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Studies on the Physical and Chemical Denatures of
Cocoon Bave Sericin throughout Silk Filature Processes

Joong Hee Nahm

College of Agriculture, Seoul National University

SUMMARY

The studies were carried out to disclose the physical and chemical properties of sericin
fraction obtained from silk cocoon shells and its characteristics of swelling and solubility.

The following results were obtained.

1. The physical and chemical properties of sericin fraction.

1) In contrast to the easy water soluble sericin, the hard soluble sericin contains fewer
amino acids include of polar side radical while the hard soluble amino acid sach as alanine
and leucine were detected.

2) The easy soluble amino acids were found mainly on the outer part of the fibroin,
but the hard soluble amino acids were located in the near parts to the fibroin.

3) The swelling and solubility of the sericin could be hardly assayed by the analysis of
the amino acid composition, and could be considered to be closely related to the compound
of the sericin crystal and secondary structure.

4) The X-ray patterns of the cocoon filament were ring shape, but they disappeared by
the degumming treatment.

5) The sericin of tussah silkworm (A. pernyi), showed stronger circular patterns in the
meridian than the regular silkworm (Bombyx mori).

6) There was no pattern difference between Fraction A and B.

7> X-ray diffraction patterns of the Sericin I, II and III were similar except interference
of 8.85A (side chain spacing).

8) The amino acids above 150 in molecular weight such as Cys. Tyr. Phe. His. and
Arg. were not found quantitatively by the 60 minutes-hydrolysis (6N-HCD).

9) The X-ray pattern of 4.6A had a tendency to disappear with hot-water, ether, and
alcohol treatment.

10) The partial hydrolysis of sericin showed a cirucular interference (2A) on the meridian.

11) The sericin pellet after hydrolysis was considered to be peptides composed with
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specific amino acids.

12) The decomposing temperature of Sericin Il was higher than that of Sericin I and II

13) Thermogram of the inner portioned sericin of the cocoon shell had double endothermic
v.peaks at 165°C, and 245°C, and its decomposing temperature was higher than that of other
portioned sericin. - :

14) The infrared spectroscopic properties among sericin I, II, III and sericin extracted
from each layer portion of the cocoon shell were similar.

II. The characteristics of sericin swelling and solubility related with silk processing.

1) Fifteen munutes was required to dehydrate the free moisture of cocoon shells with
centrifugal force controlled at 13x10* dyne/g at 3,000 R.P.M.

2) It took 30 minutes for the sericin to show positive reaction with the Folin-Ciocaltue
reagent at room temperature.

3) The measurable wave length of the visible radiation was 500-750mg, and the highest
absorbance was observed at the wave length of 650mg.

4) The colorimetric analysis should be conducted at 650mg for low concentration (10zg/
ml), and at 500mu for the higher concentration to ¢btain an exact analysis.

5) The absorbing curves of sericin and egg albumin at different wave lengths were
similar, but the absorbance of the former was slightly higher than that of the latter.

6) The quantity of the sericin measured by the colorimetric analysis, turned out to be
less than by the Kjeldahl method.

7) Both temperature and duration in the cocoon cooking process has much effect on the
swelling and solubility of the cocoon shells, but the temperature was more influential than
the duration of the treatment.

8) The factorial relation between the temperature and the duration of treatment of the
cocoon cooking to check for sericin swelling and solubility showed that the treatment duration
.should be gradually increased to reach optimum swelling and solubility of sericin with low
temperature(70°C). High'temperature, however, showed more sharp increase.

9) The more increased femperature in the drying of fresh cocoons, the less the sericin
swelling and solubility wére obtained.

10) In a specific cooking duration, the heavier the cocoon shell is, the less the swelling
and solubility were obtained.

11) It was considered that there are differences in swelling or so}ubility between the
filaments of each cocoon layer. ‘

12) Sericin swelling or solubility in the cocoon filament was decreased by the wax
extraction. )

13) The ionic surface active ager{t accelerated the swelling and solubility of the sericin
“at the range of pH 6-7.

14) In the same conditions as above, the cation agent was absorbed into the sericin.

