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Studies on Oxidative Products of Silk Fibroin treated with
Potassium Permanganate
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(1) BIEDBRKEEDE ICEMEBIRICEITE 7 I JEEERY tyrosine oj4R
(i) CO; KO NO.-N opieg:

#7 1 7 a1 2% KMnO, K CAIRTIUEEN TSR L TRETS. 55110 OfbE
BRIV TEMERIC COz NO: DEREHEGAL D THHFOEREA{T oM.

CO: DRAERIWDTEETEH BB MENEY HOAEREED CEE L. ffe<Tf5 NO,-N
DEFICIL GrRIESS ROMIJIN reagent 0.3 gm %7K 50 cc &M U 1RSI 7 2 A EA L KIS X
BICRIBIC 2050 BB L TRALSER D LY Fa B A 2 HOECHET 2 HEW 2 Fuv .

¥l CEliR) 50mg % 1 N-H, SO, MM T C#FED 1 N-KMnO, #% & EKERIEHR 70°0C T
BRI EFET D ¥ AR OW T REERELHEGbY TRBCHE X172, ORI HEIKD
O THD.

Table 1. Amounts of COs and NO;-N produced by treating
fibroin with 1N-KMnO, in acidic in the different times

- tme (h7) 0.5 T 2 3 Fibroin taken 50mg
gas
CO; (mg) 20 36 52 66
NO.-N (1) 16 31 36 44
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5h3 NO, i@ Tk K185 D d i\, FHFESI RO J & {bofdksmEmn e LT CO:
2 0° NO.~-N Dk Ba FFRCEEMCHIE LIS & L R LTz, 230D HE Db FETs S5
ZIT5 O & LRI T o DI E R ChBH L ELBNS.

(ii) 73 /fegES R kU tyrosine DOEE

W XD RS 7o80E 500 mg Zf‘[:“év EhIK 20cc Mz B 2R T[T IEL TN ENERLLHE
O KMnOs w iz TR R T27z. & OBEEEOKR TEDRIIT th T Blic s 0 TR~ 3L
T KMnO;s DEO3HEET S ifﬁ&%‘bt FOBINEIRIKEBEL ST WHEXER TR
20 % NaOH CHASMIKMNMEE F\FRITONT 7 S 7 fEZE#ET VAN SLYKE 312 L b tyrosine

1% FoLIN Dk hE& L7z,

ZTOFGHRTE2EDOHEY THS.

Table 2. Variation of amino-N and tyrosine contents when silk
was treated with different amounts of KMnOy
; Amino-N in Amino-N .
KMnO, Silk D.M. 1gm index Tyrosine
(mg) . (mg) (%)
Silk 176.1 100 10.98
Filtrate 6.1 3.5 0
100 Residue 151.5 86.0 4.45
Total 157.6 89.5 4.45
Filtrate 15.1 8.6 0
200 Residue 148.4 84.3 0.62
Total 163.5 929 0.62
Filtrate 21.2 12.0 trace
300 Residue 121.2 68.8 0.27
Total 142.4 80.8 0.27
Filtrate 33.3 18.9 trace
400 Residue 108.2 61.4 V4
Total 141.5 80.3 —
Filtrate 54.5 30.9 trace
500 Residue 84.8 48.2 0
Total 139.3 79.1 —
Flltrate 8.5 4.8 trace
1,000 Residue 9.0 5.1 0
Total 17.5 9.9 —_
Flltrate 6.7 3.8 trace
1,500 Residue 0 0 0
Total 6.7 3.8 _—

D.M...

+dry matter

ZOFEESD KMnOy OBERIS U T 4 7 v 4 VISR A2 2T TKCTBOESTF L e D
EIRET I VESEEIBLTH I ENLALND. BLEBEN A SLIRERIC T BBEENEDL S
WOILEAE 7 ¢ 7 e 4 RO 1/3ICHEY T ENAHLIEETHLD.
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T bR FED 500mg © KMnO, %z 7234 C KMnO. &R Th &0 8
DL O T 2 S RO 2 JEEAEI MR ELBYTAE I L BRALNRD.
HEEMNS LTS KMn O (WA SN BED ORI 5305 2 L2V 5.

FRD %z, VEH L -RbEEE o I A B L T 5 54120k KMn Oy Z#ENC o TRRAEZ /T
H RN IR & B A R LA Z ENER EEx bR D.

KMnO, % /LB L 7o O Tk il tyrosine OfAEN RO BN DN L OEE 7 I 7 REEE
FEORAIC T T tyrosine ORAITE L.

