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ABSTRACT

Title Physical and biological properties of silk sericin scaffolds for skin grafting
Researcher

1. Pornanong Aramwit, Pharm.D., Ph.D., Associate Professor

2. Sorada Kanokpanont, Ph.D., Assistant Professor
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4. Teerapol Srichana, Ph.D., Associate Professor
Budget 1,166,000.00 Baht

Period 1 year from September 2008 to August 2009

Silk sericin is a gumming protein in silkworm cocoons. Normally, sericin will be extracted
out by heat during silk-waving process and then discarded. Since sericin composes of many
essential amino acids, it also can form gel and has many biological activities such as anti-oxidant,
anti-bacterial and moisture absorption, sericin may be a good material for wound healing.
Moreover, many works show that sericin can activate the growth and attachment of fibroblast
cells as well as collagen production.

The objectives of this work are to study physical and biological activities of silk sericin
from Thai silk strain such as its amino acid content, gel forming property, cell-growth promotion,
activate collagen production and pro-inflammatory cytokines activation. We also would like to
select the appropriate extraction method of sericin for medical use. After forming silk sericin
scaffold with polymers by freeze-drying, its physical and biological properties such as its
elasticity, porousity and release of sericin from scaffold will be further investigated.

We found that the sericin obtained from four Thai silk strains, Chul 1/1 (white shell
cocoon), Chul 3/2 (greenish shell cocoon), 4/2 (yellow shell cocoon) and Nangnoi (yellow shell
cocoon) with different extraction methods (heat, acid, alkaline and urea extraction) composes of
various amino acid content and different physical property. However, serine is still the most

common amino acid found in sericin followed by aspartic acid and glycine, respectively. Sericin



obtained by heat extraction from Chul 1/1 strain can promote the highest fibroblast cell
proliferation and collagen production as well as the lowest pro-inflammatory cytokines activation
(interleukin and tumor necrosis factor-a) compared to sericin from other silk strains. Moreover,
sericin from Chul 1/1 strain is the only type which can activate small amount of nitric oxide
production from cell. The level of nitric oxide generated from cell is low enough to activate
protein and collagen synthesis without showing any toxicity. From these data, silk sericin
obtained by heat extraction from Chul 1/1 will be selected for scaffold formation and future
studies.

We also found that polyvinyl alcohol is a good candidate for sericin scaffold formation at
the ratio of 2:3 for polyvinyl alcohol and sericin, respectively. After freeze-drying process, the
sericin scaffold shows smooth and homogenous structure with good elasticity. The cross section
photos by scanning electron microscope (SEM) indicate homogenous porosity and inter-
connected between pores which are the good property for cell migration during wound healing

process.

Key words:  Sericin, scaffold, skin grafting
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3 0.360 0.032 1.740 0.177 3.240 0.167

AnEETa 3 M 0.366 0.035 1.650 0.132 3.243 0.188

90 1/3 1 0.378 0.032 1.970 0.067 2.790 0.137

2 0.375 0.019 1.850 0.151 2.840 0.117

3 0.368 0.025 1.840 0.114 2.820 0.121

AnEETa 3 M 0.374 0.025 1.887 0.129 2.817 0.127

9a3/1 1 0.159 0.018 1.620 0.114 3.240 0.151

2 0.174 0.015 1.660 0.143 3.280 0.123

3 0.165 0.020 1.640 0.132 3.240 0.135

AR 3 M 0.166 0.018 1.640 0.127 3.253 0.135

90 3/2 1 0.244 0.045 1.740 0.126 3.160 0.201

2 0.255 0.038 1.720 0.148 3.260 0.196

3 0.248 0.040 1.720 0.135 3.210 0.206

AR 3 M 0.249 0.041 1.727 0.134 3.210 0.200

90 3/3 1 0.260 0.046 1.580 0.063 3.450 0.118

2 0.299 0.027 1.590 0.099 3.440 0.158

3 0.275 0.038 1.650 0.081 3.510 0.132
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Aundeia 3 u 0.278 0.042 1.607 0.084 3.467 0.136
98 4/1 1 0.326 0.013 1.560 0.070 3.280 0.063
2 0.308 0.016 1.550 0.071 3.270 0.142

