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Abstract

Thailand is able to export silk as fiber and garment to world market. There are many
researches focusing on increase in production volume of silk fiber by breeding silk and
mulberry. However, data of Thai silks in molecular scale are shortage. Molecular characteristics
of silk fiber (fibroin) and silk glue (sericin) by means of molecular weight determined by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and size exclusion
chromatography (SEC) were interested. In addition, crystallinity and tensile strength of fibroin
were analyzed. Results of SDS-PAGE of sericin from all silks reduced with 2-mercaptoethanol
showed protein bands of two molecular weight ranges. High molecular weight chain (H-chain)
and low molecular weight chain (L-chain) had molecular weights of 41 — 70 and 16 — 19 kDa,
respectively. Chromatograms of ISEC from all silkks showed many peaks of fibroin and sericin.
By reducing fibroin with 2-mercaptoethanol, there were two ranges of molecular weight i.e. H-
chain and L-chain having molecular weight in the range of 203 — 368 and 1 — 7 kDa,
respectively. Hydrolysis fibroin with chymotrypsin enzyme resulted in absence of H-chain peaks
which was indicated cleavage of fibroin, uniform chain length polypeptides with low molecular
weight as 17 — 18 and 1 — 8 kDa were obtained. For sericin without reduction, peaks of H-
chain and L-chain from all silks were present in chromatogram. Molecular weight of H-chain
was 227 — 612 kDa for Thai silks, but very high molecular weight as 2,328 kDa of H-chain from
Eri (wild silk) was investigated. Reduction of sericin changed L-chain to more uniform chain
length polypeptides with lower molecular weight of 0.05 — 30 kDa.

Morphology of fibroin composed of cryslline and amorphous regions which was revealed
by X-ray diffraction technique. Tensile curve of fibroin from Thai silks showed high specific

strength in the range of 15.85 - 37.45 g/tex with high elongation.
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1508 (% laglua)
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! © o TelWTuseu 1T
Glycine H- 75.06 44.60 13.49
Alanine CH, - 89.09 29.40 5.97
Valine* (CH,),CH - 117.15 2.20 2.75
Leucine* (CH,), CHCH, - 131.17 0.53 1.14
Isoleucine* CH,CH,CH (CH,) - 131.17 0.66 0.72
Phenylalanine* CH.CH, - 165.19 0.63 0.53
Methionine* CH,SCH,CH, - 149.21 0.10 0.04
Tryptophane* NN op,— 204.23 0.11 0.21
Proline O—C—o— 115.13 0.36 0.68

i
Tyrosine OHOCHZ_ 181.19 5.17 2.61
Cystine/2 SHCH, - 240.30 0.20 0.15
Serine HOCH, - 105.09 12.10 33.43
Threonine* CH,CH (OH) - 119.12 0.91 9.74
Aspartic acid HOOCCH, - 133.10 1.30 16.71
Glutamic acid HOOC CH,CH, - 147.13 1.02 442
Histidine iN)CHz_ 155.16 0.14 1.30
NH—/

Lysine* H,N(CH,),CH, - 146.19 0.32 3.30
Arginine NH,—C-NH—(CHy)a 174.20 0.47 3.10

NH

a 'o I 1 ]
* nsaozdl lunsiluaesiane

N Robson, 1998
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fln: C. Woodings, Regenerated cellulose fibres, 2001.
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Fomsind gasnil mmu%q‘n?; v3Endnan  Uszma
1) Acetone CH,COCH, 99.8 % Merck Germany
2) Bovine Serum Albumin - 97.0 % Fluka Switzerland
3) Calcium chloride CaCl,.2H,0 98.0-103.0 %  Univar Australia
4) Chymotrypsin - - Merck Germany
5) Copper (II) sulphate CuSO,.5H,0  99.0 % Univar Australia
pentahydrates
6) Dichloromethane CH,CI, 99.9 % Merck Germany
7) Ethanol C,H,OH 99.9 % Merck Germany
8) Folin- Ciocolteau reagent - - Merck Germany
9) Hexane CH, 99.9 % Fisher U.S.A.
10) Lithium bromide LiBr 99.0 % Sigma US.A.
11) Lithium thiocyanate LiSCN - Aldrich U.S.A.
12) Magnesium chloride MgCl,.6H,0  98.0 % Fluka Switzerland
13) 2-Mercaptoethanol C,H,0S 99.0 % Acros US.A.
14) Methanol CH,OH 99.9 % Merck Germany
15) Sodium azide NaN, 99.0 % Univar Australia
16) Sodium carbonate Na,CO, 99.9 % Merck Germany
17) Sodium dodecyl sulfate C,H,;OSNa - Sigma U.S.A.
18) Disodium hydrogen Na,HPO, 98.0-100.5 %  Fisher UK.
orthophosphate
19) Sodium dihydrogen NaH,PO, 99.0 % Fisher UK.

