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Isolation, purification and structure-activity relationship of silk

fibroin peptides with anti-alcoholism activity
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BE ABRELARF.RA 40% CaClig ¥ L M A
BRELEG ENEBER I PR FHLEAR
2Rk & # (HPGFO) #= K48 & 48 & % (RP-HPLC) 4
BA AL EHELRTARRERAIL2EOK
HASERBERE, SRAVN . RERLETOBM I L 5MHA
B ) 240 min,Ae## ((EJ]/[SD2.0% .pH 8.5.i& & 60 C .
RAREL SN E L LT TRGKMAA 23.2208 2K @
M3 AR ShBR B E KB R A A B0 & ADH BUE £ 2K g ik
KE A 2 mg/mlL; 2 HPGFC #= RP-HPLC 4 & 4548, T 4~
AAFE) 3 AA 17 A2g . 3P SFP-11-8 28 5 4k sh B2 I 7 14
W& .3 ADH i & T3k 44.51% ;9% SFP-11-8 41 4 i@ it &
A & -9 M-’ AT B ) B KR B A 4 A7 (UPLC-Q-TOF-
MS) 4 s L AL R F 5 A L-G-G-V-G-A,

KR LK a0 KMEADH #E R &85 5

Abstract: Waste silk as raw material was dissolved with 40% CaCl,
solution at first, and silk fibroin was extracted after dialysis; Then
the enzymolysis conditions of silk fibroin was optimized. Besides, silk
fibroin peptides was fractionated by using HPGFC and separated ul-
teriorly by RP-HPLC, then their anti-alcoholism activity in vitro was
detected by Valle& Hoch’s method. The experiment results showed
that the optimal enzymatic hydrolysis conditions of silk fibroin were
as followed: time of 240 min, enzyme dosage of 2% , substrate con-
centration of 5%, pH 8.5 and temperature of 60 °C , and the optimal
degree of hydrolysis (DH) was 23.22%. In addition, the better
alcohol dehydrogenase (ADH) activation rate of SFP-11-8 obtained by

HPGFC and RP-HPLC was measured under the concentration of

EHE B =5 B LM KA L5 A .
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2 mg/mL, and it can up to 44.51%. UPLC-Q-TOF-MS analysis
showed that its amino acid sequence was L-G-G-V-G-A.
Keywords: silk fibroin peptides; degree of hydrolysis; ADH activa-

tion rate; chromatographic separation
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6 FH R I 3 8 €538 (HPGFC) 47 814> 55 . M = M 60 1%
(RP-HPLO) ik — 543 B e 3R A9 00 M fe v 41 43 - 2 WA £
e~ U AR AT - TR AT H T R I % 0B BT L LA AR 1S SR Y
G, LA SRy FF 25 1) JIK 28 T 77 ot B A3 R AR 30
1 #RLS 5%
1.1 M5
L1157

e Gilk) M E AR T EN 14.53% ILHE KRG
RAWRHA R

T & (ADHD 2310 U/mg, 35 [E Sigma 2\ 7 ;

AALE G T (NADT) .98% ., | [E 25 4 [

Sephades G-15: % BAHEE IS . £ E GE A H];

Alcalase 2.4 L Bt 2 (2.4 AU/g,F}3F Novo /¥l 5

NG gl 38 [ Fisher /A7) ;

TR LB = L8R . CaCl, %5 - 4 7 4, [ 24 45 i fk 243t
FIA R T
1.1.2 FEUHEE

WER; 7 K AL RE-52A B, | W 58 A= AN ER ) 5

S BN G BE T TU-1 900 B, Jb 52 3% 01 38 X #5 A bR
NEIR

T OBAR 435 4L : Waters Acquity UPLC #!, 36 [H Wa-
ters /N

YR AR : YL-300 B, b ¥fg )4 s i M A IR A w5

AL : Waters MALDI SYNAPT Q- TOF MS #, % [
Waters 2 7 ;

fE IR : HL-2S B, 13 P 75 40 i A 38 A FRA 7D 5

RO G 3% A - Waters 2545 B, 3¢ [ Waters 23] ;