3 0.331 0.014 1.610 0.065 3.410 0.114

Aundeia 3 u 0.322 0.016 1.573 0.069 3.320 0.117
90 4/2 1 0.307 0.023 1.830 0.095 2.880 0.140
2 0.303 0.030 1.850 0.071 2.860 0.117

3 0.310 0.027 1.780 0.080 2.820 0.124

AnEETa 3 M 0.307 0.026 1.820 0.082 2.853 0.126
9a5/1 1 0.396 0.052 1.700 0.105 3.260 0.135
2 0.396 0.034 1.750 0.085 3.280 0.114

3 0.410 0.045 1.820 0.115 3.140 0.128

AnEETa 3 M 0.401 0.042 1.757 0.099 3.227 0.124
90 5/2 1 0.399 0.051 1.750 0.108 3.310 0.137
2 0.394 0.031 1.720 0.114 3.320 0.155

3 0.410 0.029 1.810 0.120 3.260 0.127

AINEEIa 3 M 0.401 0.041 1.760 0.112 3.297 0.142
98 5/3 1 0.318 0.029 1.630 0.067 3.240 0.143
2 0.329 0.018 1.640 0.070 3.280 0.155

3 0.365 0.024 1.710 0.072 3.310 0.161

AR 3 M 0.337 0.025 1.660 0.069 3.278 0.147
90 5/4 1 0.341 0.035 1.900 0.082 2.960 0.097
2 0.328 0.023 1.890 0.088 2.940 0.107

3 0.349 0.031 1.920 0.076 2.870 0.089

AunRea 3 M 0.339 0.030 1.903 0.083 2.923 0.100
92 6/1 1 0.390 0.049 1.790 0.110 3.270 0.095
2 0.373 0.069 1.800 0.125 3.200 0.231

3 0.385 0.051 1.840 0.135 3.310 0.115

AunRea 3 M 0.383 0.059 1.810 0.124 3.260 0.176
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90 6/2 1 0.373 0.041 1.880 0.092 3.290 0.160
2 0.382 0.042 1.800 0.082 3.220 0.114

3 0.380 0.038 1.820 0.079 3310 0.155

Aundeia 3 fu 0.378 0.041 1.833 0.084 3273 0.139
92 10/1 1 0.285 0.023 1.720 0.079 3.540 0.126
2 0.274 0.024 1710 0.057 3.440 0.107

3 0.291 0.021 1.800 0.062 3.510 0.115

Aunde 3 M 0.283 0.023 1.743 0.067 3.500 0.121
90 10/2 1 0.291 0.021 1.750 0.053 3.530 0.116
2 0.290 0.021 1.760 0.070 3.540 0.135

3 0.310 0.019 1.800 0.062 3.510 0.122

Aundeia 3 u 0.297 0.020 1.770 0.060 3.527 0.126
90 10/3 1 0.270 0.021 1.810 0.057 3.300 0.082
2 0.245 0.076 1.840 0.097 3.300 0.133

3 0.261 0.035 1.910 0.074 3.150 0.114

Aunaeia 3 u 0.259 0.056 1.853 0.082 3.250 0.119
90 10/4 1 0.281 0.021 1.900 0.094 3.360 0.107
2 0.286 0.016 1.810 0.041 3.360 0.082

3 0.292 0.018 2.100 0.077 3.420 0.079

A 3 Ju 0.286 0.019 1.939 0.087 3.383 0.096
w1etiod 1 0.210 0.013 1.610 0.058 3.160 0.171
2 0.225 0.017 1.580 0.064 3.080 0.048

3 0.219 0.008 1.520 0.061 3.220 0.210

Aundeia 3 Ju 0.218 0.014 1.570 0.062 3.153 0.181

@
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nnaadnsazludowdu auzdideldimnadenaioiug lvuiewnldmagoude liedn

