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Preliminary Study on Preparation and Immunomodulatory
Effect of Anser cygnoides Blood Protein Peptide

WANG Zheng' ,ZHAO Yu', GAO Xiao—chen’ , SUN Yao', CUI Ben-hai’ ,GAO Leng" "

(1.School of Chemistry and Life Sciences, Changchun University of Technology , Changchun 130012, China;
2.Jilin Institute of Ginseng Science , Changchun University of Traditional Chinese Medicine , Changchun 130012, China;
3.Tongyu County Xianghai Cuicheng Dayan Breeding Co., Ltd.,Baicheng 137200, China)

Abstract : In this study, the polypeptide of Anser cygnoides blood was extracted by enzyme hydrolysis and the effect of extraction
process on the degree of hydrolysis was investigated.Using fresh Anser cygnoides blood as raw material , the extraction process
was optimized by single factor tests and response surface experiment.And the molecular weight distribution was determine by
SDS— PAGE electrophoresis. At the same time, mouse spleen lymphocyte proliferation assay was used in this work. The
polypeptide from Anser cygnoides blood was separated and purified by ultrafiltration and gel filtration chromatography. The
contents of cytokines IL—2, IFN - yand PGE2 were detected by ELISA.The results showed that the optimum extraction
conditions were as follows : The hydrolysis temperature was 47 °C ,the pH was 7 ,the amount of enzyme was 4500 U/g and the
hydrolysis degree was 29.29% .The enzyme hydrolysis effect of complex protease was the best.The proliferation of lymphocytes
could be promoted at different concentrations before and after the hydrolysis of Anser cygnoides blood protein.Three component
peptides were isolated and purified from the peptides of Anser cygnoides blood. ACP1, ACP2 and ACP3 could promote the
secretion of IL-2 and IFN-v by mouse lymphocytes and inhibit the secretion of PGE2.The effect of ACP2 was the best at the
concentration of 100 wg/mL.Thus, it could be determined that the Anser cygnoides blood protein polypeptide had a certain
immunomodulatory effect.It would provide a theoretical basis for the deep development of immune mechanism of Anser cygnoides
blood protein peptide.
Key words: Anser cygnoides blood; response surface method; mouse spleen lymphocyte proliferation; gel filtration
chromatography ; immunoregulation
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W fge 25 A7, XA RO s AT 43 s alifk . SR SDS—
PAGE Ha, K A I A5 Tl ft S5 A3 28088 43 14 53 B 50 A
TEOL o AT I AL b A 5% 1 22 kX /) BRIk B2 41
MRS FE K %f TL—2 (INF—vy 5 PGE2 43k & 1) 5%
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IR R F] s RPMI-1640 Br3Rdt SR ig b
TEEBRAR A= TR FR S W] 5 4R/ 2% 2 (interleukin-2,
IL-2) ELISA &l ik %) & . T 4t & y (interferon —
gamma, IFN — ) ELISA £ Il i 7] & . 77 %1 g 2 E2
( prostaglandin E2,PGE2) ELISA #&MiX 7] & k
AR PR TR B A 5 AR AR B (400 U/mg) |
PEER T (60000 U/g) B P4 25 1 i (200000 U/g) |
HEEHEHAM (400 U/mg)  FRAaf i (KREEDT ) 229 T
A RAE S SZ8 a0 W arat,

LQZ-211 Bi¥g R PR G dr LN A S0
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it BUHHR TR A BRA F s TGLI6M 5y 3 V8 VR
BOPL KV B YR A IR A F] s PH-050A
HUE MR % I8 48 Ll — AR =S A IR A Al
ReadMax1900 BUSGI M 42 IS BFAR AL g N g 2R
YRR R AR
1.2 ZWHIE
12,1 I 22 R il L 25 0hoe
12,11 JFoplfgb 2 BOR &S MENL 2 L, 0 0.1%
PIFTAGE IR = 4N EE , 5000 r/min 2.0 30 min,#E@/5 2 h
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$ 20 g MEIMLEE T 200 mL 255 T /K, FREL
—E R T, FE— 3 PRSI pH T g R — 2 1R
[f] . MEfE45 o , K 10 min, i & ¥ 41,5000 1/min
B0 15 min, BU B WS W, WU T, DL £ )5 8252 56
S5
1.2.1.3  JEM 2R E E LS EeEAP A
11 (60000 U/g) . ik P4 25 14 B (200000 U/g) (ARJRK
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2 12 1 VB9 TS LA 20 150 |, 78 B — Fh 85 1 il 0 o A%
B 25 F T, R A BIL G S 4R 32 R B B Vi 5 1k 0 5 7K
firpg"
1.2.1.4  JfEf 2R R R S0E FREX 20 g MEILE
5 4B E T REMRH, i A 200 mL 2% 537K, JE T
pH % 7 J5JIIA 4000 U/g (5 & & I, 53 5 7E 30 .
40 .50 .60 .70 °C Flgf# S h J5 , ¥4 FH 2 100 °C K
fiff 10 min, 5¢4¥ 315 LA 5000 r/min 25.0> 15 min, B
EEW, SR I R R A0 P T R R I B K