BB HEE DML Avanti J-E B, 3£ [# Beckman 27 .
1.2 Ak
1.2.1 TEOHHS HBGEHELZ,EGE TRAT
#& A 40% CaCLVE A& B 60 min, 8 J2 L4 i UE J5 B .0
(10 000 r/min,10 min) .3 A 7 000 Da 1% Hr 4% i i 35 K 3% Hr
12 h )5, F 218 KE M 12 h(4f 1.5 h e—KoK) ;48 B ik 46
Ja R TR 2 E AR .
1.2.2 HwEOHBFRERRIAE  DEZEDOR KR
B PE S AR VIR E o H (E VIR PR E IR R (R SR Y
Fb) DA R ) () 3fE AT B B 2 o A B R W I 0 AR AR
AL

(1) B fa] : B 5 B 60 °C L pH M 8.5, KWk BE 500, i
& 2.0% , % 22T ] (30,60,90,150, 240,300 min) X} 4% 2
R KRB R

(2) Jn i . [ e R EE 60 °C,pH fH 8.5, JRYMkE 5%,
BFE] 240 min, 2% 20N A4 (0.5%.1.0%,1.5%,2.0%,2.5% .,
3.0%) Xt # 22 7 [ 83 K Ak B (4 5 0

(3) pH fH: @ & & B 60 C, ik ¥ W B 500, il o
2.0% I [A] 240 min, % %< pH {4(7.5,8.0,8.5,9.0,9.5) % %&
22 38 Ry K A BE 5 )

(O R B2 pHE 8.5, IRYUE 5% . it 2.0% .
] 240 min, % 2R B (45,50,55,60,65 °C) X & 22 4 [ ¥

6

K SRR BE 1 50

(5) IR M « [ IR BE 60 °C,pH {H 8.5, A HE2.0%
Fif 8] 240 min, 28R Y (2%0,3% . 4% .5%.6% 7%,
10 %6) Xof 4 22 7 [ 83 7K A & (1 52 0

R B0 A 22 3 45 AR 38 B 3 8 PR R AT IE 3SR B p 4k
T2 %M.
1.2.3  HPGFC 4 % %4 & @ ik HPGFC JF H] i ¥ K
Sephadex G-15,#EBEAE R ) .60 cm X 2.6 cm; 284N & 25 %
220 nm; PEBR W 2K 2 B E R B AE & 15 mL; B
W FE .30 mg/mL; . 1.0 mL/min, A3 (5% & ik 4 & 40
O3 G R 25 AR A T Y R T PR AL UR T 88« PR AR 4l 4
ARG 17 M v AT R AT O 35k K 0 M e DR Y 2L ) AR 0 S
1.2.4 RP-HPLC Jr& 4tk #1435 ADH HE 46 feoik i
445 1 RP-HPLC #— 2573 8. fi5 &  : (435 4T - Waters
xBridgeTM Prep Ci5 (250 mm X 19 mm,5 pm) ;B8 . % i
WA A i Z 0. B #alik (0.05% TFA) ; #5 J ¥k B 45 14
0~30 min,5% A~20% A;30~50 min,20% A~50% A;
50~ 53 min, 50% A;53~55 min,50% A~5% A;55~
60 min,5% A; KPP 220 nm; i E 10 mL/min; £ 5k
B :50 mg/mL;iF R 500 pL. B4 85 5 A5 2 A9 41 53 Wk 45
%5 ADH #i% %,
1.2.5 JKfEEME R pH-stat 2 K g A DHE

B X N,

DH = ———
a X m X hy,

X 100% , (D

A
DHiﬂ(%J_tx? ’ % H
B— W #E) NaOH # ,mL;

N, NaOH & /R ¥ &F , mol/mL;
o EET B, = 107 /(1 + 1090 3L

o pK R & LR (10T pKL, 4 7.0 B CERME %50 . pH K
SR G pH A 5
ez EAR R g
ho— IR IR SR 4K b =12.4 mmol/g,
1.2.6 PROMEEIE IS P —— £ W UM CADHD 3 7 2
R B 8- 78 i (Valle& - Hoch) ™2 3, 3 L 0.5 mL 28
WK B W AE S L2 L 0.1 mL ZE @K A
0.1 mL £7%& [ K /E T R4, ADH 93 55 (U 45 2% (2)
PR

m

P AA X 3.2
ST X6.2

s (2)
vl o

EADH 7@‘&?&’U;