S 4 meugonlaun va 1/1 Gelvudun), 18 32 Gelvuddivunang), 18 42 Gelvudivaes

]

Y o o v o Y 4 q o
W) waguguadeesiaziny 1 (59 nudmaoudy) meldlumsanallsaunilun
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myana 1Usauna Inyeainsa lnuaiedsa 9 iy
y Y
#3190 181935019 9 Tumsana Tdsaunn Tnuense Inudwauisdu 4 35 1dun
v 9 Y

1. myanadennuiou

2. MsaAnARIeEIazaIuNsA

3. msdnadiedsazaeas

4. msanadiemsazaeyse

Y
Tagugazd3iseazdealumsanasae 11

MIANARIEAIINTOU
o w v q Qy A A Aa A Ao A o [
Tasmsise lvundadluguauia 5 Taawes X 5 daawas lunsanselvula eviimsana
~ 1 v A [ o Y 9 = 4
foonnou Tagmaanadueasd vyl lasmsldasazats 70% ethanol IUNNAIZALAWDDNHUALAD
v Y v
s lwunadadeonudd lanlduieluussomealnd  vasnmivihselvundeosmsadalsaunn
1 :’ U 1 g’ (-7 L% g’ Q'J =) QO) U 4 =)
Tnuunlalui @andnnimingaluuahinaunigns = 1:30) uazanadleanuiouiigugi 121°C
= Qy ya Y o ] A = aa = 9
U 60 U1 NalTEuLAIMINToBUNTEAENTRUNaLen TUsALNY InusTFusonain T saudu

Tvu19Tusdu shansazanelydsaun Ivuessu T 19ured 1673 freeze-drying

ﬂﬁ'ﬁ'ﬁﬁﬁjflﬁlﬁ"liﬁa‘iﬁﬁlﬂiﬂ
o @ @ I Qy a A a A Ao A o =
maﬂwuummﬂu%umum 5UANUAT X 5 UAALUAT Gluﬂiﬂ!‘ﬂ'iﬂhlﬁﬂuﬁ D1AININTANATDDN
1 v A @ o Y 9 1A Y o w
nNoU IﬂﬂﬂWﬁﬁﬂﬂﬁ"llfN'i\'ihlﬁiJﬂWVlﬂIﬂﬂﬂWiﬁl%ﬁWﬁa%ﬁWﬂ 70% ethanol IUNITIEALDIYDONVUALAIUITI
A o A 4 Yy 9 a @ ‘3 o w Ay o =
]lﬁﬂﬂﬁﬂﬂﬁ@@ﬂlla?llﬂWWﬂﬁlﬁLLWQiHUiﬁUWﬂWﬁﬂﬂﬂ T‘iﬂ\iﬂ?ﬂuulllﬁ\?llﬁll‘ﬂﬁ@\‘lﬂTiﬁﬂﬂI‘lJiﬁuﬂTJthiﬂﬂ

a

Y v
Taluasazane 1.25% citric acid (@as1dmminse nansazaionsa = 9:160) uazeanafigumngil
(e} = 2 Y Y o ' A a Aaa
80°C wwm30wi  mldsundnihimsnsesiiunszaisnsouionsn lUsauna nuasFuesnain
a o 1 . Il I
Ts@wdulvu W Tuson darsazaten1d 1 dialyze M1 membrane (MWCO 6,000-8,000) 1iutan 72

1109 a4 dialyze hansazarei 1a 1 19U 9@ 1673 freeze-drying

MIANAAEAITAZAIIAN
o w Y~ ay Aa A Aa a Ao aa o v A
s lvmuandatlusuvuna 5 Jaamas X 5 Jaamas lunsanselvuld owimsanadoon
1 v A [ o Y 9 1A Y o w
Aou Tagmaanaduodsevuiild laemsldarsazats 70% ethanol 3UNNAIZAZA8DONNUALAIS
v 9 v
Tnunatadoonudq ldmnliuiealuussemalnd vaaanmiuiise lnundesmsadaludsauna vy

