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FOE . RNy 1 T 45 RFER (CCK) EE C Kim B, FFEE KB HF i Bl 23K % , SDS-PAGE &y i FIAE 3¢ 7 F L &
213745 000 MBS BN, RERFAEAEREEON 40.21% , EATMEEMFRE, BAEE T EEUTHERE
AL, Western-blotting JF3L, AR A M-S EARS CCK-8 HEMFERA RN AERME. DatENE
o RR R SRS R XS, R EW, CCK AR5 AR Sy RN, INs& i 5 BB XG ii E F IR
H CCK JTR AT R ER BT, A THREA CCK FLANBEE R MG KRR m ¥ BN BRI 20
B, A4 250, /MR FIN 100 #1300 g/t & CCK PLiE B &M 8 Y SEAEXS BBAE AT L, K10 2 1A 48
BRI R 2.34% 3. 80% , R E B4 EIERE 0.91% 2. 65% , B R ki R L T B M.
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Preparation of the Recombinant Fusion Protein of
Cholecystokinin and Its Immunogenicity

LIU Jie-zhu'? | BI Ying-zuo', XUE Chun-yi’, CAO Yong-chang'?
(1 College of Animal Science, South China Agricultural University, Guangzhou 510642, China;
2 College of Environment & Construction, Foshan University, Foshan 528000, China;
3 College of Life Science, Sun Yat-Sen University, Guangzhou 510275, China)

Abstract: The C-terminal fragment of cholecystokinin ( CCK) gene was successfully amplified a.nd ex-
pressed in E. coli BL.21. SDS-PAGE analysis showed that the peak expression level of the fusion protein
with relative molecular mass of 45 000 accounted for 40. 21% of the total bacterial protein. Solubility a-
nalysis demonstrated that the majority of fusion proteins were expressed as soluble form. Western-blotting
showed that the expression products specifically reacted with the antisera of CCK-8. Afier purification,
the soluble fusion proteins were used to prepare oil-emulsion vaccines. The laying hens were immunized.
ELISA results indicated that the vaccines can resulted in immune response, and the CCK antibody levels
in serum and yolk maintained a high level after booster injection. 20-day old broilers were used to exam-
ine the effects of dried yolk powder containing CCK antibodies on growth performance. The feeding trials
showed that supplementation of yolk powder containing CCK antibodies at the dosage of 100 g/t in feed
caused mass gains and feed intake to increase by 2. 34% and 0. 91% ; while that of 3. 80% and 2. 65%
at the dosage of 300 g/t, respectively. Furthermore, there was no difference in feed efficiency between

the treatment groups and the control group.
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45 AEFEE ( cholecystokinin, CCK) B/Ngifiug [
£ R0 T X o 222 Y 4 DA P — o B i B, B TR
JEEE IS AR B A R AR B s R RS RS
RMEKMEBRBEER, AR CCK BRI YEA

H—MERET, 2 5BV SRR E"™. Bak

BR, NTE CCK i 5% & i A T A 003 mp A G
MR TREWHFEED. B, fH CCK
EE A SRR B LA TR M R A BT ST R
AT Bl CCK-8 1R R, il T CCK-8 #Ext43
FRES/N, BTENE, FES5—EHBA Y
RAeRER, BEREEMHKE R RABS T4
R ARE S, BH S CCK BEERETUAE
AR, FEAN AL ME G 4 B4
YRGB E D HE IR AE S R, METKE
H&17 . ABFREAT CCK BFE s EZE 10 [R1RE, 1A
ST HPER AR, #5 R E M H% BE BLR B B I
7 CCK I &EH. HEH&NEDENDURSI &I
CCK FREHARLIh RIS AR CCK, BB REE R
BEERK. XEREIERREEMEREENERRE
BERIB0 44, B POl 4 = B A EE MR ME.

1 85T E

1.1 X3 . E R BRAL

RN Pk 32 AiRiR5EE NS .20 HiRRXe.
E. coli BL21.E. coli DH5a H1HEREG R K2 H T2
LI EORAE s BORL pBCX AR R F I F i1 1
E® Epkl KFRE TR E R
1.2 =ER7A

B KB RNA EEHI#57] .ExTag DNA R&E8.
PR &I PE N Y B BamHI, Xhol 25345 %% TaKaRa 23 8] 7=
i RNA #i1$23575] & o5 Invitrogen 7+ 8] 7= 5 ; DNA 5
JEE B RO & & Bhr 3R 57) &2 Omega 24 F]
7= ;6 x His B 5 R 4684 Qlagen 24 &) 7= i ;
CCK-8 fk. %4l CCK-8 PHMEIMIE Hy Sigma 24 &)™ & ;
W 2E 514 IgG-HRP A2 HiX8 IgG-HRP ik TMB JA'H
BRI
1.3 5(#i%it

S8 GenBank H 1M HI%E CCK 2 E 731 (/731
5 24:K01940) i1t 1 XF5]4), Bf CCKup/CCKdn.
e EEIE 210 bp, fL 5% CCK EEEHEH B. E5 Y
5%/ £ BamHI B§EIAZ 4, 3" 5 i b Xho T BEHIAL
RLARATHAES. 5| BaFERAFEAMN. 519
FRTF .

