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RE: YNEERATHEEMEFEREKN A EREIRFHEREN, RFAXXA
PCR#: K % W TNF-o. IL-18. IL-6. IL-12. IL-10feTGF-B3 B & 4 3 44 B o = 55 1 B
B, IR B AL & BamH 1 FoHind Wl & 3% ¥ % pET-32a/21a, A # A0 M #y k38 304Kk,
H &R, XA ELISA R M ARZN, FURENERTE, RN ZEE KK 2R
BREE®MEFREAEETHAERETN. ERE T, £HTINF-a. IL-18. IL-6. IL-
12, IL- 100 TGF-Bak 4% & 47 &4 5 %4 %31.8. 31.7. 35.3. 32.5. 18.0#133.6 ku; itk
A3k B 2.4%10°% 70 R WAL B R E B BL, {7k 48 8 B F TNF-a. IL-1B. IL-6. IL-
124047 3% 40 f B FIL-10. TGF-BERHE AR &R E M. A KA, #HEHMELAK
BHMMN. FRAERE, TATHAEETH T ERE, ZHAENKENE EEN
BEmE T ARG ZAFREET Hal. B, KB4 i B F TNF-o. IL-1B. IL-6.
IL-12. IL-10fTGF-B AR A A TH & X @ E FE AR K TFTHEEH R

KA 4, @miE T, Bk, RN, HEHE; ELISA

FESHES: Q786; S917.4
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0 E

B, RANEGYR IR B Edwardsiella tarda)s , k'S
20 i A A S KO BE R AR R IR TNF-a . IL-15F1
IL-6"7, BeAh, 4 H g K S M T (Aeromonas hy-
drophila)&Ys Je % ¥ AF 1 (Oreochromis niloticus),
FCHTME A A2 8 A0 M D F-IL-4 . IL-12FN IFN-p1E % 5%
LKV A B 1 W 35 1 TR I Y R A ZKP,
Xl SRy BIR 1 24 7 7K 7 SR B Bl W OG T B
RABESE

PRI, A5 0008 5 I A% 26 3k R 31451
B YR DL E TR B Cyprinus carpio) R P40 ig R+
TNF-o, IL-1B. IL-6. IL-12. IL-10FITGF-BI¥) H i
HH, X HIEA TS B v 22 K HA(Oryctol-
agus cuniculus), FAFHIN 2 FEREDUA, LIl
PESN TR, 6 00 28 g K B i T U e L v
R TNF-a, IL-1B, IL-6, IL-12, IL-10
FTGF-BLEHE 1 BUK V- 15 UL, R AT
FEIK T IR 50 B ) G e L 2 B LAl

1 MRS TTE

1.1 SLIear Rl
Tt % FEEERTSE, KK (16.5+1.0) cm,

PR (55.0€1.5) g, FRFE T pa Ul 9T K 20K 7= 557
Bt Ml

1.2 ERERIKFNAE

2 7 18 40 47 E RNAG) 32 BB cDNA % — 4k 49
o B ML 3 e ft o 4, 7E JC PR AR R T B
W miE , JFF WA TCR B PB ST 1 R 9 29 LA
KRB ZAEA L, SRS T A TR A&
P FE.ZN.A.TM Total RNA Kit I RNA & Bz 7
£ (OMEGA) i B 45 48 B iz 18 41 21 BARNA, JF:
i 7 Nanodrop 200015 5 B 58 i H 1k Kz I RN A
FEG B BT o $i B DN A 5% 5% 71| & (Fermentas)
UL A5 3R 15 5 — 4 cDNA,

TR KA MER LT & B
HE PRI 75 ) A RH PR R 81, A HIDNASTAR
A% 9 Protean 4 M K T I 68 20 fifg P F- TNF-a.
IL-1B. IL-6., IL-12., IL-10F1TGF-PE 3R 591 (1)
PR phe E FE X 8, ] Primer 5.08 3140 I A4 4% &
PG, I EAREENBRUINL S (D, X EM
FERHEATPCRY 3G (734 251 : 95 °C 3 min; 304
PEHALFE95 °C 30s, 52°C30s, 72°C60s; 72°C
10 minf112 °CIAAF), & FEDNARKE M) & (-

x1 REEREISEVAAEERNSIMFIIEREXER

Tab.1 The gene primer sequences used in the process of prokaryotic expression and the relevant information