15) In case of the increase of Ga ang Mg in the réeling water, its pH value drifted
toward the acidity.

16) A buffering action was observed between the sericin and the water hardness consti-

tuents in the reeling water. .

17) The effect of calcium on the swelling and solubility of the sericin was more moderate
than that of magnecium.

18) The solute of the water hardness constituents increased the electric conductivity in
the reeling water,
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Mosher 1.2 4 2 Bl 29 = WENE BEY
sericin K¥FH-& &0 RERE(, 000 R.P.M.) 2 3050 &
LARSA WBRST BEESE SHHEG. 2F
cellophane & A28 AL XKEAN 28K &
Ptz ololA EAKeE 1BEM FNe gzddd
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flask ] %0l &= aceton, chloroform ¥ dry ice
HHREA #®EE HEdT

2) ¥#8 chromatography gkol] 1§ sericin &
amino acid Z#r

71 #ste W

A. sericin 10mg ¥ &3 FBY (12x120mm)o]
#stx 6N-HCI 3ml & WA

B. R vacuum pump § A&t R5[eha &
$5 BEY 9% Po=HE 7~Bom HfzAA gas
burner 24 g ).

C. 110°C o] EEZBAA 2280 IAFMEAR .

D. L TH RBEL THislel 10mi beaker o] &
Az 0.5ml ¢ WA 3@ K3 beaker o &
A 2=

E. kbl A @K 2~3ml 4& sl ¥R
BEg 2~3E N8 @RS EHBREN T

F. 9498 EESSS pH 2.29 BEA buffer &
sl 5mizt A =5 TAES amino B SFTARMZ o
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W5 W

A. analyzer ; Model Hitachi KLA-3

B. resin ; Amberlite IR 120

C. column size $} sample size

0.9x15¢cm ; 1.0ml]
0.9%150cm ; 0.5ml

D. flow rate ; 30ml/hr

E. B ; 50°C
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43lo] Mosher #£0] 98] sericin -2 #Histe] 43 o)
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sericin 9 fraction § $¥3K-% 95 alkali (0. IN-NaOH
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ol# sericin o S & &A 7] st EiE A
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o] 43 7ol Aol alkali sericin KiFH 4 HeE
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Sericin Preparation for Colorimetry

1. Alkali Sericin Solution ’

Sericin 200mg/100ml alkali solution

2. Standard Sericin Solution (ml)

| oz]oes] 7] Lo

15| 2.0] 3.0] 5.0 100

Sample Solution (gg/cell)

| e

Sericin concentration (pg/ml)

% Remarks;

‘ 16 ‘ 10 | 56 f 80 | 120 | 160 | 240 400 | s00

| s as] 46 e6fw0fmz|0(m3] 60

2. Distilled water was filled up to 10ml into standard sericin solution.
3. 0.4 ml of standard sericin solution was pipetted to the sample solution. Then chemical reagents and

10m}l disstilled water were added.
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Table 2. Types of Spectrophotometer and Cell

. Cell
Spectrophotometer Type
: dia form
Hitachi Co. 124 10mm [square pillar
Tokyo Koden Co. ANA 7A| 15mm| cylinder
Shimadzu Co Spectronic 20| 10mm | cylinder

phenol reagent 3= Nakarai ()% 1.8N¥-& 1.0N=
AR hed ALsad.

(@) Kjeldahl ¥:0] & sericin BFEE HIE

Hfaikd g3te deola sericin FHREI Kjeldahl &
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£WMF RREEREE 55°C, 80°C % 105°C = &
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% 360599 e B BEEE A5,

) WES FAS sericin o W BES MG

HREES EHXEAY B 138 1045 #3go
¥ AFFAL WEL micrometer of 3}t

o] A59 WE A9 #9% 0.5mm, 0.5~0.6mm,

EBifgie = B,

0.6~0.7mm ¢ 0.7mm Bl Loz 39

o4 v, EY Wi KRS EBESS 95°C, 154
o2 g,
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BRtR