orthophosphate
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20) Sodium hydroxide NaOH 99.0 % Fisher UK.
21) Sodium potassium tartrate ~ NaKC,H,O, 99.0 % Fisher UK.
22) Standard protein Biorad U.S.A.
dmisvoan Ins W5 wa
23) Standard protein Biorad U.S.A.
d iy lsdionsagiulng
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Saq-n3eile dauazgu Uszina
1) 1930eFnszHazBon 4 Al Metler Toledo Switzerland
(Analytical balance) ‘j: U AB 204
2) neuvameitedulasinInnsl Hewlett Packard US.A.
(Gel Permeation Chromatograph)
3) Injector Rheodyne U.S.A.
4) ‘ﬁiJ (pump) Hewlett Packard U.S.A.
5) nseansaniaviiadans1lhlean (UV Hewlett Packard US.A.
detector)
6) AOAN Waters U.S.A.
U Bio Suit SEC 175
7) n5eal¥nudouvesnedund Timberline Instrument ~ U.S.A.
8) YANTDINITALAY VUIA 0.45 lunsou Hewlett Packard U.S.A.
9) UNUNTDI VUIA 0.45 lUATOU Hewlett Packard U.S.A.
10) Syringe Y@ 25 luTn5aAS Hewlett Packard US.A.
11) Ultrasonic bath Metason :g'u 120 US.A.
12) Lﬂ?@xﬁﬂﬂ'mﬁ @ﬂﬂﬁmm 1 (Spectrophotometer) Thermo spectronic England
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13) 1nToanadeUaNATING Stable Micro Systems ~ U.K.
(Texture analyzer) ‘i 1 TA.XT.plus

14) Lﬂ?ﬁ)ﬁ%ﬂmﬂ’nmﬂuﬂﬁ A-L1ue Metler Toledo Switzerland
(pH/Ion Analyzer) iq U MA 235

15) w399 3an1m st Tulih Denver Instrument US.A.
(pH-ISC-conductivity meter) ’3; U 250

16) fJ'Nf!mﬂJﬂﬂquﬁQﬁ (Water bath) Memmert Germany

17) n3ealinuiou (Hot plate stirrer) Fisher Scientific U.S.A.

18) Eg]} 91 (Isotemp oven) Heraeus Germany

19) Dialysis membranes Cellu Sep U.S.A.
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ARG
4 Logml vivaallsnu dnlnen msazaw  dilFolin
vineAT .
BSA Tllusdunniums Tooau danlayl  Ciocalteu
(mL) oo lade (mL) (mL) (mL) (mL)
1 - - 1.0 5.0 5.0
2 0.1 - 0.9 5.0 5.0
3 0.2 - 0.8 5.0 5.0
4 0.3 - 0.7 5.0 5.0
5 0.4 - 0.6 5.0 5.0
6 0.5 - 0.5 5.0 5.0
7 0.6 - 0.4 5.0 5.0
8 0.7 - 0.3 5.0 5.0
9 0.8 - 0.2 5.0 5.0
10 0.9 - 0.1 5.0 5.0
11 1.0 - - 5.0 5.0
12 - 1.0 - 5.0 5.0
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Folin - Ciocalteau reagent @2 1¥veviasanaaeal¥iwnnu ualrdenall 30 wis udr9ai11d5am

