ X DOEERLEEERRIL T glucose EFLD C® ATE D 1 alcohol ILAEM L X 1,1 TE
BEhn A ST BRI E SRR CIERINC £ © OH LI CTARMIERIBLYSET L\ 5.
1) FEO y=ax B OWEIL 74 7 v 4 v ORHEERERE < X 2881t 4 tyrosine ZBIt D BT 3
modification Gix7c <, FHEEMTAERT 32 L ARL T 5. WHEEBEREIC L Y B(bEEDR
%747 r Ay ATRELE3BE 1HTRNIHFETHER 30 SEBILOEHE DM~ v 7 v EEInE
WEREXHE L L - A8 2 oS EEIME bR,

RIR U et  BRALBEDHEA 72 DR — @R R LR O~ v ¥ vERIMB R E NS .
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Fig. 21. 0.IN-KMnO, consumption of fibroin with different oxidation degrees
Oxidation degree of fibroin was represented as the chlorine amounts
reduced in Ca(OCI)s-oxidation
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DEEILERCHE 3T 3TN 5. 16T 1 Fla RT3 LOHEED(L TR L <
0.1 N-Ca(OCD); ##C 6C, 10 (LS b, IO & DDA 3.73g/d 7% 0.6g/d ~,
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Table 16. Tensile strength and elongation of the oxidized fibroin fibre
(in 0.1 N-Ca(OCl); oxidation at 6°C)

Ox‘d(lf’fl.‘}l)“me Strength (g/d) | Elongation (%) squ:: of W‘Take“‘;foi;’iion
0 373 17.0 0 | 0
10 0.60 12 83.9 92.9
20 0.43 1.1 88.5 93.5
30 0.37 0.7 90.1 95.9
60 0.19 0 94.9 100.0

Suter’s SERI GRAPH was used for measuring.
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Table 17. Total nitrogen content of the oxidized fibroin (in 0.1 N-Ca(OCl); oxidation)

Oxidized time (min) 1 0 10 30 60 120
Total-N (%) ‘ 18.7 169 16.5 16.4 16.7

Table 18. Tyrosine, serine and threonine content of the oxidized fibroin
(in 0.1 N-Ca(OCl); oxidation)

Oxidized time (min) 0 10 20 30 60 120 180

0.1 N-Ca(OCl)s consumed

LR | o 211 239 266 276 38 407
Tyrosine (%) ’ 11.6 8.32 7.22 6.65 6.52 5.85 5.30
Degree of diminishing of

tyrosine (95) 0 28.28 37.76 42.67 43.79 49.57 54.31
Serine (%) 12.32 1241 — 12.38 1241 12.18 —
Threonine (%) 151 1.51 — 1.51 1.51 1.51 —

C4ezedh, tyrosine, serine s X (F threonine & E A HIE Lic. 17Kk X O 8 FIC Th b OFf
Hapd. 1040 hic7 4 70 4 v ORERTENIO b O L h HIATEAS LT 28, L
DOBEERIGEIC X 22U E A EBD bR, S IURTE#EE D 2\ R RIFREN 1 5 BRIk
7 3 7 RSO RN i a s 4T hbh 3 2 E &R LT\ 5. 822 FicsrT4n < tyrosine &
LSRR L AT AT 2 M OBOBILIBIRTH D, TN RERECEIFHEERE L
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Fig. 22. The relation between tyrosine Fig. 23. The relation between tyrosine content of
content of fibroin and time in fibroin and oxidant consumption in 0.1

0.1 N-Ca(OCl)q-oxidation N-Ca(OQ)), oxidation
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Fig. 26. The relation between viscosity and concentration of the untreated and oxidized
fibroins in 0.1 M carbonate buffer solution (pH=10.0 #=0.22)
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Table 19. Volume fraction intrinsic viscosity and axis-ratio of the oxidized fibroin
(in 0.01 N-Ca(OCI]); oxidation)

Oxidized time (min) [ 0 10 30 50 120
Reduced chlorine (mg/g-fibroin) | 0 64 114 159 269
limg-o (7sp/8) [ 37.5 240 24 20.7 18.9
Axis-ratio ’ 185 14.3 13.7 13.0 12.3

Oxidized fibroin was dissolved in Cu-En solution, dialyzed against the water and 0.1 M
carbonate buffer (pH=10.0, 2=0.22).

18.5 2\ 5 fHS ISR X 2 2 ARTHROIDTH 3. Lo LEE IO AHME 2
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Fig. 28. The relation between light scattering intensity and concentration of the oxidized

fibroin in 5M urea per liter 0.1 M carbonate buffer (PH=10.0 2=0.22)

Table 20. Average molecular weight of the oxidized fibroin determined by
light scattering (in 0.1 N-Ca(OCI); oxidation at 6°C)

Oxidized time (min) } 0 10 20 40 60 180
Reduced chlorine (mg/g-fibroin) ' 0 178 248 293 323 437
(He/ Yoo+ 1076 i 10.5 4.7 50 5.5 6.5 6.1
M.W. (10%) | 9s 215 20.0 182 15.4 16.4

Solvent ; S M-urea per liter 0.1 M-carbonate buffer (pH=10.0, #=022).
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SO & O DSFE 10.5x10* 3 0.1 N-Ca(OCD)z, 6°C, 10 S3EJLENC X D 215X 104 ~ LR
L F OBILFRILDOHET & & HITHIR ST REMETL T 5. AR 1 iRl 2= 0 gl
BHEE L Te2Y, FOERMCEMELT 4 7 r A4 VBT O X WIS BRSO B TTREM: S
%. (ATHEER 6 Hizsfi)

FRC IS THTR OHIR AR D BN B OIRRIGT & 55 FEMMRHE O BoERILD 2\ ik
CADWALLADER D853 % methylene bridge!® Oin& H L WEBZENMTh I T\W\w5b o & & RT.
PED T RAEFRRIERILIT X 3 7 4 7 5 4 v O BEARBEORA I X OV KT LG8 & B s
FoEBEREAR{C X 3 aggregation & D 2 DDBRCISL D THH 5. 2O LIXMLT A
T a4 v ORI OREBACEFBIZC & HRER L 05 b D Th B

Fom B4 704 BROEKKE

747 w4y REER SRR CRLI N A5G, RALAIO KIS R EA © SRR &l
L, fHEDIRITR XOMEDORILR I RE . THCHIBL T7 4 7 = 4 v 5FORERE L X 0%
FREMGDEL .

&> T 0.1 N-Ca(OCl): T 10 IR L 727 4 7 » 4 v & BRCIR N7 53 CHiik & L Tiselius &
KUKEREEE % F\ > CORBRREN 2 3.

BE, BEHEFERIOGBIEMHIEIBTBHE THCGGER LD LRA—ThH 3. EbNkEX%

C W 329 Ric R,
‘ DRI ETEICRE L8~ v # v R

BIL7 41 7 v 4 Y ORER L 2L AL FETH

‘ 5. TihbhbMILE 7 4 7 e {4 ViICkLUIEDSE
INREACLFEOTLR D B3Rk E D> T3, fE

B N D CHTEI D 4T kiR DR ED~ B L T i~
v H Y ERIMBE LD A L AL 7 4 7 e

A VIR KENEEE DI L 7o aggregate DR

Ds As BRIV, FOTm e R A 2
A N U7 orEy bha. 15 Kol

A 7w A yDSEEEY 100 &3 i AsE o
RSB 2 RefE VX AR 165, TREH] 162 2

A A 7o b, 3FEHE G O TE & A & AuE RS
150, "FREM) 150 & 75 b SEALENC Ha U sk BhaEEHS
2 ¥ TN
Fig. 29. Electrophoretic patterns of the oxidized A
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RER& .

(6) tyrosine WARNFE—D LT 4 7 = 4 v CRRIEEEBENIED d O\~ v # v EpmE
SLED & D X D HERITIs K OB DA LR D FEMICKRE , TRIELEIC L 2 7 4 7 = 4 v O Bk
MBERRBZLERLTWS.
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47T w4 vyRKBLTEDOREIE~ v FYERIMBZBRILL 78 {78 2384727,

INEFRA LT TR KRR B SiTer™ & [/ U < 1.9mol ZA LIz, sk 2 D &L 0.1mol B
FRYEAE M 2 FAC pH % 697 ICFREL T 70°C OJEE#H CHLL 7o, byt 1:100 & L
fo. IRSMBRL TET AMEFRTLZ 74 7 v 4 v OEREA~DIEEL B e bl FHICEiE & &
DU CHMAEHER LT e =/A 7 7 A = Boh « ORFREILEEL 7o JLEERR OIRTT1d X O bx
21 %, #223%K, HFH2IRKRT.

Table 21. Tensile strength and elongation of the fibroin fibre treated with
15 95 and 35 95 H30. for 10 days, at room temperature

Strength [ Elongation Degree of weakening (%)

(g/d) (%) Strength \ Elongation
Untreated fibroin 3.73 i 16.5 | 0 \ 0
Fibroin soaked in water 3.71 ’ 16.0 Ir 0.54 3.00
Fibroin soaked in 15 % HyO: 3.64 | 14.8 ‘ 241 10.30
Fibroin soaked in 35 % HsOp | 3.34 \ 13.2 1045 | 20.00

Suter’s SERI GRAPH was used for measuring.

Table 22. Tensile strength and elongation of the fibroin fibre treated with
15 % and 35 9% H;0; for 30 days, at room temperature

i Strength E longation Degree of weakening (%)

l (¢/d) (%) Strength ' Elongation
Untreated fibroin ‘ 3.73 ‘ 16.5 0 0
Fibroin soaked in water 1 3.10 l 15.0 16.9 9.1
Fibroin soaked in 15 % H;0; 224 ’ 7.8 39.9 52.7
Fibroin soaked in 35 % Hz0, | 1.56 ] 5.0 582 69.7

Table 23. Tensile strength and elongation of the fibroin fibre treated with 1.9 M-H,0,
in 0.1 M phosphate buffer solution (pH=6.97) at 70°C

Oxidi(z;;l) time Strength (g/d) Elongation (%) Degree of weakening (%)
o Strength \ Elongation
0 3.90 20.0 0 0
1 3.65 18.0 6.41 10.0
3 3.43 16.2 12.05 19.0
5 3.31 12.8 15.13 36.0
8 3.20 12.8 17.95 36.0

Suter’s SERI GRAPH was used for measuring.

FHBHED 35 9% H:0: (pPH=1.30)  10BHRBRELI-7 14 7 = 4 vl DRIIE LR IT 10.46 %,
BEREALERIL 20 % CH D 30HBE L B4 OALR THLEAIC B\ T 58%, MERCk T
0% Ths. Fic 1.9 mol HO: BERRHIRME (PH=6.97) wH 70°C T 8 BERMR(LL 7-% © T3 MR
SilEAbER 18 %, BN 36 % &7\, HWIFTHE2ECR LI W~ v ¥ v B CEg b
SRR DML 3 % OIKBESERR KSR I B R BB T 2 DA T WHR Y O
B LOHBERALEZ R T HEL L LIUE, AT T/ L lRRILKERL 7 4 7 0 4 VIR Lk
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Table 24. Hydrogen peroxide amount consumed by fibroin fibre and total nitrogen, tyrosine and
hydroxy amino acid contents of the oxidized fibroin (in 35 % H:0: oxidation at 18°C)

Oxidized period (days) 0 10 20 30 30*
H20; consumed (g/g-fibroin) 0 1.20 1.69 2.69 4.35
Total-N (%) 18.80 18.73 18.68 18.68 18.70
Tyrosine (%) 10.65 9.20 8.61 8.03 7.00
Degree of diminishing (%) 0 13.62 19.15 24.60 34.27
Serine (%) 12.38 12.38 12.35 12.40 —
Threonine (%) 1.50 148 1.50 1.50 —

* Oxidized temperature; 30°C.
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Fig. 30. The relation between tyrosine content
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(PH; 20 F1H) C 40°C 5 X08 98°C T7 4 7 m 4 ¥ wBRILL folihd DIEERIS X O BARIEZKSRO
SRSRIE T A T B A Y OIS TAEELRD TRV, T x ORHIEIRLKE CIRILE S 1
Joo 4 TR A v OAZES, tyrosine HRE IO L Friy 7S VRERCIE L L A, LEOY
Suc b3 TEE 253D X 51T tyrosine DAL DA D v

Table 25. Total nitrogen, tyrosine and hydroxy amino acid contents of fibroin treated
with 1.9 M-H;O; in phosphate buffer solution (pH=6.97) at 70°C

Oxidized time (min) & 0 30 120 300
Total-N (%) k 19.0 18.6 18.8 18.8
Tyrosine (%) 10.65 10.25 10.00 9.38
Degree of diminishing (%) 0 3.76 6.10 11.92
Oxidized time (min) 1 0 10 30 60 120 240
Serine (%) ‘ 12.11 12.11 12.19 11.87 11.82 11.82
Threonine (%) 1.64 1.69 147 1.64 1.50 1.57

94784y OFET X BIERIKED SRRE R BD DRI L35 3 tyrosine & @ ANRA
?5:&@%@:&&%@%%5.?Kb%@@kﬂ%@%ﬁ%ﬁ%iﬁﬁ%tﬁm;oﬁ%ﬁw@
%hé@@%@twom@@%@~%mlb@mﬁmﬁﬁﬁéhé%of&é.ﬂvyﬁy@mﬁ,
Wﬁﬁ%@ﬁ%iﬁﬁ@mm%GMEéhh74fu4Vmﬁ@WmmWQiﬁEﬂﬁmﬁ&Lh
154 OEHETR T3 T OVBE DR R % Hulid 3 % & 2f 26 gD E HRESRERA DN S.

Table 26. Weakening of the tensile strength and elongation of fibroin fibres when tyrosine
content was diminished in the same degree with different oxidative agents

| . | - p
Oxidizing agent Oxidized time 1 Remaln(e%)tyrosme ’ Sti;ggrte; of welzakenlglg é/:zi
i ong on
35 9 Hy0 30 days } 7.00 582 | 69.7
0.1 N-KMnO, 30 mins. \ 8.10 68.7 85.0
0.1 N-Ca(OCl)2 10 mins. | 8.30 83.9 929

SERALKSERRILT 4 7 7 A4 vI% tyrosine &7 Aic FRALHEA M O LAVLEL D & D1 Ha LT L
TV5K%ﬁBfﬁﬁ%JUW%G%m$MﬁﬂmK&T$§b.:@$%#%ﬁ@ﬂk%@ﬂﬂi
% tyrosine BB DREE LA LOMSRE I ORRILDOE & & BB LRI NA.

B3I BLT74 704 BROMES S URTHL

W v # Y ERINE 5 5\ XK ESRRIEA R CRbs e 74 7 e A VLB OMRILIRRET %
WEE 7 4 7 m A v EA—Z ek Cu-En AR T, BRIEY 2 U CRSBHEELRET % &
%ﬁﬁﬁﬁﬁﬁﬁfé.@ﬁﬁ%5%,%4ﬁ%4%2%)

Ui 3ic 35% H:0(pH=130) THEMLLILZ7ATr 4 Y BIT 1.9 mol H;0:(pH=6.97),
70°C CIEMILL 27 4 7 = A viXEHE & 12 Cu-En T AREEN LB v A T e AV E
ko 1110 T, TLAMLIEL D $HHETH 5. FED TR Y X OV EER LK SERRA L
747m4y%§mlzm?%%ﬁ%7~f¢ﬁﬁﬁb1&&%%&@%@@@%%%&%&:6
%ﬁm%&bhf%ﬁw(manmﬁfa%%%m%m@7wﬁu@m&#?%%@@mtv:aﬁ
gl e,
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CDSEHLE~ v F v BRINE 35 X O REESERIERILY 4 70 4 v O B4 L 12 B 3 4FH
HDOMEEROFE L RE T 5.

HERAKFERRIL7 4 7 » 4 v & B 1:10 © Cu-En BIC#AT AT EHICIERT 2 0C 3450
L 125 N-CH,COOH CHFIfR, KKR\\C 0.1 mol RERHEAE®I (pH=10, 2=022) CHHL,
TR E LT« DRBIC T 28T HIE L 1. 35% HyO: 35 X% 1.9 mol Hy0; Bt 4
TR A VIZOWTEL KB 25 31 Riks XU 2 IR T. KX 0 R IcARSREA R
BIXOTho DB U ibe 258 27 2% & 58 28 TR 7.

CDFERM L 35% H:0:(pH=1.30) 1= X 2 BIBRRIL O B4 3 X U0 1.9 mol H,0:( pH=6.97) I
EBRALOH TN S BRILOWITE & DITHirk, BT/ 3 2 338 5h 5. Lo LEHD
ETEE~ v v BRANE s X CWERESERRIERR LI Hi U TR LB NRIT S L WA T/ X s,
FRRCHE L AL 7 4 77 A v DOFfHAHE 18 L/ SBT3 DI 4 B8 4§k~ 7
LSRR L7 4 T e 4 YA TFOLERIZLDTHS.

3 —e—&— Untreated
| == 35 95 H02-10 days.
e 1/ »  20days.
L O 1/ #  30days.
g
X 30}
o

L////'O |
25 1 | 1 1 1

0 5 10
P (mlfm[)x10®

Fig. 31. The relation between viscosity and concentration of the oxidized fibroin in
0.1 M carbonate buffer solution (pH=10.0 £=0.22)

FA4E BEME74704 BREOKEE

3 ECIRA A HEE TEBRIKERIE 7 4 T e 4 v ORELTRL &+ OBRIBERC B 368
HLAREE 2 PIE L 7z, YA 5 mol urea per liter 0.1 mol carbonate buffer (pH=10.10, 2=0.22) %
Awvic., BALEEDORIL S 74 7 = 4 ISR OHELHBR L E BN LOEMRICET. &K1 b
(He/t)emo DIEXRDFHSTEEZHEHML TEOMEXE 29K L FEI0FKTREL TS,

35 % HBAWKFERILZ A T e A Y2 oW ThB L, SUET 47 e 4 vOFEsTFE 11.4x10¢



-0 Untreated
=0~ 1.9M H;0:(p H=6.97), 70°C 1 hr
7

e @e ” # 3hrs
QO ” ” # Shrs
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S
I A L i
0 5 10
$(M 1) x10°
Fig. 32. The relation between viscosity and concentration of the oxidized fibroin in
0.1 M carbonate buffer solution (pH=10.0 ~#=0.22)
Table 27. Volume fraction intrinsic viscosity and axis-ratio of the oxidized fibroin
(treated with 35 9 Hp0, at 18°C)
Oxidized period (days) 1 0 10 20 30
limy—o (75p/8) \ 354 34.6 27.0 25.1
Axis-ratio \ 17.9 17.67 15.32 14.67

Oxidized fibroin was dissolved in Cu-En solution, dialyzed against water and 0.1 M carbonate
buffer (pH=10.0, £=0.22).

Table 28. Volume fraction intrinsic viscosity and axis-ratio of the oxidized fibroin
(treated with 1.9 M-H20:, pH=6.97 at 70°C)

Oxidized time (min) 0 60 180 300
limgoo (sp/8) 31.9 244 23.8 234
Axis-ratio | 18.04 15.78 15.60 15.50

Solvent; 0.1 M carbonate buffer (pH=10.0, #=0.22).

CxFL, 105 BISEEE (tyrosine bR 13.62%) 0d ok 179104 2 HML T\ 5. EBKK
TR EREE LERILEOHETE & HICHEKL T3, 74 7 r A v o tyrosine A3 & Fihy
TR DR EMOBICHMED $ D & 1 Fl DV THIKL T4 % & 0.1 N-KMnO,, 10 /e
D% DI tyrosine AR 2124 %, 4SHFE 334x10* ¢H D, 0.1 N-Ca(OCl): 10 SFEALFE D % D
(¥ tyrosine JA R 2828 %, SFE 21.5x10* (GE3E B IO HAETIR) THED KL 5%
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—o——e— Untreated

10 = 35 % H305-10 days. asgc
——— 7 »  20days. ( »
OO 1 # 30days. ( » )
e et # 30days. (31°C)
= |
ol |
z
5-
I i Il 1 1 |
0 10 15

5
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Fig. 33. The relation between light scattering intensity and concentration of the oxidized
fibroin in 5M urea per liter 0.1 M carbonate buffer (pH=10.0 £=0.22)

1 O [~ 284
© v 2 —&—e— Untreated
x M‘ —0—0— 1.9M H;05(pH=6.97), 10°C, 0.5 hrs.
S B R o S—e . ” ” ” 2hrs.
3:’ 5 g UG, ” ” ” Shrs.
1 i 1 1

5 10 15 20

C(Yml)x103

Fig. 34. The relation between light scattering intensity and concentration of the oxidized
fibroin in 5M urea per liter 0.1 M carbonate buffer (pH=10.0 £=022)

Table 29, Average molecular weight of the oxidized fibroin determined by light scattering
(in 35 % H:0; oxidation at 18°C)

Oxidized period (days) 0 10 20 30 30*
(Ho/)emn 106 | 8.8 5.6 8.0 114 16.5
M.W. (109 114 17.9 12.5 8.8 6.1

* Oxidized temperature; 30°C.
Solvent ; 5 M-urea per liter 0.1 M carbonate buffer (pH=10.0, £2=0.22).
H:0; ¢ 30H [HLE D 3 D TiX tyrosine JEA K 24.60 %, HF5 8.8x10* ThHsbH. ZOREY 3E
DRACANC LB 74 T v 4 v OISR TR EN R 2 2 L 2 REL T 3.
35% Hy0: BEEPICITEEA L L TRAKEL T h BEHBE SR 7 4 7 = 4 vicid ks
FRC X 2 RHOTHE B2 (BF 6 BEE 4 iR R) 29RO SFRMAIIEILIC L 2 SFEEHE O
HEE G ORALICET S b DO TH B, 1.9mol HeO, (pPH=6.97) huiEf{bd & DL 30 3870 b 4
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Table 30. Average molecular weight of the oxidized fibroin determined by light
scattering (in 1.9 M-H;O. oxidation, at 70°C)

Oxidized time (min) 0 30 120 300
(He/t)e—s0-1078 7.8 6.6 6.4 725
M.W. (109 12.8 15.2 15.6 13.8

Solvent ; 5 M-urea per liter 0.1 M carbonate buffer (pH=10.0, £=0.22).

m@747n4y10,%%ﬁ%%@%k%%&&néﬁ:@ﬁ@u$%ﬁ&5.L#Lﬁ%ﬁmw
ﬁﬁb&h@CD%ﬁm@bf¢§<,it$ﬁﬂﬁﬁm6m74fn4ymmmﬁﬁﬁﬁm%b%
v@f(%6ﬁ%4%§ﬁ):@%ﬁmmﬁ%ﬁ%ﬁwﬁwmﬁa&zﬁbkva%zbné.