S Bkl WUIRE  JTBOR/Mbp RIEEME BN BAEA RN ERFIS
i;,ne primer restriction  fragment  expression compenent fusion protein GenBank
5 sequences enzyme size vector cells size no.
INF-o. CGGGATCC AACAAGTCTCAGAACAATCAG  BamH | 226 pET32a BL21 31.8 AJ311800.2
(DE3)"
CCAAGCTT TGCCGTCAGTAGGAATG Hind 111
IL-18  CGGGATCC TGTACCCAGTTAGATGGTTCT BamH 1 217 pET32a BL21 31.7 ABO010701.1
(DE3)
CCAAGCTT TTGGCATCTGGTTCATTT Hind 111
1L-6 CGGGATCC ACAGTGATGGAGCAGCA BamH 1 316 pET32a BL21 353 AY102632.1
(DE3)
CCAAGCTT AAGAACCATTTTTGGTACTT Hind 111
IL-12  CGGGATCC ATCAAGAATACTCCTGAGAAAG BamH 1 238 pET21a BL21 325 AJ621425.1
(DE3)
CCAAGCTT TCAGGTTGATGCGCTC Hind I11
IL-10  CGGGATCC GAGGGCTTTCCAGTGAG BamH 1 387 pET32a BL21 18.0 AB110780.1
(DE3)
CCAAGCTT GAGGATATCAAGCTCTCCC Hind 111
TGF-p CGGGATCC AACCGCATAATCTCCCAG BamH | 253 pET32a BL21 33.6 AF136947.1
(DE3)
CCAAGCTT GAAATGTCTTCTGAGGATCA Hind 111

e NRIZEEE 50 BamH 1M Hind TIREYIAL . a. BL21(DE3) Wi#kH T M CR & e e T A W A T 7R 3 7 R 1A B (npET 2 41) I

FEH. B KT E R A RNARSE, FTUAReRIAE A B REE

Notes: the underlined parts were the restriction sites of BamH 1 and Hind III, respectively. a. The BL21 (DE3) strain was used to efficiently express the
gene cloned in an expression vector containing the bacteriophage T7 promoter, such as the pET series. Ordinary E. coli does not have t7 RNA

polymerase and therefore can not express those vector genes
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WA T H R B K Ui B i R BeRn 2
IR ER AR PET32a/2 1alm] IS AT XUBE VI (B V1A 2R - i
Y52 uL, BamH 1 1uL. Hind M 1 pL, 10xBuf-
fer 6 uL; BEYIZAF: 37 °CEEYIE ), *FAEY)
B Il , 4% BT, DNAJE $2 [t (19 18 B 3
R NIRER, WEEHRIRTR, JH{EDH5a,
i 1B PP e R, A B BORL il 2 050 & (B AR
T Ud B AR SR BUTURE , I X6 Bk 4T B )
DS 4TI
1.3 FEEBAMNEZRERGEK

RO G 0 RAM R F R4 RS
JF ki pET32a-TNF-a., pET32a-IL-1p, pET32a-IL-
6. pET21a-IL-10, pET32a-IL-12, pET32a-TGF-
P Ak 1k R 2 S BL21(DE3), i Bk BH M 22 I8
PR, HEA T2 mLALBE; F s, 37 °CHRBh %
F:6 h, Bl J5 W 55 5% 00 RO A 200 mLIE /& LBE:
I3 KK F7 2 W ODgoik £10.5~0.68, il
AIPTG (& FE 1 mmol/L)is 557], 37°C, 180 t/min,
P 75 7 5592 8~10 ho >R 1 SDS-5R P s 19k Jre 568 st
i, VK (polyacrylamide gelelectrophoresis, SDS-
PAGE) J7 1% J5 2 22 35 1 il & B 1 iE AT A
DA R IPTGI S 1 TR AR i R o R

A B G H L ZSDS-PAGERIN Gl &
EHEW G, IR0 000xg, 5min)EFHA,
TnAGE 5 1928 P45 A 2% 1 (20 mmol/L NasPO, .
15 mmol/L C3H4N,. 500 mmol/L NaCl, 6 mol/L
CH/N,O, pH7.4), R BBFEM®L3 s, 153 s;
IF50%; B A% ] 60 min)f 77 s 35 Bl 4 2 14
() B TR A A B A8 M k2% 9P (20 mmol/L
Na;PO,. 500 mmol/L C;H4N,. 500 mmol/L NaCl,
6 mol/L CH4N,O, pH 7.4), ifiidHis Trap HPFEXF
e\ T A, I HE N 5 IE R L Bl
A 7R 1 W 1 CHUN O C3H N 25 48 8 1
14 ZRERENSIZ