M3IganauLEIinNueINaY 750 1 Tuas

4) ‘Li”li”i”lﬂﬁﬂﬂﬂﬁuuﬁﬂﬁhlﬁmﬂﬁﬁﬁ‘::mﬂllmi@u bovine serum albumin (BSA)
VdeunsMiAsgINTEnINAIMIganauuae 750 urTuwas fnuaNuduTuvesaIsazale
Y o ° a 2 a ' A a 4
was31u BSA udninndnnamilsunaldsduvesmsazate lTusdu  Aoulvzlingizs
v 4
wmin Twanaves I Tusdunesaiudrodeunaiin dene 1l
a d o % a a a a 2
2.3.3 mydmnziihmiinluagave s Fusaz llusdudramaiindidalns 3 ga
a 4 3’ o as a 9 A adgd ag
msanszitimin lwanavesssduuaz I Tusdudremaiindan Ins 15 da
o Y o dy
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1) M3IA383 Acrylamide/bis (30%T, 2.67%C)



%9 Acrylamide 29.2 N4 1182 N,N’-methylene-bis-acrylamide (Bis) 0.8 NJW azaneaie
g’ o % <3 { A
isennleesu udninwauiu awnsann 135 1duunquugii 4 °c
2) MS5ATEY 1.5 M Tris-HCL, pH 8.8
' Y
44 Tris base 18.15 N3 azanederirlsirnlesou 60 ladans Y5y pH 1714 8.8
Y 09-" o a 9 09/ =®R A a aa
A28 6 M HCI 1niudsuiSnasaieniilsiaein leesuaudeia 100 adans
3) M5A304 0.5 M Tris-HCl, pH 6.8
' Y
4 Tris base 6 NTU aza1vA10111U51A910 lovou 60 Haaans U5y pH 1414 6.8 daw 6
OBJ} o a Y :} =2 A Aa aa
M HCI 1ntiudSut/sunasaseiinsieanlessuaudadia 100 Jadans
4) MIATNA1TAZANY 10% w/v SDS
v Y
#1SDS 10 n3u wazazarealeiilsieeinlessu 90 Hadans navwig udisy
YSuasaudaia 100 Hagans
5) Running buffer, pH 8.3
v Y
%4 Tris base 9 NF, SDS 3 ATN WAUNY glycine 43.2 5N ANY1L517A91n ToBBUIUD
= A Aaa ] Y 9 A !
WA 100 Yaaans (1102 169U ABUTDIN 5 111)

6) Sample buffer (SDS reducing buffer)

= Aa Aaa d' 9 [ dy
WIINAITAZAY 4.0 Haaans NUsznoualedIsAIl

Deionized water 1.9 Haqansg
0.5 M Tris-HCI, pH 6.8 0.5 adans
Glycerol 0.4 4adans
10% (w/v) SDS 0.8 Noaans
2-mercaptoethanol 0.2 Haaans

1% (w/v) bromophenol blue 0.2 Haaans (smﬁ”wm 4.0 Haaans)
7) MSATONEITAZA1OAIDY
Wasazae s TUYNYY 4 1ag 6 ppb USH1ATA199 1AUAY Sample buffer UTu1A3
0.5 TadaAT 1IN 7Y 0.2% wiv urea V51193 0.2 fladans Tunne esazaedioda
8) MstnIouasazaeilyasaas oy
14a34 12.5% w/v TCA
9o 1% w/v Coomassie Brillant Blue R250 : 12.5% TCA 11w 1 : 20
9) #1592 Destaining
25% v/v ethanol, 10% v/v acetic acid La1¢ 65% v/v Deionized water

10) EFNUANVDNIUNIE 10% v/v glycerol
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M990 2.4 T151al vazlsuasasalid s unTon Separating gel 1182 Stacking gel
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Myosin 224 2.3502 0.20 0.02
Phosphorylase B 112 2.0492 0.60 0.06
BSA 83 1.9191 2.10 0.22
Ovalbumin 47 1.6721 3.10 0.32
Carbonic
32 1.5051 5.20 0.54
anhydrase
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Myosin 224 2.3502 0.35 0.03
Phosphorylase B 112 2.0492 1.45 0.13
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Ovalbumin 47 1.6721 4.50 0.41
Carbonic anhydrase 32 1.5051 6.30 0.57
Trypsin inhibitor 26 1.4150 7.20 0.65

Lysozyme 17.3 1.2380 9.30 0.85
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RID1 A, Refractive Index Signal (WOR\WWOR00075.D)
RID1 A, Refractive Index Signal (WOR\WOR00074.D)
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M3197 3.15 A1QANAUUAINANENIAGY 750 W TUINATVDI BSA