F5H EBE74704 0 BROBKIKE
3&%H£2@H=m®“6%5@%%@&Lh747m4yk19demz@Hﬂ9D,WT
@1%l05ﬁ%@wbt7ﬁfﬂ4V@%ﬁ%ﬁ%bTmmm%ﬁﬂﬁgﬁy%mfﬁﬁéﬁ&%
NP, B, EEIEREES X OB 3 FE TG L e b D L R—TH 5. Btk
X % 28 35 iR

Ds As
A M— ﬂ _A
D D L
A A A | A A
€ s € 5 € 3
(D 35 % H0e, 18°C, 30days (I 1.9M-H;0; (pH=6.97) (1) 1.9M-H;0: (pH=6.97)
70°C, 1 hr. 70°C, 5 hrs.

Fig. 35. Electrophoretic patterns of the oxidized fibroin (treated with 35 %, 1.9 M-H:0:)
in 0.1 M carbonate buffer (pH=10.0 2=022) at 19°C, 36voit, SmA.

A Pattern after 2Ars in both sides E; Pattern after 2Ars in descending
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D;, ~» »  2hrs in acending
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VEPRRETS LR DM A 7R3 28 BRI DB B B\ 2 A~ DMl R . L LD D IT
BT BT 4 7w 4 v 23 & U7cHN SBIEEE | RSRIARILD b Ok BT 2 B i3k
SR 100, "FREMA] 105, 3 BERICi RAM 110, FEEM 117, SEERRILO b 00 skEREL 2 B
HL%WIW&I%CDM£”Wﬁ%ﬂi3ﬁﬁfmiﬁw9ilﬁ@2%,T%%NMT&OL.
35% H:0: JLERD & D & Bie b ML 7 4 7" v 4 T UIKBhEEEE . 1.9 mol HyO: hiihiie.
FAL TR D § D X D AERIIC (—) BEER SV EnELLNS. 35% H.0: BiERRILE
1.9 mol H:0: HMEIREMALE TIX 7 4 7 r 4 v AFICKE TR OISR TH 5. & b
b, ZhbDIBEBRRILKFERIL 7 4 7 = 4 v O KEIIE 0.1 N-KMnO; %, % % 0.1 N-Ca (OCl),
TRALSNIz 7 A T e 4 vy DhD, ThbbRAEHOFHAHA L IZL LR S, -0 R b OKE)
XDV R OATHENIRAGT 4 T 7 14 > O IEFIAN O BIREEDOBES, & 4 —3 L T\ 5 & & i BkgE
U,

HFOH /) &

(1) 747 m 4 v 35% HO: CHERRILE X0 1.9 mol HyOy (PH=6.97) BEFRMEALEHE T
ARG Z AT o7, BRALT 4 778 4 v ORI X OEEORA LRI FE~ > 7 v BB % 2 XK
ﬁ%@ﬁ%m®%ﬁmmbﬁmmmév.a<K@@M&ﬂﬂ@m&&ﬂé@ﬂ@%@ﬁ%k%m@
BB,

@) 747 mAyDLEEHE, serine 35 X threonine S EIC IXIT & A Y ZBIUT DS P, ty-
rosine & D ZNMBAGITHENR 2 I AT 2. 35 % H0: ERILD X\ L tyrosine &5 & SBERL kS
R L DBRIZE 0O =L MR L 5. 1.9mol HoO: MEFILD XML T 4 T o 4 v D
A X 2RI KBEO SRR OZETIRD HALIWIT )53 tyrosine - IX W3 3.

Q) HEMRAKFERILZ L 37 4 7 r 4 v O tyrosine WARNE~ v # vEEHIE R X W iEEEE
WRALOE G L H—HTH2Th, MALHEDLRIZZZEDHA X D FEMIT/II . & OFEEN
DIRRALKIRT X 5 tyrosine SRIEDREEEILOMEREI MO FRIELALEE DA 21X Bie 3 = & s
INs.

4 ERIKERIET 4 7T o A B~ Y F Y BIE 8 LO0 WHESERER(L7 A 7o 4 v 2T
Cu-En 12X ¥ 2 BB RICT 5. b btk BRI FBLE 71 7o 4 v X0 4L
HEEBTHB.

(5) BFSRBEAREER LOMIBILOMEITE & ICWW/IE L7 3. LML FOETFHEITER
ACHEASH ~ ~ 7 Y BRI S 2 IR FRARIER LD S A L5 L WEET /X .

(6) Pt 35 % HeO: LB OBFAMCITERERILC X W ETHK L FOBBRT 2. B
HWHEERLKIRT X 2 MO IEALER OB/ATIE A X 5 B Iz & A LD B RS,

() BRRAKEERILT 4 7 » 4 v OBZKEIX T AE OIS B Ric .

35% H:0: BRAL7 4 7' = 4 v OFEERKNE 4L D 4 © L FRR 170 HEfE e % 57 U AR5 Bhge
DD EILER D $ DI U kBB ERN BN L WD b 3. 1.9mol HyO: MiERILZ 4 T v 4 v D
PRENXUE TR X BB LAD M R U _EAM Tl RE S 2\ L 2 {0~ D 8% 553,
Ly LARDHRA DX Ulg\ . Bl OAEN S BN SEILIE 7 4 7 m 1 v L b & kBRI AR = &
NRBRDHHIB.

FO6E REMELACUIBINAT7IAIT04 0 NKigxE
AT S 74 T e 4 voFD N- K& h 2 0T C- KRB OWMEYTHRI stk b4
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TR OIKMEREI O F A TEREN S 2 LNTES. L3RI CUE IR 7 J T e VT
% L Cit o ORIEA ROt b DR EREETH 5. T ICEE/NE LIRS RERL L 7ok
REEECSE DNP-7 3 JBOBREEIT, FlBAOSHERILZ A 7 = 1 O DNP [
¥ F DRI DWIEEERIE 2ol T E¥ e\, Siten b RRREA CAE L fe 7 A T e 4 Y DE
B b SEhM: (Fluidity) 28162 OBMEL SRFEMTE LT T\ 2 REIEA O  fIFER L7
P b TEALT L AT RS OMEMERC X ) RS D, RBEEsTaER S  THIE
M A X fo SRR EEIR & L.

s D L EEECTR L BT X 24 TFREAOHAT X oTEESNS. 62T DNP T
I b N= K830 BN b F_EACSMCAL TS 5 IKMBOH #ds X OB 7 £ 7 RIS OF % Bt
L.

I FBLEEICLBIEET7SA 7040 N-FKinEEE
(i) 2,4-dinitrofluorobenzene (DNFB) D& B

_ #s{bhnE & dinitrochlorobenzene (DNCB) /i bHEET 5. LD I DNCB DA nitro-
benzene (NB) % F\~3. & #E Cook & SAUNDERS D5 WCHE L fe s R DR s L O
WEENE DT D T—HEE L 7.

DNCB, 86.5g #[ji7k NB 2008 1= & 22 Licd @ 2 ¥R KF 33 g Zifidfindias, MEEE, HE
st b3t 1liter BO= 07 5 2= A LT L NB 23853 2 k8 (210°C) ©hf  H#
Lcib 3BEEB I, FOBHA LRBL THEEELIRE TS NB TEEWETE EED KF &
Tz T X B 3RS X2t FMEOMEY X Hic 1 ESE UER 9 RERIG S 2. FUSETHR
A TEL 70°C @ toluene GEEL, IR, PEMK % A Licd OWCMIKEERE &2 — & MKiE L TR S
8D, CREFTRTAL S —TIE LAY R CREBEZEIC X ) toluene, NB %k L EERIC
188°C~190°C/43~45 mm Hg ¢ DNFB #HtL 7. Cook et al DJ5E:TiE DNCB & KF @ mol
Hag 1:2 GRS EREML T 032 Ch 5. EEOLETIAF e/ L 114 TH2. 7
#H AR CRBIERED 75 % fikthotk.

DNFB DRI 1T X ﬂ&iﬁﬁé@ﬁﬁkitbiﬁﬁkfﬁﬂ HiL 25°C Th B REEIESICER
X 25°C G TH D IRE L THEILL R, SRR T IURELT 5.

= O &L Cook et al D& L FBETH 5. il Cook et al DFBECEDI-HEIBITNED
CEIET 2 2 L 0% 3. ERIEHRCA L ISRV RE S 5\ 3 pipetting [ X D [E{ET 5
r 4% 3. DNCB © mp.i% 52~54C Th hFHERC L DNCB (X DNFB g AXRAT
Q 187~188°C/43 mm Hg CEMT 3 & L 233d bivie. fE2 T LB O BB & BRI O BUS A3
Fe43 D7 DNCB RIBEL T3 2 L2 X 5 DTh D HHO—HMEERC LIuIBGH ORERIL%
FRBNG.

(i) DNP-glycine DR Hiiids X O F DIREF & WOLEE & DBELR

DNP 7 3 /BT IEHE 50 #M DUFGix Beer OIEANCHEVIOGEE & B EF &\ XEMRBRICS 5.2
PESTEREED N- K7 3 VROEFRIIBEEE L DNP [{LLTEhrbA5#Lic DNP 7 3 V&R
AN TFNEFNDOFIERIEE (Anas) 1T 3T BWOCHE & B EFT CHIET5 2 LT X2 TYT
512 Uy UABFE Gk DNP 7 2 VEBROSEERE AL L O THEHAEZFIAEL R
HOBMNSLRHETCIIMETS 5 LB LT,

Hfa@E#Eo DNP 73 JBE L TR 74 7 e 4 vy FRIEERTHORET I /RO 12 ThH S
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glycine %3352 L, S54RSS ERT SIS LHEEH % B DNP-glycine DF AL 2 ESIL 7o, DNP-
glycine DFFHIL SANGER #:'™ 12 k>7-. DNP-glycine o 1% NaHCOs 13 X ¢ 0.6 N-HCIl

BT 2B ARZ P ARF 36 MOME MM LT 5. TibD BT AER L o |~ 58 420 mu
1z shoulder %38 3.

Amoz VX 363 mp (19 NaHCO; 1), 355mu (0.6 N-HCI ) Thh oD iFhic iz 265 mu
PR/ E W peak %4 %. DNP-alanine @ 1% NaHCO, Wi b 420 my 3Ef5 2 shoulder %
;ﬁu@- Z) .124)

15

a
2
o
I L | A 4 L A I I i Ll b . I 4 L nl A L A : 4
250 300 350 400 450
Wave length (mx)
Fig. 36. Absorption spectrum of DNP-glycine
-t §82.94 #M-DNP-glycine, solvent ; 0.6 N-HC1
=Om=0—=33.18 xtM-DNP-glycine, solvent; 1’95 NaHCO;
0.7+
[e]
(o}
b
R o
[aJK o
B A
© 3t o
)
O
2r
Jr
1 i 1 1 1 1 d e 4
1 2 3 4 1 2 4 5
C(mg3/oomi) C(m%/100m1)

Fig. 37. The relation between concentration and Fig. 38. The relation between concentration
optical density of DNP-glycine in 1 ¢ and optical density of DNP-glycine
NaHCO3 in 0.6 N-HC1

Electrophotometer (filter; S,2) Electrophotometer (filter ; Sy2)

was used for measuring, was used for measuring,
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RS THEIAE CREOUEVER) %R\, 7415~ S AL DNP-glycine OREE: R
SeHE L DEE AR B L IEMEAY 1% NaHCOs D435 37 Mo < 19 100 oM EEHELIT Tk Beer
DEANCHENTERBEN RIS 2 = & el ROBERIL y=0186x THEKbHIND. y ZEIE
HBE, X (LEHE (BANEme %) Thb. - OROEMBNIEEN 2.5mg % EThHS. Tals 1me%
LR, 4147 oM OCHST 5. fED T4 DNPR(L7 A 7 » A v OIS EE D = — 7 A FHHFEE O
DNP 7 3 /a4 R L CHtaER L 1.

P DERR O B A X RERIIAE ST 38 Mo E ik & e 5. HEOTERMELD DNP-7 2
VRO ERIFOCEATIEL O X DAL .

(ili) DNP 7 4 7 r 4 v L0 DNP-F{t.7 4 7 v 4 ¥ OWRSHR, = —7 A4kl o
WL A~ 27 T v

DNP 74 7r 4y 310 DNP @b 4 7 » 4 v @ FELL SANGER " i XDz, 74 7',
A vk BWEEMET A T r A4 v 500mg % 10% NaHCO; 10cc B 5\ ik 15¢cc iw®Rl, 05¢cc ©
DNFB # 10cc D= % 7 —nic thLich Dx Iz, BEULT 4 B 22 0% 0.1 N-HCI, X,
= )=, =7 L CIEREE LIRIE S > 7 — 7 — IS ANBRILC RS 5. Bkl T h 272
DRGSR SO 2 8L Lie. ER@b7 4 7 r A4 VIXSILEED § O X ) REFHOKMHHE 2 b
2O CEEBEILLRITHV:.

DNP {7 4 7 = A v OBK

ShEl 200 mg A 6 N-HCI 10 cc #ic ANEAE UISHTC 6 ReRIUbKYS Tk L, % O 30
cc, 20cc, 15¢cc D= —7 1T 3 BIHFHHT 5. =~ LI IR LS RET CUEEZIE L 10 % NaHCO; 1@
Ll 100ce HRT 3. chaiBL CHeERT 3. =—7 VRO B/MED Ok <
WEREL A F L =F oy b v e A e nE L S FBRLRFFZHE L. &> TDNP 73/
BR D MIED 33 il 2 DT & O FHEITH T = — 7 AR e BICFR L THe L 1.

TS R TR RE VS R DX A ~ 7 b v

S 7 4 7= 4 v O DNP [La kMR =~ 7 AHH L 70 B&R D O MEERIIHEEY 2T 5
N7 4 7 7 4 v OBATIEALEDO RN O FMAEMETH 5. 2T, DNP-7 47w 1 v
3511 DNP {74 7= A4 v o 15k (35% HyO:, 30HHREIED § D) &2 & ks o
REREEE O A~ 7 b bd 350 mu~530mu CEHOFELIcE 25, fhic b ki peak 138ib
3 420 my 1= shoulder DA EFD Iz, FOPUH#R A H 39 Mic k. e-DNP-lysine © 1N-HCI
i & 420 mp 1= shoulder %3 5.2 HsE A O mEkHI & i DNP At 200 mg % kS
L= —s Lok % 100 cc WL d D Th D IO OBEL 06N Th 5. E2>TH
b7 4 7 v 4 v ORBEICOWT S RBEOME AT\ Se KR 2TELAELEREL .

XLIAEREOTRI A~ 7 AR TR S AEAX O L WEEHE & T 300 mue SEEFHT
Amar BT, T DOPAL FROBEO E L TIRETE LD TIHIC 0.6 N-HCI T 10 fHIT FHIR L
THELICSDTH 5.

57 40 [ D WRIR d it & (X 870 D 48 36 iR L 7o DNP-glycine DR AR s X OV E E i D B i it
T 300 my IR/ INEE (i) Th27z. DNP 7 2 JEROKERSME 300 mu 1T Aun % 203
O-DNP-tyrosine O ZiFbrERE - CILIIIE AR A AT 5 2 &A% SANGER I X b A Zh T 5.2
di-DNP-tyrosine |3 EHERAATH 27 1% NaHCOs HIZ 38 13 2N A~ 7 FAKEITET 5
25341 O K Amaz; 260 mu, 356 mu, Amin; 310 mu ThD7c.

FEDTHRALICALTS 5 tyrosine #FE phenol #: OH kD BAYE(LE A1 5 Tz b 4 DNPR{L” A
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Opt. D

Wave length (me)

Fig. 39. Absorption spectrum of acid soluble part separated after hydrolysis of
DNP-fibroin and DNP-oxidized fibroin Solvent ; 0.6 N-HC1
oo~ DNP-fibroin hydrolysate, acid soluble part
=—O—O0== DNP-oxidized fibroin* hydrolysate, acid soluble part
* 35 % H209, 30 days-soaked

151

1] of
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n | " L i 1 1 1 A "
200 250 300 350 400 450
Wave length (ma)

Fig. 40. Absorption spectrum of acid soluble part separated after hydrolysis of
DNP-fibroin and DNP-oxidized fibroin Solvent ; 0.6 N-HCI

—o—eo— DNP-fibroin hydrolysate, acid soluble part

=O——0= DNP-oxidized fibroin* hydrolysate, acid soluble part

* 35 % H20;, 30days-soaked
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Fig. 41. Absorption spectrum of di-DNP-tyrosine in 1 95 NaHCO;

7w 4 v ORISR O RBSEEIEC O\WT 300 my OFOLEEZRIEL .

DNP-ZE & OBKSR» BT L A E$TXTD DNP 7 3 V)R = — 7 A Gt 2
% 7% DNP-arginine, DNP-cysteic acid, e-DNP-lysine, O-DNP-tyrosine, Im~-DNP-histidine %,
e 3o OIKEHCE 2.1 (0-; KERE, Im; 4 35 Y —VEEERT 5.) 62T N=K
PRI A M B bl e —F LB DNP 7 2 VBOBRYMB T TRIESTHS. Loy 47 e
4 vicit cysteic acid 138 ¥ 3% %= O-DNP-tyrosine (3485 Th 2 D CRBED 420mu 1Tksi) 2
WEHERIEC X 0 HEE T = VRO BAVELE HIB LN TE 5.

$2 BerHUEMEBRRIE7A 7040 N-FKii7 2 JEREDOEE

DNP-glycine #HAEROERET 2 /L L CGREL oMo 7 = VBRI N-KITH Do ThH 2
#F s I k5 ic N- Rk R Rk s viBEY Hwie. b4 7= 4> Amg % DNP {LLiEk
. DNP b7 4 7 v 4 v Bmg #4EIUE o N ik L C=—7 VHHi#R, Brid#fEc DNP
73 AR ERL A auM (DNP Bt 4 70 4 v 100mg f1oeA$e LT) O B/A %l
NREOWMLT 4 T a4y 100mg HON-KiHT I /BEABKLILE. LrBICRIILZ AT e Ay
® DNP [t sl O i o S WEERE 2 AN TEREB L VBET 2 235 5. MLHE
4T a4y 5 RS IR L A L ERANC DNP L2325 2 LN TE D, LI
674 7 v 4y OHFATIIFRACEEINEA 72 S OFE: DNP LD BB A BT R E L.

BEDTHKIBT I /BOEAVBEIEZ 4 T v 4 YO oM $e L TIERETERLThO DNP iR
67474y 100mg =L HTEL LI, RAM 20X 5 Rk L2 T5%. Ll
e MBAEL NI NSRERENSEAT 20 5 WA T80 L Th, TrLAH B/A ff, -3
b bHMBERIETR UIENEDOR T 5 O TRIHMROBERII—ERE VW LIRS, FHIFET
AT HHEICHET 0.1 N-KMnO,s # VW« DER(L7 4 7 » 4 v & FHL £ © DNP {2 T
AEF DM F T = — 7 L BE L OB OBEEHRIE 24T\, RWT N=Rii 7 3 /RO =L
BH U T, FORRRE 31 FICoRT.

THEEY 1 OWTRRS. EILEY 4 7 e { v O=—F VEOEIEEL 0475 Th 3 D TH
=0 y=0.186x X v JHF x (mg %) (% 2.554mg % L 1s 3. fE> TV BIECHETIUL 1059 uM ©
5%, OEERT DNP 7.4 78 4y 200mg & hKAMEL = —7 LiliEE 100 cc ICHRL b
DTHBMS 100ce Tt 200mg hd =i 105.9x100/1000 ¢4 5. 4#£2>T DNP 7 A4
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Table 31. N-terminal amino acid contents of fibroin* treated with 0.1 N-KMnO,

Oxidized time (min) 0 10 30 60 120
O. D of ether soluble part 0475 0.440 0.430 0.420 0.400
N-terminal amino A. (#M) f 5.30 4.90 4.79 4.68 4.46
O. D of acid soluble part 0.320 0.398 0.383 0.362 0.296
Diamino A. (#M) ' 6.22 8.46 8.00 7.42 5.70

O. D; Optical density. DNP-amino acids were separated into ether and acid solution by extracting
the hydrolysates of different DNP-oxidized fibroins with ether, and then each solution was diluted to
a definite volume respectively. Dilution of ether soluble part was done with 19 NaHCO; after
evaporation of ether. O. D of each solution was measured with electro-photometer using a filter Sy,

From each O. D, N-terminal content was calculated on the basis of the relation between the con-
centration and O. D of DNP-glycine. N-terminal was represented as the content in DNP-protein
100 mg. v

* It was the one demanganesed with 19 (COOH); after treating.