S E N % Nanodrop 200045 251k, %)
BRI, A BEER 7K (0.65% NaClI i )¥s &
P 9 B 4% 300 pg/mL, 1 mL/AS 4323 520 °C
TR PR A2 T o K o0 2% 09 85 BT W S o [0k
FI(L = 1)(Sigma)il o i 5E R J7 i 78 iR AT, I8
UM AR, SR B-Z Ik f B2~ (1
LR, 4~61 502 AT G 19 7 % S B 7Y 2
REARU BRRE U sR g 1k, sk

(i WIK e i o IR e 24k /), R 2Ly msi
G AT o IO S8 AR5 5 B2 K O S 2k
B AT A )

FOAR ZAN 09 4 ) B A I 4R F H
ELISAT5 il . AL A il & 35 145 (10 pg/mL,
AR RO B AR A, A4l 87 (0.05 mol/L
WM EL 22 h I, pH 9.6)1EZ FIX IR, 4 cCHudlid
B 37 °CEFHI2 h(10% G W) J5 InAS [ i s B2
FIHLIME (1 2 102, 1: 10, 1 :10%, 1 :3x10%,
1:9x10*, 1:2.7x10°, 1:8.1x10°, 1 :2.4x10°
S 3P BRI VS OR S 2 SR il iE ), 37 °CHFE2 h,
PBST PE# 3 ; HRPAHRICIFET o =137 °CHF
H1h, PBST #E&31K; TMBYE {130 min, MiRIA
WA AL SIS D E Agso nmfH o TN H15E i
E . AR /BT BRI e =2, P i
{14 S5 T R A B3R 10 I B 0L 35 A R0 o i 355 4K
A I IS A, 8 MR, DA AR A o i
H, R T-80 CCIRIFA& .

1.5 KEXLW

PEEL 72 A i N (55.0£1.5) gy, FlAL
G2, BAE3IANTAT, BAEATRERE1I2E
i, b AZH R BAPEXT IR, BIIEH4H; B4 MH
PEXTHRZE, BIHCHEA . T 5% SC00 A6 T g U KoK
FEFRR S LG R IR A R G P e R iR R
SE W K BT, /K IE(26+1) °C, pH 6.5~7.5, &
H % <0.01 mg/L, 7KACHe &S L/min, DO>5 mg/L.
TR 4 %, 20 F8:30. 11:30, 14:30F1
17:308 M8, B4R A3%. YIL1FA)E, *BLLW
i JFE I s T B A B R 5% 10° cfu/m L) g 7K < PR
MR 100 pL, AZME HEE 55100 pL PBS (0.8%
NaCl. 0.02% KCl. 0.027% KH,PO,. 0.358%
Na,HPO, 12H,0, pH 7.4), 7 ESE 4 114
3 Rt R PRI, 4 oCHE TS B O i
Mg, —20 °CLRAF, T ARRHE AR A I E .

1.6 #MEFHPMAMEFTNF-a, IL-1p, IL-6.
IL-12%IL-10. TGF-p& & A9

K HHELIS A J7 2 A I 1 375 H 412 4% 4 Ma A+
TNF-o, IL-1B. IL-6. IL-12F147 % 40K FIL-10,
TGF-BI & Bt o FAARERAE AL TR . B i il v
2 G W A5 LU RS . I A B bR AR, 4 °CHLBk
W, —PUmER, B MIERE 10 000% B iR
SIE I AR AR, HoAth b B 5E 42 R« 2 s B b ik
R S
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1.7 BIESR

S50 v A A B R ST 2 R o 25 1
X R (n=6). W& MK HSPSS 17.011
One-Way ANOVAH ScheffefE 5, W2 KFi%
1 P<0.05.,

2 4k

21 SBAEEFERRERER R RE

Y8 8 TNF-o. IL-18. IL-6., IL-12, IL-
10F1 TGF-B4 K cDNA K Bt M BifR , LAE1H 5]
Y ATPCRY 1S, 43 %I7E250, 200, 300, 250,
400711250 bplft i 2k 45 — & Fr F PR &0 (K1 1),
SEBRR/INGTRIA226, 217, 316, 238, 3871253 bp,
KNS A —2,