2 ANMUNTHYRIBSA ' .
iaeah AmMsganauIag
(mg/mL)

1 0.000 0
2 0.100 0.179
3 0.200 0.413
4 0.300 0.645
5 0.400 0.878
6 0.500 1.122
7 0.600 1.367
8 0.700 1.586
9 0.800 1.815
10 0.900 2.047
11 1.000 2.371
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4 2 -
®
-
[N
g’ 1 y = 2.2862x
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< 05 R2=0.9974
O I 1 1
0 0.2 0.4 0.6 0.8 1
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M3197 3.16 MMsganauudazAMANNINTUYDIEITaza1eE U Taatieununs 1A TgIu

BSA
a s
. & ETY
Wuﬁ:"lﬁu v A Y Y
ﬂ1ﬂ1§ﬂﬂﬂﬂu!!ﬂ\‘l ANNVNUYU (mg/ml)

#1154 0.832 0.364
midegsuns 0.433 0.189
UNUNADY 0.559 0.245
HINUIAUNINY 0.620 0.271
Foqu 0.775 0.339
93 1.602 0.701
gl 0.435 0.190
ADN1 1.885 0.825
Uiy 0.741 0.324
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gveelilsau BSA

Tvllusdu
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AINIIgaANaAULAaS ANNUYNYH (mg/ml)

SThHY 0.124 0.054
HINUIALNINIY 0.095 0.041
WA BY 0.201 0.088
oS uNg 0.110 0.048
GRLER 0.211 0.092
Wtioy 0.153 0.067
ABN1N 0.059 0.026
gl 1.643 0.719
53 2.120 0.927
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Anlndfesiu uaasn Tsduuaazudsnduiiiviinluanalndifestu wdwinluanaveslyl

Tusouudsnduwiian 1 uaadlaain1snan 3.18

v v 1
M3199 3.18 natnsauaziiviin Tuanaves W Tusuusndusiiah 1

v Jdo v J A a o v A
Wugdlse Wugmaoagsuns I ATRNUE N
fia | namsdn | hminTwana | nawmsd | dhvinTwana | nameds | dhminTuana
(U1h) (kDa) (u1h) (kDa) (U1h) (kDa)
1 5.760 268.77 6.103 203.67 5.724 276.71
2 10.218 7.31 10.217 7.31 10.217 7.31
3 10.619 5.28 10.628 5.25 10.628 5.25
4 11.972 1.77 11.967 1.78 11.967 1.78
WURUUIaUNIN20 TusFoqil IIGH
#inhl | naned | shwminTuana | namede | dninlwana | nainsd | thwinTuana
(U1h) (kDa) (u1h) (kDa) (u1h) (kDa)
1 6.075 208.33 5.370 368.43 6.003 220.82
2 10.245 7.15 10.234 7.21 10.228 7.25
3 10.615 5.30 10.612 5.31 10.620 5.23
4 12.007 1.72 11.238 3.20 11.996 1.77
5 11.969 1.77
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#inh | naned | thwminTuana | namede | dninlwana | nainsdn | thwinTuana
(U11) (kDa) (U1 (kDa) (U11) (kDa)
1 5.984 224.24 6.261 179.24 6.121 200.73
2 10.222 7.28 10.234 7.21 10.218 7.31
3 10.620 5.28 10.641 5.19 10.613 5.31
4 11.991 1.74 12.000 1.73 11.985 1.75
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Wass Inag FauihmiinTinana (kDa)
Wil 368.43-1.77
WIUNADY 276.71-1.78
GRIEN 268.77-1.77
g1l 224.24-1.74
53 220.82-1.77
HINUIALNINIY 208.33-1.72
midogsuns 203.67-1.78
ey 200.73-1.75
ADN 179.24-1.73
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Tuanags  Fwendnnndulasinnensuves W Tusdumlsndusiia 1 Aldninmssand
9 ]
uaasms lalas ladi ¥ Tuanalusaunaeeniluae laduniimsiand iosnninamsda
ey lUsausumgidumisnsaozii Tuilidaozaniiu Inlsdu waznidlanlu dwlfasen
waaelugai 1.13
9 [