FREX 20 g MEIMLEE A 5 43 B BT Ba s, A
200 mL Z: 817K, 4359875 pH 2] 6.7 .8 .9 .10 J5
A 4000 U/g (U4 & B HEE, 76 50 °C T EEf 5 h J5,
PR EE TF 2= 100 °C K B 10 min, 58 4= ¥ 1 Ja DA
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1 P TR 0 S 2 M) S K A

FREX 20 g MEIMLEE A 5 043 5 BT Baps v, JmA
200 ml 287Kk, P pH 3] 7 5, 435 H01 A 2000 .
3000 4000 5000 6000 U/g (¥4 & & Mg, 7F 50 °C
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200 mL g7k, P87 pH 2] 7 J5 1A 4000 U/g 1y
BEE AN, 7E 50 CF4AIB# 3.4.5.6.7 h J5 %%
M FF 2= 100 C K B 10 min, 58 4% # )5 LU
5000 r/min#& .0 15 min, B F VS, R H PR & &%
TR0 P P R 1 T R K A R
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Table 1  Factors and levels of response surface experiment
KF

-
A% -1 0 1

A BRI E (C) 40 50 60
B pH 6 7 8

C il (U/g) 4000 5000 6000
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12% 5B RE RN 5% WeAE . B 1 mg AR5 BT 1 mL
ZEMRK R B 20 wL AR S IA WA T RO R, [RIRS
A 20 pL _F#E Buffer, 100 °C 2533 10 min, 12000 r/min
B0 1 min, B 10 L EWE® EAE, UK HLE 80 V,
P il A e 4 B S R L R YR = 120 V. Bk g R s
FIH B IR AEE SR i R-250 Yefayg i, Yefa,
25 oA R IR O b, B SR R i AT
AR (R

1.2.3 e i #5 P A7 AT S SeRETn T Y L

1.2.3.1 /UM E g B il 2 XA Bk
TTEIMENL I EE , BT 75% W OEEF IR AL 5 min, 7E
HER AR & i 3R AT TR 435 T, i A A PBS 119
KRR, B 200 H A4 H 5, 5 B9 i 40 i o
b VI AR/ INB i A &= 19 4 i M gH R R, FH T
BT R8T 2E e e O S 0L AR, o 40 i B R ST B FE R B
15 mLICH .04 71,1500 r/min 5.0 20 min, FHK
B EFE A AR EMEZEE T 15 mL O 5
LT, m A 10 mL ¥ PBS Pk %%, 1000 r/min 5.0
10 minF: IS, BN 5 mL () PRMI-1640 5&4=5%
FeILE BN MY, W A M R 3 1 SR T B T R R A
Mo FRAR 5

1.2.3.2  /NERMMRE AU s S8 $2 1.2.3.1 7k
il B /0N ERUNGLIbR O 4 Bt A2 U, in N 96 L A Jib 355 I Al
BFL 100 pL, 550 R 2 HA (BFLm 40 pl
RPMI-1640) ; {Jp[F] ConA HJJZH (25 H BFL43 A
A T AR HE L 55 M IO i A P ) 20 L, 2R BE 43
25 .50.100 .200 400 pdg/mL,jJ[] ConA 20 pL,ConA HY
KUE R 5 wg/mL) 84 6 MEfL. BT 37 C.&
5% CO, 3EFEFE P 53245 h, BFLIN 5 mg/mL ) MTT
VW 20 L, S5 FRAHARELEE 4 h J5,1000 r/min Z5.0
5 min, 3¢ K B, FERFLIIA 150 pL —H ZEAR, G
YR % 10 min, ¥E 570 nm P K AL P & G E
oD {1,

1.2.4 M2 ke 43 Esalife

1.24.1 gk EEm Ak B E A5 NG
FREAS 21 I 22 RS W, 1 HE 1. 22 IR R AEI A oy &=
S 10 kDa (B8 b, PR 4 C o,
5000 r/min 2.0 30 min, BUPERE T BOWAEE] 05 — 8.0
b, EHE 3 AR ]S F /T 10 kDa [ I 22 Ik
ww