AR sericin o By KB Btk € #nkd
Fol7t d&¢ BEST A, F, HEHIZE FE8d @
ESs . '

o] A% WEEEE 95°C 2 stz Bl JJAE
1555 304522 2 RfEd Wt i mESRA.
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HIE s A
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of 9% wax He BES 9. _ ‘

wax B WHEEEE AH Sohxlet & A-E3%z
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Table 3. The used Surface Active Agents

Type Agents Code Rational formula ‘ Mc:}g;}?tr
. 1. cetyl pyridinium chloride c.p.C [CH3(CH;)15 C:HsN]*Cl- 339
cation 2. lauryl pyridinium chloride L.P.C (CH3(CHy) 11 C:HsNJ*CL- 283
3. sodium cetyl sulfate S.C. S [CHs(CH2)1s 0S80;]1"Na* 344
anion 4. sodium lauryl sulfate S.L. S CH3(CH:2)1:080;)"Na* 287
5. sodium dioctyl sulfosuccinate| AEROSOL OT (CH(CHZ>7C°°CH S0s )—Na+ 379

CH(CH,):COO0 CH,
. 6. polypropyene polyetylene HO(CH:CH:0);a(CH CH,0)

nonion glycol ether EPAN b(CH:CH,0)cCH CH, 2,200
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1. Sericin Fraction 2| #38{L88Y
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1) sericin fraction %Il amino B #EK

sericin®] amino 2 Mol ¥t 1902 Fisher I
OB BrnEd oste BeE, #EEA goh 24
WafE sericin o) H—fRol Y} F& 28LIESY Roo
2 o] fo] ki HadE AAAd RS HEA

ez 3

Z Mosher(1932), {HiE(1938), HTHE(1943)2 BE S
IR & BES WAt B R sericin g HhH
33 o] AL pH 4 Moz FEishd #isH: sericin o]
LStz oA alcohol & hnehd HiEHk: sericin o] L
o2 29 sericin & HEESA .

o] & R sericin ol #ste] AR (1949), Lang(1948)
& (B kd 938 amino B HRE HHIGA=
A (1952) % 9.2 paper chromatography ¥ 2 %M
1 EE st

o] R £WEREE —FBT £H T 44 XIdS 5
8] sericin ©] fibroin 2 2 25 #hHE A¢dE m &
< gt Rael g BENEE s dede &
B Bl g HuEs BEsz 9% #£:EE
7—]-7—}31 sericin o) ¥l F—3 MASEHERS 39

£ BB YolA amino Eﬁ«] ol & otelms] st &
78 wb et 22 BRE A

EE S ﬁﬁﬁﬁi% 2) b DR A IR ke 2
T AEAHTl GRS HMEBEL 105K 2 REAA
aFrstg e, @ £49 amino Y SHERE 1042
FRRR W3t pmol/ml = A FREHSl .

ol P A HER Sericin A 2 B fraction ¢ amino 2]
ML Table 4] FoRg ulel 2o,

Table 4. Amino Acid Composition of Sericin A and B obtained by Mosher Method from
Cocoon Shell (gmol/ml)
Amino aod | T e e
\ \ Asp Thr l Ser } Glu ’ Pro ' Gly Ala ’ Cys
Fraction . |
A \ 3.16 ] 1.90 { 4.44 ! 1.14 ] 0.32 J 2.3 [ 1.92 ’ 0.08
B ] 0.64 | 0.24 ] 672 | 0.08 | 0.40 { 0.28 [ m —
™~ Amino acid ‘ - H’ ] o T o
S~ Val Met Ile | Leu Tyr Phe Trp Lys } His NH; l Arg
_ Fraction ——=— . _ || o ] Lo
A | os2] —] o2 03] ost| 16| —] 0.9 | 038| 216] 0.9
| o.0a| —[ ol oz oss| ze| —| 024[ 0.8 | 096[ 024