7'm 4y 100mg ROerHT 10.59 2M % 100/200=5.30 «uM * 7 % .

EINENLDLRDOZ ENRFEHIING.

W~y # Y BMBRICOEH L = ~ 7 VERITO DNP 7 3/ BRITMILDOETE & $Ic#ikd 2 L,
FRREEE DNP 7 </ BRITSILEED & D X ) BB EASA U Bk 3. SO0 $ 0 & bl
PO DNP ALY £ 7 = 4 > OAUK MR OB B S ME RO AR L Th 30 Th D, =0
WEDFIL 7 2 v RWE DB L 2D EELLRS.

FRAGICHETS 5 == — 7 L DNP 7 2 B OWANI RSN 513 2BALIE 7 < /7 KIS O &A% 5k
LRk DNP 7 3 /FROWAIIERMET 3 VIRORBEOI 7 2 / KIS D& A k1 3.

Wi ~ v 7 BRAEIKISC X % 74 7 » 4 v4FO BRLEBUI tyrosine £330 phenol #£mD
AT DT —HEHE S L OSBRI HE2 DT h D IARSEEEAIHEL I\ 2 E BT b bR
%. HED T BIBL phenol MBI DR E _WRINAEZ D TH 3.

FBIH REERBEBE7A704 D N-KE7 I JBBBOTAE

B4 T CIH L I HFHRICHE T 0.04 N 35 X U° 0.02N-Ca (OCD: CHi 4 D f(b7 4 7 v 4 v 4 F98
L L D DNP AL DK SHENC DN T =~ 7 L [F s X ORI O POLEE 2l L N- A i 220
HL7. TORRLE2ER IOHE BRRT.

WHIESRIRIGERRA LD 5 411X = — 7 L @847 DNP 7 2 BRIZGERERIILE O 4 O3 7o bR LAl
Db DTHELED S D X DA UL ORBLOHEITE & HICHHEL T\ 3. B DNP 7 3 /T
SR HRRAED & O T LD $ DIXIR & A EBIbh e\ . EREEIERLD § D D = — 7 1§ DNP

Table 32. N-terminal amino acid contents of fibroin treated with 0.04 N-Ca(OCl);

Oxidized time (min) 0 10 30 60 120
O. D of ether soluble part 0.450 0.383 0.407 0.505 0.510
N-terminal amino A, (#M) 5.02 4.27 4.54 5.63 5.68
O. D of acid soluble part 0.320 0.283 0.280 0.295 0.295
Diamino A. (#M) } 6.22 5.45 5.30 5.70 5.70

Procedure for measuring was the same as Table 31.
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Table 33. N-terminal amino acid contents of fibroin treated with 0.02 N-Ca(OCl):

Oxidized time (min) 1 0 10 30 60 120
O. D of ether soluble part | 0.450 0.420 0.448 0.480 0.490
N-terminal amino A. (#2M) 5.02 4.68 4.99 5.35 5.45
0. D of acid soluble part | 0332 0.280 0.280 0.280 0.296
Diamino A. (#M) \ 6.64 5.30 5.30 530 5.70

Procedure for measuring was the same as Table 31

7 3 ORI X OB R OB 7 £/ KIS OFEEEIRL, ¥ 1= F DD DNP 7
7 B D BERNE MK ME RS D E L kT 5.

=D r b HREEEME A X 5 74 7 r 4 v O RRILEENY tyrosine FFEO phenol ¥D
&k6f~%£%%lvwﬁﬁm%ﬁaﬁﬁ%mmm%mmi5%@%%@5:aﬁ%@%hé.i
oS DR B b ER ORI 7 3 7 RISHHKSHIER X 0 b BET 5 2 MALOEITITHETL Y,
EOMERNC TS 5 & LR FMTE 5.

BAE BEMEKEREMET A 7 RA O N-FH7 I JEREOKIE

5 5 TERMOFPICUEL 35 % H0: (pH=130) CHIERILLIcT7 4 T4 v, 1.9molH0, (pH
—2.74) 70°C, 1.9 mol H;0; (pH=6.97), T0°C 35 L f 98°C TRALL 7T« DRRALEED KT 57 A4
F a4 v EFEELE. Fhb o DNP O MRS oV TEREh = — 7 LT X OB O
W Al L N- SRR a5 Uic, 2 b OfH 5 34 VR 37 KIORT.

359 HoO: T7 4 7 0 A v & BEBEL TRILL B&1 = —7 L EBfT DNP 73 J Ry 108
ﬁﬁ%@%@ﬁ@ﬁﬂﬁ@%@lbﬁ&b%@%ﬁ%ﬁﬁ@ﬁ%kk%m%@tfvé.:@@ﬁm
AT ORI R OB A L F U  EHEAROR 7 3 KIS 23 MRS i LY £ D ik

Table 34. N-terminal amino acid contents of fibroin treated with 35 %5 HzO: at 18°C

Oxidized period (days) l 0 10 20 30
0. D of ether soluble part 0.450 0.370 0.432 0.461
N-terminal amino A. (#M) 5.02 4.13 4.81 5.14
0. D of acid soluble part 0.325 0.308 0.306 0.294
Diamino A. (#M) 6.43 6.01 5.93 5.64

Procedure for measuring was the same as Table 31.

Table 35. N-terminal amino acid contents of fibroin treated with 1.9 M-H:0:
phosphate buffer solution (pH=2.74) at 70°C

Oxidized time (min) 0 10 30 120 300
O. D of ether soluble part 0.450 0.400 0451 0.463 0.495
N-terminal amino A. (M) 5.02 4.46 5.02 5.17 5.51
O. D of acid soluble part \ 0.320 0320 0.300 0.288 0.264
Diamino A. («M) } 6.22 6.22 5.80 5.50 489

Procedure for measuring was the same as Table 31.
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Table 36. N-terminal amino acid contents of fibroin treated with 1.9 M-H;0.
phosphate buffer solution (pH=6.97) at 70°C

Oxidized time (min) 0 10 30 120 300
O. D of ether soluble part ‘; 0.450 0.450 0.415 0.337 0.318
N-terminal amino A. (#M) ] 5.02 5.02 4.62 3.75 3.55
O. D of acid soluble part “ 0.320 0.311 0.293 0.237 0.205
Diamino A. (#M) ‘ 6.22 6.10 5.64 4.30 3.57
Procedure’ for measuring was the same as Table 31.
Table 37. N-terminal amino acid contents of fibroin treated with 1.9 M-H,0,
phosphate buffer solution (pH=6.97) at 98°C
Oxidized time (min) 0 10 30 60 120
O. D of ether soluble part ’ 0.450 0.351 0.324 0.321 0.325
N-terminal amino A. (#M) 5.02 3.94 3.61 3.58 3.63
O. D of acid soluble part ’ 0.330 0.299 0.204 0.163 0.100
Diamino A. (2M) | 6.59 5.81 3.55 2.74 1.60

Procedure for measuring was the same as Table 31.

RIS BT 52 2 L &2RUT WA, L 3ICHRE DNP 7 3 /B O 2k SR E M L0 5
B LRSS D BALDOHEST (BEHMOER) T WERRL TR, 27 3 JBBEOREOR 7 3 /
BIS 4 1Cils o L2 RLT W5,

35% Hx0: FTIebbilFBRRIKE (—f) RER & LT O BR Y L O R IEAL T
W3 DT L DEREE D3 B .

B 3 B0 I AEA CEENCH L o, BREEHIRET 4 DD FETHO-.

(a) WHEEHE KK #O» 7 2EBH pH A — %~k % pH s, (b) SEEGIKH o2 st
FHE 10cc %) phenol-phthalein %35R3 2 LT 0.1 N-NaOH i< X 3y, (6) —Eassk (10
cc) %R D FFEHLIE S K CHRE 0.1 N-NaOH 1< X 25, (d) —ZAR O sl i @wiEo —
EED 0.1 N-NaOH %2 i e #8520 1o R8s th ¢ HeO: wiBisMR X 2635 0.1 N-H:S0,
WX BT, AL IREEAE 8 RIRET.

(©) DHFIEC X VAFRREEE () X 0° (d) BT X D BBEFL D/ bR T h VR OE

Table 38. Acidity of 35 % H20; reagent (the first grade)

Method
PH (a) (b) ©) (d)
WAKO Chem. Ind. Ltd. 1.15 0.025N 0.018N 0.023N
EDOGAWA ~ ” ” 1.30 0.016N 0.009N 0.013N
ISHIZU ” ” ” 1.30 0.015N 0.007TN 0.010N

a; pH was measured by glass electrode pH meter.

b; In accordance with the literature,!?” sample 10 cc. was titrated with 0.1 N-NaOH as indicator
phenolphthalein.

c; After evaporation of sample 10 cc., it was diluted with water and titrated with 0.1 N-NaOH.

d; Sample 10 cc. was heated with reflux in alkali to decompose the peroxide, and then titrated
with 0.1 N-HSOq.
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ZEMRR OB R RL T\ 5.

BN DWW TR RS B4 DENIGES R I X hlliE Lick 2h POs & LT 130ppm THD
Fo. 7o EMEINCAIY S < © SO IBOFEAE A FER L 7D CHRIEHR O ARMBENTIZIEHY T 2 BUEET
7t 0.01 N-H:S0; I& 74 7 v 4 v 10H, 20H, 30H[ 18°C TEEL £ N-Kinka % Hl
Tl TORELEIIRICRT.

Table 39. N-terminal amino acid contents of fibroin soaked in 0.01 N-H,SO,4 at 18°C

Soaked period (days) \ 0 10 20 30
O. D of ether soluble part 0.450 0.460 0.538 0.609
N-terminal amino A. (#M) ‘ 5.02 5.12 6.00 6.78
O. D of acid soluble part ‘ 0.325 0.346 0.346 0.345
Diamino A. (#M) l 6.43 6.97 6.97 6.95
o, F acid soluble partat | g499 0.490 0.488 0.490

Procedure for measuring was the same as Table 31.

0.01 N-H,SO, CEREXINI=-7 4 7 r A YIIEEYBOEEC V= —7 L EEIT DNP 73
FR DIGINAI T B VIR RAVEE TV B Z E X HIRL T 3. ToREREFTD 300 mu i3si) 5 ROLEE
S BIbE R, 74 T e vD N-Ei7 2 /fRiL glycine, alanine ¥ X (F serine Tk 5
DT 300 mu OPICENAE TH 5 Z &% DNP-tyrosine D43HIA B A T tyrosine 33l A7k
fEX 3 peptide HICIEAEL TV B L &RT. ¥1e74 7 04 v OWkSBERREEL LT
serine Is X ¢F threonine @ peptide FEAEEE L LT WE DT LR o = & v b serine % 3\
% threonine ZBIL L tyrosine L NH: 3£ OFSEGHEKL 7 A 7T v 4 v AF BRI FAEL LW
AHH LBBIN5.

747 w4y ORMEBEREEO N- KR HEORE»D 35% H0: fifb7 A 7 A v ClRE
oK MBI AT AEC L 2 2 L 20 LT, 1.9 mol H:0: ¥iEptainmmi (pH=2.74) 1< X 20
B4 7 rAyD N- Rifi7 3 7EREOZEALD FEOME R 2R L 7.

H36ER LOHITETH 41< 1.9 mol H:O: HHIAKIC X 2 AHRERILD 51 = — 7 VERLT
DNP 7 3 /3 X O'fRRE DNP 7 s/ BRI b BB L DB TITAE 7L WA L\ B 28, £ DA
B ERRE . ThROLEBILKECL 374 7 » { v OER{LEIET tyrosine #3k?D phenol &%
LTS D LRI DT EERIHE B IO 7 3 VEBBETICRE VT 7 2 7 RISHE < i
3. ZOBACIIIKSRRE AT b To . FE0 T~y F v EEIEER LR L B U < SR
phenol HBARDOFER_KANCHE S LHEEIN 5.

B5E EME74 7 a4 2D O-DNP-tyrosine DTk

DNP 7 A4 7 & 4 Y & HOKSFEL = — 5 AT & 4T 072k & ORRIEEK OBt it s 300 my (237
i 3 PR AL peptide B tyrosine 323k> OH #:2% DNP fbX iz b @, $7ai>t O-DNP-
tyrosine ([ZFKF 5. &2 T DERIC KT 2 BOCERIELRILC X % tyrosine ZILDZ{bAt ~-OH
FLISOALE O BLTs 2 modification Tk B E R S EWRCMIEND 5. HIEFBIIAES 14
T~ 7ot { DNP EHE 200mg % 6 N-HCl CHvK G L = — 7 L HilEE O 27K ¢ 100 cc i
BIRL, 2birzoEo—Ed (0.5¢cc) #igh 0.6 N-HCl T 20 fEFER L T 300 me DPIEEE 2
LL7c. TOWRREEE 0FIIRT.
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Table 40. Optical density of acid soluble part separated after hydrolysis of
DNP-oxidized fibroin, at 300 mz wave length

Oxidizing agent t Oxid. time gmtn) B

0 10 30 60 120
0.1 N-KMnO, 0.510 0.331 0.256 0.217 0.196
0.04 N-Ca (OCl), 0.510 0.395 0.371 0.362 0.345
0.02 N-Ca (OCl), 0.510 0.412 0.404 0.394 0.366

Oxid. period (days)

0 10 20 30
0.510 0.440 0.430 0.410

|
Oxidizing agent [
35 % H,0, [

Absorption at 300 m« is attributed to the existence of O-DNP-tyrosine.

7AT e A Y DBALSRRISIXIE L LT tyrosine ZBILEiciE 2 = & & TR 3 OB AL D
BECOWTER LAt (I3 =m4m, w4 TR I, SIH2EBM) 540 BoFE B i
N OBRALAI DB A S BRILDOHETIC 4% 72 \~ phenol M OH HAMIR T2 = 2 Bd b i, o
OH DA B LIS IiC 2 2 LHRHI DGR OB AICE L. —or 2 ‘X% 7 tyrosine 2
REALOMER & UL T3, &2 tyrosine BAEDZAUL OH Z£LIFtD 78 © modification
IR EAEER LDV LARLTW3.

F7e>D phenol H4BHELE, 7\ % OH #:E D modification TIRMET B,

Bef 1

(1) DNP-glycine {3 363 mu (1% NaHCO; 1), 355mu (0.6 N-HCI B BRI A A L,
R 420 mu i shoulder %43 3 = LD H M. HBHAHFTC I 2 — Se # s
DNP-glycine DR L WtH & OBRA T < 7o b o AN 1% NaHCOs DI BEE 2.5mg %
DU CREMRBIRARI T 5. £ OMEHIL y=0.186x THbIh 3. Y REEHE, X (L (B
mg%) ThH. W 0.6 N-HCl ORNIIMESHRIL M2 35 38 KD dis & 7 5.

(2) DNP 74 724> 3 X0f DNP WL 4 7 5 4 v WK O Tl st & 420 mp 1c.
shoulder #7%¢4. ££-DTHHED DNP ®{t7 4 7 = 4 Y DRSO = 5 L3458 3 YO
O EHEIA (Si) ¥ AW TELELEIE L (1) T#&~X 7 DNP-glycine DB L LR L D
BEFRA D N- R 2 L 1=,

e BERRE DR O-DNP-tyrosine DFEZEICEL < BAHBER (300 mu firE) #5730 cEML
ICHEIL 5 tyrosine @ OH kD BAYZALE 415 7245 DNP Mt 4 7 n 4 v K O BT >
& 300my DWEIEEEAHI5E L Iz,

) W~ HYBRMERILT 4 T a4 v Cize—~7 1@ DNP 7 3 JRRBIERIEDMEA T b O
WL, BRRE DNP 7 S BRUXSALEE D b 0 X ) BOEHITEE S U < WL T 3. otEEs e
SLED S DL D EWDIL 7 3 v RME DIBIEIC L 3 & i 3. MRAGICHE L 5 =~ L@ DNP 7
/IR B DR ERRIC 31T B ELB T 3 7 RIS DEHH R U DNP 7 § B & DA © 7
5/@%%@m7i/ﬁm®%@%ﬁ?-?Kb%%%ﬁvyﬁy@mgm%ﬁmié74fp4y
ST OHALERE tyrosine Z3£0 phenol D & /e & —#zE4 3 I O RIBCRIFERIC 720, vk
SRR L e\, 60 CEMYIBNE phenol KBIZLOREE —WRiICH 2 bDTH 3.

(4) WREHEFEMERRIL 74 T o 4 YD\ WT & 3 =—7 L[4 DNP 7 3 @ B3 R b o
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L OTIRENLEL D W&L%@{&Eﬁ'fb@i@hﬁ: 3 oML T\ 5. BRE DNP 7 = R SR
@M®%®fmﬁ9b%®%®%06mﬁkhE%m%%btv.%Of%ﬁﬁ%@ﬁﬁ%ﬁmié
o474 v OER{LEEEE tyrosine #:3E0 phenol DA is B — TR s X Ot T &/ FRAUSHTED
m%@é%ﬁ%mmmﬁﬁmiéﬂﬁéﬁm%ﬁa.itﬁwﬂﬁmmm7s/ﬁmﬁmmﬁ%¢%
I b BT B RO TICHE IR DRI TS 5 -

) 5%fM%T%ﬁ@méﬂt747n4yfmz~?WEDNPTi/@@@%ﬁME@%
O GILARILER X D Wb LT ORBALOTEA IS ORRWIHL T 5. Fichb (4) L FRRICERR L
UmiWmmw%%@Mmﬂ@%ﬁﬁ%m@%@%mm}ﬁkwom7s/ﬁmgﬁmmmmﬁw
ﬁﬁélkﬁ%@%ﬂé.@%DNP7S/M@%&&@)aﬁkbwm@ﬁﬁmﬁﬁbmﬁby7
i/@@ﬁ@%7i/ﬁﬁﬁ%kﬁ@ﬁ?é:k%%bfmé.:@%@@mmﬁ%u%iﬂgbf
s BEROMERIC X 5 & & ZREI L.

SRR LRI TRME S hie 7 4 7= A ¥ Tiks — 5 8% L OHeE DNP 7 3/ FRi o
ﬁﬁﬁ%ﬁbﬁ&bfv%ﬁ%@ﬁ¢%M%ﬁﬁﬁ%v.#mb%@ﬁmmﬁm;574fa4y@
@mmwmmw%%@ﬁ#iﬁ%iﬁ??s/@Mﬁ®%%m%%&mﬁézaﬁﬁ&t.%oz
E%@ﬁ@,mmmh&%%KWVﬁ:%%Kﬁbﬂék%%%ﬂé.

(6) Lid3 A om{tAc e e S 7 4 7 7 A4 VILFBILDEATE d DFE tyrosine
o phenol 4 OH ZEAKAL T 5.

o DRSBTS RN AR B L AICEL .

BTE m&747n47®(hEn%ﬁ«@$ﬁﬁﬂE@@ﬁﬁ

s 4 7w A4 vl 1110 ORILT cupriethylene diamine (Cu-En) JA#HICHA L
FTHUEHER T3 S CHE A IRIRS T B % S~ v F Y MRS B\ IR SRR O
@m747m4vuﬁ~%ﬁ6m$%%ﬁ%a @2 0.1 N-KMnOs % %\ % 0.04 N-Ca(OCD:
f1%%£2%®ik%@%ﬁmﬁéﬁOf%%%%mfa.mmmm;574fn4y@%%ﬁ%
%WWOK%%DH%%m:@Kﬁ%&ﬁ%ﬂﬁﬁbé<%ﬁ%%ﬁ%%ﬁ01vkw.%gmwm
74fn4y&%wlzﬂrﬁCwEn%W@K&AL@<%%%%W%&%@@xﬁyyﬁ@ﬁ@
rich, iRy 7y THRETLD BT s e AL & 51 LTtz A 7T -
4v@%ﬁmov1%3ﬁ,%4ﬁfﬁﬁbhlﬁmﬁﬁ,%ﬁﬁ%iﬁ%ﬁ%ﬁ%GMt%ﬁﬁ:
LRTER.

feo T IEHCITEEMLTHD 5 PHEE “insoluble ” & IR T2 DT ST 7 A 7w A v OBV
&Gﬁ%mmﬁiﬁ5$%%avﬁiﬁ&%Vh.:@K%%%E@momf@ﬁ&ﬁ%lﬁwm%
%i%iﬁﬁ@Q&ﬁ&%ﬂfv5%%K@Eﬁuﬁm%ﬁmmw%%ﬁa%f$%%m%®ﬁ&
é.ﬁ%ih,%ﬁwﬁﬁmaﬁwm@%éfkb:n%%m@%@®%ﬁm%bfﬁm?5#§ﬁ
@$%ﬁ&%-%OT%2%MTG@&k%ﬁ&%#%%ﬁ@%ﬁ%;@ﬁ&&@ﬁ?éaz%mm
@ﬁ@%%%%bk.C@:kﬁﬁﬁﬁ@wmlé747m4y®Wmmw%%Q%ﬁ%m&%%
RBEZ LIRS,

E1E mw747u4y®(h%n%ﬁ«@%%ﬁ%ﬁ@ﬁﬂf%%*@%i

() FA 3 (1959) OFE™E AL HERAL 7 4 7w 4 v @ Cu-En WEHICHT % AEH
#hc. dopa ORAEERTERL, ABRERE L TTA T a4y OREEEEE O tyrosine gk X D ER(L
FHE X iz dopa BIFAED =~ Ak 5\ % dopa s r glutamic acid ZFER O = A7 v
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R & URRIC X % cross-linkage %3 1 T 3.