ANA—WROG BB 43 B 0 3G 08 5

3.2 SN AR R B A B, mL;
w—JEGA B . mg/mlL;

6.2——NADH 7 340 nm &b /¥ B /R 56 R %0

ADH Wi F 4% X (315

Egyw — Eun

R =
Eum

X 100% (3)
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SEAF 22 8 IR 6 R A o 0 8 A4k S HM Ok R T

R—ADH #iE#%, %
Eyp —#E A KA 4] ADH §iE.U;

Esm Z= AR R4 ADH g, U,
2 #5R500

2.1 BLZEOABBIZEHWER
2.1.1  MmEszEORRERE b 1.

(1) it 255 it e st [ ) A 4K K A B2 AS BT 42 5 . {H 150 min
Jo YR B YR L 240 min G2, Wi, j»ﬁhJ% W
122 8 K™ s 2R A R A AOR B A HE 240 min
o 1% o 3 B 1

(2) Jing it 2.0 %0 J5 o ek o R 0 5 o e B A L 3
235 AR TS 2 SR A AR L A T 6 i 8 R 2 00 i il
VB Sy 1 R P T 7K e 2 22 B 1 3 I T

(3) btz pH fH i 7.5 3 8 9.5, /K 1 JE 25 1k e I 45
K3 pH M 7.5 BEF] 8.5 W, K R FEBE 2 Wik A pH 8.5
BEH 9.5 m, 7J<ﬁﬁ5'=!“u$ﬁr<k1&-f pH 2 8.5 B, K fiR
B SR R R MG d5 &0 7 R B id pH ol 8.5

(4 2R 45 CTHEEE 70 CHE, Euﬂ(ﬁﬁ:’ ey
KIG REAR ) a3 560 °C i 35 B R KM (23.22 %0) o (H IR i 4k 42
b TV AR FF A % R Alcalase fiff £E & iR T AT BEES
37 P T SR 9 5

5 Kﬁ%f“%(lﬂ“&m,mﬁ’%
R e B R 5 00 K S
R Ry 5%
2.1.2 WA A ISR ARE AR R LR AT

T IO 75 22 78 [ K A BE S R R 3 AN BRI
pH H RSP A B R T 3 AN K- (L3R D iE
FTIEZE A I 5 R W% 2. 3SR B . 3 AN R 2 X g
e B N 14D 5 W0 UG 7 A4 TR 2 TS 9 ke E > o g > pHL fH L B
HEN CAB,  BNEY M 5%, pH {E 8.5, JnfifF & 2.0%,
FE I 56 1R T K Rl SR B R KB (23.2204) .
2.2 #£FARKIREX N EER 2

R 45 BU -2 Bk (Valle& Hoch) B 7 15 4 6 22 ik e iE 5 2
SUMEEEST AN HR 1.2,4.6,8 mg/mL, R 41k B2 AR FE IR B 3 A
SEAT ARG o 43 500 DU A A% 2 22 JO 1 AR A TS U P 25 SR I
Bl 2. B 2 /LA . ADH 8UE S BE 22 8 F KR B 1) 3%
mFEHEE ETHE T RS, MKEN 2 mg/mL A,
ADH 0% #3581 KA [(24.44£0.70) %6 ],
2.3 #EAKH B
2.3.1 HPGFC Zpgaifh 27 1 k% HPGFC 435 6,1 K
WA 3 B o ARG O B B[R] AS ] AR BF 53 43 0 Wi 4 T IR 3 o
1.2.3(SFP-1 .SFP-T1,SFP- 1 ) 34~ 4 4% » & e 4 o T )5 4

RN NN =P o)
5 B B K AH B L. B Bl

x1 EXRWIZITER

Table 1 Design of the orthogonal test
K A mEgEACE]/LSD/% B pH f& C IR/ %
1 1.5 8.0 4
2 2.0 8.5 5
3 2.5 9.0 6
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Figure 1 Effect of time, enzyme dosage, pH. temperature

and substrate concentration on degree of hydrol-

ysis of silk fibroin
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Table 2 Design and results of Ly (3°)orthogonal test