2.2 EERIKFRAAEEY &N FEIE

X i 58 35 A5 1 BH M 41 36 3K JORL pET-32a-
TNF-a (226 bp). pET-32a-IL-1B (217 bp). pET-
32a-IL-6 (316 bp). pET-32a-IL-12 (238 bp). pET-

M 1 2 M
bp bp
1500 1500
1000 1000
750 bp 750
500 500
250 26 250
100 100
bp bp
1500 1500
1000 1000
750 bp 750

500 500
250

100

250
100

238

(d)

21a-IL-10 (387 bp) M pET-32a-TGF-B (253 bp)#fT
GV (Hind ) K WG Y] (BamH 1 FlHind 1M)4k
B, KU TNF-a, IL-1p. IL-6. IL-12. IL-107
TGF-BH W A Br & 15 3% 42 3] R ik AR pET-32a/
2lal . BEVIZEHIG, 201.0%350 5 M ¥ s v 3k 43
Wi P45 %, pET-32a-TNF-a (226 bp). pET-32a-
IL-1B (217 bp). pET-32a-IL-6 (316 bp). pET-32a-
IL-12 (238 bp). pET-21a-IL-10 (387 bp)FIpET-32a-
TGF-B (253 bp)¥2J A BH 14 81 41 32 35 Uk (#12)

AN, K H XU D) S0 E Y H 2 3R 8 Bk
M FE R S, 5 NCBIE 2 b € 48 32 iy 3
FEB R, [RURE I AE99% L -, i B SE 40 454
TR AR R B o H i B

23 MAERNRERANL

4 3k JFUk pET-32a-TNF-a. (226 bp) . pET-
32a-IL-1B (217 bp). pET-32a-IL-6 (316 bp). pET-
32a-IL-12 (238 bp). pET-21a-IL-10 (387 bp)HIpET-
32a-TGF-B (253 bp)#E KW #F E BL21 (DE3)H &
IPTGIf5 55 1, I3k & A 4 %3k Bk (H G

2

bp
1500
1000
bp 750 bp
500
316
217 250
100
bp
1500
1000
bp 750 bp
387 500

250 253

100

1 822080 E T 5 J5OR TE 5% X 18 PCR 52 BE F= 4 O B8 ik 53 4T

M. D2000 bp DNA ladder; 1, 2. PCR* %)

Fig. 1 Gel electrophoresis analysis of PCR product of cytokines

M. D2000 bp DNA ladder; 1, 2. the product of PCR; (a) TNF-a, (b) IL-1B, (¢) IL-6, (d) IL-12, (e) IL-10, (f) TGF-p, the same below
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M 1 2 3

bp bp bp
5000
3000 5000 5000
1500 3000 3000
2000 2 000
800 1500 1500
500 bp 800 bp 800 bp
500 500
200 226 316
200 217 200
bp bp
5000 5000
%
1500 2000
800 bp 800 bp
200 238 200
(d (e)

E 2 E4A TR R A B W E )36 E
M. D2000 plus DNA ladder; 1. B4 i fi: 2. B0 pORL S B ;3. 8L 46 3 R XU 1)

Fig.2 The single and double enzyme digestion of recombinant expression plasmid

M. D2000 plus DNA ladder; 1. recombinant plasmid; 2. single digestion of recombinant plasmid; 3. double digestion of recombinant plasmid

IPTGF 5 B9 R BAE P X B B Ok 45 SR 4%
WoR — &R R AN, K/ 002930.05
18.0 ku([&I3)(ZEFr K/l H31.8. 31.7. 35.3,
32.5. 18.0F1133.6 ku), 1M FJI4 XJ JE 41 % BU A & ¥
A RS

BLOWCES BE B E TR, R R
JG e HistE2lifk, If 38 b E B i 7 ik LRI W D
(R K e IR RS . DA AL Rk R
TCIPTGIE T I W AE DI X ], ZIPTGIE R A
B P TR VA BEPE X R, e alifb iy il A B
W2 SDS-PAGERG M . £5 R W, 5FHHEX B4
I, 2ifb)E MG & E R A E A S &
D (513),

2.4 FUOLE T HI4E

>R FHELISAJ7 v 6 I U 42 149 1 55 v 22 v et
B R, T A B /9 P X R 2 G S i kL
fH o #5864 BE40 i A F TNF-a, IL-1B. IL-6.
IL-12. IL-10F1TGF-BZ v BT AR 2804 76 1L 375 7
BEE2.4x10°0, X HLEA K F2(£2~E£7),