1.2.42 R IEEVraifbEILZ AR SRS 3
B JHE Il 22 IR %5 W4 & JH] Sephadex G —50 #¢ i J= T A1
(1.6 cm x50 em) #7572 . R B F /KX EE AR
17455, P-4 120 min J5 _FAE, BAEESAH 2 mL, PR
W 228K, BeEE B 28 0.5 mL/min, 58 046 i 5
£ 24 280 nm, B5FE 5 min WEEAIEL] 53, I RS
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BEERAE DAAS B 2 08 00 I 22 KRR & B AT 8 R T g
T
1.2.5 JEIMZ IR RZEDIREVTsE #% 1.2.3.1 7L
il B8 1 /) BRUIBLIbK B4 21 M8 v, A 24 FLIR IR AR, 45
FL 100 L, Z= I ZH M 58 A B 3R B H s 97, oAy
B LH Sy 5N AN W) 5T o v 3 %) R I 22 JIK 50 B 4 45,
185 20 S P2 Uk B 43531 2 25 .50 .100,.200 e/ L, T
A ConA fFHZUR I 5 pwg/L, 531 ConA SR
21, BAFLIN 20 L (1 ConA (LKA 5 pg/mL,
B 6 NEFL. T 37 C &% 5% CO, WIEFEFa %
£ 48 h,1500 r/min Z5.0 5 min, IR FE 35, -20 C
1847 , 218 IL-2 \IFN—-y \PEG2 ) ELISA #ill it £
Ui B 5 14 O s 28 il s o il e, A T B 3 v v 45 Ai
R
1.3 #iEaE

MHI TR 6 K, R SPSS 17.0 % £ 4 it
TG, PR (x +s) FoR, HEAT R R T7
22 (ANOVA) SrHTFl t K536, LA P <0.05 2= H 5
eS8
2 HERE5HH
21 FEEMREHMRL
2.1.1 FHEAMOBEELSER mER2 8o, AFREA
B AE i A S5 1 R K M B i S B A B R
(28.05% ) , B .= T HAWEE (G, T AR S8 A
Fifg 4T Bl A S2 58
2.1.2 MEIMZ BRI R IG5 R @& la ATA,
I it e 0 P R T, M B Tk A, X i A R R
B 50 CH}, KME RS . MBS T 50 °C B}, /K
FER R R taE . mAEAS T R EA AR IS M0 R
P BT, v 3 ek v B A BT 43 R AR AR M, v 2l R
N TR T N <3 N = S [ = ] 2 A
i, PR B R R 50 °C . R IE 1b Bl X4 pH ik
BN 7 B, KB B o pH 23 42 R A g AR 1 BT 4
Tt S i B L ) f B RS, R e E 1Y pH 51
&, BRI A B T A S B e AL T R B TS
I AL W R B R AS . Rk, pH BB 7,
I 1e AT, 24l & ik 5] 4000 U/ g I, K it 12 e
Fio BRI — RS, B SN B R B ok,
IKFREEATRIG . BTN EL > 300 U/g B, 7K fig B
AR, PRI, hini 26 4% A 4000 ,5000 ,6000 U/g, Ml
Ld BN, S EEAEAT AR E) 5 h B, KA . BEE
SN B[] B 38, T 2 55 52 R i IS ) B v 2D, 2R I
PR TR B, B BRI 8 T S AR A 58 AR TG, RN
JL-PA5=, 7K fig 3 JL-F AN PR . F —F 52 D B[R] /)
SEMAAEXT RN, Bl 5 h, RS AR Tk,