(ii) EARLAND & STELL (1957) DffEsEe) WX T A T w4 v BREO LA & K X2 Ca-
Qﬁﬂbm{%@%Wmﬁﬁﬁmtéﬁﬁ&%t%@ﬁ@mummmﬁg@mmmiémmmw
tion (&) 7% % \~k OH 3£0 hydrophobic group & >HEHRGIC & BEDHD LHEFEL, FOX
VORI AR T B LIRNT W 3.

IR BIIMRILA ~ 7 b L BFF Cik cross-linkage DAZIER S 2 = & R TERIDILTRL T
5.

(iii) EARLAND & STELL (1957) DA ALEXANDER et, a]i® X DAs & SPEAKMAN®? |z 1 b
MRALR VB SR REEZE R » 50 LIBEETH O tyrosine BIIMIEIN T % 7 vEL L 3155
LRBRINTOE. Lol C OMSBATHEMIE R ST eL. BARLAND B & 04 PIEYST Hi
X Y BRAIBEEE 7 3 /B r RIS LT cross-linkage %43 2 HREMEA S 3 2 RT3

(iv) CADWALLADER & SwmitH (1956) DRBD 74 T w4 v bt % fe 5 T EHRER, WHEsE
@ﬁ%lU?ﬂﬁ%%@ﬂ%ﬁﬂx?#WWKIOTH(h%n%ﬁmK%%&#%ﬁ%&%mbt_
T OEMIER L EOBFREZC X DRI T 3 BRI DIRAL R IS &, BB LIE P
%%ﬁ%@%ﬁ%@m;%cmwﬁm%eéﬁmléﬁ55a%ib%@%ﬁ&ﬁmxmﬁaﬁ&f
WB. L2 ICREHEFRRREIC X 2L D\ TIEk oA < Byt ia LT 3.

LANGHELD'™ Dt 7 3 7 BR DR UBFEIc 25, 7o 5 ) MERFEEFEREL 74 T o 4 v & K
L THE3 HCHO #4:1U # R % tyrosine o phenol # & K& L T ortho hydroxy benzyl alcohol
EEleh, WNT74 7 m A vH3FORESNO 2{HO tyrosine I methyl ZUES 2\ T me-
thylene ether %4 MR L CREMICIR 2125 5 LB L T\ 3.

CORBUT T L T ) MR TG SERRYE O 54 O FEFSI. peptide Ft OET LR LS 7 3 /e
M5, WTEORICERME LT HCHO OAERIFES & & 272 TB L5 A R e
BUCSTIL T 3.

2 F—OBLRMES EVBMET A 7 04 Y hCkTBRE

ARNOW'™ I tyrosine VAW D AEAR(LTC dopa MBI N3 o & R L /INBR 559 13 tyrosine
PRI DTCIGI R & U C dopa % 4MERESRL T\ 3. LA SITCH et. al™® (% tyrosine % iR
{ERRTIALT 254101k dopa IZFD LAV LIBRTNE. 74 T o 4 v OBRT < JBEER
Z# 0.1 N-KMnO; CHIETHEEZL T tyrosine LISk D4 D31z kA EERLE U s .32 0.02 mol
tyrosine DFRELMAM 5cc 1w 0.1 N-KMnO, #5323 & BN RIS K & s 3 2%
R MnVA S v OBEIIEL LTl OEIT B G 7 5. 10ce LIS 3 & % O BLETLR
JEARIR & Te D 25 ce ALREIITAUE L EEIMOEONELIT 1 L 254, CR2EE2HBM) g,
2R L OFERE b0 T tyrosine D~ v H v ERIEMER L L TR LTV 203 WikEE
T AR T 3 & it 5.

EHLTA T v 4 Y ORFIRERT 3 7B X O T RIS OREEWE &2 L 0.1 N-KMnO, i
BEALEATV, BALEBEORFS 2 #EL TV 3.9 FHic X 3 L phenol 11 tyrosine X [7 U < Rukic
At 5. dopa dEME HEEMIO%EE S & 3 L E 2 tyrosine TfF oD & F—5 8 CR bR H i
-

(D) B~ ¥ YEINEFNED dopa sKESHK DRER

0.02 mol dopa 5cc iz (1:4) HeSO, 10 cc winz 0. N-KMnO, # i1+ 2 L Ebic Mn¥I g 3
Y OREEILTER L dopa JKEHIIEAET 2. DC LiX tyrosine L [{—Ch 3. Li L*x oDt
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(1) 1% 0.02 mol tyrosine DHA X VIRV, FMMakE 5 & Witk = D BR\EEITIBE L 8 cc fn
2 B riEGE LS. B Mg Y DEEDTELITRI T 5 23F DRITFRIBIC /L 5. IR
16 cc JhZ 17 cc k.o L BefaDRIC 1 SLLER BT 5 IR T HEEBIIERT 5.

(i) dopa DjNEAERAL

EE4 o tyrosine, phenol % XOMBO 7 I JEEH L i % o s R & AT\~ v A Y RN
ByEE Rk, 0.02 mol dopa 1cc 1& 20% H:SO0s 10cc B X ¢ 0.1 N-KMnOy 20 cc %z T
8, % DR T0C TEEMRLL. —ERsHEE 0.1 N-(COOH); TfifaL X Hic 0.1 N-KMnO, T
e L THEERE YR, M DMVEL L Feli3 % - by ‘L 0.1mol dopa 5¢cc 4hiIcieBh LT
HEMEAHE LT, F D¥%EL% tyrosine, phenol s XUF serine & BRI S 42 KR .

180t

Y, § PUBII . S
o

160—’ Fo i e O
~ 1401
L
N —o—o— Dopa
5 120 —v v _
£ =0—0— Tyrosine
g 100
‘2 ~ —0—0— Phenol
)
O .

43F —~o—o— Scrine

20t

L 1 1 { 1 Il
10 20 0 40 50 60
Oxidized time (min.)
Fig 42. Variation of 0.1 N-KMnO, consumption by dopa, tyrosine, phenol and
serine with the oxidized time
Consumption was represented as cc. per 0.1 M-solution 5 cc.

Y~ v # Y BRI dopa KA DMk X OV 42D I H B dopa XERILAIALAF T
1% tyrosine % phenol r FRRCIREICEMLEN B 2 & EBDI. PO TRALHICERILT 5 S WIT
|3 tyrosine s b OFHEYRD dopa I PFMKE L TLETHD & Tz b ARICERL
rLChEDIFD phenol THIET 5 L HEESNS.

(iii) 7 A T rAYHO dopa DR

dopa—glutamic acid ZRHEf = = 7 Vs & D ERALAILEE 7 4 7 5 4 ¥ HIC A (¥ (N b )1V &
fityic. dopa 2MEHI I hAEIe Hisw.

0.1 N-KMnO,, 0.1 N-Ca(OCl)3, 0.04 N-Ca(O0Cl)s, 1.9 mol H.0,( pH=6.97,70°C.), 35 % H:0: G
B ox ORI Rty 4 T e 4 Y wFNFH 6 N-HCl & » HIcHEL 105°C, 10 B ks
& fYEfEst% paper chromatography ot EBAMNE n-BuOH @ CH;COOH : H:0(4:1:2)
& Fws, dopa OFEEFNCIE 0.5 % Riufiw Buwic. BxOfRE7 1774 ¥ DRI D paper
chromatogram 1-.(%4x { dopa @ spot (Xifd biigd27e. s g o> dopa R E U THWE
2%, RF=043 ©r = HICH D ERFSEO spot il TOCE 5 dopa-glutamic acid %
R = R F ARG ETERIC X 5 AL E L s\, @FE =R F NSRRI\ =
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— 7 R AT T H U K SN X B~ o TR S c dopa 23R i & L 2> dopa-
dopa 2RI cross-linkage OAFHEIYI5E LEE. 62 THE3 diphenyl ether DY A~ 2 b %
HEL 7.

VY= 2 7 —~ A m G, 5543 IR SX 1074 % 1\ D BUINBEEC % 210 mu & 270~275
my BB RABR D b B, 44 IR EEY R E { L TR 270 mu SEEF O Ptz FE
CHIEL IR DOTH 5.

/ 210 ma
272 mun
5 yorem
0.5 1ok .
i 8
A st A st
o 271
) S
2k 4t
1 2F
5
A A L I I 1 1 1 1 Il 1 } 1 1 1 i A ] 1
200 225 250 275 250 260 270 280
Wave length (m#) Wave length (mez)
Fig. 43. Absorption spectrum of 5X10~¢ % Fig. 44. Absorption spectrum of 0.01 %
diphenyl-ether in ethyl alcohol diphenyl-ether in ethyl alcohol

F OB ERCIIIIE T 272me Th 23 Z LD bz, £ O diphenyl (Anas ; 245~250
my), benzophenone (Ama:; 255mu) s X O° diphenyl o #E#MIF) 21X p-phenyl-phenol (Imac;
255mu) o X 51 diphenyl JELWENE 250 mu RIS Anae AT D LBHBRTL 2.0 L
DR OEAGT 4 7 7 4 v IR OB RS 45 M3 X O0'3 46 X< 1% diphenyl ether s X U%H
BUCABRCES T 2 5 5 WEELT 2 BB AL 4 L o bivisy. 2Oz 2 »h dopa-dopa %R
B0 = — 7 AFEAC X B cross-linkage DFEFERHEx D\, 74 77w 4 ¥ TROERRILDIn & FEF0
P RO B AT R L LT dopa DB TV S, BAAMEOH A DicERLI-L L
THEDICAME SN dopa BHEA ML LICEAD 3 WITEAXERL V. 1820 TRBRLE I
S LOBA L BILRLEOHA L IR E50TH 2.

I EMET7A T 04 BRORIMEBANZ P

4R~ 4 7w 4 v, 0.1 N-KMnO,, 0.1 N-Ca(OCl)s, ¥ XU* 35 % HO: TThLhERILI N
>4 7w 4 v Cu-En BWKICHEM @Rk, KKRWT 0.1 = REERER (pH=10.10) TZ&
LB IRIE L C— B R AR L .

(A BEOEMIE 3B S, FH4BPF4MBLIOES TR IMERLBEI TH D)
B DATRIGIC DT 250 mu JHZE 500 mp \CE % BRI BT §1 N fo. GRS 0O
WU F U E R BEY 004 % & LRERBSC OV TL 08 % 12 Lic. LTh b OB
w248 45 s L OV 46 RN RT.

SR 7 4 7 a4 Y, 0.1N-KMnOs, 35% HeO- LT A T = A ViL 2718~280mp [Chnax %
5L, 0.1N=Ca(OCD. @{t7 4 7" » 4 ¥ X OfriEic shoulder Z7RFDHTH D, NI ILFR
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Opt. D

151

10F

Opt. D

0.51-

@@ Untreated

OO 35 94 H3O0s, 30 days.
O 0.1 N-KMnOQy, 30 mins.
@@= 0.1 N-Ca(OCl)s, 30 mins.

Wave length (mx)

Fig. 45. Absorption spectrum of different oxidized fibroins in 0.1 M
carbonate buffer (pH=10.0) Concn. ; 0.04 %

-]
©

—gummg Untreated
Qe O== 1.9 M H303, 70°C, 5 hrs.
\ —0—0— (0.1 N-KMnOy, 30 mins.
\\ ———0= 0.1 N-Ca(OCl),, 30 mins.
\\ \%\&
\\..::‘

A A I\ A e A Al I 1

A n I 1

300

i 1 A
400 450 500
Wave length (m#)

Fig. 46. Absorption spectrum of different oxidized fibroins in 0.1 M
carbonate buffer (pH=10.0) Conen, ; 0.8 %

i | A
350



M7 4794y ORKAIC &3 sl 555 : 55

mpwkméﬁ%&%h&b.@Kﬁﬁhtpmkmtwmme%£K%W?5%®&%iBﬂé.

YASUNOBU et al®® |} tyrosine #&-fs peptide % tyrosinase CELL 72 % D DESNRIL 2~ 2 T
MEFN, SHEOASTOREZ LR RAHMLTW 3. Thbb, (1) dopachrome pattern (Zpq,;
305mu, 480 mu) w34 0. Chut N-Riif tyrosine peptide D483 2. (2) dopa-quinone
pattern (Amae; 390 my, o-quinone o ERIYTEES =3t <)y T HIL/AED C—s tyrosine peptide
F L OF tyrosine FHRLARDEMCH 4. (3) protein pattern (shoulder; 350 m.) tyrosine 23 peptide
WEBICATE T 2155 F & © peptide T b 3. F 72 RosTON" jZ L #11F dopa (Amas; 280 my) it
tyrosinase CHf{t X% & dopa-chrome (Anar: 480 mu) % £&-C DH melanin 2T 2. BL>
AT v 4 VIR CUE 305 my, 390mu 33 ko8 480 mu IZIX 4R peak ZFRb7cus.

EARLAND et al®” )43 2 quinone RHLA AR T 5 AT GIL tyrosine BB L lysine Zpit3
D%ﬁ%Wﬁmlzlﬁ&é.%OT%ﬂMm74fu4v0wmmwﬁﬁ@wy%»&a74f
R YHO lysine BIke B 2Lk L & A 41 TSR HEREIIT S\, ok, 74
TRAVHRDST I RIS Y HIE LT tyrosine BRILDW L = B 34\, tyrosine
%%ﬂ%méhfcmmme%ﬁakb%%miWmmﬁﬁamﬁmﬁﬁﬁm%ﬁ?aﬁhw10ﬁ%
DEINT O quinone FILHFE(ET 25T h 2 PG CIE 4+ 2 peak XD a7,

REDT tyrosine ZJty lysine BRIEMOBEATITU TR\ L E L b 3.

Table 41. Comparison between diamino acid residues in fibroin molecule and

(i) tyrosine residue diminished with oxidation
\\\\C\onfent In fIbroin| s mino A. residue (%) | Amino A. residue (mol,) | Diamino ?’hgfiidue total

Tyrosine 1045 64.03 10-3
Lysine 0.67 52 x10-8
Histidine 0.32 23 x10-3 13.8X10-3
Arginine 0.99 6.3 X103

(ii)
Oxidized condition ! Tyrosine residue remained (%) Diminished mol. with oxid.

0.1 N-KMnOy, 30 mins. 7.21 19.85 103

0.1 N-Ca(OCl)g, 30 mins. 5.94 27.63X10-3

35 9% Hy0: 30days 7.23 19.73X10-3

GIEse et alD {2 MCLEAN et al'® |12 s RN T b tryptophan YA ORI A~ 7 + AR
3273 tyrosine, phenylalanine ¥ik® BlUIBIKT 2 2 & % 3ad, /BRS04 13 tryptophan 1=
L tyrosine % D%\~ a-casein, A-lactoglobulin ¥k DUESMFLIN = ~ 7 1 ML -5+ 3
L HFRD TN 3B, YASUNOBU & DANDLIKER!4Y) 3 a-lactoalbumin 7% tyrosinase TRALI T
ARENRBEIR LD, S BIT 350 mu 13 peak 2 Hlbh 2 2 L 2 HIML T 3. i W
ROFHCDNTEFRL Tl LA 31 CARROLL D ALEXANDER™) |2 J #1i¥ serum albumin
R O RIS L R bR R =7 b A DRIR A B 5 4% 2 O ST aggregate TRIC & 2 ot
HEBERICE S DO LRI T 3.

HFHOBALT A TR AYDPIR ALY bk 2D L F—BETH 3N EELRIC T Y BB LEE DY
ﬁbt%@ﬁﬁﬂﬁk%%&%hh.:@ﬁmiﬁ@ﬁ%EED%%@NO&%ké<ﬁﬁ?%%.
S OBERIC D W TR EE b 28 3 F5 6 fliide L OV 4 3888 S EiicsBb L 7-4n < FRACAIILERIC X 2 ety
SFROERTIshD aggregate DL A FH L 7D, CARROLL %> ALEXANDER D RLfRA 3
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5HDTH5.

% 7~ EARLAND 23EEL T\ 5 tyrosine B3 modification % %\ M hydrophobic group D&
s RRFMUER L T35 8L FD R L R T X D WS T ABE DT HET
ek Babh a. ik 7ahud modification % 5 ST R LB X D Bk © RN [
T3 LITELLREVIDLTHS. S SICE 3 EHE 6 ik X OV 4 B S HiTRANTe & 5 W HREE
DEALT A T » 4 ¥\ W5 “insoluble” X TN T2 DL ML 7 4 T e 4 v L) S TR
PR LT b ST EEERS O BILRRDONEDT D, BB 5 modification b WM
BHIBUILEINS.

Bagh T4 704 VEBLEORBEOMR

54774 v% 0.1N-KMnO; % 3\ % 0.04N-Ca(OCD: THIRTH ~ O RHERILL BBV
M%ﬂﬁ%ﬁéh%@ﬁ%btﬁﬁmo%ﬁ%7i/@,TV%;%%lv7w¥zF®ﬁ&ﬁ§%
Fote. FRRCER{LTHET 5 D pH ZAtZFH~N1c.

(i) R-CHO i 2\ T

0.1 N-KMnO; 33 I 0% 0.04 N-Ca(OCD: % Fh£h 10, 25, 50, 100 cc 588 h K& mA T 100cc
3kb%ﬂﬁ747“4V%5mmg%ﬁ%bfﬁw%ﬁﬁﬁﬁhéﬁﬁﬁﬁﬁbh.%@ﬁﬁ&
mwﬁ@ﬁaiaﬁﬁbfﬁﬁb%@ﬁﬁ@~ﬁ§&%@@ﬁmbfﬁ%&ﬁw,ﬁmﬁmomf
schiff SHEGT7 L F v Fa i, fNOLER T bk Shisn2r.

(i) 7 3 7B onT

1 & RIS D 5 1 A 7o FRILHE O TRV % VR FE IR L ninhydrin S84 W ClElE 7 £ 7 BROBRHE
Fote. MO T D b7,

GiD) 7vE=¥EOWnT

ROBLIRE 7 ) e U TR R ATV, BRSO\ T Nessler ST Ve =y R RH
Lk&:é%Diﬁ%ﬁbﬁ-%OTWDW%ﬂE%ﬁVTV%=¥%%§Lk.747m4y5m
mg #KBL 2g L7253 X5y, Thz 0.IN-KMnO, 100cc Hic B L — R ERIE L
ﬁﬁme%ﬁbﬁvvﬁV@MEﬁﬁﬁﬁibt.%mﬁﬁlOWaﬁwOJN4axmhgm%
LT A D ) R LT~y — AR TR L. WiHHE 100 co ICHiBRER 20cc &
%DN%WT%%1aﬂ®ﬁﬁbf%@bk%@%%ﬁ%@%(74w9—;&2&%)K;oii
L.

0.04 N-Ca(OCD: BtDH AL T 4 7 4 ¥ 500mg % 250 cc DIEHFTHA L. W 20cc
oo\ TR SRR T B A sfob e 10 ce 2% 0 RO KI Il &k T 0.04 N—-N2,S:04
%M%Tﬁ%E~F%ﬁ%§%7WﬁUﬁKLTﬁ@Lt.@&ﬁ&SMmK%ﬁﬁﬂhc&ﬁoﬁ
TRk HAERLC.

FORERE R R ERRT.

BRALIERD T v e = ¥ O SR ITREEFRERICOHERE ~ ¥ 7 Y BRMER{R L) ST L
RABbBRE. 74T ey~ yd VBRNERLERT S BT tyrosine BIEA AL T A A
ﬁﬁiﬁﬁlﬁwﬁﬁﬁ@l%h%%ﬁgéhéﬁB(%Gﬁ%Zﬁﬁﬁ)7V%;?®$ﬁd:h
b ORI HRKT S LHEIN L.

%ﬁﬁ%@ﬁ@%@ﬁb@iﬁﬁ%@&%Gﬁﬂmmmﬁﬁﬁmkéﬁwﬁmgnt747n4
WIN-%WEE%%M?éb(%6ﬁ%3%§%>itﬁvvﬁV@ME@w@%Qamﬁmo
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Table 42. Ammonia amount produced in oxidizing solution when fibroin was
treated with oxidizing agents

Oxidized time (min.) 10 30 60 120
0.1 N-KMnO, consumed (cc./g-fibroin) 504 82.1 111.1 156.6
NH; (mg/g-fibroin) 14 14 14 20
0.04 N-Ca(OCl); consumed (cc./g-fibroin) 201 567 724 736
NH; (mg/g-fibroin) 6.8 9.5 13.9 17.8

Oxidizing condition; 500 mg of fibroin was treated with 100 cc. of 0.1 N-KMnO, and 250 cc.
of 0.04 N-Ca(OCl); at room temperature respectively.

SRBHENS . GB4EFE 1H2R) B0 TRMLEISL C OB HE (peptide ) 1< IL1THY
CHABDTHD TYE=YOERILLAZ DM peptide It T 2d DL HEEIN 3.

(iv) pH %4k

74 7 w4 viR#EEY 0.1 N-KMnO, HIZBRE LICREET pH ZHIE T 5 & ISHE O IKERTFE
DIsTeDEERENE LR DN, 2 TT7A4Tr iy 1g #XBL TUHTETEL TESCR
WAMEEx —EEE (4.5¢) L LT 0.1 N-KMnO; 200 cc Hi# A L AT B %5 [IRE L <R
KD pH #RTEM pH * — 2 —CHlIE L. TORBERLYE 4T rT. 0.1 N-Ca(OCl): {tD
BHETIT7A T4y 1gaKER 452 & 1T 1000cc i AL T~ v ¥ v ERIBER{LOH A &
FRRC LRSS pH 2315 Lz, FOFSR L2 48 Ricri.