I, HE A5 B £ TEBEPUIR IR 2 R 2.4x10°,
A T J5 2R 52 56 TR 38 bR BRI

2.5 MEFHEMEFTNF-a. IL-1p. IL-6.
IL-12%IL-10. TGF-pHI& &N E

il FH PB Sk, Mg 7K B T I S B AR
VRISE3R, A Il v f2 R 4L P TNF-ar, IL-1B.
IL-6. IL-12FIHT R 40K FIL-10. TGF-BHYA K
IR o 5T BERAT AR H, 7 TR e g K A L
HEMSE 1R, N FTNF-a, IL-1B. IL-6.
IL-12F11L-10, TGF-BIA Bl it 15 5 35 18 fin I+ 1k 2|
i KAA(P<0.05)(1¥14), F#nlJefe & 40 i A F TNF-a.,
IL-1BFIIL-12, HoA5 b et 85 B PR % B 2 45 31 3% fin
T3.97M% . 6.48455 147745 (Kl 4-a, b, d), {HJE, Kl
HRPE R, R RAMMIA FTNF-o. IL-1B, IL-6.
IL- 12095 B Wk AIG,  JF 5 B M RE 41 0 S
FE2E R (P>0.05) (K 4-a, b, ¢, d). SIERYIAEH
TE UG AR B2, 7E R g K SR M S
FIEE3R, HUR M FIL-10M TGF-BIHY A il i
A7 . 2 v T B X R4 (P<0.05) (Kl 4-e, )0 A
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ku ku
353

31.8

ku ku

32.5 33.6

(d

B3 mMAeZEAMERRRIERANK
M. 5 T B & Flmarker; 1. REIPTGHE & MM 2. LIPTGHE SN G MM 3. A& EAZLA
Fig. 3 Prokaryotic expression and purification of fusion proteins
M. protein molecular weight marker (low); 1. without IPTG inducement group; 2. induced by IPTG group; 3. purified fusion protein group
% 2 ELISATS ENE % 5e BE R TNF-a3 it
Tab.2 The detection of TNF-a polyclonal antibody titer by ELISA method

MBEBAE  dilution gradient

TiH

item 1 2 3 4 5 6 7 8
FaFefE%  dilution ratio 1x10? 1x10° 1x10° 3x10* 9x10* 2.7x10°  8.1x10°  2.4x10°
ALPEA  treatment 1.308 1.186 1.103 0.971 0.898 0.527 0.230 0.141
BIHEXF AL negative control 0.209 0.077 0.068 0.066 0.064 0.062 0.061 0.061
ZSEXTIE4] blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
AEFRLH/BIHEXTRRLL  treatment/negative control  6.258 15.403 16.221 14.712 14.031 8.500 3.770 2311

% 3 ELISAJ5 AN E % 5 BN IL-1B3 N
Tab.3 The detection of IL-1§ polyclonal antibody titer by ELISA method