K2 AFEAMERESRET BRI

Table 2 Degree of hydrolysis of different proteases under optimal conditions

M Iif pH RIEHRE(C) I (U/g) FE A st ) (h) IKFRIE (%)
TR 7.0 50 4000 5 25.12
T 2 1 il 10.0 50 4000 5 17.33
A JRIE 4 il 7.0 50 4000 5 22.80
BEEAM 7.0 50 4000 5 28.05
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Fig.1  Single factor tests results of Anser cygnoides blood peptide
2.1.3 e 22 PRI N EARARSE SR ANk 3 T s E 1L 4 L2 K T T 224 BTk R
22 JIK i 7 T 30 90 1 T B 45 R, AR A A% 30T 1 |l ) &R Table 4 Response surface variance analysis result
By RNE A, R Z Il T 5 R of Anser cygnoides blood peptide
Y = 2945 -0.45A — 0.46B — 0.48C + 0.28AB + 2SR E PR df )5 F p
0.21AC +0.27BC-1.04A* —0.82B% —0.94C* ] 18.31 9 203 2735  0.0001""
3 I 22 By TR A R 4 R A 1.64 1 1.64 22.02  0.0022""
Table 3 Response surface test design B 1.67 1 1.67 22,51 0.00217"
and results of Anser cygnoides blood peptide C 1.81 1 1.81 24.26 0.0017 "
] A B C DH(% ) AB 0.32 1 0.32 4.29 0.0771
1 0 0 0 29.96 AC 0.17 1 0.17 2.31 0.1719
) _1 0 1 27.29 B(; 0.29 1 0.29 3.85 0.090?*
3 0 0 0 29.03 A2 4.55 1 4.55 61.13  0.0001 B
4 _1 | 0 2795 B2 2.86 1 2.86 3845  0.0004
5 0 1 _1 2747 C 3.71 1 3.71 49.93  0.0002 "
6 0 0 0 2927 & 0.52 7 0.074
7 _1 _1 0 2876 ST 0.013 3 4.350E-003  0.034 0.9902
g 0 1 1 2701 Wiz 051 4 0.13
9 0 -1 -1 27.35 Bl 1883 16
o 0 . 2561 T+ == BB B (P <001).
11 0 1 1 28.89 U5 24, AR R T] DL RS 94.68 % F I W H AR {L ,
12 0 -1 1 27.36 PRI [mT Y= A5 A B AR 5 Ak 25424 nT 5, A FH 1208 78U X6F I
13 1 1 0 26.97 ML P08 7K AR BE HEAT W00 3B o Pl (8103 J7 2 45 101 7
14 1 0 ~1 27.23 ZESPHT AT LB H— R I =K 2 A B.C, "WRIH A®
15 1 0 1 26.74 B® (C* M5 ML B 1A K S A B B R (P <
16 0 0 0 29.35 0.01), & 2 BT 7S )2 45 PR 28 38 BAE FH %) i oz (L
17 0 0 0 29.62 BRI, AR 2 AT, 5 A R 2 — 2 B, JHE I 22 ik

~ (7K AR EEREAT pH A1 5 58 B QG 24 pH 52
A & P IR BLRIEG Iy Z2 53 BT, IVRIT RO g e iy 22 ikt A A 1, 2 T A S 19 L 754 B

BUM P =0.0001, 7 =27.35, UL WIBURDIIESE VIR e e b g e o P — 52 F 12 Uk 1) 7K A9 B2 it
H s BRI P = 0.9902 > 0.05, BEWIKAUIUASGE ey ey 9 S 000U A 2400 it — S,
AR ZAT A TP BURBGE S IRy ey e s i, ot 25 R AR 5 1) L T 5640 1 7 e
=0.9723  PHEPSE AT Ry =0.9408 , VEWTIR IR fre ;o0g pi — sz, M st 22 k10 K A 2 6L 250 k1
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Fig2 Three-dimensional response surface diagram of interaction of various factors

N SEHE NS BEA , 240t i — R B, HE Il 22 K 4 K
R pH 09 F I SeRg s FBEAIC. Btk n] 0Ly
2253 HP B A% A8 LI 7K A BE 5 0 AN S 2 L TG £
WREE S pH B AH IR S5 i 5 pH A8
VEFIATS RS 2K ff BE AT — 2 520

il Design—Expert 8.0.6 kK {F#E47 5047, i & B
1M fif 125 S Tl i iR BE 46.96 °C, pH6.61, Jill i &t
4658.29 U/ g, LT /K fift B A 29.6839% , % & F| S5
Vit 18 AT BV R, o il fee T 2 SR TS AR - B A TR )E
47 °C ,pH7 , N+ 4500 U/ g, BgfFEIFE] 5 h, AT 3
W S5, K i B )3 E R 29.29% |, 5 TiUAE
AT, U6 B 2 e TR AR AR RS AT R o
22 EmEBMEMFIIER SDS-PAGE Bk

o & 3R] LAY W04 G RE i B 1 e A RS 1Y 43

HAMAE , VKB 3~6 SYKkIE 2 A8 bb 457 B0 i usk 2,

VLA A B s SR . Hoh kil 3 45 B /b, Ui
A IS RSO AR, /0 T 554F 10 kDa DAF
2.3 [EINZE B a0 fE X/ BR ARtk BB 40 R 12 5E 19
A1)

JENE AR TR I RIERE Z—, BEVURSEAT
AR Y o 28 A 20 A 2 F T B 3 T oAk L 4 i Y
HAHE TR SN A0 M 2 1 P e /BRI O
UL 4t Bt 155 % 52 56, UL 25 .50 . 100,200 400 g/ mlL