)

10
9
T 8
7
6 S W— 4 - ‘ | ] ! L
0 10 20 30 0 30 60 9 120
Oxidized time (min.) Oxidized time (min.)
Fig. 47. Variation of pH of the solution Fig. 48. Variation of pH of the solution
during the oxidation of fibroin during the oxidation of fibroin
with 0.1 N-KMnO, with 0.1 N-Ca(OCl);

BB © pH (ZBALEIEE b bRAIOERHICE L WEbE R T. i~ ¥ v BRINBERIIRLA
e LB L ZToB—ELin5.

ARk X b tyrosine ZBZEAiBHZI ¢ 3 dopa B HE IR\ CHEA T 5 &4y, BT modify
XM %5% 5\ hydrophobic group DBV THI S D& L THXE~ ¥ ¥ Y ERINE O BIL X
D AERT AEMMBE DI pH kige s bio. BT 47 XIOfEREL B phenol HBAZE
AT 5 BRI VSR HEE CX 3. L OLDEMEIKIC o & Overell Omka B L THBR
HRD B HEE T
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747 r4Y 3g % 0.1N-KMnO; 550cc iz U, FALAIDNE IR Z28HE L CIET 5.
{81 % Amberlite IRA-410 D7 7 & (3x20em) %L TEMER A 524 HitE X 3. FORBAIEL
W\T 1 N-Na,COs # Fiv~ 1 53 40 i T O BB CIAH X @ U AN S XN 7o MR A4 + v ik
BRIDRERA X CHEBINWAEIR T ) 74 LEBEORER Y — ¥ AT 3. FDi% Amberlite
IR-120 D7 Z A %@L Nat & oeailksg LRI F ANTEE U ABBOZNAET 2. 21510
U TR R R EREL 3cc & Lz, 0, 002cc #3841 LT paper chromatography %47
Dfc. JEHUXEEIRME No. 50, EBEALLNT EtOH : NH,OH : H,0=20:1:4 % Fu 7.

AR HETOHELS XOEHRO MRS BRI L 7. ERFRERL 1SETH 2. 3EFNLAH
AR HIC i 7s 0.03 % methyl red—borate buffer (0.05N, pH=8.0) % F\ 7-.

AE 51X RE A% 0 (JFLEER), 0.08, 0.25, 042 kX1 0.57 @ 5{HD spot H3E88 bhie.
KA HEIEO RE (LRBEER 072, 75 —1fR 040, AR 022, ~ =ik 0.10, 9.50.50,
&R 0.08 Thole. BALIKFIZRIT 2EM O ERCHAE L 740 & FE S RIC D EERESL L T\ 3 0
TP COBED RE LA THERINE. 7 5 —ARBROFESHEE S 3 237050 a0

BaTaHT 5.

DL EDRER, b AMIBREOERIIEETHS. O T LED pH BILOBHIT AR ERT X 3
LRER SN, WHHERMERLOBATITE ~ v ¥ v B B LI e U SR BB S0 0
T CGRA4ZEHE 12K © O peptide OMETREILIT X 2 BEMMNE © kb hids b 55 48 M oofn &
PH Zbliiia RIS D L DR A,

BSHI 7FNLT—NET7AT04 B LUEBME7 M7 04 > 0RBHEHOTIL

747 r4vi HCHO JSHRICEIEL T “curing” %#47%1¥ Cu-En %% %\~ 3 Schweizer &t
TR L 72 5 & L 5% CADWALLADER'® LI 150 12 1 ) BUH X T\~ 3. CADWALLADER i I h
(X747 m4v% 005% HCHO ORMIFKICENE * curing” %47 2 1 E AREMALT 2 2tk
1% DLETCI W EREAMLL IR ZEEDIT OB ClE pH X id 2\ ML 74 % Ul Th
BDTET A ) T HCHO MU A L 72. HCHO J2EEAR 0.1, 0.5, 35 X0 0.8 % O bt
e (PH=102) HiZ 7 4 7 r 4 v % 10 3B5EE, KELEZLZLO (A) #X0EEE 100C
T 204> “curing” HATWVIKIELEEZ L7246 D (B) © Cu-En Wik~ DM A T~ 2 LEE 43k
ml 5.

Table 43. Solubility of formalized fibroin in Cupriethylene diamine (12-16) solution
and tyrosine content

| Sample B
Uptreated | Sample [ 0.1% CH,O- | 059% CH,O- | 08% CH0O-
treated treated treated
Sample : Cu-En [ 1:10 f 1:10 | 1:20 ’ 1:20 j 1:20
Dissolved time (min.) 3 } 3 30~35 ] 60~70 ' 90~100
Tyrosine (%) 116 ( 116 [ 11.6 ‘ 11.6 [ 11.6

|

Sample A ; Fibroin was soaked in 0.1, 0.5 and 0.8 % CHyO-carbonate buffer solution (pH=10.2)
for 10 mins, and thereafter washed with water and air-dried.

Sample B; Fibroin soaked in the solution above-mentioned was cured at 100°C for 20 mins., and
thereafter washed with water and air-dried.

KRIRENAL 74 T v 4 v i HCHO BWKICEEL T “curing” %457\ & AL D
D LR HIT T 5. curing L7ch O~ v # v ERIIE 3o X OWEESMIERIL T 4 70 4 v
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» ARCEATCH 2. 0.19% HCHO QUG HBEMAMIC 7 5 2N IREER I & & b B L b 1% 08 %
HCHO MLI® 3 O TR 2 O 100 SEROEH L nEL 35, chbD7 A~ =itz 4
T e 4V RIEIRERIRALT 4 7 R 4 ¥ LT\ 3% RSB R RIL KBS 2475 & OB
e (BRI O RIEFR(LT A 7 r 4 VICHLENMCARTS 3. e L Th 2 OffR2 5 HCHO
ISR AEZE LT h curing OBlr FUX —ICHIST B = 20X —FEMN T A< — AR IT B
Th B LNBDLNE. ok, 7ANT ~MLT A T v A ¥ EHKSHL Block & Bolling 1= & 5
Millon-Lugg kB2 GEE L tyrosine A BN & WO 7 4 7 = 4 ¥ LR TH 2.

HCHO (3 BRI 0% ESR, 71 = — bk OHIE, NH, 3% & ST 5 C & % Fraenkel-Conrat'®?
X DR SR, 74T B A Y DT H A< = LRSIV THATED L T#R O tyrosine
O serine B AUBEE AT B b O L EE LKL (332 L LT serine ZRIEHIC methylene A
AR L tyrosine ZB2LAHIC methylene 24463 2 WIAEML D THiCH 5 L L TV~ 5. ALEXANDER
et. all™d 3 7 L~ — ALAL2ETECIE tyrosine ¢ phenol %D A v firfE & lysine Zkfj> HCHO
AMEW X 5 methylene bridge WERREL, OB T7LrFe FiX kS % & methylol
tyrosine » L% b FHhut Millon S L ZIRE LI\ DT tyrosine FRIMETT 5 L RARTAN B
el DIEETL 7 < — LT 4 T e A Vidfhd tyrosine FEDOWA LIRS IR\ DT tyrosine
BRHeA —JFOHE & L7 methylene bridge (3 & /s~ HEES NS,

P T T AN~ — LT A T B A4 Y ROFRLERIC O\ TRRATFEROERE X T 5.

OJ%IKHOT77WV~W&§ﬂt747n4VuCMEn%KAD%%%ﬁmm3mﬁ§gf
ZMEDT AN~ LT 4 T a4 vk R TR B X X OFEIC YO R RELT B &
k%ﬁﬁbt.Mi@7iw7~wm747nﬁykISmMH@ﬁﬂkﬂWL7m3f2,4%l
U6%ﬁ@ﬂ¢%a%h€ﬂl%ﬁ%f%@?5l5&&5.:nmﬁLOJNmehflmﬁﬁ
%5V@OJNCMmmzﬁSQﬁ%w?hﬁﬁﬁﬁﬁﬁﬁﬁbﬁ5&%%%?%&5Km5.gﬁ
RIS 74 T e 4 VIZEIUE v A Te 4V XD LI LA BEETHZMN GBS EEIHS
R) CAUIETEE~ v H YIRS B\ IR C R A L husEEs LT 5. BlE 1.9
mol HyOu( pH=697), T0°C G 2 BsILL 72 D% 0.1 N-KMnO, ¢ 10 AT 5 & Wi
u%3m%%§¢5i5mk5.@mﬁm%#%mmLTOJNKMML@1oﬁﬁ@mbﬁ74¢
ﬂ4y(%%ﬁ%@%wﬁ%¥?é.%3ﬁ%5%2ﬁ)%19wﬂmm,WC62ﬁﬁ%lU
4%@@&?&@%@%@@%%%&7%%;61%%&&@9%5.

R OEE D BRI I B LIREE /N & A% methylene bridge 2 ERACEINT L C YA A B0
< BPEEMSH D, B~y ¥ VERNES X OWEERRREL methylene bridge IR T LS
twmme@%%ﬁwapmmﬂ&%%%é%ﬁ%%ﬁ%%~%ﬁ@mé&écaﬁ%a.ﬁvyﬁ
VEIERMLT 4 TR A VB IO T AL~ =7 A TR A Vi3 R E BRI XD
ﬁm%%&?%%%#B,@w747w4v@$%ﬁwﬁw®lomwﬁﬁ@smhe@%ﬁOnw
thylene bridge FRIC L % L HEE I 5.

@wﬁ*KMTi/%%IU}EHOMﬁmﬁhkmﬁiﬁbh}mHO#%ﬁmK%@mﬁmK
%5?%@@%$@E@mmv.é%mﬁmﬂ747n4vwvxwv~wmmm%x%w¥~ﬂ%
Foh %A= R X ~ RIS TS & RHEL T 5 LB DD,

o EMIEIA704YDAFLYT Y A-BRE LV pH BEMR
phenol (I EEENEER(KIC X b cis—cis-muconic acid X 78D 152 % 2T 2 7 ) v O EESEORRIIE
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RaXd 2 LFRLTr MRRERTBRRIC/ 2.9 7 1 7 v 1 v O tyrosine BB LAV D34
(% phenol FEOPHE N TS 2 O CHHEAILZ 4 7 = 4 ~ > methylene blue Witk A sk 1
1.

methylene blue PRIV & DOH|5E ; methylene blue o FiHiH IR EBHAEH (740 # —, Se
BEFE) % A CHREE & WORHE X DEBRAFE~ 2 L B HF 5% 10~ mg % LI FClt Beer DN
BT IRBED —WRIEH T H 5 & L b7, TOBRIL y=0123x CEb IR 3. » FIOEEE, x
R (B2 107 me %) ThB. EOTT7AT oAy D—EER 200mg) % 48mg % methy-
lene blue /K 20 cc WCEFEL 18°C [HE T 125 BeiikE L s, ZDHBIBEL T 50 fEHERIE L
TBOLEEZRIE L BT X 0 R E R & F~ RS 18 % ) oWl 2 L.

0.IN-KMnOy, 0.04 N-Ca(OCD:, 35% H:0:(pH=1.30) CRALSHiz 747w 4 visTrx 1.9
mol HyOx(pH=6.97) CHIEEALINI=7 4 7 v 4 v OFBBILICHETS 5 methylene blue Wl 252
F 443, HASEK, 6K LU 4T RiCRT

Table 44. Methylene blue absorption amount of fibroin* treated with 0.1 N-KMnO,

Oxidized time (min.) ( 0 10 30 60 120 240
0.1 N-KMnO, consumed (cc./g-fibroin) | 0 5942 1010 1348 1732 2042
M. B. absorption (mg/g-fibroin) { 2999 2037 2820 3018 3310  36.12

Sample 200 mg was soaked in 4.80X 10~2% methylene blue solution at 18°C for 125 hrs., filtered
and diluted to a definite volume and the methylene blue concentration was determined by electro-
photometer (filter; Sge).

* It was the one demanganesed with 19 (COOH); after treating,

Table 45. Methylene blue absorption amount of fibroin treated with 0.04 N-Ca(OCl),

Oxidized time (min.) ] 0 10 30 60 120
Reduced chlorine (mg/g-fibroin) | 0 316 407 1135 1340
M. B.absorption (mg/g-fibroin) } 30.58 19.18 21.75 27.64 27.73

Procedure for measuring was the same as Table 44.

Table 46, Methylene blue absorption amount of fibroin treated with 35 95 H,0, (pPH=1.30) at 18°C

Oxidized period (days) ( 0 10 20 30
Hz0; consumed (g/g-fibroin) | 0 1.20 1.69 2.69
M. B. absorption (mg/g-fibroin) ' 30.01 7.57 8.71 11.65

Procedure for measuring was the same as Table 44,

Table 47. Methylene blue absorption amount of fibroin treated with
1.9 M-H20;-phosphate buffer solution (pH=6.97) at 70°C

Oxidized time (min.) | 0 10 30 60 120 300

M. B.absorption (mg/g-fibroin) ‘/ 3043 28.24 31.00 33.57 38.98 4545

Procedure for measuring was the same as Table 44.
0.1 N-KMnO, f(t7 4 7" = 4 ¥ 3s L8 1.9 mol HoOs JBE{t~ 4 7 = 4 v 1% T R

LD b DI T HIRALFIHA D b DT D 4 D M L Pl B 134 7 W SPRAL D HEFT & & b i
LTWw5s. Co initial fall OB SireH et al™ OFR[LAERRLT 4 7 = 4 VEIOE® of
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HIALZ A T 4 YD TH DB T2 53% & 2O EFIC DL TR %52 T,
0.04 N-Ca(OCl): %5 X 0° 35 % H0: ML & Difiii B D b DD L ~ SRR ITEE L T U
IECDSRNE D FRAGDHEITE & B ITHIMU T 3. BILT 4 7 v 4 v HiEDBMIEEE D260 23> me-
thylene blue DBREFBHEEARL D MILE 7 1 7 v 4 v Tz Ui R PAaisi (125 BEED ORRE O
Babb20TEORERIT L. Tinbb 1258510 720 BRBSBERMAEE L. Ll
IS TR & OBALE DI, FORRD 1 %58 48 iR

Table 48. Methylene blue absorption amount of the oxidized fibroin with the
variation of soaking time

Oxidized condition -~ Soaked time (hrs.)

125 140 260 720

Untreated 29.99 29.99 29.99 29.99
0.1 N-KMnO,, 10 mins. 20.37 20.37 20.37 20.37
” 60 mins. 30.18° 30.18 30.18 30.18

Procedure for measuring was the same as Table 44.

FOR U TR B B v ~ ST 2 R R BGETPHRFR O RRICIL X S\ L2 3. 1.9
mol HyOp HIRILEELISD b O CIIERItIC L7 5 methylene blue WV E D2 LT e 348, H 4k
LU S BOEHEDOT CIRAR /PS5 T BB HOBEARL T 5.

I BRI A L 2 OB LT\ 3. ¥ R EEERE S X O 35 % H.0: ML D 4 DIt
AR RS BALEE L ~L X D RSB FR USSR L & B ISk R 2 521 N= KBS L T
ROFARTH 2. [MIICL THRRIGICAE R S M SR O TR % 73 &3 —3 L T3 » COOH
FOFAERMAETREL T 3. 2D LIFROEBRIGCAHEIS 5 7 4 T r 4 v O pH EMEOLBID b
fER ST, MUY 4 T r 4 Y, B~y H YIRS L OREEEBERILT 4 7 2 4 YiZDonT
LR ERALG D FHE 1Y U O T A A FER U TR DY B A 7.

AEBEEIT L 5 pH FEEdhf e ; 308 1g 5844 h 0.05N-HCI ¥ X0t 0.05N-NaOH % %
2, 4,7, 10, 20 X0 30ce whiz &k R% S0cc (it ? X 5 CKE ML TR LAKREH:
3V9E 5C CHRELR Rk L CTRECEE LD BMNFEm pH 2 — 2 —C pH ##llE L. F
BRI TRRICH 3. FORIELZEE 49 [ X U8 50 Kicsim3.

AFNAET 4 T 4 v OFGE MBI ELEIC KT 2 L 7o ) ik pH OF\WHICBEIL,
FEMTAB DB SIERA X pH DIEVFT 745 ) BICiiEWHCBEIL HCI-NaOH &5 e
B 7225 CHULTEMHD “blocking” WCHHT 5. FBmETAN VAT 4 T 4 v DBLIL
RAICIX pH OFEWEHIT, 7as ) /T EWHCBEI LIRS & 2 NHy 2 COOH 34k
BRDIDIRLT N7 ) AT BIcd L SNT W39

BURU o<, @~y # v BB s X ORI CRRL Itz 7 4 7 e 4 v O BE s
BICRIz L A LB, TAs )T pH DIENEABEL TW5. S BLICERILOEITL & D
BEMELLDTWE. 2Oz Lidfkicti’s 5 COOH #ughna IR L T\ 5%. methylene blue
PolR &AL T, initial fall OBEAH LR IAEE MR DX 10 5FIRRILD 7 4 7 = 4 v B
DI X D 3 COOH ZEDMIMEFHD B Z LN TE 3. BRCTR Ut Bpictirin 3 7 4 7
R A YOG FEZALTIX initial increase DKL BTz, (5 3 EH 6 F6, 58 4 B8 S @B R) T
bR X o CTHFREME AR —ERILE N TR 3D THIL7 4 7 = 4 v © COOH D —#
(% methylene blue X L Cix mask XjLT\w3 & Hfkxh 3.
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[ [ } 1 1 [ [ 1 i [l ] 1 1 ] 1 N
30 20 105 5 10 20 30 o 30 20 0 5 5 10 20 30 cc.
0.05N-HCL «— ~= (0,05N-NaOH 0.05NHCI «— —»0.05NNa0H
Fig. 49. pH titration curves of fibroin Fig. 50. pH titration curves of fibroin
treated with 0.1 N-KMnOy4 treated with 0.02 N-Ca(OCl).
—o—o— Untreated ) =—O=—O== {[Jntreated
——e— 0.1 N-KMnOj, 10 mins. —&——e— (.02 N-Ca(OCl)2, 10 mins.
e G ” 30 mins. ——— .
b ” 60 mins. ” 30 mins.
e Yo “” 120 mins. e ” 60 mins.

LR OBILEICH T 2 tyrosine A OBRIETEINAD 2 WIIELPIKETH 5 0T LT CO-
OH FD AR mE phenol MBIZLC X 2 D L dN 5. bHAHAMIUN T 3 /1T X 2 XIS
COOH #D¥nd —HAHEL TWBIEHS .

378 Milon-Lugg S B%ke Br IGEE B ORHDEEETA T AA L OF RS Y EEDLLE

217w yvHRD tyrosine BILITAHICEEZ L KK L CREEOI < OH Fwox LA v v friEich

BIKFENRF L EBET 5.
AN AN
% - % B
>——CH2—<_>—OH + 2Br; — >—CH2—<_>-0H + 2HBr
AN AN \Br

COREAFIFEL T tyrosine OREIE(LEBEICHETE 2. ABIC X 5 & tyrosine FHMEDI L
DAFZOWRNTED bR S, Thobb Br TRy LIS L /ofHik Folin & Malenz 5% i b3k
FAEE Db RELRD. SO ik tyrosine FRIELSFORMDOLEDT 2 VMR L DG D %\
SR OSSR T OIEL EICBRT 3 D LB HBR T 5.9

L7 4 7 v 4 VI OWT Br PRI B Bk 7e tyrosine & & Millon-Lugg BB IR ¥
skt tyrosine &Lk HIL, TORBRLDANL YAED blocking ZEETL7C.

747w 4vD Brifil; ERFHBIMIEOFHENCHE L. 74 Ty 100mg 2=/
5 x =zt AtusK 60ce, 0.00833 mol KBrO; 20 cc (0.02N-Br 50 cc i #H¥43 %), 10% H:SO,
10cc iz, FoREBEE kG LT (B 1°C) 109% KBr 10cc % FhnlL T 60 HikEE, R O
KI & fnz 0.02N-NapS:0s CHEL7c. T OFEME L D Bl RE 2R, S HIC tyrosine Ric
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HELL fc.
R —FHC > & B Millon-Lugg B7B %0 & b tyrosine 2 & 2457, T D OREEATE 49 5%,
50 Fds X OB 51 SR

Table. 49. Tyrosine content of 0.1 N-KMnO,-oxidized fibroin determined by the
modification of Millon-Lugg’s method and Br absorption method

Oxidized time | 0.02 N-Br absorption Tyrosine (%) Tyrosine (%) Ac‘lljalﬁltemgfgm()f *
(min.) (cc/100 mg fibroin) | calculated from the left by M-L. method
, Br-method
0 16.07 14.6 ] 10.60 10.60
10 j 10.36 94 ; 6.63 6.82
30 8.17 7.4 { 5.19 5.37
60 6.66 6.0 | 391 4.36
120 6.4 58 | 2.39 4.21

Sample fibroin was the one demanganesed with 195 (COOH): after oxidation.
* For simple comparison, the value of untreated fibroin obtained from Br absorption method was
made to coincide with the value by the modification of M-L. method, and then the others were
respectively adjusted,

Table 50. Tyrosine content of 0.04 N-Ca(OCl);-oxidized fibroin determined by the
modification of Millon-Lugg’s method and Br absorption method

Oxidized time | 0.02 N-Br absorption Tyrosine (%) Tyrosine (%) A%‘Etmg,m of
(min.) (cc/100 mg fibroin) | calculated from the left by M-L. method Br-rﬁeth%lg
0 ' 1630 14.8 10.60 10.60
10 | 9.12 8.3 6.56 5.94
30 | 8.12 7.4 | 6.00 5.30
60 | 6.63 6.0 | 5.79 | 4.30
120 | 6.63 6.0 | 6.06 4.30
Table 51. Tyrosine content of 35 % H:0:-oxidized fibroin determined by the
modification of Millon-Lugg’s method and Br absorption method
Oxidized period | 0.02 N-Br absorption Tyrosine (%) Tyrosine (%) Ac\il_illﬁgmgr(l)tmof
(days) (cc/100 mg fibroin) | calculated from the left i by M-L. method Br-method
!
0 16.57 15.0 10.60 10.60
10 16.00 14.5 9.20 10.25
20 15.47 14.0 8.60 ] 9.89
30 14.42 13.1 8.03 f 9.23

Millon-Lugg 2R 45D tyrosine 5 Bt Folin~-Malenz EPDLDOTEREL D 5605 K&
AW LDMEL D b Br Witui b OIEIT LI 7 4 7w 4 YT RESBH b B Z 208k X b
3.