Y 1
lalua13aza1s 0.5% sodium carbonate (FAT1AIUIIUUNTI ML ATazAwAN = 9:160) uazadan
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a

o a 29938 Y o \ A - -
Qmﬂﬂﬂ &80°C #1130 UM Vlﬂzlﬁlflullafl‘ﬂ']ﬂ'ﬁﬂi’t’)\iW']uﬂ§$ﬂ1]&1ﬂi@\ﬂWﬂLLﬂﬂIﬂﬁ@]uﬂT?llﬂiJLclficﬁu@@ﬂ

nnTusAudu T I Tussy dansazaien’laly dialyze M1 membrane (MWCO 6,000-8,000) 13/113a1

o o o {y ¥ 0o q¥Y ¥ ¥ a .
72 $1109 14 dialyze Wrdrsazaten 1a 1 10 s@1e73 freeze-drying

msanafea1Tazaegse
o w Y~ ay Aa A Aa A Ao aa o v A
s lvmuandatlusuvuna 5 Jaawas X 5 Jaamas lunsanselvuld evimsanadoon
1 v A [ o Y 9 = Y o w
Aoy TasmsanadueadaluudinldIasnslgea1sazats 70% ethanol aUNNFIZAzAWDONHUALANIST
v 9 v
Tnunatadoonudq ldmnluiealuussemealnd vaaanmiuiise lnundeamsadaludsauna vy
Y v
Talumsazate 8M urea (Ba51dmiminge Inu:asazaegise = 6:150) uazanangumgil 85°C w1
=\ ay Yy Y o 1 A =} aa = F
309 NeldIudiinsnsesriunszaenseaousn llsaun Inuwssueenain Tusardu lny
a o { . 1 I o @
1Tusdu shensazanenld 1y dialyze W14 membrane (MWCO 6,000-8,000) 11ua1 72 $2Tu4 #ida

dialyze ¥asaza1en 14 1 1950 9@ 2873 freeze-drying

(% J a a . d‘ Y 1 asa 1 [ ax o 9
NIRaMsENANUNYTnaunanan (yield) ﬂllﬂalullﬁagﬁ‘ﬁﬂﬂ’l"lﬂllﬂﬂﬁ"lﬁﬂuiﬂﬂ’l‘ﬁﬂﬁﬁﬂﬂﬂ’lﬂ

1 Y a A o A 1 ad v 9 9 =) Y a
ﬂ'"liagﬁ']ﬂﬂ"lﬂﬂ%iﬂﬂiNmeaNaﬂ@nWQQ ﬁﬂu’l‘ﬁﬂ'ﬁﬁﬂﬂﬂ’)ﬂﬂ’ﬂlﬁﬂulm%ﬁ?ﬁﬁ%ﬁ?ﬂgliﬂﬁ]giﬁwaﬂaﬂ

1 9 A A 9 [ 1 v J A
ADUINEGN IﬂﬂwaWaﬂ1/]ulﬂfl]"lﬂf‘ﬂiﬁ'ﬂﬂLLﬁﬁ%ﬁTﬂWHﬁlLﬁﬂﬂﬁlUQﬁNﬂ 3

A a a = A o o Jd v 9 as v A J @
M1IWN 3 ‘]JﬁiﬂmNaWﬁﬁﬂlf]ﬁiﬂ‘iﬁuﬂW’JhlﬁiJﬂﬁﬂﬂmﬂul‘ﬁiJﬁwwuﬁﬂN € NUAWYITNTANANUANANWNNU

meugAsaia AunaeUSinamanan (Ave. % yield) SD
99 1/1H 21.27 3.83
90 1/1U 18.60 4.08
90 1/1 A 15.19 2.14
90 1/1B 12.18 1.11
90 3/2H 18.36 0.29
9a3/2U 21.08 4.19
9032 A 8.41 1.45
19328 6.93 0.85
90 3/2 H* 17.00 .12
90 3/2 U* 23.10 2.85
90 3/2 A* 8.33 0.95
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90 3/2 B*
9042 H
9042 U
042 A
1042B