WiH MiBFAIZ  dilution gradient

item 1 2 3 4 5 6 7 8
FiR {54 dilution ratio 1x10? 1x10° 1x10* 3x10°* 9x10°* 2.7x10°  8.1x10°  2.4x10°
LbPRAH  treatment 1.447 1.053 0.920 0.969 0.798 0.497 0.344 0.152
XL negative control 0.438 0.109 0.070 0.068 0.064 0.062 0.063 0.061
ZSEXHIEAL blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
ALFRH/AVERT R treatment/negative control  3.304 9.661 13.143 14.250 12.469 8.016 5.460 2.492
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# 4 ELISATT AN E % 52 BEHUIFIL-63 10
Tab. 4 The detection of IL-6 polyclonal antibody titer by ELISA method
HiE MiBFLE  dilution gradient
item 1 2 3 4 5 6 7 8
PR {54 dilution ratio 1x10? 1x10° 1x10°* 3x10°* 9x10°* 2.7x10°  8.1x10°  2.4x10°
AbFRZ  treatment 1.137 0.988 0.596 0.596 0.577 0.562 0.292 0.220
IHPEXS AL negative control 0.332 0.196 0.079 0.066 0.066 0.065 0.063 0.062
ZXEXE4L blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
ACFRZA/BAEXT BRZH treatment/negative control  3.425 5.041 7.541 9.030 8.742 8.646 4.635 3.548
< 5 ELISATT AN E % 5 B IL-12300
Tab.5 The detection of IL-12 polyclonal antibody titer by ELISA method
HiH MiBEBAE  dilution gradient
item 1 2 3 4 5 6 7 8
FiRefs 4 dilution ratio 1x10? 1x10° 1x10* 3x10* 9x10* 2.7x10° 8.1x10°  2.4x10°
ALFRL  treatment 1.254 0.742 0.626 0.619 0.631 0.290 0.185 0.144
BAMEXTHEZH  negative control 0.303 0.098 0.067 0.066 0.063 0.062 0.060 0.061
2 ESTHRZE blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
AR /BT HEZH  treatment/negative control 4,139 7.571 9.343 9.379 10.016 4.678 3.083 2.361
% 6 ELISATS £ E % 5 BE AR IL-103010
Tab. 6 The detection of IL-10 polyclonal antibody titer by ELISA method
T H FRERRIE  dilution gradient
item 1 2 3 4 5 6 7 8
FiR {54 dilution ratio 1x10? 1x10° 1x10* 3x10°* 9x10°* 2.7x10°  8.1x10°  2.4x10°
AbFEZL  treatment 0.992 0.853 0.675 0.650 0.626 0.412 0.161 0.131
BITEXF 4L negative control 0.282 0.151 0.080 0.076 0.069 0.069 0.064 0.061
25 AXTIE4L blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
IEFR/FAMEXTHRAL  treatment/negative control  3.518 5.649 8.438 8.553 9.072 5.971 2.516 2.148
%7 ELISATS N E % 52 B LR TGF-B3 it
Tab.7 The detection of TGF-f polyclonal antibody titer by ELISA method
T H FRERRZ  dilution gradient
item 1 2 3 4 5 6 7 8
FiR {54 dilution ratio 1x10? 1x10° 1x10* 3x10°* 9x10°* 2.7x10°  8.1x10°  2.4x10°
QbFEL  treatment 1.408 0.921 0.820 0.825 0.726 0.359 0.214 0.144
BIMEXTREZH  negative control 0.321 0.240 0.085 0.078 0.069 0.065 0.064 0.061
23X E4L blank control 0.060 0.059 0.061 0.058 0.060 0.058 0.059 0.060
ACFRZE/BA X B2 treatment/negative control  4.386 3.838 9.647 10.577 10.522 5.523 3.344 2.361
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Fig. 4 The detection of cytokines level in serum

Different letters indicate statistical difference (P<0.05)

F 500 5 i A i B2 it R 2 SR b ik T
FHF 8 40 i [ 7 TNF-a, IL-1B, IL-6. IL-12.
IL-10FI TGF-BAE [ BT 7K V- € £ 1y A

3 TR

XF T A Al A T ok, TNF-oo HLIAHRHT
I DR AR I 9 B 4 By 3R G AT 1Y fie 4% 1 4
MR T, 25 PRSI B B SO o 2% 40 A
TEEME WM LR A A S )

http://www.scxuebao.cn

WU TIL-1B B AN . BRI . A
i 0 L Al 20 B s = A 0T, R SE R, TL-1BAT
AR IE — A T ) JRE a2V TL-6
T2 0 I 5 240 e 3 0 17 0 8K G 1 27, AE IR
9o i TR 12 e 1 o A b R P AR Y, IL-12
RE A% ST A0 M 1 A K R RE I & 45, IR BB
SR NK A A R T 20 L 73 WATFN-y 2 AR bt 46
M T, IL-10F1 TGF-BAY 3 2 2 2 il 2 e
M KA, PR AR Y I 2 R TN 7 A Y 3


http://www.scxuebao.cn

10 34 BT, . SR T 2 v R AR T A B 1623

7

2 1R e 8 1 TAH M A 15 4, O HLIER RE 411
il 224 58 40 it PR 18 B

R 5E F] F DNASTAREK 4 5 (1Y) Protean 73 #7
e T 00 469 248 g L TNF-o0, IL-1B. IL-6., IL-12.
IL-10F1 TGF-BE 3R ¥ 51 T SR o o i IX k.
TR LR T 5 1 Bt S e e iR 2 0 R) O A
MAEDANERER P CARIEL G R e K&
FIRY D) A, Bk, AR sk B R T
T 58] A ) 43 X IR T B A A R
AN, 28 A DNAMAN T i 2E 40 J5 ok 5 75 14
FIEPE, 250 Eon, SN FAREE, L
Ko AHTR) G2 15 AN ) B 53 22 [) ) () P AR AG, B
U, I ARG 3R A B BEAN A - TNF-a., IL-1B.
IL-6, IL-12. IL-10FITGF-PiI £ sa e biik T )5
S SR 11 A 8 AR K T 38 SRS