CCKup: 5-TTAGGATCCGCGGTGCAAAAGGTAGAC-

3’

y

CCKdn: 5'-ATTCTCGAGGGAGGTATATTCATACTC-
3,
1.4 B CCK ERERBREREARARMMME
% RNA RBGET & AUl B R H R

i RNA. I CCKup/CCKdn 37 2|4), RT-PCR 1" ¥
CCK %8 A B¢, RT P4y E# A F PCR ¥ 5. PCR 4
4 :94 CHAM: 3 min;94 CASM: 40 5,55 CIB X
45 5,72 CHE/# 60 s, 183 30 Y B /5 72 CHEAH 10
min. ¥ /5 PCR =¥ #:%8 pMDI8-T Bk /5
AL E. coli DHS o RNSE S M. Tk e BURERE LI
BUAHTREAANF. DFERNEHRA
B, # B3k PCR &40y # BB A B, Bl
BamHI Xho 1 {54k CCK R A Bt 51k pBCX
Bkl B B S 4k DHS o SR SRR, FMg 4L,
FHATRELEE.
1.5 EBEARNEKBHEFHITRERE

WP E 4 k4L E. coli BL21, LA IPTG &
KYE 1 mmol/L,37 CHATIHESR, 4517 0.1.2.3,
4.5 h B IRE = HRREBER KRB
YA T AT A BT, FE B UIE A 500 pL B3
FRSE PRI, T OKIE B A R, B R BT 1] 8 s, [ FRE [H]
8 s, ZTHER 400 W BRE 30 ¥k. 4 °C 12 000 r/min B5.0» 20
min , B{_EE AU AL S #E4T SDS-PAGE HL¥k.
1.6 RiXFHMHRGgLETEE

$2HR Qiagen /A F] 4i4b B g Ni-NTA Ui BR - M
EHATIRAE. B IYE B B R BR 4 b v
2 W 4ifb /s R A B HYE 4 5 A Bradford 7 ¥
WEEEUE. _
1.7 CCK gh& FHBH Western-blotting 531

Fi SDS-PAGE Kl H M EH, WHEBIRE R
5% 5B 12%. ZRFERBI,50 mA BB
1.5 h, AR 8 480 5% BLAR Y04 4 C £ HE 7.
Western-blotting i Fi—$1 Yy CCK-8 FH ¥ I ¥,
ZHUON RS S EEARIC I L T % IgG,DAB &
o, fif NC i L BURL e S e B FE R E R
1.8 EVHRERDE.FEHERNRESHE

el & BB H BVEER 0.5 mg/mL i HFLI&E
B, A 32 AIRMEREREN 64 H L FENL N 2 4
H,EE32 R F1AATAXNRA,H2 HRhES
GREABRENA. SERFRENEY, BREE
1ml/H, 820 d%%E 1R, HeE3 R 45TR
R 1 d ERAIESE 8 d FIALSE 94 d BB
PLAHE 10 R i Al 42 39 28 il 45 LV e R L RE S
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5 B PR RS A L Ve B R B P 2 P A
MR E RS, B 2 52 ELISA 3l
ETEKF, MERE AR RAEREER
4CCK-33. s CCK HiiR st THEREK RIS E IS
JEEER, KRR HRES TRER ST,
1.9 HWBHFRR

$r 360 RXYEIFREI 20 H i IEREYLT 0 4 -4k
A BHIANER, BMER 30 H, B REYY
JEG. KEAH 30 d, BHRR. H 1 HRXHE
AR H AR 28 2 OV A EE RSN, H
PRELA H R + PR B (300 g/t) 558 3 4N
£ CCK HURENing , FPRELAS H AR + & CCK LA
B (100 g/t) ;5% 4 H UG E CCK STk iving,
TRIMRELAS HAR + 5§ CCK TR H M (300 g/t) . XK
BE GRS HRREMEERE, it B R
B RE L.
1.10 #iRSiT