W~y 7Y RRIME S X O EARbKERIL 7 4 7 = 4 v I3 Br WA L L - tyrosine 43
Th X Millon-Lugg 8fBkic X 25 8E L D PAREV. ZhUE Br iE#i58 tyrosine B DA D 7
i/@%&K%~%ﬁ5#6%@%@ﬂ;é%@ﬁ&a.Lﬁéﬂ%ﬁﬁ%@ﬁ@&@%@fué<
BOBRERL T3, L~ A7 w4 vd Br FRFEN B D tyrosine &% Millon-Lugg B &
BB OME (106 %) 1T—B X4 TEOFEIRKAE(LT 4 7= 4 v © Br B B DI U C
HK U, T ORI SUK, 52 Mk L O 53 MOmEBHR L /e 2.
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Fig. 51. The relation between tyrosine contents
of 0.1 N-KMnO,-oxidized fibroin deter-
mined by the modification of Millon-
Lugg’s method and the Br absorption
method
—o0—o0— M.L-modification method
—e——e— Br-absorption method
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Fig. 53. The relation between tyrosine contents
of 0.04 N-Ca(OCl).-oxidized fibroin de-
termined by the modification of Millon-

Lugg’s method and the absorption me-
thod

—o0——0— M. L-modification method
—e———o— Br-absorption method

o)

Tyrosine content (%)
O

L

1 1
10 20 30
Oxidized period (days)

Fig. 52. The relation between tyrosine contents
of 359 H;y0-oxidized fibroin deter-
mined by the modification of Millon-
Lugg’s method and the absorption me-
thod

—o——o0— M .L-modification method
—e——e— Br-absorption method

Wihvp 3 Millon R &8 Sh 5 RIGDFE
AR T3 1 X AU phenol DO —T5 DA
Yk A ZAENEHEC BT E 2R TR
HETebisv. D TREERIRIERIL7 4 7
v 4 v CiRE S3X D i, Millon-Lugg 2k
B b OEREN Br BUENLOMEI D b
WD T—ERD tyrosine D phenol D —JF
DA N VLB DT T R LRI B TR A
WCEDTWIeZ L &RT.

F D1 AT tyrosine B0 1 i 1 =40
tyrosine ZBILICH L 1 = D RRLUHERTE
s, ek FDO—FDOAA VAE DL Br HifL
L% o3 Millon-Lugg 8B ¥ C ik tyrosine
LLTERINTVWAEDT, fO—FDFNY
frEofEekR @RI D) X
PGS X D BRI ETLL 5 2D TH 5.

ALEXANDER'D |2 Y U —F DA L VLB D AN A F v — L iEHE S 7z methylol tyrosine (X Millon-

Lugg Sk BRETEIE LRV LR DLATWS.

2D E s SREESSRERILO S\ el b i HCHO #3233 & L Ch phenol D+ ¥ fif
st w32 HCHO MMEC X 2 BBEREARBR IR C L 2%bn 5.

WS SRR LD X WX —EF D tyrosine ZHNIIESRIL I 41 3, S-dichloro tyrosine ZRFHIT7r % A3
(B 4538 1 E6H21), it Millon-Lugg BB HECIFEEET e Br BB iThisy .

DT 2 ODHFEEIC X B tyrosine SR OZERIIERER OB ST EBERTL 5.

T HICEFEL

74T R4 VEBIOKRELT A T e 4 v ufEh Cu-En BMELHAICE 25, MILE L R EYE
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Thol. 2O kAN VILE @ﬁﬁm@%ﬁkﬁﬂ%&ﬁéﬁm_awrbfug DL s
722> CADWALLADER DR L F U ClonZ L NFHINS.
747n4me@ﬁ%%%émitbfmiﬁéﬁ&b:hum%ﬁﬁ®ﬁﬁtﬁ%@&a
CoLEMANN® §Z X A1 & DffE4i%, Cu-En L peptide %4 ® NH & @ complex Hfic & h B X h
LR D I Cu-En D7 7 ) L tyrosine 223> OH #£+ Cu-En r OfiS % 4705 LEEO
folding (% proline ZBILMEFHEL L DOTW3. 74 T a4 v ORI O FHEE I 3.5A B X o
57A T b, BVWHOEMT tyrosine OMEKE T I EIEOHIEC X 5.50 fE5C tyrosine
%37 phenol FEEAZAVRIUTERMINCATARREF 2375 < Ie > CHEBEI O BE#EAVINK < T b KBRS
L DEEING. Dz &b Cu-En » peptide $rd NH ¥ 0O%ES 4 HECT 275 5.
PAEMEAR U 7o & ARG S A3 7 R & 2 524 L CHIIF TS RAMM L ~ > # v i R ek
DG EEBEEEHEE O serine ZRILMIC ds1F 2 HCHO %4k & U %= BUB Al 051 tyrosine a0
phenol HBHZAHETL 5 BB O FIE TS OMILIC X 2 L #EE S h 3.
WHESESRARHEMRAC D B B X FIER O HELR D132 X 51 phenol #D A 4 v (8 G OREFMHIC &
ZHEBEMRES (oL HCHO RIS L b)) & —E&5 L T\W515 5,

H8E /) ¥

BAL7 4 7w 4 v O Cu-En WFE~DREMMUFERICS T 2088 0#E 2 Fatatd 2 & L bicHo
HRz dWFE Lo, FRRC 7 4 7 8 4 ¥ O tyrosine BRIEOMEZALS T, 435 ik 4 5%
FTIWERDED T 5.

(1) dopa % tyrosine <> phenol » FIBRHCHHGH ~ ¥ # ¥ BRARARIC X b i € BFIc b S
No. THEE~ v T Y ERINE, WSS I X OGBS CH « OBRIR LI N 7 4 T e 4 v
DIKRS PN > % paper chromatography ¢ dopa DRHY A 4TO7- 138RF DAEAE A RD I\,

(2) diphenylether (% 210my & 272 mu \CPRIRAERASFELET B RATEORALT 4 7 7 4 v YEHEIC
RS RICREE T 5 P38 Hhvio .

() HLLOFELBRREHICEBILEI N7 4 7 7 4 V43 FHicit dopa—glutamic acid EEAHD =
AT MEEEH B\ dopa BEFEED = —~ 7 AFEAIC X B cross-linkage [TA7F7E L 7o\ 2 & AMESE X
i, Pe2 TNBIMUEREOERRIL L BREAIB L OB A L X R 3 D TH 5.

(4) M7 4 T e gy, W~y H Y ERME R X OMEBRKSERRILT 4 7 v 4 ¥ D ¥k OIR il
BRI 280 mu W PR 2 R LRIREESREREMM L 7 4 7 = 4 Y IXEEC shoulder %577 DA Th
5. T7i>tH dopa chrome pattern i3 X7 dopa quinone pattern % 5% X7g\s.

FRALIC X 27 4 7' = 4 v D tyrosine BILED =LKL 74 T YD o7 3 ) BB KL
wHITIIRIER L. O TRBFLE R OTREM: X L TR X LT\ % tyrosine-lysine #3t
HIOEA M TR,

() HBORALT A4 T 7 4 ¥ OFE—EREFCIIT BT 22 F R SBICE D B LD L
1o b ORPIFE IR B s .

UL aggregate FARIC & A MCHELEEOHIKICHE S D THA 5.

(6) MRALANC X DERILI N7 4 T 4 v OFHSFEMADOTS GEI3EE 6, HAmES
i) #°5 tyrosine EF DU/ 2 modification %, 3\ % hydrophobic group o ZE#ih REMYL
JHNTH B LW HEELTEINS.

(7)) FRALRAICIXfERE 7 < /18, 7A5e FREDORT 7 ve=Y2kHEh3. 7ve=v
DR BT REERRERICO S &8 ~ v 7 Y IRIER LD HE X 0 5\, W~ v 7 v EinEA
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W pH 3R Ac LR L TOR—ELILD. ZOC L 3, tyrosine M Hi7g % modification %,
LR A TET 5. REESRRIEIA O pH X CIHIABCNT L L DRiRIR L 7R 5. S
50 pH ZEAGT AR ERICIENT 5.

(8) 747 w4 ik HCHO IR L T 3, “curing” & i7e\v& Cu-En HHC Xk
%mbkw.cmmgLt%@@ﬂvVﬁywmﬁ%%VMWﬁﬁ%MﬁMm74fﬂ%Vkﬁﬁﬁ
%%f%b,%O%%KKTW?KF%%DEMkk%Kﬁﬁfé.7#»7~wm747p4ym
¥ Millon-Lugg 2gfIAT tyrosine ZiFlfce & AN ¥ [T ot 7 A=Ak
o4 T a gy A HRRGA G 5 & T OFEIC L b Cu-En IR~ ORI ALA RS E 5 ©
a%ﬁmbt.#ﬁb%ﬁ%&ﬂ%mnmm%mbmmeémm@%L%%%&ﬁM§@,M@Z@
@M&ﬂmnmmwmbmkeKm@%&fﬁbéﬁ%ﬂ%ﬁ%%ﬂ%%é.

9 @mm%m5747m4v@mmeGMwWW%%m%iprﬁﬁ%m%m#%CO
OH JePI AR A MR L. & HICFRILT 4 7 8 4 v © COOH gL MM G EHRALO 722D
methylene blue JRHUCH L ik mask 4T3 & Rfsnre.

(10) ﬁvVﬁVWMEmm747u4yxlwﬁwmm%ww747n4yfmIn&ﬂiﬁ%
#1017 tyrosine 5t Millon-Lugg BB HNC kBRI 0 b RE V. L B ICWEESANRHIRA
74¢p4y6mﬁ@%%ﬁ&5.:@%%mWEﬁ%Mﬁwm7ﬁfn4Vmeﬁ,mmm@g
ogﬁ@ﬁwyﬁ%%mmk3%1%0%ﬂ@mmﬁﬂﬁibﬁﬁﬂﬁﬁb55ﬁéﬂﬁﬁ%5c
rwRT.

£ DD HAVRLER L LT BB SR T\ 3 tyrosine ZER]o HCHO AR X BHUER S
R b Y TR,

mﬁgﬁbt%%amﬁ@mﬁt%%a#&ﬁ%@&mﬁ<VﬁV@MEww@%Qmﬁﬁﬁﬁ
o serine FRILRNC 353 5 methylene bridge J¥aiiz0NC tyrosine FE2kd phenol FEZBHELC TS 5
4R 0 B PATRS A OFGIC X 2 b O e fifE S 5. YR EE Z IR O A IR OB D IZ )
K,ggmwmmw%%@pmmu&@fwvwﬁﬁwzﬁ%MK;5@%ﬁﬁé%~%ﬁﬁbf
W5,

BS8E  HE, BT7LHYICKDHEEEEEOR HRERE ORI

~ﬁm%ﬁ%%g@%§ﬁﬁ%mwwibﬁ%&%%&5ﬁ5:amﬁ%@%ﬁ@&bﬁéﬁ%
%;wﬁ&mmlﬁf%%%%@%%,ﬁ@@#ﬁmib%%ﬁﬂﬁﬁmﬁﬂ,mm@Wﬂmﬁﬁﬁ
%o<<é.ﬁﬁﬁ&%?574fu4vmmKOVT%mﬁ@:aﬁéza.

ﬁ@@ﬁ%K;OT%%ﬁ®%ﬁ&Oﬁﬁﬁﬁ%@év%@@MW%@%@%%H&&V%@@
xw&wﬁ%ibkﬁﬁﬂﬁ%<WEﬁmﬁ&%ﬁ”ftﬁ»ﬁﬁf%ﬁ%%#ﬁﬁkdﬁ%ﬁﬁ%
ﬁgkaﬁ”:n%m%%ﬁﬁﬁﬁéﬁﬁ®%%D®ﬁ@?ﬁb%ﬂ@ﬁ§@%mﬁf<ﬁ?mﬂ@
mﬁmiéa%k&né.@E%@%%%Tm%?é%%ﬁﬁﬁ%ib%v:am@%ﬁﬁ?%%%
6&5.ﬁﬁﬁmﬁﬁbtl5&74fn4V%Mmﬁfﬂﬁ?5§b,%@@ﬁmi01MNE%
%;Uw%ﬁ§k5ﬁ74fw4V®ﬁ%ﬁﬁmwvf:wmmﬁaﬁ%@%é%%®%mﬁmb
%ﬁ%ﬁﬁ@%&ﬂ%%&%t?:&%%ﬁéhé.:@:a@@&%%ﬂ%ﬁé%ﬁ%%&@%ﬁ
PR b b BB O CHHIEEIE DI HIRTE & B

H1E RBCEZBEI4T R4 OBRHEER
BRI AAC X B 7 A4 7w 4 v B OFGdh, T L OSSR LR 0 5 B A AR RIE L,
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G P T RN N (B3 2= D - SR B 3 o 1% ) XFRER, T ABVICY BT 4 TR
4V®%&%%%E&%%Kﬂ%b$&?ﬁ%ﬂtﬁmXﬁ%ﬁm;5§gm~m¢a:kmm%
PR NN
%@&EWWm%@mm&%&@@ﬁ%ﬁﬁ%mmﬁﬁ%x&m%ﬁﬁ&iﬁbfma DI
#mxﬁ%ﬁ&%%ﬁ%ﬁﬁ%ﬁ%ﬁﬁk?ﬁwi%%%mﬁ%aLfmé%ﬁméﬁ%m%ﬁﬁk
THE2 5 &) BEnE 2.0

BHIHID OBRCHEL TRALT 4 7 = 1 ¥ OFBRIKSRA 1T %o, SEOBLT 4 75 1 v
aL1m¢ﬁm%ﬁLtia<ﬁ747m4v&OJNKMmuamN{M@thﬁﬁ@mLt
%D,%iwlﬁdeﬁﬂﬂhﬁWL7W7?M&Lt%@%%bt.%:%@%ém%%é&@
LRSS 5 VX EEREIBREL Lo 7. BERALT A T m 4 v 250 mg % IERECHE L
%%Hﬁmz&mmﬁﬁﬁﬁbim%%%9&?Eﬁ@2,m6,&1Q1;15%;62m%ﬁ%
h%hﬂk%%b@%%ﬂ@%ﬁbﬁix74»ﬁ~O%J)ﬁﬁﬁbt.~%§®mﬁ%%&%
ﬁb%ﬁ%ﬁ%ﬁfﬁbt.%m%mﬁﬁﬂﬁmﬁmﬁ?5ﬁﬁ$kLﬁ%ﬂ%m%bh

Table 52. Soluble amounts (%) of different oxidized fibroins with 2 % HsSO,
at 96°C (Volume ratio, 1 : 100)

Sample fibroin e — Tlm © (hrsl ———

2 3 4 6 8 10 12 15 20

Untreated fibroin | 1388 — 2260 3031 3564 4384 4591 51.02 57.40
0.1 N-KMnOy-30 mins.  oxid. fibroin 26.10 3390 3643 4254 4826 51.64 55.16 62.92 67.09
" 60 mins. ” 2569 3690 3952 4501 5146 5574 5931 6134 67.18

" 120 mins. ” 31382 —  39.19 4740 54.59 5658 58.39 63.10 68.27

0.01 N-Ca(OCl)z- 10 mins. oxid. fibroin 1091 — 1853 2646 34.69 3827 4236 4726 53.35
" 30mins.  » 1121 — 2042 2868 31.35 37.16 41.16 41.71 5221

” 60 mins. ” 1124 — 1974 2695 3299 34.84 4239 4543 54.89

" 120 mins. 1026 — 2123 2745 3446 — 3994 4534 51.91

1.9 M-H;03-70°C, 30 mins.oxid. fibroin 1278 19.65 2253 29.90 3521 42.82 44.15 5070 56.35
" 60 mins. 16.18 23.30 27.85 3230 38.38 4395 4561 4843 54.56

” 120 mins.  » 1413 — 2443 3496 3939 4548 4698 4922 54.34

” 240 mins. 13.16 1947 23.03 30.71 36.32 40.53 4675 51.14 53.59
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Table 53. Data of soluble velocity constant of fibroin with 2 % HyS0, at 96°C

Time (hrs) ! Residual amount, R (%) log R ‘ SO]L::%];Z:II&)&W Average constant

2 | 8612 10000 1935 | 0.075 0.075 (K.)

4 7740 89.86 1.889 0.054

6 69.69 80.91 1.843 0.053 [

8 64.36 74.72 1.809 0.049 0.051 (K,)

10 56.16 65.20 1.749 0.054 J

12 54.09 62.80 100.00 1.733 0.047

15 48.98 91.04 1689 0.031 | 0.0%0 (K.y
20 42.60 79.18 1629 0.029 | ) ¢

a K ; Soluble velocity constant a; Original amount

1
K“()]’j‘(j’; logé—;} x; Soluble amount
Ko ; Constant of the part corresponding to the amorphous region
K ; Constant of the part corresponding to the semicrystal region

K:; Constant of the part corresponding to the crystal region

t; Time of hydrolysis

CDFRTRUI L RIS TR CHAIRILT A 777 4 120 T A BB ER OB A o7, +0
FRLH 543, HS5RB LOWE 56 k7.

Wy 7Y BAERALT 4 7 e 4 > O Ka [3JILED 4 D1 L %Ik TH D 0.1 N-KMnO,
T?mﬁﬁ@mbt%@fM2%f&é.#OMm®ﬁﬁLt%®&%@@mk%w.K&Kc@ﬁ
BTN TR DO L D L 12 L A Lk TH 3. Ka ORKIIELIc L b IERE AN AR Y 3 3 S
ﬁﬁ@@@ﬁ%;UMK%%%&HT%&%M%V%K%ML(V5:a&ﬁ?.Wﬁﬁ@ﬁ%?7

Table 54. Soluble velocity constant of 0.1 N-KMnOy-oxidized fibroin with 2 % HyS0,4 at 96°C

Constant Oxid. time (min.) 0 ‘ 30 60 ‘ 120
K. 0.075 0.145 | 0.152 | 0.189
K, 0.051 0.045 0.048 0.065
K 0.030 0.024 0.022 0.026

Table 55. Soluble velocity constant of 0.01 N-Ca(OCl)z-oxidized fibroin with 2 % HySO4 at 96°C

Consame ] 0 [ © | w
Ka — | — - | —
K, 003 | 00s7 0.056 0.056
K. 0029 | 0029 0.036 0.025
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Table 56. Soluble velocity constant of 1.9 M-H,0.*-oxidized fibroin with 2 9% HSO4 at 96°C

‘Congtant Oxid. tirpe (min,.,{ 30 ‘ 60 I\ 120 240
Ka 0.071 0.088 0.076 0.072
K; 0.042 0.048 0.056 0.046
K. | 0.024 \ 0.018 0.015 0.010

* (0.1 M phosphate buffer solution (pH=69T), 10°C treated.
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Table 57. The fine structure amount of fibroin and 0.1 N-KMnO,-oxidized fibroin

Fine structure amount Oxid. t lfnefﬁnl)l 0 30 i 60 ‘ 120
Amorphous region (%) \ 10.87 24.10 2620 | 2327
Semicrystal region (%) | 19.83 19.66 19.48 2043
Crystal region (%) } 69.30 56.24 54.32 \ 56.30

Table 58. The fine structure amount of 0.01 N-Ca(OCl);-oxidized fibroin
e Oxid. time (min.)\ 10 | 30 60 ‘ 120

Fine structure amount

Amorphous region (%) — — — —
Semicrystal region (%) 10.87 16.80 13.90 15.87
Crystal region (%) 89.13 83.20 86.10 84.13
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Table 59. The fine structure amount of 1.9 M-H;0q*-oxidized fibroin

e e—

Fine Struétu-re\amofmt Oxid. time?fmj 30 ' 60 120 240
Amorphous region (%) 1088 | 1190 6.68 7.74
Semicrystal region (%) 18.32 . 18.92 28.00 3324
Crystal region (%) 70.80 69.18 65.32 59.02

* 0.1 M phosphate buffer solution (pH=6.97), 70°C treated.

TEROREAM Y BT 2 2 ST 3. ZA T r A4 Y OHECEET BACRE e UERIGS,
0.ik@wmi5%@%mﬁ%ﬁkw@@@kﬁﬂ@%@%@ﬁ&%ﬁ@%ﬁm;O%M%ﬁ%ﬁ
%éhfb%ﬁ%bfChﬂ%%f%%#%ﬂ%ﬁkf&i5.@Eiﬁbﬂ747n4V@ﬁm%
ﬁ%ﬁ%ﬁ@k%ﬁ%ﬁﬁib&é&bfﬁﬁ?é-@)%WH&Bﬁ%W%Gﬁﬁﬁﬁﬁ&m%
O BAVEIE O AR D RN O A SMEE B BRI A — G 3 L 3 5.