KMn O, & 400 mg DI o4 o Tl tyrosine (AL T 5. MBI 7 I/ RBEERIL

DEEHTS 80 % AEL TV 5.
twmmemﬁ&mmmmh@%ﬁ%%ﬁﬁmﬁ%&ﬁ&é.:n6®ﬁ%mﬁﬁm®®§%%a
b DTHD

(2) Bfe&EpipD 752358
(i) &

EHO 1 AR /U’ ﬁ“)tﬁd:‘ér%i LB L TTFRED DL 5L To7.

SEEL Y UCIRAITER (CERSD 22 & DL A HRA L 72 0% v f.

KMn O, 10 gm %7K 600 cc Wi L ZhICEk: 50 gm #BEL TR~ L. KMnOy O
st R L 7of8 7 7 I — B CHEHE D B D Bk S U BT AT & R RO KMn O, {3 CHR{b
BTt o OHMEA b EHSE L AT O IR A X HIZIEEE oL 7T TR L TR SOl R 1R
fo. TOWD pH X 7.2 ThHOl. {BONBILBETCIZLED K, Mn 4 & v ifETAHOT
I ORRFIT A7 v AsHElE (Amberlite IR-120) % Jiuic. C OWIIFAUE O pH DZAt, B

SEEED T DI 4L OB AT LT 5. Thd B Lo THHIE CoWR L H Ik
ﬁ&&vﬁﬁbf Part 1 & U7z, SPSAUEIIRIERSGC X D 1/20 B % cillEL, TofiEHH
LT AIEA LT Part T & L7

ﬁfwﬁummmewﬁﬁwt&%@%%L
THTHRTIIWEE T O, A2 HW T
H%ﬁ@?bﬂ&#ot@fhd NP 5
R A X TLEOERK Y IS5 2
LT RIAL T,

o (Fig. 1) (X% O RIF i feE i
A Z2eLEA D capillary tube OflliZ screw
cock ML 7ok EHEMERG O 77 7 2 Bl
CHEAT D, o o et capillary tube

LT 754Xy 7T A2 X b FEiDEEE
L%ﬁ§%f%< L BT AR ETE OB
(A) #HD & SHHFRT 5. BT B> Uk
RAFENE Lo THURIE DR HERES
Blui it b, I h DR B I h ez,
BRER R i A1 T < LAKEREE 20 mm T Fig. 1. Apparatus for successive concentration
bFMHBEL <Te <D B2 L THRAWES ‘ ;)f large amounts of solution under

TR O 2y 7 Z & A>T reduced pressure,

: bettle to abandon distilled liquid

: pinch cock
: screw cock
T : two way cock

A
C : capillary tube
P
S
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R E T I8 2 LR b A2 S BORKA BRI E G X 5.

EREHEOHRL (A) CMET% 3 70 R (T) K0 pinch cock #@MicHfEd 2
CER I DS RFEE L6 T5 2 LN TE S, BEREMILE 50C ©ffote. R HEETE
Bivic g, b (Part 1) # 85U 7o i CaCly ¥ A iz C Ca-salt & UClili%
EXLDD. ConEAENL T Part I & L7 Z0#d CaCly EEDTRIML BNz 4
RT3 ECTIRNERC bR S CEF L. Part B 283U 7-BET8ECa 4 o b7+
RS TR L, AUBRIRTEL O BEEE Ty Ty YRS S ETEREL . coy Ty THI
XA F o HIC X D &% HCL 238 L T 5 DT bIiT/ka iz T 2 B RRESE L 7z

EHEPNC absolute alcohol %% T 3 BRAFNCIRIEL 184 U 7ol 83 L C Part IV &
L7c. alcohol D AEIFEHR 100 gm o EiEPncs L K% 700 ~1,000 cc DE|E&TH\ -

FRoZTE L LTEDRIE4 DD T 5 2> 5 »orf, Part T~ i d k% Hvs, Part ik
95 % alcohol # i\~ suspend UMKEIPEMEZAFIE LRI IREI L 1o b 5° o & — & — R Glgl
LA~ 8K T L 7. DLRoiifE 4 57 Table 3 0iEh Th 5.

Table 3. Preparation of four fractions from the oxidative products of
silk fibroin treated with potassium permanganate

Fibroin (from Kibiso)

— T

added KMnO;U solution " ““(repeated oxidation five times)

—filtered (by Biichner funnel)

] 5
Filtrate Residue

—filtered again (by pulp)

Residue Filtrate (pH, 72){%;;1?;&(1;)(—)

—treated with cation exchange resin

Treated solution j—washed Resin with water
(decreased to pH, 2.2 |
by above treating

! |
Filtrate Ppt.
—filtered after concentration (Part I)

under reduced pressure (20 mm Hg, 50°C)

l
Ppt.
(Part II)

)

iltrate
—added CaCl; solution
—filtered

|

Ppt.
(Part IID)