BFrAsh R S B R R 38 « iR, R
Fi SAS6. 12 BR{F AT T Z TS E LA

2 £R
2.1 ¥ CCK E£HEHH RIS EARA R
KoiaE2

RASE R 4R 23 5. RNA AR, 2R A3 RT-PCR ik
YT CCK BE C-Rim A B, R/h g 210 bp. ¥
CCK EH k B i BB HE Mg L riit MR RS
Zhfk pBCX I, IWAEE 4 R 3A Bk pBCX-CCK.
2.2 CCKEHFEXMITEHNESRERANL
AR A A F AL E. coli BL21 #1TiERR
iX, F§ SDS-PAGE K& X =9 (@ 1), 5% 270
L, ZEART 4 F R E 24 45 000 4bH BLEA B iR
ERFRW X FREX DS -8 BERaAH
SMER, BEFRBIRENMEEANREE HHKE
BEERI40.21% . F 50% Ni-NTA Xt 3557=438 1748
16, ATIRB A B 8 B R B (4 2) ; A Bradford
JTEESALE L REWKE D 8. 86 mg/mL.
2.3 RiEFYHIFAIED HT R Western-blotting #&7
BEHABEMMTE R, MEEQTEEUAE
TERFKIKM, W 3 fizs. 4 SDS-PAGE ®#yk, R /5
ERINHERAERE L, Fi%dl CCK-8 PR M IEXT
CCK R4 78 [ #E4T Western-blotting 4347, {1 & 4 B
A EHBRAERE LRI, K/ 5 SDS-
PAGE il Z5 5 —3. IELTRAEH CCK BA R
RETEPE.

45000 s 4
35000 -

24 000 w=m, B

M BB B TR 0 ~5: 25008 IPTC 5% 0.1.2.3 4 M
5 hE BRI 56 25 R T IR
M: protein relative molecular mass marker;0 -5 : bacterial lysate after 0,
1,2,3,4 and 5 h induction with IPTG; 6 expression products of pBCX in
BI21

B 1 mysB-CCK Fi-&E H# SDS-PAGE 4047
Fig.1 SDS-PAGE analysis of the mysB-CCK fusion protein

M 1 2 3

94000
66200 =

45000
35000

24000 . ..

20 000 s

M. EE FRAEXT - F R B R 1 lysis buffer ¥E B3 ;2 : wash buffer %%
BRY& 53 s elution buffer ¥R
M: protein relative molecular mass marker;1; eluent of lysis buffer; 2:

eluent of wash buffer; 3: eluent of elution buffer

B2 mysB-CCK 4ligi-&7E A SDS-PAGE 4347

Fig.2 SDS-PAGE analysis of the purified mysB-CCK fusion
protein
M 1 2 3
94 000 -
66200 i o,
45000 s ! ;
sson o
24000 e Jw
20000 e &%

M. 25 BUAHSS 4 F B B Atk 1. pBCX-CCK MR B4 L W W5 2.
pBCX-CCK HHB BB YUTLE ;3 : pBCX-CCK MM 2B
M: protein relative molecular mass marker ;1 :supematant of CCK protein
lysis;2; sediment of CCK protein lysis; 3: expression products of pBCX-
CCK in BL21

B3 mysB-CCK k= 91Hy o] Pk 4
Fig.3 Solubility analysis of the expressed mysB-CCK protein
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M 1 2

83 000

62 000
47500

32500

25000

M B B AR o AR 1 ~2:CCK RAER
M : prestained protein relative molecular mass marker;1 —2: CCK fusion

protein

B4 mysB-CCK Fikr=#jH) Western-blotting 43 HT

Fig. 4 Westemn-blotting analysis of the expressed mysB-CCK

protein

2.4 EBHEERE

M 1.2 TTLE 3 WHAES B R E M M B
25 EXH R4 ) ELISA 1l R R P/N <2, i A
ASILIE AR/ R LA BB e %, H3g W
P/NKF2,2BEFHEE T WIE(P/N>2 N
), T HIASIRIS A BP0 Y R S BR A, B 4
fx CCK AJEXS IR A=A AR A (P <0. 05).

xk1 EBRERFMLFH CCK HAEKM ELISA AL R
(p/W)Y
Tab.1 Detection of chicken anti-CCK antibody in serum
after immunization by ELISA (P/N)

B E] testing time/d

ik
A5 groups 2% 8 & %
SR
ZHHRE 1.009£0.018a 1.059£0.0412 0.993+0.035a 1.038+0.023a
control group

4
ME A 1.918 +0.029Db 2.622 £0.052Bb 3.087 £0.0604b 2.073 +0.037Ch
immunized group

DeHinihe AFAEFERRATERER(P<0.05); AN EFERR AR
E£RBE(P<0.05)

x£2 EBHEBEEHED CCK HAK M ELISA & 4 R
{P/NYY
Tab.2 Detection of chicken anti-CCK antibody in yolk af-

ter immunization by ELISA ( P/N)
HBME testing time/d

A
A goue 2 I &8 %
= HR R
ZRARA 0.950+0.015a 0.988£0.077a  0.961 £0.065a 1.007 +0.043a
control group
9
%ﬁifﬂﬁﬁ 1.874 £0.036Cc 2.751£0.018Bc 3.126£0.051Ab 1.472 +0.046Db
immunized group