90 4/2 H*

90 4/2 U*

90 4/2 A*

90 4/2 B*
WaYeeAs Ay H
WaYeeAT ALY U
WY REATALIAY A
WadeeAsaziny B
wadeeA ANy H*
WadeeAT ANy U*
WadeeAT ANy A*

9 =
UNUDYATAEINY B*

5.93
21.47
20.43
13.60
12.69
17.58
20.33

7.86

6.60
19.26
26.61
15.11
12.28
21.33
23.42
17.05

9.83

1.16
0.62
2.22
1.17
0.87
221
245
0.89
1.67
1.47
2.22
0.98
1.68
0.73
2.65
1.44
1.29

* aaamaanaanouiiunaia ldsauni Ty

H = msananignnusou, U=msanaaieasazaggize, A=mIanaaiesazalensa, B=nsanaaig

1502219919

1A & { v o 2 &
nnems MALaauduauRfsNMIaNaNnIau 6 A5

NNHAMSafanUI  USuavesmsaian IaUasanyuE N NMEUDNITY d  ANNNLATDINT

analunaaziu lusanaranuimin

= U = d’ v 9 ad [ d’ =) U 1%
MsANEIMNITaza1eved 1Usaun? ,Z‘Villﬂﬁ'ﬂﬂﬂﬁﬂ’)ﬁﬁﬂd ) NUNUNYUASpH BN ) N

2EMINAa0l

1. hwevesTdsAun vy ludSuanunfuwenildlunasanaaesiussyasazaie

phosphate buffer solution pH 7.0 ade parafilm Tain (W?E]‘]J%U pH il 5 u5e 9 Aae

1582a18 HCl 138 NaOH)
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5.
6.

HUYLNE: Anudan1an Stenvall et al. High-throughput solubility assay for purified recombinant

Vortex 1919170 1 W19

masanaaeIaina1nu lalu water bath NUMswEeRaNNTVBLazSUgUHYN]

]
1=

noyn

U

~ A ~ AAY = A
25 DRl Ye (150 37, 50 o3RI Y 11!ﬂﬁﬂ!ﬂ@]@\‘]ﬂ’]ﬁﬁﬂ‘]&l’]wam@ﬁ’qmﬁﬁm) UIU 3

SRR

o Y o = ng =
u1ﬁ1§ﬁ$a1ﬂium@ 3 YNNI vortex onnsalszauna 1 N

111@29819AINA1IN centrifuge 91 2800 g UM 50 U

11 supernatant 11 3aAmsaza1s Iae 1y BCA kit ((9na13919899 1)

protein immunogens. Biochim Biophys Acta, 2005. 1752(1): p. 6-10.

~

' { o Y A ] @ { a
nnMsAnIMIMsazaleved llsaunn lvuanadie35a1e q nuiiguiigi 25, 37 uaz 50 09eN

4
v A

= 9y o A A
!C]fﬁlclfflahl@waﬂ\?@'ﬁ'l\iﬂ 4 LAZHNINN 2 AN

A 1 = v d o A Y A 1 @
T NN 4 f’ﬂﬂﬁﬁ$’cﬂﬁl"llﬂﬂiﬂi@luﬂWJ]’lWNﬁWﬂwuﬁﬁN 9 ﬂuﬂﬁﬂﬂé{’m??ﬁ@l%‘l ] NU

50 pafIFAHE

Q

UMY 25, 37 LAz

ammsazale (Naansu/laaans)
MENUE Il . . .