3 SDS-PAGE [¥li
Fig.3 SDS-PAGE map
7 PKkGE 1 25 H Maker(10~250 kDa) 5
VKA 2 ARBEAR S 4 VKIE 3 525 2R 1 BB AR 1 5
VKIE 4 VR ARG Y DOE S AR
T 7490 s DK 6 TS 1 B )

HPE RSP, JHE L 25 11 T A 1T i %) /) BRI bk £ 24 i
HAFHTE DLBY SN o S5 2R N3RS o, PrlA] ConA 1]
TN BRI T 4 i B, OD {3 s T 25 4l , HA —
FERROER . B HA IR e RIWEE T, ME i 88
IR A 2 AR PR IA] ConA fIE 2E /)~ BRI IRR T2 41 fitg 13
GH , HAE 200 pg/ml ¥k BE/KV-TF 52 4 85 11 1 I At
WICR I AE(P <0.01) ¢
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FS5 ML A SO/ U A SE A (x £ 5,1 =6)
Table 5 Effects of pre—and post—hydrolysis of Anser cygnoides blood protein
on proliferation of mouse spleen lymphocytes(x +s,n=6)
g5 oA T it e 1L 2 T‘ﬁﬁlﬁﬁ@ AW‘@%E@@ A/f\‘fﬁﬁlﬁl@@ A’E%EE@E
oD B4 OD fH B ”# OD {6 ™4 ODfH B OD (|
FEHA 0.231 £0.025 0.312 +0.017 0.282 +0.022 0.297 +0.019 0.307 £0.016
ConA +25 pg/mL 2 0.282 +0.021 0.321 +0.018 0.296 +0.025 0.312 +0.017 0.329 +0.015
ConA +50 pg/mL 4 0.321 £0.013 0.354 £0.016 0.334 £0.014 0.342 £0.015 0.367 +0.017
ConA +100 wg/mL 2H 0.337 +0.021 0.366 +0.027 * 0.343 £0.024 0.351 £0.019 0.379 +0.018 "
ConA +200 pg/mL 2H 0.358 +0.028 " 0.389 £0.026 ™" 0.371 £0.026 ™" 0.377 £0.030 ™" 0.403 £0.029 "
ConA +400 pg/mL 41 0.355 +0.019 0.384 +0.015 " 0.362 £0.021" 0.369 £0.019" 0.397 +0.020 **

TE 52 A, = P<0.05, #x P <0.01;3 6 [F],

#£ 6  ACP1 ACP2 ACP3 Xt /)N I8 bk B 40 Jif 433 TL-2 IFN—y PGE2 & & 520 (X £5,n =6)
Table 6  Effects of ACP1,ACP2 and ACP3 on the secretion of IL-2,IFN—y and PGE2 by mouse spleen lymphocytes(x +s,n=6)

20 51 W EE (pg/mlL) 1L-2 & & (pg/mL) IFN-y &1 (pg/mlL) PGE2 £ 1 (pg/mlL)

A 57.76 +5.81 51.07 +4.12 255.43 +21.37
ConA B bl 4 5 65.23 £5.03 62.15 £5.02° 230.13 £20.05 *
ConA + ACP1 4 5425 7242 £6.23" 67.53 +5.23 " 224.57 £19.21*
5450 83.73 £7.15" 76.41 £6.62° 208.75 +17.86

5 +100 93.92 +8.07 " 87.53 +6.13*" 189.63 +16.21°

5 +200 9221 £9.31*" 84.89 £6.71" 18837 £15.92°

ConA + ACP2 4 5425 7428 +5.41°* 68.61 £5.86" 219.36 +18.24
5+50 85.52 +7.39" 77.88 £6.73" 201.75 +17.31°

5 +100 9571 £8.21°" 88.92 £6.21 " 181.55 +16.82*"

5 +200 93.96 +7.97 86.03 +6.12* 180.54 +16.11°"

ConA + ACP3 4 5425 7031 £5.76 65.87 £5.73" 234.47 +19.59"
5450 81.67 £6.89 " 74.38 +6.57° 216.33 £18.02"

5 +100 91.86 £7.92*" 85.27 £6.01 " 195.56 £17.15°

5 +200 90.35 £8.52* 82.81 £6.22° 194.01 £15.97°

24 BMEMOSBAULERSHHT
&l 4 s, Mgl 22 K2 Sephadex G-50 B =M
5388 ,250 min J5433] 3 A~ 5 3205, 3 50K H A
4} ACP1 (ACP2 (ACP3
1.2

1.0} ACP2

o
0

ACP1
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