) a#InERE, AR ESERAAFEFEE(P<0.05);AF N EFRRALF
£F2E(P<0.05)

2.5 PGHEFAE

M3 TR, A& SR E CCK FiikiRing,
BV MRAR L o 231 5 i 100 71 300 g/t B CCK ik
EEMHPASSHEERNANELL, {28
B RE A HIIRE 2. 34% F 3. 80% ; TR & 2 25l
RE0.91% M 2.65% ;(BERHAEZE(P>0.05).

#3 HRBAMGIERE. RIENARMEEREL"
Tab.3 The body mass gain, feed intake and feed efficiency
of every group

ikl R FEE  HREEREN
groups body mass gain/g  feed intake/g  feed gain ratio
B l=hofit
ZEHRA 1069.00£17.78 2548.33+33.10 2.38£0.01
control group
wing

REEER ARG 1069.67+19.74 2561.11+6.55 2.40£0.04
negative egg yolk group

CCK il
feidt CCK i 1094,67+23.21 2584.45+24.9 2.36£0.03
low dose CCK antibody additive group
ANE CCK iR na

1110.33£2.03  2628.89+16.95 2.37+0.02
high dose CCK antibody additive group

Da#ERERS, AASHEREFFZE(P>0.05)
3

RN CCK 4 FR—EKESA—H T TH
BFR, &MIER M CCK 412 CCK JRBIRE/E in Lk
B 5 A R 3 P 4RAS AT CCK i mRNA JF
IR, NEFAEsh YR CCK ZH H 7 31 [F 95 1R
1%, MR —F2R 3P AR S CCK R FI S
BRSSP RERRMAESIYN CCK EEFFIZR
HEARK,BFE MBI E CCK B EFHRANEE
B A B, B C-AR MR AL /A BK, A2 CCK 5b
JAR PR AE YAt B B . ABEST NS B9
MY CCK BEEERR, TR REET
C-HRIHFRAL/\BK A 75, iE v BREE A
H ¥ M R A% R B E R pBCX H#ATRL-& 23K, West-
em-blotting {AIGIESE T IAL& R A CCK B HAES
CCK-8 FHMEIME £ A FHEE. B CCKoTE
SRR AEERERR NS FER, EARMES
Yy CCK R Fk =Yt AR AR, {H CCK-8 77
FREMRSH AN, AR FRERN CCK BEER
BE 54l CCK-8 MM ME R AERRMELE S, IR
BA REiEE.

AW 5T 1 R pBCX Rk RG R TE pET43. 1a
(+)BRARMZERE EBET R, A T A MES
BRI mysB EE, B, SMNEREFEEZ R
G LERFEFTERUNBHEMEXNRIEN. pBCX &
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BRESHMRERAMILRIIBE K, REFE
=, BE 6 MR M, 8 TR & & s
Rl &R S E QR AR E R E, REE
I 7E #£4T ELISA JUE , NIRRT LLE &l
RERIBEXG (R =LA NPT, BT DUME S B E ]
H. ENER SRR 3 K JE , ELISA Kl P/N
ER# PR, WAL R RENBEED
BA B R R .

I 20 9], AMTBARERG ik B A N
M AP BB N E P RRE, 1Y R ETFRAFAE
MY, A R MERIER, A S EHE A
P, HAUR 25 T 3h ¥ @ he, T H 7 DLk & 4 7
BN A EE A E SR B REHR CCK
Pk, R)EH CCK FLMimp aR A R R & &5 =+
FEAE CCK A B RERBEEMERKMEGERH
A, B AR AT AR XY G R I R LR 2%
HEETREVER M CCK HiEtE. (BN RISIHE
FREERAE D, EIFME CCK LA EER
TR IS A TE—E AR AR XS R B B AR
BHARER, BURAWE, ZRAEE. A0
A CCK IR EHEMAERABERTEHSITA
R RA LY R AR B HE. BEEHT
CCK i inf# 7 E & .CCK A FRREF#
ABHEHUEREEERT L LI EETER CCK
PURRE R FEMER? X EEE F FHE -2 MK
12

4 £

FHRF AR AT E R LA HET CCK @
FEL, ENRERERAHEN CCKBEAEAR
B RIFRREERE. MM R T I CCK I E LA,
ASREFRERHZNETATE— e BE LIRS
AR EEMAEKERE, (BRREAGEE,

FH—HO5RE. APFERIT R CCK IETAAE
NERGIRENINFZEE T — R B02ER.
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