’ #25°C #137°C 150°C
ga 1/1U 0.31 4.52 4.25
90 1/1 H 33.74 48.68 42.55
0 1/1 A 30.68 36.65 31.24
90 1/1 B 154.78 245.20 225.74
9a3/2U 3.47 6.26 2.24
10 3/2H 146.43 148.09 101.57
1 3/2A 53.59 58.05 84.25
10 3/2B 208.35 228.96 187.22
0 3/2 U* 3.84 6.51 4.04
90 3/2 H* 152.32 192.99 123.40
90 3/2 A* 23.32 29.36 35.55
90 3/2 B* 186.70 271.06 184.66
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42U 2.67 7.12 5.53
9842 H 48.33 64.83 56.47
9042 A 33.70 12.69 41.29
9042B 187.43 194.79 233.39
90 4/2 U* 2.89 2.45 6.75

90 4/2 H* 145.81 190.18 221.70
90 4/2 A* 23.90 26.56 27.37
90 4/2 B* 232.88 269.82 204.88
watieersazny 1 U 3.66 4.64 4.39

untesrSaziny 1 H 66.56 75.68 73.25
untosrsaziny 1 A 26.44 33.90 30.65
untosrsaziny 1 B 196.14 283.19 187.69
WdeeATaIAY 1 U 0.86 1.18 1.63

WedeeATavIAY 1 H* 83.71 92.44 92.86
WeeATAYIAY 1 A* 29.45 25.86 28.28
Watiesrs aziny 1 B* 265.73 312.84 215.34

v A o o =
* LLE‘T@Qfﬂi’dﬂﬂﬁﬂﬂuuTll"lﬁﬂﬂIﬂiﬁuﬂTJ“lﬁll

H = msanaalennudon, U=msanadiesazaiogio, A=msanaaiga1sazaiensa, B=n3anaaig

A1502a19919

1A | 1 ~
NUULYIA ﬂ1ﬂl!ﬁﬂﬂ!ﬂuﬂ1lﬂﬁﬂ%1ﬂﬂ1iﬁ

1w ' 0 Y v {
ﬂWNﬂﬁ'I'Jﬁ"lll'liﬂunﬂllﬁﬂﬂulﬂﬂﬁﬂ'lWﬁ 2

[

NANITU 3 AT
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350 -

m25C
o37C

300 4 m50C

250 -

200 - ]

150 -

Solubility (mg/ml)

100 -

50 -

0 - L]

S X T Q@O R0 I L IO TR0 I ¢ ORI I D
NN NI AV v N o RO {b\q/?“ v NN ARG ROMK b{]’?‘ RO ;Q?Q é),b'b i\)'sb A &
S

v A0 o 2 =
* yaaamsanaanouiinaia ldsauni vy
v Y Y v 9 ) v Y
H = M3anan8nuion, U=n1sanadigalsazaisgiss, A=nsanadigaisazaisnia, B=n1sanaaig
A1502a19919

AN 2: HaveIgUMRAeMIazatevee1isaun1 Tnud pH 7.0

amsazateuod UsAunluui pH a9 du o guvgdl 25 eswadeaudaluaisian 5

4
v A

HAZNINNA 3 A9l

d' 1 =3 Y] Al [ d' v 9 a1 [ d'
TIN5 ﬂ?fﬂiagﬁ?ﬂ‘llf’)x‘]Iﬂi@]L!ﬂnll‘HiJﬁ’"lwauﬁﬁN S DUNTNAAYITAN ] NUN pH 5, 7 a9

. mmsazang (Naansw/daaans) 1 25°C
meiug Iny
pH 5.0 pH 7.0 pH 9.0
90 1/1U 1.84 0.31 1.44
90 1/1 H 90.47 33.74 122.77
90 1/1 A 31.52 30.68 14.13
90 1/1B 170.96 154.78 241.52
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90320 1.84 3.47 1.13