.y

iltrate

—treated with cation exchange resin
—concentrated under reduced pressure
Thick syrup

—added absolute alcohol

—filtered

P]I)t. Filtrate {

(Part 1IV)

Biuret. (+)
Ninhydrin. (+)

(i) BLBMEROET 5 7> a v OWFRISEHIME
(a) M bitmm
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FED 7 T 2o a L T BERIC D\ T Biuret, Xanthoprotein, Millon’s, Ninhydrin,
Wn RSx4 i, Blurret, 3 0 KISEIEZEC B H i1 5 7% Xanthoprotein, Millon’s, Ninhydrin
RISIZARAD SN2z, D &b peptide #-E1XA7ET 52 tyrosine (XfF7EL 7o\
CENHEEIRD. WORENEDHLNG Z E D BT arginine BN HIETH Z L H¥ED
PE->TC arginine EBJEIL tyrosine #E3tic L KMn Oy & 45 BRACETMEN K E W2 L AMEE
B, REHICEERED 7 2 JERITAAAEL TR,

(b) Part 1

270°C BhiE CiRbs -3 2 oA L LT ;%nt. Z oA 30mg w20 % HC110cc
A iz C 40~50 ] 100°C Wi ik CERAS Ik S iR 4 17\, & ISR I CARSEHCIE L W& Fgic HCL
2SR 7o, Na OH A CHRFI L 72O\ T paper chromatography & X h 7 3 /7 BRD
PR A oo, IERUTETEIENC No. 50, ER#FIi: Buthanol—acetic acid—water:=4: 1: 2, 3§
%013 0.2 % Ninhydrin buthanol %, BRI L 14~15°C Cfo7z. £ OFEEUL 7(HD spot A3
ABOLIID RE il Bk 72 /=L .

Aspartic acid (Rf:=0.28) Glutamic acid (Rf:=0.38) Arginine (Rf=0.16)

Glycine (Rf:=0.34) Alanine (Rf:=0.43)

Valine (Rf=:0.60) Leucine (Rf:=0.72)

Zh 5o spot OFE(ANRAEL glycine, alanine (X fifiud PHE TH 5 AMED spot 1T WHTHL
TELL N TH D HBC L glycine, alanine (& £ {fid 7 2 / IV LB BNRD.

(¢c) Part 1

Part 1T t RGO AT 2710°0C CRAESFEL 7. RiGLRIEBED paper chromatography
POl EL Part T L FETHLOL.

oz e Part T & Tk 3EAER--WEHEEIND. SEOMELARTHS &<
4 A X0 R b pH O LA T O TE DO b EEIHT 5 d 0 2 Ex bh Part 1
aif@p’“ SIS XN c b D ThH D Part I RSS2 D TED. TOZ D
b RO ENEETE S, M- F R monoamino dicarboxylic acid #3%FH 5. L
Z o R B IKIC AT A0 5 NJ/10 Na OH i jA#H L el X b £ OfgHE A-sked 7z, N/10 Na OH
WEEEIREELFNFR 1gm 4 20cc Vq’/#“@i?)of:_ Part T ZO° I @ 4:pREFE Tl mssne
DOWMAEEZ LR\ T o ORREEr-COOH 3Lzl D EEL biLs.

(d) Part W

FI{L DR AT 298°C s\ T H A b biem o, Tafs 7 3 /EROAIED D b lenD
foo RGP 2 HERE A I & L CAHERR D paper chromatography #4727z, EHA & LTIk
Fn phenol, %] L Tix Brom phenol blue # i\ 7. Z DOFED spot (FAHMME LR A7}
Lpirorpn RE (L e & 0.18~0.19 CRIEED & DAL S 7.

XLICERE ALy L LTO B a i, Part o Ca fi# ignition loss 1IZ X D kb
27.78 % © Ca FEM{EbRte. ~HER B v v atho Ca OFERIER 27.43 % Th % 5 HlgFIL
ISR Th . (L LToBIL12 KMn O BAER CHRGEIC L 0RO EHIET Part T Tl
60.36 % MM HIE. R A LS 7 A BT A FOBERINE 60.25 % T RuhEERM b .
Part I 12 DWW TEEEDLERE AT O DIAEESIRGESH b IghDfe.

B ORI S Part Il XER ALY Y AThHD EELDBRA. EDTHRT + 7 = > DRRILHE
B R WCTHEENERIND LIS,
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(e) Part IV

BOELOBR CHED 332 i b 238 ~240°C CIARNL AL R 2 I Tx.

Part [V @ OWTKEBAE U OKEBETERC X D ATFEAERE L. FOEEL I8
X 2790 THotc. oI Ehb Part [V ARRSHYED 7 7 AL TW5 polypeptide

ATECHEED paper chromatography #7i-o7-fi#it Part I, I * %70 4§D spot LB
DHNIEH DT TeRBIRD T 2 7 BOIAE AL 1.