Z Mosher 0.2 BRHES o] AojA Sericin A 8} B 9
amino 8 MMl QeJAE asparticacid, sericne, =
glycine %9 amino B§e] #R7 £/ RwsHE BE
o},

ol HBRE WA FR —Ftx A
o} sericin o SH IKSRE G HES EEHE
o Z&J EFE=EAYGz 4484

AV AZE & 9% AL WA sericin o) Qo]

oF 1=
1E =

A amino fig KL »7 OH, COOH ¢ £ polar side
Zrol amino BE(Tyr. Ser)L Bt sercin o i
3le] Bpyez HL {&F alanine o)1} leucine & &
HEE 4 5+ 44

=35 AE%BOAE tryptophan ©) FEHA 2=
olel & R KR BEA A BiEH(6N-HCl, 22hrs)
7 IARE Aoz Qg

@ Sericin I, II, T Zt7+9] amino B K-S 2y

chain &



AFke] & amino BE(Ser, Val, Lys, His, Arg)-2 @ik
o BIHR Bhrol wol el ddsich

ol g KE= Kol 3L amino B4(Gly, Ala, Leu,
Phe) fibroin o 717l & ¥z F sericin o] AR A
el gH=E=z Ut
LK BIE GRE RolA #ukel HI Bk 2RI
Atz FHA @ Sericin I, 1, III A}e]o) & amino B
BEA Q3AE 49 %7 BEdda & + A+t

Sericin I, II, 1L} Kk HEE= £ HETRHE B
st HAS polar side chain & Z¢¢l amino B9

- ARoE B Rk Bl HEE 77 AA%

% Sericin Il o] A = polar side chain & Z:9l amino
9 EFE B & 25 AL amino B ERT2
2A e $E WS BB AL Btz 47
g}, (Table 5 B8&)

" Table 5. Amino Acid Composition of Sericin I, I, IIl obtained by Moshergethod
from Cacoon Shell (gemol/ml)
| Asp| Thr| Ser | Gtu | Bro | Gly | Ata | Cys | Val | Met | T [IQ]EQ]?}@ | Tep| Lys | His | NHs| Arg
I | 4.54 2.44 5.70] 1.2 0.26] 1.76] 1.54] 0.08] 0.96] + | 0.22] 0.40] 0.52] 0.14] — | 1.08] 0.50] 0.60] 1.16
I | 278 1.36 3.10 1.02] 0.40] 2.82] 2.39] 0.0 0.06) + | 0.50 [0.30] 0.34] 0.1 — | 0.88] 0.28 1.72 0.7
K | 110 0.40| 0.64| 0.60] 0.42 1.92) 1.78] — | 0.48 0.10] 0.30] 0.48] 0.14] 0.24 — | 0.44] 0.08] 1.02] 0.26

ol ¥ § %ol A WF sericin o BE BFHEE 29 #
#Y, RESE HE F BB, wax BFS ZTRRG
e 2 WY WA ¥RdGz FRdd.

2) sericin fraction 5 X # BT F#7

sericin 9] B X 4y HHEYE fibroin o 3l &3
A},

Trogus, Hess(1933)% Hifk MES XIS WESR
#o X8 EFS THET X-BEE velhviAets 90
°C o] Mik= 305 BEsld 29 pattern & FHE
£ F@ol Bad Adz f4.

oL WSt 2L fibroin 8 X-RFPe WRIAE
e mEEEA °11°_— Fie sericin ol BEL G2 H#E
g

2=z #BE, BHT0932) £Ws Fkd BaRkkd
Heto] X-BEEEAA 22 HRE A& Jx Ak

" RS

(1936)& 279 Bk sericin & Mt WET &R se
ricin & fibroin ol ELIE FHE: Mol Aotz Pt
2 & sericin Abol ¥l & RV dd= A

2 Bl mARuDEY gk FEAA Rz &\
-8]-04 SESC = sericin g Elizte] sericin K S =

g ol & HEAA X-BMY BELEHAED o At

ﬁ:& HAQ972)E® Nds el WM~ Akkiz REY
9] sericin & H# Wzostel WiE BHERES ez
ERBAREYE Mosher o2 HhHF sericin 7 72
Hrd T Jehidcd= g

* K%l AT BReZFE sericin & LRkl
¥ A% sericin HIY WL PHEY MR A K
o sericin & BHAZD ¥ BEERADL 449
fraction 8 X-REIFEE WEstH .