9832 H 150.51 146.43 112.32
90 3/2A 44 .54 53.59 24.70
90 3/2B 216.60 208.35 285.67
90 3/2 U* 5.84 3.84 6.68

90 3/2 H* 131.77 152.32 105.62
90 3/2 A* 22.33 23.32 20.02
90 3/2 B* 180.92 186.70 31743
90 4/2U 0.40 2.67 1.77

90 4/2H 108.79 48.33 101.56
90 4/2 A 27.74 33.70 21.54
904/2B 188.03 187.43 217.78
90 4/2 U* 1.26 2.89 0.13

90 4/2 H* 118.40 145.81 124.16
90 4/2 A* 32.60 23.90 13.72
90 4/2 B* 264.70 232.88 267.81
WadeeATavAY 1 U 1.01 3.66 1.56

wadeeA ANy 1 H 72.51 66.56 48.15
Wt ANy 1 A 17.81 26.44 7.86

untosr3aziny 1 B 181.43 196.14 261.24
untesraziny 1 U 0.32 0.86 0.90

wadeeA aviAY 1 H* 22.71 83.71 26.49
WeeATAYIAY 1 A* 8.45 29.45 10.80
WadeeAS ainY 1 B* 182.34 265.73 238.23

v A1 o 01 =S
* yaaamsanadneviiasallsaund luwy
H = msananiennuiou, U=msanaaieesazaegise, A=mIanaaioasazaensa, B=n3ianaaio
71502019019
A 3| [ = % o’/’ Qy o’/’
M AnuaaaduaRdsnnmMIananaay 3 asa

maananauniniiuuaad ldaaning 3
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350

mpHS5.0
_ opH7.0

300 1 mpH 9.0

250

200

150 4

Solubility (mg/ml)

100

50 A

1/1U
1/1H
1/1A
1/1B
32U
3/2H
32A
3/2B

3/2 U*
3/2 H*
3/2 A*
3/2 B*
42 U
42 H
412 A
4/2 B
4/2 U*
412 H*
4/2 A*
4/2 B*

uiae U
uian H
uiiag A
uian B
uiae U*
ugiiae H*
udian A*
ulae B*

* aaamsanaanouiinnaia ldsauni Ty

H = msananiennusou, U=msanaaieasazaiegize, A=mIanaaiosazaiensa, B=n3ianaaig

a15aLa1ea19

a =

7NN 3: #av09 pH Aomsaza1eved 1Usaunn lvuiiguvgll 25 esriwaifod
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= Y A 1 1 = =
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=
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polymerization ve4lisAungurgigs Aniunls vgurgliies 37 asrraoalumsazanslilsan

A I Y dy = -4 A ] v v A
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d’d 1 1 = 1 = d‘ v 9 1
Haued pH Nisemnsazatevedllsaunmivenui  Tdsaunn luunanadieaisazaieans
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A1502A0NIALATEITAZA10050MINAINY Fedoandoanulunnaoius
ludwvesmsanadaznun  dwlngmsanadosnainssluuneunvzinneanallsaunn
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TnuasFuwinzdewaldmmsazareveslusaunn Inuiugadiu N1 919NN IVAINY
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Asp 18.31 15.64 15.93 19.88 17.93 15.62 16.00 21.58 17.69 15.97 16.61 19.92
Ser 31.27 33.63 31.86 30.01 32.24 34.50 32.01 28.41 30.69 33.84 31.95 27.59
Glu 6.27 4.61 5.75 5.93 6.02 4.76 5.40 7.66 5.97 4.86 5.88 7.03
Gly 11.23 15.03 10.49 11.01 10.75 15.09 10.38 11.16 10.96 15.14 10.69 12.58
His 3.26 1.06 2.47 1.72 2.82 1.22 2.83 2.38 2.50 1.37 2.29 2.15
Arg 5.41 2.87 4.92 4.92 5.21 2.95 4.87 3.79 5.71 3.09 5.24 4.83
Thr 8.36 8.16 8.51 6.49 8.78 8.43 8.78 6.09 9.04 8.34 8.30 5.56
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Pro 1.46 0.54 0.78 1.24 0.79 0.62 0.73 0.92 1.16 0.71 0.79 1.01
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Phe 0.60 0.28 0.71 0.81 0.66 0.39 0.67 0.72 0.63 0.36 0.57 0.81

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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