Glycine (Rf=0.34) Alanine (Rf=0.41)
Valine (Rf=0.58) Leucine (Rf:=0.72)

Z D5 &d glycine, alanine o spot (T4 §HE ¢ valine, lencine % ik fili < 458 T & o f-.
GOLDSCHMIDT D [ LAE 2 B glycine, alanine D& B D b DAL T 50 Part IV %
KiEf7k glycine, alanine 72555 3 D L %2 b O TRILE D B AT FARERE L O &4 T
g EHfEEE A, Part IV QI3 80E: Tl 5 2% valine, leucine 23773 % 7% GOLDSCHMIDT
DAL DL I NBMED 7 3 /BN T Il TR\ sk HELHLND. FEDT
BT BAAA A valine, leucine @ T ¥ 73 JEsRIEd, MEYERYY %5 alanine,
glycine % EfRE F 2505 D MO BE NS fF/ET B O TR A S e O HBERY TE 5.

NI = #

EHLIX KMn O #JHTHE 7 1 770 1 v ORFERR(L A 7\, COy KO8 NO, gas 4k afik
M, TRDDFEFERITON. WETHT + 7 v 4 o ORMERILICE T KMn O, o fa Bic L7:
HrDT 2 /SR KO tyrosine O A 707 B0 KMn O, % i\ 7o 8520 bRk
IR 7 3 7 RESEREIRL LM 70 7 a1 > 08 1/3 IS T 5ENERL TV -+ %
Fnh4%7c. tyrosine (X7 3 JREEEFEOALICK L L0 KMn Oy 12 X 5 EET L0l igd L
KMn Oy OFERSEATILEAT 2. BTSRRI E A STELR. $74 Tr{y
O HUPERRACHE D U8 LEBE X 30 D TR W EECh 5 2% capillary tube % 432 J5idaias 0 A 46
AT D Z LI XD LEOR A BN B IRIEEET 5 2 L I L. BB X D cation ©
B2 4 A o il A (L URRIE R e A DD 7 9 729 » (Part 1, I, W, ) @58 L
THBI DWW TALAER M 2 SR~ IR E D D T B
(1) Part T Z%O° I \EBAESBAE, HFHOZL:, paper chromatography Of&EN b (33—
Wchs. fghd 7 Fo7 2 2, 37b® glycine, alanine, valine, leucine, arginine,
glutamic acid, aspartic acid »HEEK XL peptide fiiéra F+5 (LAWTHD. RT3/
fe, EHCi glycine, alanine 2MEHZ £\,

(2) Part W (ZZEFELHE/\. BICT, ignition loss DFEEHENDS & FULIEE S L o % 4 T
HDHI LD TPz, BRACEHEC W TIERO & A HR I .

(3) Part Wik 4F © 7 2/ ¥ +/ci> b glycine, alanine, valine, leucine 75 #B X h 5
peptide i &% H T HILEMTHS. BENIL glycine, alanine 73 KERGTHD 7 3 7 MG
LETHD.
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Réesume

The oxidation of silk fibroin by potassium permanganate has been studied by us.
The amounts of CO. and NO.-N produced by treating silk fibroin with potassium
permanganate were quantitatively examined. NH,-N and tyrosine of which silk
had been treated with different amounts of potassium permanganate were determined.
The most amounts of, a third of NH.,-N of silk was dissolved into the filtrate as
the oxidative products being water soluble, when silk had been oxidized by the
same weight of potassium permanganate. Against the variation of NH.-N tyrosine
decreased by the oxidation with small amounts of potassium permanganate and
disappeared by large amounts. In the oxidative products tyrosine did not always
exist. Under reduced pressure the concentration of the filtrate which had been
obtained by the oxidation was very difficult using common method. Therefore, we
devised a modified method that should be able to easily concentrate in succession
and succeeded. (Fig. 1)

Employing ion exchange resin to except cation from the filtrate, four fractions
(Part I, IL, III, IV) as shown in Table 3 were obtained. Chemical properties were
examined about these fractions.

The results obtained were as follows:

(1) It is found by the paper chromatography that the fractions of Part I and
Part II are consisted of seven amino acids glycine, alanine, valine, leucine, arginine,
glutamic acid and aspartic acid, including especially large contents of glycine and
alanine, and two parts are analogous or same compounds.

(2) Part III does not include nitrogen. Finding that this fraction is the same
as calcium oxalate from the analysis of calcium and the reductive activity of oxalic
acid, we recognized that oxalic acid is produced in the oxidative process.

(3) Part IV is consisted of four amino acids glycine, alanine, valine and leucine,
including especially large contents of glycine and alanine.