) %k 2 mEEHKY X-RETE

D.S.
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Fig. 3  X-Ray Diffracton Patterns of Bombyx mori Sericin and Tussah Silk Sericin.
2 d Fisericin o ERIFFUY L Table 6 o vietd ups} et

Table § Comparision of the X-Ray Interference of Sericins extracted from Bombyx mori
and Antheraea pernyi.

" Bombyx mori Antheraea i Bombyx mori Antheraea
Ring - Ring -
intensity 1 spacing (A)] intensity spacmg (A) ‘ intensity spacmg (A) intensity lspacing (A)
R, M 6.47 S 5.95 ' Rs M 2.02 w 2.44
R, VS 4.84 M 4.45 | Rq w 2.33
Rs S © 3.63 S 3.63 | Rs w 2.10
R M 2.64 S 2.97 | Ry w 2.02

R | M 2.26 M 2.57 Ry
(M:medium; VS:very strong S:slight; W:weak)*



&= Ry, Ry, Re 9 FH 2 EREAD A4 283
vyEz god ﬁﬂk??ﬁ@ﬂ]*’li wE serlcmo B
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ZR7T AR Bt @ osericin o] amino B EE ) @

BEE" Aoz HEaA v
2} Sericin A ¢ B9 X-EEHE

Mosher 0] 913b¢3 filiR sericin XS RO

% AWEHEAA BR" Sericin A 9 B X-gEH
B+ oH& Fig. 4] e & wheh 2

Fig. 4

Table 7. Comparison of the X-Ray Interference
for sericin A and B.

X-Ray Diffraction Patterns of Sericin A and B extracted by

Sericin A | Sericin B
Ring |— - -
intensity spacing (A)l intensity ’spacing (A
Ry M 7.37 .8 6.94
Rz Vs 5.05 VS 4.92
Rs M 4.59 M 4.24
R M 3.70 M 3.70
Rs w 3.26 w 3.22
Rs W 3.23 W 2.41
R W 2.06 w 2.06

(notice: M-medium, W-weak, VS-very strnog)

Fig. 5

Mosher Method
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B0 1050 HHEF Sericin I, = Li# 2000 Hs
Sericin II 2} $# 6047 HhHEE Sericin 119 X-fgE
HEE #rdd 93 P

X-Ray Diffraction Patterns of Sericin I, II and III
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Table 8. Comparison of the X-Ray Interference

for Sericin I, IT and III (A)

Sericin 1 Sericin 1I Sericin 111
R, 8.85 10.41 10.41
Rs 4.81 4.50 4.94
Rs 4.23 4.10 4.24
Rs 3.68 3.65 3.76

99 X-RES BRI e QEuie el frac
tion £ B & BT TWES Fehi A vl Sericin 19
I e] A 4o HFBHME 10.4149 Fipo] H= gt

Fig. 6
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27 245 BB HED X-## pattern @ R
Bz ged ol Ble Wax® 7 thiks e s £l
gtz st .
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X-Ray Diffraction Pattern of sericin I treated with 95°C H,O,

28] 2 sericin [ 9 X-H o WHRES NdsES Bt
I AEHY 29 —gstz 1en Re(Table8 2z)
o |ESE T BRezA FHEHRAd EsA
vEhdz b olgRe BRE HAKWY FRWY
Raeh —&KI{.

g sericin I3 II & 1119 Ryel FiENA EiHE
Faatold] 227t vtebv & Bhol Held e 4% HH
A gt

3) ks B2 A el sericin o HE)

Fig. 6 9] X-##+= Sericin 19 fractiono] 95°C 9
HWRE FEEs BEE BLEAZE A &5 B
Bl g3k X-BFipel 8 A B ts Fokny
A3t BB Aol

e 6N-HCH RS kS Bies sbAA
< A%9 ¥R amino B3 E 94 KHE chromatogra-
phy ol 9lstd ERII mRg v=A Bkl Ht
of X-fREFES #he Bl