25 3 N W T 5 R UK R DN, R R B 1 S
WE L2 M AL ORI B R B, (R R
JE T 1M TC A R e LG AL, U] AT B e i
Fe £ Ak 1 TR 18 (K1 2-a, b, d), 173X 2 kL L[]
BB BT & & A A, HeAh, UK R TR S
Rie SRR ERBBIA X, AR E
2 SR B BB 5 SR 5 B A B 4 B LR AT g
5 R AR B LA B B I A K TR A 5K

AT A 280 U7 ik, i@ 4 His Trap
HP (GE)#F I (o 15— ¥ J32 114 K WA 325 Y0 0T 45 1 1Y)
Al G AT VR B AiAb ™ iz A a5 R B
g R SRl S A, (H B SRR R A R
BRI Rs A s, DETHZ
g {2 A U, M AR s A A
NI o X% ) 8, AT LA S K s 375 T vk
JEE R R B 4 B R R Al A AR S SR
%, RS 2 s TR T A RO R R Ak,
AT 2 I 2% AR 1 X S 36 &5 SR R 1 52 i
DAL gli b 0 fil G 8 AR S B o R B Y 22 K H
%, PFAFLTNF-0, IL-1B., TL-6., TL-12, IL-10
TGF-PZ v PRI , ELISAJT B K6 I Bt il 1
RN IR F12.4x10°, 5 F250 5 2 i A 0 1 R
RIL8 3 R 2 vi BEPUR G 850N AR,

DAIAS SE I 1 45 1 2 s B BUIRE N T B, K
N 22 g 7K OB RER L S5, B I T 2 4
KT A AR L . ZRELISAJT B K I 45 51 B
FEIRYL g K S TR J5 . 4l F TNF-o, IL-
1B, IL-6. IL-12., IL-10FITGF-B7E 2 (A /K 1
& Y W T T AR B4 (P<0.05) (K1 4), #

B g 7K /SR T B | R B ) AR RE R I O AR A
PE I 2B o DK SR 25 SR S5 K R sh ) B AR
R Je % % A A0 IR G SR KO BRI IR 45 R
AL, WSMEsYY . KEDELEE A KT
MBI SE 25 AR IR o BFTE R T, A S 36 i 45 17
A R T 2 S BB R LA 55 1 SR RN T R S

i BTk, i AR S A T B R R
FT L v R S i R Y L4 i X F- TNF-a
IL-18. IL-6. IL-12. IL-10FITGF-BI £ sl b
A, IERTH T8 A B A, S5 R IR A
TR IK 7 IR 58 Bl ) G 5 W A DG 9% 29 0 T LAl o

SE K

[1] Ige B A. Probiotics use in intensive fish farming[J].
African Journal of Microbiology Research, 2013, 7(22):
2701-2711.

[2] A 2T 2D HE Al A KK SRR A L)

T REPSE R FT[D]. B WL K2, 2014,
Cao H. Research on rapid determination of organic mat-
ter concentration in aquaculture water using multi-source
spectral data fusion[D]. Hangzhou: Zhejiang University,
2014(in Chinese).

[31 ARV BUE B R A b 4 vH AR M. dEat:

Hh AR AREE, 2017,
Fisheries and Fisheries Administration Bureau of the
Ministry of Agriculture. China Fishery Statistical Year-
book[M]. Beijing: China Agriculture Press, 2017(in
Chinese).

[4] Ariole CN, Oha E C. Antimicrobial activity of estuarine
isolates against shrimp pathogenic deromonas
species[J]. Nature & Science, 2013, 11(2): 123-128.

[5] Dallaire-Dufresne S, Tanaka K H, Trudel M V, et al.
Virulence, genomic features, and plasticity of Aeromo-
nas salmonicida subsp. Salmonicida, the causative agent
of fish furunculosis[J]. Veterinary Microbiology, 2014,
169(1-2): 1-7.

[6] Khalil SR, Reda R M, Awad A. Efficacy of Spirulina
platensis diet supplements on disease resistance and im-
mune-related gene expression in Cyprinus carpio L. Ex-
posed to herbicide atrazine[J]. Fish & Shellfish Immuno-
logy, 2017, 67: 119-128.