2 5 A B C IKfREE DH/ %
1 1 1 1 10.48
2 1 2 2 20.25
3 1 3 3 12.12
4 2 1 2 19.02
5 1 2 3 17.63
6 1 3 1 16.39
7 3 1 3 16.58
8 3 2 1 18.51
9 3 3 2 .56
""""" K,  42.85  46.07 4538
K, 53.04  56.39  56.83
K, 52.65  46.07  46.32
R 10.19 10.32 11.45
HEE-K CBA
TR A KA CyAzBy
301

L 25t 2444 9357

W % 20F 18.73

® 3 I5F 13.28

éi oL 934
o
= 5¢

0 1 2 3 4 5

Concentration/(mg * mL™)

B2 RERENZEG KRR SEIE SRR

Figure 2 Effect of concentration on ADH activation

rate of silk fibroin peptide
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Figure 3 Separation of silk fibroin peptide by HPGFC

S R LR AP ER T TR . HPGEC 43 BS 41 4314 41 BV 250 SR 4
B 4 iR, 414 2(SFP-TD ) ADH ¥#i% % 5 & . B (31.69 &
1.9O%, %‘(Mi%éﬂ% 2 Ve 4 T Jg #E — 2 Rl RP-
HPLC ik Bk,
2.3.2 RP-HPLC /& 4ifk % RP-HPLC %} HPGFC %
é}ﬁ’nﬁﬁ.ﬂ ) {4 A1 TR TS % P 5 4 4y SFP-TT 947 43 i 4k, AT
3317 NG5 25 RO 5. R E W AR 2 R 4 L
JFEH@ 17 A28 53 o 43 ) W0 HG 1R A1 BT 0% M 25 SR DL IR 6
B 6 AT 51, RP-HPLC 43 2 3545 1Y) 8 5 41 4 (SFP-11-8) {4 4
R VP 5 A v, T3 44,5106,
8

357
30F
251
20}t
f\ 15,
= ok

30.82

25.58

ADHI#IE
ADH activation rate/%

3
Aoy

Fraction
B 4 HPGFC o & 4145 091k S B2 /B L R
Figure 4 Effect of fractions separated by HPGFC on

anti-alcoholism in vitro
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Figure 5 Separation of SFP-1I by RP-HPLC
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Figure 6

2.4 SFP-II-8 EEAN KREEF 5o

#4 SFP-1I-8 5 4 43 & LC-MS/MS 4358 43 7 , 7] 4 2|
QTOF ik . 25 K WL 7. R Biolynx 4 %f 1% 4
SR ROTR RS TR AT T . i) A5 B L AU R A A A I 4
VL 8, MIE 8 J 1. SFP-11-8 #IXF4r 7 N 473.4, H&
HERES N L-G-G-V-G-A,
3w

(D WA R R R . B2EARFLEN
WKL A T2 . B AR B fR) 240 min, N EE R (CEJ/LSD
2.0% .pH 8.5 R & 60 C JKWIRIE 5% Z L L&KM TR
FEIUKARIE A 23.22% . BU M-8 b % 0 A8 09 1A SRS R 5
SERFW] BB UK R — 2 W BRSO A e
JE W 228 UK ADH 06 R T 252 5 WK E R 2 mg/mL B
R 6 Ph A s . W 22 8 k4 s HPGEC #1 RP-HPLC 43 &
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Figure 7 MS/MS spectrum of the major component

of SFP-II-8
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Figure 8 Amino acid sequence analysis diagram

of SFP-II-8

aifl, WAy A8 3 3,17 445 Horf SFP-11-8 4% 43 ADH i
I B, A 35 44.51% ; SFP-I1-8 4 UPLC-Q TOF-MS 43 ¥ 3
FNHEARLBTFI N L-G-G-V-G-A, ABF5E R ik—5TF % 1k
A 22 B [ IR RIS 22 26 1 MR A0 TG 5 PR AR AL T T R Ak 4
(2) ABFFE % 22 86 1 0K A BT 3% M A T R AR e AT
Ff 5 SR — 5 30 3 2 W i B i e FEAE s A . RSk, e A
BT A3 3 1) LA 0 v TR VS 0 M 1 22 2 1 R 4 4 1Y B 3 1R ) 4
A 5 T3 3 Ak 2 A T A IR B £ 3 5 % 43 B R 0
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