A@%ﬁ%ﬁ@ﬁB@%h;D@va?ndﬁﬂﬁﬁi@ﬁﬁ&mmﬁ%ﬁ%a@%%@m%ﬁ
EG)@m<A@EﬁﬁmaB@@ﬁﬁnmﬁ~®%1EﬁL%%ﬁLt%%m&%.ﬁxit%é
(XX Om, n OHEIT~DIEIE X b fESFEREI kD BN 3.

(i) ﬁﬁAJM%M%@#%ﬁﬁﬁk%ﬁﬁﬁa@%M%ﬁ@@~f%ﬁ&ﬁﬁ@ﬂ%%mﬁ
%@&ﬁﬁ&b%@%@%@@ﬁ~ﬁ&ék?é.ﬁﬂA@#ﬁ%ﬁﬁ@*ﬂﬁ%ﬁﬁ%Kazu
B@%ﬂ%KmaLJ@oK@z?ﬂ@A@EﬁﬁmanﬁﬁﬁmﬁﬁﬁﬂaD@wmﬁuﬁ
§@%D%2Eﬁﬁﬁm¥ﬁ%%bt%%kké.ﬂiB&%ﬁKmnhn@ﬁW“QﬁﬁﬁlD%
PR R AT 3 & L3I Gl o R 2.

log R

t
¢y an
Fig. 55. Diagram to examine the adequacy of determination of fine structure amounts
by dilute acid hydrolysis
(I) Dissolution type when the soluble constants of A and B are equal,
although fine structure amounts of the two are different.
(II) Dissolution type when fine structure amounts of A and B are equal,
although the soluble constants of the amorphous region of the two
are different.

In order to make the analysis easy, fine structure was assumed to be composed
of both amorphous and crystal part.
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Table 60. Soluble amounts (%) of different oxidized fibroins with 0.1 N-NaOH
at 70°C (Volume ratio, 1: 100)

. Time (hrs)
Sample fibroin —
1 3 4 6 7 8 9
Untreated fibroin \ 243 9.44 12.26 15.72 18.35 2164 2390
0.1 N-KMnOy, 10 mins. oxid. fibroin 7.32 14.46 18.57 2502  25.37 28.05 32.69
” 30 mins. ” 14.42 24.85 26.60 34.62 37.03 39.65 4198
” 60 mins. ” 21.16 29.44 3242 38.75 4249 44.68 4595
” 120 mins. ” ‘ 28.13 39.15 44.68 55.35 53.75 56.17 58.29
0.01 N-Ca(OCl)g, 10 mins.oxid. fibroin 2.10 8.48 10.33 17.00 19.00 21.18 24.89
v 30 mins. 7 447 9.39 11.13 19.19 22.37 23.67 29.07
,, 60 mins. ” 5.30 12.83 15.90 2376  23.94 21.21 30.26
1.9 M-H:0;-70°C, 30 mins.oxid. fibroin 2.59 9.96 13.95 2232 25.83 29.46 31.59
” 60 mins. ” 3.39 11.69 16.34 27.73 25.77 29.18 32.12
” 120 mins. ” 4.19 10.74 16.58 21.61 24.68 27.80 30.47
” 240 mins. ” 6.50 14.72 1744 2453 28.60 31.67 34.41
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Table 61. Soluble velocity constant of 0.1 N-KMnOy-oxidized fibroin with 0.1 N-NaOH at 70°C

Oxid. time (min.) f
Constant ; ,J 10 Jr 30 60 ! 120
Ka, 0.076 0.155 | 0.238 0.330
Kas 0.046 0.053 g 0.051 0.076

Table 62. Soluble velocity constant of 0.01 N-Ca(OCl);-oxidized fibroin with 0.1 N-NaOH at 70°C

T Oxid. time (min.y | f
Constant e ] 0 [ 10 J 30 | 60

Ka r 0.029 r 0.029 0.036 { 0.044

Table 63. Soluble velocity constant of 1.9 M-H20:-oxidized fibroin with 0.1 N-NaOH at 70°C

— Oxid. time (min.) 0 {
Constant - = -

30 ! 60 ] 120 240

K. 0.029 j 0039 | 0042 [ 0.041 ( 0.051
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B I DWIRETDORRILEIT O D Th 3. BIEMAMLST (tyrosine, phenol, rhamnose ¥s I
O* glucose) & 1451~ (fibroin, albumin, polypeptone, gelatin %s J ¢ soluble starch) DKM IC
il ~ > o v BRI 2 L7403 F R B LR DT B % 78 a1 GIE:ARS: w3
S LRBEB T D, BBOREY BT 2 O] LBy AT 4 i~ v 7 v e ¢ B
CRRICEET 222 ThHS. Ch b DERIZBI 2172 T b AT DI G~ OIS A 305 7 o,
PLEDZ L LEILS Aulz MY (3543F £ @ complex JBRICEIS LT\ 3 = & TSR LTe.
74T a4 ORRALEEIL 10HBIMCHET 2 L 7 b 2 23 D FRA IS o FIATIL 4 < %52 T %
B. COBBULT A4 T v A Y SFIRE~ Y H Y BRI X 3 BELE T B X\ S TR A B
AUIC T L T polypeptone £ & 7c » Mn-fibroin complex #4532 O CiEfo\~o & % RSB
TAT B A YK T 2 O B O~ v F Y BRAEYAR % #iin U B{LEE © 875 % Mn-fibroin
complex & {EH LILHFELE CHRLN TR AMIE Lok, BR(LD b 0 ¢ b ML LE L4

BRERZART. (BRBARBK) DEOEENS 74 7o 4 v KRR E~ v 7 v B R
I“ XD tyrosine A AL L, Mn" 24UELAL T3 chelating complex #i®T 2 = &
R Enle. BEH L8R & O AREICIIE IR0 E 3BORM MRS 35 Lk #5t chelating
complex D& FRFERIC I L HBELEIURD CHRIL = L #BIR LT\ 3.

RICHIFTIE 74 7 0 4 VR EIREED W~ > 7 v BRI © SR 4T A D
B, BT OMARSE B DA b X OVEMRIE B ORSEZLS A 3 L. B0 7 A
7 v A4 VBB EAC LB R T 3 23RILIEI O b DICiZ MnOy DEAIRb T\, X BICELAID
TR R & BRHE OB BRI 2 2 U HIBBBER 2 T % = & 8Bl S it Rk iAue
Mmfﬁ%hkﬁ%#%@%@wﬁm%BMﬁManmmX@%&%%ﬁéhé.@ww%G%%
A3 Mn {7 BEIMOTCOREEICIERT 3 L THITHEBE L BIL S e Mn &2 2R 0N T
—HIRETCHB. Ly BCEEOMBEIETL SN Mn BFORL D LENCS  BkE 2 &
LI ARAURHBIOHBIL L BT I Mn B OREEHT 2 L, Fh EhE—ETbhbE
HE#k 1.69 Thote. = OfEix MnOy/Mn=1.58 {43 % 7% Mn VLB Gk complex JEERIC
BBELT% oxide e LTI ARTRETS 5.

GreEN et al® ¢ Cr'''-alanine complex DRE¥ESs T ¢F Lii® D4&xlE D peptide F5 4~ DEHMLY HEE
6 D& Mn-fibroin complex ##HF L CHIBEK & 7 2488 & Mn &t & O Hoa HHT 2L 1.62
TH ) LAREHME 1.69 L SR LETH Ok, e TRMLIIE OB G b L O BT IERE PR T
V% MnO: I X 2™ @O Tidie {6 XD4nx Mn-fibroin chelating complex = X 2 % LHEEL
2o b B 5 ABILOHEITICHE S WISHIIABEIC /e ) MnO, A RIic & 5 WEE2 300 3 7% & Fuid tyrosine
%20 phenol BBABNCAL I\ — B8 “RINICAE R T 3 ES TFORILC L 24D Th 5 5. (R 2 %8
2ER2H)

PSRRI IS 1 3 A MIRE O S IESE S e & & v b YEHTE 3. (B 7THE4G2R)
TS L OB AIRORRILE 7 2/ (2 6 38 2 i) WCAETR D~ v o v RN DR TG
bHFELTCVWBEEL RS,

HREEACRME IR IORRR Lk SE D 2 \LERRERIC X Mn DRI I NG I 523588 O HMN
ML X e 22 L e BIFTh 3. (382 2R BRARER Tl phE X oD I
PR 2 B IR EE O BAERIC DO\ TR 3 & ERERIRALO & DC & 1ok ¥ <, ORR LS
RIECHID DR 2 AR AR 2 = L BB S i, 74 7 a A4 ¥ @ tyrosine & BILE LT AL
TR\NIRAT B 03458538, serine 5 L ¢F threonine ERIXZ(LL 7o\, tyrosine 41 © B/ LR R E



78 #r " 7 s

R 5 IR B < > A IR TSR R AR ds X OV HE R il # & AR A 738 tyrosine G
AETEIR R Y FYEMBRCH L7 » vy P TIUTERBEESEOR . CE3FRIRB IV
MI0E) © Do 2 ixEea FET 2R E LG tyrosine B O RIS TH 5 2 & 2R LT
W5, Lo LRAeBEoRtRicH L tyrosine IS RIZ#EMC/NE  FR RN U~ >~ 7
VIBOEMEO TR BB 1T L A Y D bR\ o L LRI X 3 2rsii i ST OFIM
WX 2 L3 E L ST EBEOEEELO W TRESHREEOFEIC X 5 LHERINS.

SO LERILT A T e 4 v O N- KRS X OBHRRELS O ¥ kB OFRITHE R DRE S
iz,

SRR 7 4 7w 4 YT (12/16) Cu-En ¥H sc it 1110 CHAHRETIUE HILT 3480
BT A IR T A5~ v H VBB G LI hic b D (i~ Y H v D O) ke Rie s
VRIS Y. ThbbitT 4 7 4 v Cu-En HIC AN S LIAFIZ L TA R Y SEROIE
TR - 7o 0 BSR4 LR O MIEY R E . L LI b7 4 7 4 v a & 1:20 T
Cu-En I ARRYFHETHE L oo e KT 3 L k> 7 v 7Tk ie ), %O BBECIXEHT
B4 2. k5 B RE LEBID URKRIPIR L ARC LicOTh 5. BALAIC L 574
7w 4 v o BERIRE A BT AEE OB T SLE 7 4 7w 4 ¥ b A B b 2 OREAHMEE
SUCTEE L4  BERBIFE 24T o Tlie\. b b hAN X ) LB X > THFREC A {BikE
TlE X 7o\ LT 2 I W OSARREE T CHIE T & 2IE, ok x DkhEE, JLEEL, BRKEL &
WANRZ PSR FARB 2 L0 L VA LTH BB AT 5 L2 TE 50T D TlifEr S
5E4ET 5.

CADWALLADER et al® (37 4 7' r» 4 v % HiRSEe, WRHHSEIES I OV SIMERIbE 1T, 0%
® Cu-En Y5~ DVEMZEE L B2 L, BALERIFOMMC X 2> CIABAMET 28R 2 RE LT 5
MERALT 4 7 7 4 Y ICNTIATE DT 4T 2T 7o\, BARLAND®D (TG~ v o v BRI 38 O
=LA L7 4 7 » 4 v % CaCl-HCOOH JAANC R 1:200 T 40 SR U C
DNTYRIR U 7o B4 OB IR HE 2 52 L 2 O T b FHAE A B LT\ 5. SitcH et al’® 13k
74 T4 YO EEEE b BREELE 2 HEHEOBTHEY R L T\ 528 S O e BT
B EM KRR L OEEERL I E 7 4 7 R A4 VYV EBAIRANBRLL L OTH 5.

FFORHEEE D B O HIERS BT TR & 31 5 O I RIC B 24 FHO HEERE B
LT K CRENCGEE 20130 5. BREIER O Bk r W fIBEEhc 2 ba R TERE
5P e B EENC O\ T BRI S R DILBR OB 2 1 D 43 2 DA TH DT, ERYWT LT 5
LR TER, 9 TFRAES LS TEETILEND .

b7 4 7 7 4 v 4 Cu-En VAMEIC X 2 LKW\ G RERIEIREI IS BT LTc b OIS D\ TREEEAIC
I olliAEH L, i b B r o 5, RO LTINS e h LD
BEALOHEITE & TR/ S {703 & L Ao Te. Fodel@Elsc X v s TR HE L TR
74T R A VB L D HRE L CERR Lo bonR b RE Vo R RE L. (B3E
W14EBR) O THEER L O OWAL 7 4 7 8 4 YT OTHEGPBIC 23 L D b4 THHE
Mk & DEAHIRRINIC X % aggregation 7 b HEERIIN B X 0 BERREIN ORI ENT 5 o &
P Hte. X 5 I« OE TELOZE L WERERR O OW CERKEIEN 2 A Th 5
L L He U S OGRS B, © O o 5 b H RO aggregate DA THHA
W HCAEAET % e S e,

YRITH 4 BT 200k U - ik RS EMRE L 7 4 7 » 4 VI DWW TS bR O B, it~ >
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HYEEMBEBET 4 T e 4 v L OBEMUER LOHEERCOXBEEL TR ).

747w A YO RHERMENERY A —EBEFEOHE~ Y 7 YERINENE S L KISEES (€L
THEMNTL S WHIERMIE X B~ TV EBIBR X 0 SEBEEN KXW L A2RLTW5. K
B RN U CREESDER B~ v A Y BRIE L D IS & RN T B A3 AT
PRACHIOBUERE LR — L B TESRBEYE L UTELER I VEZL T Y ZY T, [lL
TEAUE S OGEH U1 2 S B T 2 » BRSO F SIS X .

74 7w 4 VI FERIEEERIE T ALR 10 0BT 3 LA LikD 5. ZiUIEEERC
X % 3,5-dichloro tyrosine ZBILDALRIC L 22 L& SERE L 7. BRAL7 4 72 4 VX~ v # v Ehn
BREDE & L3 e » BRI R TN OBBERIVETESRR (mg/lg-7 47w 4v) O—K%k
Mg, y=axr LTRbIND. wir—~XOECEEHERI{LTIE glucose #BILD C~ (TEOE
Vi 7 = — VDR S U B A S 3431 IR R ESRRRERR LTI (4RI & 0 OH 2k 4 FRAL,
SN CEBRYNIERHASRT L Ehh 2.9 tyrosine 3L D1 NEVIN A CE 5 O T LI O
AL E R 7 5 HFICARAE L7c b O AREBTh 2 H3ER{LEREE T tyrosine Z3LDHL/: 2 mo-
dification 1T X 2 DT/  EWPBTAE L T3 2 L KFIRFER I 5.

WHUESRERIEIAIRIC X D RACEED R 2 74 T w4 v 2T L — Y b O @~ v ¥ Vg
INEEER A RD I L AMACEDHEIT L Ic d OFBS . BALDHEA L b O ER LMD tyrosine 35
LWL LT 2RO TE~ v ¥ Y EEMBENEERN S VO L XFEEEORMAHE X 3. B
BWETAAVBIERD 74 7T e 4 VIZMELEO LD X DiE~ v F v EEINENE B S\ HED
WS FRARERLO G &I IKRRES R T I L2 ONE. 02 IR O N- Kk
‘;OZAL (GF 6 T 3 Ei2 k) LR X,

Bl 4 7 = 4 v ORI MEOE T L@~ Y ¥ EBMBER(E L V3 E L. 747 v DL
R < SRR OB LT ML X 0 AT 2R T OBERIRE L THI1T & A & BILE D 7o L.
serine 33 L ¢ threonine & BITITZ LA ERD o\ AL tyrosine 4 &1+ 5. tyrosine 45 » ¥7:8
JOHEFR L O BRIEE~ Y 7Y BIERR RO X 5 ERER AR E 0 S IR okt
DIEIRS & UCH#ITT 2700 & Hboh b, WHIESRERE L~ v # v BB cigbihi-7 4 7= 4
v D tyrosine S EMNFE—D b DT D tyrosine GE N S RIUTELEMNFE—D b DORAE X
OMPEEDBALRIIETE CRALI NI DRENICKTH S, COZ LXmBtANC L 274 T m 4 v
OHREMREN B B L R LT 3. b7 4 7 v 4 v Cu-En BE~DRMEEENTIE~ v &
VEEIMEBERILT 4 T e 4 v LR TH DO

FRAGICAE 5 REEE, Wikl XOREsF&, BRKEIXEOBLOMF i~ v 7 v ERIEE{ LD
ATEUL T e 2L 2 OBEIIKSERAR S HHEL T 2 O T LItES LR O 2T
W~ A YEENBERREDES XD Ik ~MOSFHEHBEERA ORILCENT LD TH 5.

S BETIRIBBILKIRC L 574 7 e 4 Y ORI OW TR L. 74704 X 35% D
SR OBEMRGKGEBK R 1 BAE2 BEREL CTAMILE R, b bAHASBRAL A A X ¢
N TH 5. 2T 35% H.0: CREMEHERER (LR X0 L9 mol H:O:(pH=6.97) THE x« DI
BERR b Ui 56 OWEAME, AT OMERS DL L O EHGERIE > b O &R LAE LT
7z.

AR ST MM BE O IEA LRI BTEE 2 OB LANC X 2ER{LDBE & Fe b B HATIT Ao\ 18 4 103
ML TP X MALHIE D&t b i b i\, tyrosine 25 O LB i s WA L 4585, serine
s L O¢ threonine & B IIZ{bA ROl ~ v 7Y BRINBRILOE & L FRTH 5. 1.9 mol
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H:0: & X BHMEF LD S 7 4 TR 4 ¥ O FET X 2IRPRIKIBEDOSHROENTRD bis\W T
IO T 4 7 = 4 v O tyrosine 5Bk LERFRNCALZL WERE L Cu e, BB LK SEKB X
RS 2\ ML B FFIC L b SMEE IR S DT F D FHERED 1 SRR 4 &R Lk
bDOEIEEIND.

AL X % 7 4 7 » 4 v O tyrosine B AR~ v v ERINE s X OWRHRHESHERIER L7 4 7= 4
YD DL FE—DHFETHRALHEORALRITEIMT/NE . (BSTFE26KBMR) Z OFHFTE
RR{toKRERIIC X 5 tyrosine Bk DREEZALMEDOBRLALE OGS L 3R/ 5 Z L IRL TV 5.
¥ 1R KERRIL 7 1 770 4 VXM ORR(ERLEE D d D & g Cu-En 1§ 2 WA 2 4 <
B33, bbb e R I ELE L A& TR LAELE XV HBTH 5. ShUk
HDBRACFILIR 7 4 7 v 4 v LT 2BBERER NI OFEART SO TH 3. HiEER X OR il
ER L & B WIR/NE L TR B0 T OIK T ERLERLEE MO 2 FEORRILALE DB & L F—D Ba
T/,

SFBBIC DN TR B & B OFHESTEN 114%10% Th 2 Ot L 35 % H:0: 108 i
BALE O d Ok 17.9%x10* L7z h ERERA TR iR L LBILOMEITICAL I W L T\ 5. 35
% H:0: RIEPITITZER & UTERASIEAE LT, 0 Mk SR X 2 R nER IR 30T (6
EHAMBR) COHBACL S TEREI) LA TRRLC X v #HEEHEA OES e b2 T 3
CENHEREIND. TN LSEIF-FMOLOMILC X 2 E %2 bhvs. 1.9 mol HO: MfRERALD %
DTN X ) PR TFROMEANED b ARETH b #EHEAR G O X 5 & ke LE-.

BRI OPHHALIRR AR &1 35 % H0: BRib7 4 77 = 4 v X4EALE X A 1 OB
FeToide % 7R AR B BhEED © SEALEE 3 0 DKEIEREEL B & 23R B iz, 1.9 mol He0., SNERER L
D 3 O TIE TR IEfE: 1ig2 R U EAMAITIIEDORE D 2 Wik 2HOE~DSBEZTRD . L
LMD BRCEMLER 7 4 7" v 4 ¥ O IKEMBITFE DI D IR S Ta\. K DOFER B EhBED B Ik Bhk
BB Y D B L8s bhvic. ZHOBEAICE IR 74 T r 4 Y OBKIKEIXE 2 5
L R ORISR O FERBILT 4 7T 2 4 v O Cu-En IEHEEOSES L 43 LT\ 5 2 & (LEE
TR,

FRAEANC X 26 2 SRR s 2 B2 b D T E b BEE OGBSO Bawe s+
BBUCOWTEDOBESAN L IR T 4. albumin A % X ST 2 L SES-TFRITZ L LW
ML = ORISR T aggregate L7-d D Th b, Zihik aggregate DIEHICIEL po-
lydispersion FERIC X 5 & & 23FHD H AL T 5, 14O1DI8)

EWBW D 5 CIXFERRBIHT OS5 ETH aggregate O5TRAMINIAL, BEEEGITCIIL <IC
ERSEDAEIE CARBILMERE S T 5 140

ALEXANDER X @ aggregation {2 secondary force 23E5& L Tk D F/H L\ covalent 54
X B30 TFHEEBL R ENT VB2 MR v» e RT3 X B ¥ cysteine A& &RH
HTir -SH ZEDOFRKIT X b —S-S— &M T X —EBiL tyrosine o benzene #%fj> diphenyl %G
X OATFEMANPES Z L HHBEIN TN 3.9 LisLoiuh O PFEE T i tyrosine % 3\ ML cys-
tine OB LEZEE L TW7nL.