Table 9. &= k7 B o84 FEF amino B
9 #EY 29 E(mol/mDE Fxndt= Ut

Table 9. Comparison of Amino Acid Composition by Hydrolysis Duration with 6N-HCI (zmol/ml)
Amino acid l Asp l E‘;rmlﬁée; ‘ Gi;i ['Pro 7 7‘77 Gly l Ala t Cys ) ‘u\}al ( Mert”

. 60 min | 138 0.3 25| 02| + | zoz| 051 - | 053 -

360 min 227| 122| 28| 06| 013 zss| ow| + | oas| +
1.200 min s76] 17| zet| 1| ozr| ses| 1as| 004] 05 | 0.04
M.W.30 133.10 | 119.12 [ 105.09 | 147.13 | 115.13 | 75.07 | 80.09 | 240.30 | 117.15 | 149.22




- Amino acid Ile [ Leu. ] Tyr | Phe ‘ Trp I Lys ‘ His ; NH; } Arg
60 min : -1 -1 - e + |+
360 min oa1{ o20| oz6| oo7] — | o0s54| o025 030] 058

1,200 min | 017 0.35] 070 o013 | = | oss | 02| 20| o7
M.W | 131,17 | 131.17 | 181.19 | 165.19 | 204.21 | 146.19 | 155.16 | 17.03 | 174.20

Table 9. 9§ A 4T3 ®e] 150LA 9] amino B2 (Cys,
Tyr, Phe, His, Arg)e 6059 kS Hede 58
BHEE 47E bz Qe kS BMel 360
2 ¥ 1,20000° 224 o] F amino B 5RE
k HJAdee ¢ U4 »

o] § %A A chromatography &} }dhs

#¢) amino e BXEoE AkAA S 484E ami- {

no B8 7ol Heel kSR BMIE SFE 4o
a3z 4354 :

ARBAAE AAAS 2o kSRA 252 ES
F9 aminoBg DMARE A$) A X-BE
WE BEY BHo= 9 WRAA 9oA sericin BE
J o X-BEFEe s F99%9 Fig. 79 HRE
a9l

B;.60 min,
X-Ray Diffractions of the hydrolyzed Sericin with ¢N-HCl

(A : 30 min,
Fig. 7

C: 180 min,

D : 360 min)



Fig. 8 Schematic Diagram of hydrolyzed Sericin
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Table 10 Comparison of the X-Ray Interference of hydrolyzed Sericin (A)
30 min 60 min 180 min 360 min
Ring A ' intensity A l intensity A | intensity B A ] mtensxty
R 8.55 M| a3 | o | 0w | oss | M
R | 484 M 145 | | as | oM | 4 | oM
Re | 4z | s 45 | |40 [ s [ a0 | s
Re | 370 s | s | | se | w | 3w | w
Rs | | 2o | w | e | W nos | W
R | | | 26t | w | ze | w | zas | W
Re | [ | o2m | w | oz w | zz: | owo

4) FEH D RAEBRYK spedtrum FHER

7b) g (D.T.A)

Fig. 9 £ %@ sericin-& 110°C ¢} autclave & A
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Fig, 10 Thermograms of Sericin prepared from
Three Parts of Cocoon Shell

O : outer layer sericin M : medium layer sericin

I : inner layer sericin

Table 113 Z«}.

Table 11. Wave Number of Sericin I. II. IIl. and
the Sericin extracted from various
Cocoon Shell

Sericin Cc=0 NH amide
I 3,300 3,100 2,940
I 3,310 3,100 2,860
| | 3,310 3,095 2,860
Outer layer 3,300 3,005 2,940
Medium layer 3,320 3,100 2,950
Inner layer 3,330 3,080 2,830

Fig. 113 12 83 Table 11614 ¢ F 4& 89
Zo] FAHRBIM spectrum ©] vk UK E ViER E K
o A & F)F A3 F F7) gl

o]2l 3 #EBE Sericin A & B =z# = NdS B9 B4
B sericin A L AN BES FAYY &R
% —&3z Ao
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