wenaniianIasmInunsudanudn  Snunsnduvesldsauinlalas Tad 1a1dumsn
v Aa A [ A A o = ' v [ 1 =S v 1 Y
FunUragvAmte U edINNsIUNAINY tazdawu Tsauursnduuaazusngu
9 Y Y 2 % ' a2 ' v g‘ o Y 2 @ Y
Tnaasielnamesny  uaasnllsauuaazursnduiitiminluanalndifesiy  na1nIA

g‘ 9 = N 3 % d'
wazintin Tuanaved TUsauuns NI 1aaIfan1sen 3.20

v Y v
M 3.20 namsduaziiminluanaves T Tusduudsnduriian 2 Tasmslalaslad il

Tuspudreeulsi laTunsUsu

o Jdo v J A a o v A
Wugalsg WUFIMD0IgTUNT UFUINAD
#inh | naned | hminTuana | nameds | dsninluana | nainsdn | dhwinTuana
(U11) (kDa) (U1M) (kDa) (U11) (kDa)
1 9.086 18.25 9.050 18.79 9.094 18.13
2 10.106 8.00 10.602 5.36 10.096 8.06
3 10.826 447 | 11514 2.56 | 10.869 432
4 11.429 274 | 12321 133 | 11.483 2.63
5 12.501 1.15 12.352 1.30
TiTS STRRRTRCITNRNTEYY usFoqil Wuo3
WA | naned | shminTuana | nameds | dsninluana | nainsdn | hwinTuana
(U1h) (kDa) (U1 (kDa) (U1h) (kDa)
1 9.077 18.38 9.071 18.47 9.108 17.93
2 10.807 4.54 10.082 8.16 10.156 7.68
3 12.364 129 | 10.907 419 | 10902 4.20
4 12.689 0.99 | 11.419 2.77
5 12.811 0.89 | 11.751 2.12

6 12.623 1.04
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M1 3.20 namsdaiminTuanaves i Tusduusnduriiahn 2 Tasmslalaslad il

TuspuareeulsilalunTugu (@)

[ = Y4 o Y o Y
uged Wugaonin WufuYioy
fian | nanedn | dhminTwana | nansde | dhminTwana | nameds | dhminTuana
(119) (kDa) (119) (kDa) (119) (kDa)
1 9.046 18.85 |  9.046 18.85 |  9.053 18.75
2 10.755 4.73 10.142 7.78 10.764 4.70
3 11.466 2.66 10.764 4.70 10.866 4.33
4 12.500 1.15 11.364 2.89 11.433 2.74
5 12.329 1.33 11.994 1.74

Y H
animinTuanaves W Tusduusndusiiai 2 11nmslalas lad W Tusaudeeu lal
[ 1 2
TaTunSusu 11deglusae 18.85-1.04 kDa A mnsndnizeaday uaguenaeanimiin luana
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M519h 3.21 Srauuazuonynanimin luanaves W Tusdunsndusiiaf 2 vinmslalas lad

T Tusdudeoulad laTunsUdu

WuE 1 Hal ﬁaaﬁmﬁnimaqa (kDa)
RNV 18.13-1.30
AT uUNg 18.79-1.33
g1 18.85-1.15
ey 18.75-1.74
ABN1 18.85-1.33
HIWNUIALNINIY 18.38-1.29
GRIER 18.25-1.15
Feqil 18.47-0.89
53 17.93-1.04
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M3199 3.22 naasaauaziimin luanaves I Tusduusndusiian 3

v Jo v A a 4 v A
Wugda1lsg UFIHAOITUNT UFUIHADY
Wan | nansde | dminluana | namesdn | dhminTwana | namede | dminTuwana
(U1h) (kDa) (u1h) (kDa) (U1h) (kDa)
1 10.061 830 | 10.124 7.88 | 10.177 7.55
2 10.931 4.11 10.796 4.58 10.896 4.22
3 12.115 1.58 12.099 1.60 12.097 1.60
4 14.047 0.33 14.153 0.30 14.126 0.31
WHRUNUIAUNINIDY s Fogil T GH
WA | naned | sdhminTuana | naneds | dinluana | nainsa | tdhvinTuana
(1) (kDa) (11M) (kDa) (1) (kDa)
1 10.231 723 | 10.187 7.49 | 10.168 7.61
2 10.770 468 | 10957 402 10.930 4.11
3 12.098 1.60 | 12101 159 | 12,131 1.56
4 14.099 0.32 14.168 0.30 14.088 0.32
o d A o 4 @ @ 4 9
Wufyl Wugaonia Wuguaios
Wah | naned | shminTuana | naieds | dinlwana | nainsa | dhwinTuana
(11M) (kDa) (W1M) (kDa) (W1M) (kDa)
1 10.080 8.17 | 10.044 8.41 | 10.967 3.99
2 10.892 424 | 10915 416 | 12.179 1.50
3 12.136 1.55 | 12.107 1.59 | 13.919 0.37
4 14.066 0.33 14.195 0.29