T7AT w4 Y ORRICDBETILT 2 JERRS AT -S-S- ZB ik A v 47\ L ¥ /- diphenyl
HRIZUH S HITT AR A~ 27 b v GETEFE ISR H»OTEEN 5. CARROLL et al™® 3 X g
fR4t albumin TIX5FRE(HFED bvicd O T HERKENCIL BE LR THERLOZER N A
Ui 2lcdb @& LT %. BARRON'D 3, 104X g CIE B EIEED 2L 75 W 2% 207 JRSTCLX
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TOBWPEFDTNE. 2L 35% HiOp TRALI NI 4 T 4y Do-FREAL & ik EREEZ(L
EWHHBIL TV 3. S0 B 1248 BRSHT £ 3 A-lactoglobulin DEMZ FNEK kB X O
BOLUFER X D A-casein © X 51z FUE O V(A S, #-lactoglobulin % inhomogeneous 7r =
EwERLTWA. = ® inhomogeneous {GIZEV f-lactoglobulin 758 7 v =& = DL BRAIERD &
N B NERIKENIC 2 i a—casein 235 BT DEBITFED DTy, EE b~y 7 v EiR
¥ LOREERIERACT 1 7 0 4 v CIRELOHSE L M L. (F 3 TR THER, HATE 6k
XU THE 4H2R)

285 WD B iR X OSSR B C A 3b b S DT BBRZR .

FETBRITIC LAULBRR O /KFHE A DBEMET 2.6TA THKD 276 A X /X S Keafs DR X HRK
FVSD T4 T w4 v STRKIEREAIC X D EBEAE X bR TR b BEBERR O34 3.5A &
LU 5TA TH 0 BWHOEST tyrosine DINERENMUEE AT 27 3/ BBREDTIELEIC T 2.5
#E>T tyrosine 23D phenol FEBHZLAEIUT £ 12 NI SARREF A < e b B o i
BN IR DIKERSE DR 0 B. ST BOMAT b aggregate JI/sRICIZ = DIKFERES DBRG
b LERAIL LT3 eI 5. BT HOREN D~ v 7Y BRIE ¥ X ORI SRR R L >
A7 8 A VI EBMEE TS ORAE L bR EOT LD - 13 35 % H:O: fft7 4 7w
A Y DOHERTITHEET2H0L B3,

BAGICHIL S 74 T o 4 Y53 T0 N- KRS 2 ik C- HESLE o WEAYFANZ-21cry
ﬁ%i%@mmﬁ%%ﬁ@ﬁ%%%5:kﬁ?%5.Lﬂém@ﬂﬁ?ﬂﬁéﬂt747p4ymo
W Z DEDOPIUIEREMTH 5 L 2T L\, £z DNP 22+ b N- KiHEE Db AH
S8 LIRS AT 5 KSR L O 7 < 7 RSO #4158 6 TR L. ZEBEHEOD N- ki
7 BRDOERIIEAE L DNP {LLTERD B4 L7 DNP 7 < I BRIZDWT R FROPRIR
HRARIEENC J81F 2 WHHE & SHAEECMIET 2 2 & 238 % Lyt EWF T EBHETAFIE L
TR DIBIR 2 HE T EIEWIECH 3 L Ex fo. HatED DNP 7 < BRI T A T e 4y
PROEERTH DKM T S JBRD 1E T b5 glycine % 8 L /- DNP-glycine ¥ 363 my
(1% NaHCOs #1), 355mu (0.6 N-HCI 1) iz WAHRA % A U AT AR 1% 420 mu 1= shoulder %
BT B2 en@Bobhic. GE36MBM) fE>THBLEFTT 4L 5 — S« % Fi\» DNP-glycine
DERNE L WHLHE L DEEfRA KD 2 L A 1 % NaHCOs ORHIIEEE 2.5 mg % DA Tl ERMEBRMR
BRI L7z, (B8 37 B R) T8N 0.6 N-HCI DRI RIL RS 355 38 o s & 7 3.

DNP 7 4 7' {4 v 3 X0 DNP@t> 4 7 r 4 ¥ DMK D WRUR k43 b 420 mu 1o shoulder
HIRT DT, KEACT 4 T = 4 Y OKSHED = — 5 L [Bs & UBRIEH 5B D DNP 7 3 /s —
ERCHRRLTHBOTRE L.

S DIZHRRE DB Hif#1X O-DNP-tyrosine Df77EIC S { Wt 4 300 myu ICER B DOCERML
ICHE7R 5 tyrosine #83% . phenol 4 OH #D B (kA 1 % t25> 300 mu DRICEE % b HE L.
DNP JEHE DHOKS M B L A EFRTD DNP 7 3 /fpi= — FAHRCE S X h 2
7% DNP-arginine, DNP-cysteic acid, ¢~DNP-lysine, O-DNP-tyrosine s } 7 Im-DNP-histidine
FOMMEEZ SO DIAFRICESD Lhdicr 4T e ly ok cysteic acid 18 % 3 O-
DNP-tyrosine (145 Tk 5 D TEEH D Sie 1231+ S BOCHERIEC X D M 7 3 BRRIBS B oy
Boils o P TED. ok N- Kiids o 2kt DNP itz 4 7 a4 v 100mg o= %c
b L7ehd Z OFREIBEE LA L Tk b BRI L =4 o1 TR TH B Z & 2R LT,
(38 6 ZEH 2 i k)
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N—%%%%@Mi%%#%%%ﬁvvﬁV@mimi574fn4w%%owmmwwmme%
%0pMmﬂ&@&ka#%ﬁ%ﬁ%iU??i/Mﬂﬁ%ﬁﬁmﬁbmmﬁﬁﬁﬁ%ﬁﬁbﬁv
:aﬁ%b&ﬂt.:@:a#BMmmi5747u4yﬁ%@iﬁ@%mpMmﬂ&%%@%%:
WHNCARS = LAV, FioE~ Y 7Y BIERILC X274 T v A Y OHIADREEESS X (KT
AT OEHEINC X 3 O Tk ST RS ORIt X 5 L ANEI SRS,

mﬁﬁ%&ﬁmlév4fm4vmﬁmﬁﬁmtwmme%%DpMmﬂ&@Aﬁ%f~%$%x
YOte T s EREERIC b AR A FRHC IR ARG X AREARIS SIS, T SEMEEIIC BT
/ﬁmﬁmmﬁﬁﬁﬁlb%@%?5ﬁ@w@ﬁﬁmwhmﬁ®@ﬁmk5:kﬁ%&%ﬂk.I%
SR E 4 L O 4T B2E O A RS HRIERREML 7 1 7 e 4 Y TR~ ¥ # v EENERR
DL D X b b BEBERHEAN L VRIS T2 C e ngiisha. 35% HO: HEBILDOBAT
YRR SR L - ARG R G & L CiL tyrosine ZRFRDEREAVE S PRI B LRI 1k SR8
Xﬁ@%?i/ﬁﬁﬁﬁb%%ﬂmmmﬁﬂﬁmﬁﬁ%.:@%ﬁmﬁ&Ta/@@ﬁ@%7s/ﬁ
IR TR % ICHEFTT B = L 53R bt fess ik ST ERIE i il & L O 2 BROFE
BicERT 5 & wEEi L.

1.9 mol HyOp MR GO A I N- KT BRI W3 5 23 FHEAREGD -NH;
HOWA T D b IE-NH, SDFAEEAKE . 9D 2 OHAITIRAMRHARIRD Hiiew. DL
Loz ki AR KEEROBL/ERIL tyrosine Bdka R L, 0 @EEEEs LU RIRAIRD
“NH; Hic b 4 cids o L 3o b s, e CTRELME 2 S ik phenol R YR\ IREN
A s b DL TR 5. 3SEEORH TERERRILS I 4 T = 4 VITEMLDHEA TS S
O tyrosine ##e> phenol #: OH AR LTI D, & OWAHIRALRFRINC A 5 L AN &
SIELV. GRA0ESH)

7 ECEELT A4 T B A Y OEFINOREIUE R ORERC oW TR R L 7.

o OREIALEFIC D\ RSB ATV B A DHEE I SRR @ Y 3 R
DA L. FEEOBIFIL  DEE % tyrosine B AER L T 55 E (LD 5 WX Be 5 mo-
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Résumé

The degradation of fibrous protein, ‘silk fibroin ” is chiefly due to the hydrolytic and oxida-
tive actions, however, apart from the considerable amount of work on the former action, little
has been done systematically on the latter. Therefore, the author treated silk fibroin respective-
ly with three oxidizing agents, i. e. potassium permanganate, calcium hypochlorite and hydrogen
peroxide to obtain the different levels of degradation. Changes of physical, physico-chemical
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and general-chemical properties and then fine structures of fibroin were studied systematically.

(1) The quality changes of dilute aqueous solutions of organic low molecules such as ty-
rosine, phenol, rhamnose and glucose and of high molecules such as fibroin, albumin, polypep-
tone, gelatin and soluble starch when 0.1 N potassium permanganate was dropped onto them
each and the dialysis behaviors of those oxidized solution were observed, and the formation of
complex due to the binding of reduced Mn to oxidized high molecules was recognized.

After preparing of Mn-fibroin complex with different levels of oxidation, the average mo-
lecular weight of these complex was determined by light scattering measuring and it was appa-
rently recognized that the molecular weight of complex formed by the light level of oxidation
was much larger than that of untreated fibroin and that increase with the progress of oxidation.
The fact indicates the formation of chelating complex containing manganese and tyrosine residue
as a cross linkage on the oxidation of fibroin aqueous solution with potassium permanganate.

(2) Fibroin fibre which was oxidized by dilute potassium permanganate solution at room
temperature alters to brownish fibre and increases its weight. It was recognized that the colour-
ing and weight increase in the light level of oxidation were due not to the adhesion of mang-
anese dioxide but to the formation of Mn-fibroin chelating complex as the result of microscopic
observation of oxidized fibroin fibre and the constant ratio of reduced Mn values to weight
increment values and moreover the binding formula of cross-linkage was postulated.

Although brownish oxidized fibroin fibre was decolourized (demanganesed) by washing with
dilute hydrogen peroxide or oxalic acid, the former being accompanied with a little degradation,
while the latter little.

Demanganesed fibroin after oxidation of light level indicated scarcely the change in weight
from that of the original, however, the degree of weakening in tensile strength and elongation
was remarkable even in the substance which was oxidized in a short time and it was observed
gradually increasing with the passage of time. During the oxidation, fall in tyrosine content
and no change in total nitrogen and hydroxyl amino acid content were recognized and then a
linear relationship between tyrosine content and reduced potassium permanganate was found by
plotting the former against the latter. Although untreated fibroin is easy soluble in cupriethy-
lene diamine (Cu-En), while demanganesed fibroin after oxidation is not the case under the
same condition. Owing to this fact, it has been conceived to be insoluble in the solvent.

Finding out the solubilizing condition of oxidized fibroin, the author could perform his
studies on them in solution state. From those investigations decrease in viscosity and axis-ratio
and increase in molecular weight with oxidation were noticed, but increase in molecular weight

was remarkable in a short time of oxidation and after a while the gradual decrease was observ-
ed.

Therefore, it was postulated that decrease in viscosity and in axis-ratio is to be attributed
rather to the lateral aggregation of oxidized fibroin molecule due to partly tightening of the
intramolecular binding, that is due to changes in molecular shapes than to the scission of ma-
in chains. Moreover, the aggregates were conceived to be polydisperse because of the flattening
of electrophoretic patterns by oxidation.

(3) The oxidizing velocity of fibroin with calcium hypochlorite was shown to be larger
than that of fibroin with permanganate. Fibroin fibre which was oxidized by dilute hypochlorite
solution at room temperature turned yellowish and diminished its weight. It was proved that a
yellowing was due to conversion of some tyrosine residues in peptide chains into dichlorotyrosine
residues and it was found that the weight decrease was a simple function represented by y=ax
of the reduced chlorine.

The degree of weakening in tensile strength and elongation of oxidized fibre was larger than
that in the permanganate oxidation, while the tendency of weakening was analogous. During
the oxidation, fall in tyrosine content was observed but no change in hydroxyl amino acid con-
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tent was noticed. In a short time of oxidation, total nitrogen content decreased but after that
no change was recognized. The relationship between the tyrosine content and reduced chlorine
value was not a linear one as it was when permanganate oxidation was applied, where a close
connection between both values was observed and the diminishing velocity of tyrosine content
was larger in the permanganate oxidation.

The solubilizing behavior of oxidized fibroin in Cu-En, the tendency of changes in viscosity,
axis-ratio, molecular weight and electrophoretic patterns were the same as in the case permang-
anate oxidation. Therefore, it was recognized that the lateral aggregation of fibroin molecules
occurred by hypochlorite oxidation and it was polydisperse.

(4) The oxidizing velocity of fibroin with hydrogen peroxide was much smaller than that
with either of the other two agents above-mentioned. Fibroin was treated respectively with
commercial 35 % hydrogen peroxide reagent at room temperature for a long period and with
1.9 mol peroxide in phosphate buffer (pH=6.97) at high temperature for several times.

In those cases the degree of weakening of fibres was very small, especially, initial severe
fall in strength and elongation was not observed. During the oxidation, fall in tyrosine content
and no change in total nitrogen and hydroxyl amino acid content were noticed and the dimini-
shing rate of tyrosine with time was very small. Under the heating condition, in spite of no
significant differences of decomposition of peroxide between the absence and presence of fibroin
in the solution, the slow fall in tyrosine content was noticeable.

When the decrease of tyrosine content in fibroin treated respectively with three oxidizing
agents was equal, while the degree of weakening in tensile strength and elongation of oxidized
fibroin was the largest in hypochlorite treatment, larger in permanganate and the smallest in
peroxide. This phenomenon indicates that the change of structure of tyrosine residue and the
scission of main chain are varied with different kinds of oxidant.

Differing from two examples previously mentioned, the fibroin oxidized by peroxide was
rather soluble than the original. When the decrease of tyrosine content by the attack of three
oxidants was equal, the degree of fall in viscosity and axis-ratio of fibroin oxidized by peroxide
was smaller than that of the others, while viscosity and axis-ratio diminished with time. Mo-
reover, it was shown that the average molecular weight increases slightly in a short period oxi-
dation and after a period decreases slowly under the application of 35 % peroxide and was not
so variable under the warming dilute peroxide in neutral.

Electrophoretic studies showed no flattening of patterns. The electrophoretic diagram of
fibroin oxidized by 35 % peroxide showed a sharp peak like the untreated fibroin and that of
fibroin treated with warming dilute peroxide at pH=6.97 showed one peak on descending side
but an abnormal or two peaks on ascending. From the facts mentioned above it can be esti-
mated that the solubility of oxidized fibroin correlates with the shape of the patterns.

(5) A simple measuring method of the change of N-terminal contents was found. DNP-
amino acids were separated into ether and acid solution by extracting the hydrolysates of
different DNP-oxidized fibroins with ether several times, and then each solution was diluted to
a definite volume respectively. Optical density of each solution was measured with electropho-
tometer using a filter Syo.

From each optical density, N-terminal content was calculated respectively on the basis of
the relation between the concentration and optical density of DNP-glycine. Moreover, the
absorption in acid solution due to the presence of O-DNP-tyrosine was measured at 300 mu
wave length, thereby the change of phenolic OH groups was clarified. The characteristics found
were as follows:

When fibroin was treated with dilute permanganate solution, the oxidation occurred not on-
ly in the phenol groups of tyrosine residues but also in the N-terminal residues of the peptide
chains, while the hydrolysis did not occur. Therefore, main chain scission may occur secondarily
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after the splitting of phenol groups.

When fibroin was treated with dilute hypochlorite solution, the oxidation occurred in the
phenol groups and N-terminal residues as above and additionally the hydrolysis occurred. In
this case the oxidative deamination proceeded predominantly compared with hydrolytic action
in a short time of the oxidation, however, after that it went inversely as the oxidation proceeded.

From these results and changes in molecular weight, the tightening of intramolecular bind-
ing caused by hypochlorite oxidation was recognized to be superior to that by permanganate.
Especially, the oxidation by commercial 35 % peroxide reagent was accompanied with hydroly-
tic action, but it was proved to be due to the catalytic action of acid mixed in reagent as a
stabilizer for preventing the decomposition of peroxide. The content of phenolic OH groups was
observed decreasing with the progress of oxidation in each case and the degree of decrease was
especially remarkable in an earlier time of oxidation.

(6) CapWALLADER (1956), EARLAND (1957) and Oxamote (1959) reported their presump-
tion and conjection on the causes of insolubilization of oxidized fibroin. The author investigated
the factor of insolubilization and the change of the structure of tyrosine residue. The following
characteristics were found :

From the oxidizing velocity of dopa, chromatography of hydrolysate of oxidized fibroin and
the absorption curves of diphenylether and oxidized fibroin solution, no existence of cross—
linkage by ester bond between dopa and glutamic acid residues or by ether bond between the
dopa residues in adjacent peptide chains of oxidized fibroin molecules was recognized.

From the absorption spectrum of oxidized fibroin solution and the comparing diminished
mol numbers in some amino acid residues, no existence of cross-linkage by polymerization be-
twesn tyrosine and lysine residues in adjacent chain was confirmed. Absorption of oxidized
fibroin solutions at the same concentration increased with the progress of oxidation over the
range of all wave lengths and this phenomenon was inferred to be attributed to the increase of
light scattering due to the formation of aggregates. From the variation of pH of the solution
during the oxidation with permanganate or hypochlorite and the change in molecular weight, it
was not seen possible that modification or substitution in the benzene nucleus of the side chain
might render fibroin insoluble.

The variation of pH was conceived to be due to the production of organic acid, because
ammonia and organic acid were detected. This suggests the splitting of phenol group.

Solubilizing behavior of formalized fibroin in Cu-En were analogous to that of fibroin oxi-
dized by permanganate or hypochlorite. When formalized fibroin was treated with dilute oxi-
dizing agent, the solubility in Cu-En was found varied, depending upon the kinds of agent.

When fibroin was treated successively with such two agents as permanganate and peroxide,
the solubility was found varied depending upon the order of agents. Therefore, it was recogniz-
ed that peroxide attacks the methylene bridge of formalized fibroin and accelerated the solubili-
zation, while permanganate or hypochlorite did not attack the bridge and preferably accelerated
the tightening of intramolecular binding which was attributed to the splitting of phenol groups.

Increase in carboxyl group of fibroin with oxidation was recognized, judging from the varia-
tion of methylene bluz absorption and pH titrate curve. Moreover, it was presumed that some
carboxyl groups of oxidized fibroin had no base-binding capacity in consequence of the tightening
of in intramolecular binding and carboxyl increase resulted from the splitting of phenol groups.

Tyrosine contents in oxidized fibroin were respectively determined by Block and Bolling’s
modification of Millon~Lugg method and Br absorption method and both values were compared
and consequently it was recognized that ortho blocking of the phenol nucleus in part of tyrosine
residues remaining in fibroin oxidized by hypochlorite occurred and that the blocking was to be
restorable to the original form with hydrolysis. This proves that no cross-linkage between the
tyrosine residues in the peptide chains exists.
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From these results it could be inferred that the insolubilization in permanganate oxidation
is not due to the causes presumed previously by others, but to methylene bridge formation be-
tween the serine residues and additionally tightening of hydrogen bond resulting from the splitt-
ing of phenol groups.

On hypochlorite oxidation, besides causes above, some cross-linkages by principal valency
between ortho positions of phenol groups in adjacent chains may be presumed to be attributed
partly to the insolubilization. Increase in molecular weight of oxidized fibroin too is partly
due to remaining of cross-linkage such as — principal valency bond or hydrogen bond — above-
mentioned in soluble state.

(7) Oxidized fibroins treated with three agents respectively were hydrolyzed with dilute
acid or alkali and the dissolution of fine structures was investigated. Plotting of the logarithm
of the residual amounts during the acid hydrolysis against the hydrolyzed time indicated three
or two straight lines. Therefore, each soluble velocity constant was calculated and the following
descriptions were obtained :

In the fibroin treated with permanganate, the soluble velocity constant by dilute acid hydro-
lysis of the part corresponding to the amorphous region was larger than that in the untreated
fibroin, while, the velocity constant of the semicrystal and crystal region being unchanged.

In the fibroin treated with hypochlorite, judging from the velocity constant, the disappear-
ance of the part corresponding to the amorphous region was noticed, the constant of the other
two regions being unchanged. Moreover, in the fibroin treated with peroxide, the velocity cons-
tant of three regions was respectively the same as that of the untreated one. Analyzing the
dissolution of fine structures on the basis of the velocity constant, the determination method of
the crystal region by dilute acid hydrolysis as to the fibroin with varied constant was not
regarded as appropriate.

Plotting of the logarithm of the residual amounts during the dilute alkali hydrolysis against
the hydrolyzed time showed two straight lines or one line, depending upon the kind of agent.
Therefore, each soluble velocity constant was calculated and the following points were observed.
The soluble velocity constant of the fibroin treated with three oxidizing agents respectively was
found larger with the progress of oxidation than that of the untreated fibroin. This variation
was especially remarkable as to the fibroin treated with permanganate.

On the basis of the results mentioned above variously, it was presumed that a rapid weak-
ening of the tensile strength and elongation in an earlier time of oxidation with permanganate
or hypochlorite solution was attributed to the disarrangement of molecular chains or the partial
oxidative dissolution of the chains in the amorphous region and, moreover, a weakening of the
strength and elongation in peroxide oxidation was attributed to partial conversion of the crystal
region to the semicrystal region.