wziiu1an Tlusdunsnduriiah 3 Fehumssaad I Tusounn lwiniugag da 2-
wosuail Tatenmusauazlalas lagdlroeulal lalunsdsulswiuiinanas wasua 4 fia ondu

Twwiuguiadesndl 3 fia uaasdt mssaaduazms lalaslad Il Tusdui w1 Ts@u ulsnduid
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laTas lad@roonlailaTunTusu #ldeglugae 8.41-0.29 kDa Heannsodaisssdruuazonsia
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719190 3.23 mﬂmmzmmmuﬂTuLaqamaqmaqllwTmaum\hﬂ%uww 3

Wass liag YauhmiinTnana (kDa)
ABN1I? 8.41-0.29
d1lsq 8.30-0.33
g1 8.17-0.33
miaegsuUNg 7.88-0.30
3 7.61-0.32
UNHDY 7.55-0.31
¥eq il 7.49-0.30
HIWNUIALUNINIY 7.23-0.32
TRRIGE 3.99-0.37
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Molecular weight determination of protein fractions of silks

by size exclusion chromatography

Arunee Kongdeea* Waraprapa Sriyotaia Nanthaya Yanumetb

Department of Chemistry, Faculty of Science, Maejo University, Chiang Mai 50290 Thailand
*Petroleum and Petrochémical Collage, Chulalongkorn University, Bangkok, 10330 Thailand

Abstract— Molecular weight of protein fractions from native Thai silks (Sam-rong, Lueang-surin
and Nang-lueang), a breeding silk (Dok-bua) and a wild silk (Eri), were determined using size

exclusion chromatography as follows. Silk fibers were degummed in 0.3 % sodium dodecyl

sulphate solution mixed 0.02 M sodium carbonate at 80 °C for 1 h, silk sericin powder was

received by drying degummed solution. Silk fibers from the degumming process were dissolved

in 9 M LiBr at 70 °C and subsequently reduced by 0.2 mg/ml 2-mercaptoethanol at 70 °C for
48 h, the protein fractions were purified using dialysis bag. Solutions of the reduced protein
fractions of Dok-bua, Sam-rong, Lueang-surin were injected into size exclusion chromatography
(SEC) equipped with RI detector at a flow rate of 1.0 ml/min using phosphate buffer as mobile
phase, molecular weight (MW) of protein fraction were received using calibration curve of log
MW of polyethylene glycol as a function of its retention. The results showed that there was no

difference in retention time of protein fractions among different types of silk and there were

many overlapped peaks. Hydrolysis silk fibers with Ol-chymotrypsin might be alternative method
to distribute size of protein fraction of different silk types. Silk fibers of Dok-bua, Sam-rong,

Lueang-surin and Nang-lueang and Eri, thus, were dissolved in 9 M LiBr and hydrolysed with

0.1 % Ol-chymotrypsin at 37 °C for 48 h. After dialysis, hydrolysed protein fractions were
analysed by SEC, SEC chromatograms showed differences in number of protein fractions from
type to type of silk. Chromatograms of protein fractions from Sam-rong, Lueang-surin and
Nang-lueang were similar, but different from those of Dokua and Eri. Chromatograms of sericin
from different types of silk are in similar manner as fibers. Interestingly, a technique to
characterize molecular weight or size of polymers, like SEC, can be used to differentiate
species of silk. Differences in molecular weight and number of protein fractions from different

living organisms/cell might be recognized by this technique.

Keywords— silk fiber, sericin, size exclusion chromatography, molecular weight
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