[7]1 Matsumoto M, Araki K, Hayashi K, ef al. Adjuvant ef-
fect of recombinant interleukin-12 in the Nocardiosis

formalin-killed vaccine of the amberjack Seriola dumer-

http://www.scxuebao.cn


http://www.scxuebao.cn

1624

Ko AR

0 E

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ili[J]. Fish & Shellfish Immunology, 2017, 67: 263-269.
Molofsky A B, Savage A, Locksley R M. Interleukin-33
in tissue homeostasis, injury, and inflammation[J]. Im-
munity, 2015, 42(6): 1005-1019.

Feng J C, Wang L H, Zhou L X, et al. Using in vitro im-
munomodulatory properties of lactic acid bacteria for se-
lection of probiotics against Sa/monella infection in
broiler chicks[J]. PLoS One, 2016, 11(1): ¢0147630.
Chen CY, Tsen HY, Lin C L, et al. Oral administration
of a combination of select lactic acid bacteria strains to
reduce the Salmonella invasion and inflammation of
broiler chicks[J]. Poultry Science, 2012, 91(9): 2139-
2147.

Chen CY, Tsen HY, Lin C L, et al. Enhancement of the
immune response against Salmonella infection of mice
by heat-killed multispecies combinations of lactic acid
bacteria[J]. Journal of Medical Microbiology, 2013, 62:
1657-1664.

Birhanu B T, Lee J S, Lee S J, ef al. Inmunomodulation
of Lactobacillus pentosus PL11 against Edwardsiella
tarda infection in the head kidney cells of the Japanese
eel (Anguilla japonica)[J]. Fish & Shellfish Immuno-
logy, 2016, 54: 466-472.

Hamdan A M, El-Sayed A F M, Mahmoud M M. Ef-
fects of a novel marine probiotic, Lactobacillus plantar-
um AH 78, on growth performance and immune re-
sponse of Nile tilapia (Oreochromis niloticus)[J]. Journ-
al of Applied Microbiology, 2016, 120(4): 1061-1073.
BRI iEsgll I RIE S % (D). ¥ 2
TR, 2011,

Hou C X. Expression and antibody preparation of sg/¢1
from Cyprinus carpio L.[D]. Xinxiang: Henan Normal
University, 2011 (in Chinese).

TEET T G PEFLIR B I 0 i R BT S Vb T IR
RGBT AD]. B PHALRMEIELKE, 2016.

Feng J C. Using in vitro Immunomodulatory properties
of lactic acid bacteria for selection of probiotics against
Salmonella infection in broiler chicks[D]. Yangling:
Northwest A&F University, 2016(in Chinese).

Lin W H, Yu B, Lin C K, et al. Immune effect of heat-
killed multistrain of Lactobacillus acidophilus against

Salmonella typhimurium invasion to mice[J]. Journal of

http://www.scxuebao.cn

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

Applied Microbiology, 2007, 102(1): 22-31.

Bar-Shira E, Friedman A. Development and adaptations
of innate immunity in the gastrointestinal tract of the
newly hatched chick[J]. Developmental & Comparative
Immunology, 2006, 30(10): 930-941.

Withanage G S K, Kaiser P, Wigley P, et al. Rapid ex-
pression of chemokines and proinflammatory cytokines
in newly hatched chickens infected with Salmonella en-
terica serovar typhimurium[J]. Infection and Immunity,
2004, 72(4): 2152-2159.

HuZY, WuB Q, Meng F H, et al. Impact of molecular
hydrogen treatments on the innate immune activity and
survival of zebrafish (Danio rerio) challenged with
Aeromonas hydrophila[J]. Fish & Shellfish Immunology,
2017, 67: 554-560.

FHIF. Interleukin-12] /)y EUNKZH 8 4545 H 2 AL
#[D]. #i: THALRMABHL K, 2015.

Wang L L. The regulatory functions and mechanisms of
Interleukin-12 treatment on NK cells in mice[D].
Yangling: Northwest A&F University, 2015 (in
Chinese).

Fife M S, Gutierrez A, Ogilvie E M, et al. Novel IL10
gene family associations with systemic juvenile idiopath-
ic arthritis[J]. Arthritis Research & Therapy, 2006, 8(5):
R148.

Taylor A, Verhagen J, Blaser K, ef al. Mechanisms of
immune suppression by interleukin-10 and transforming
growth factor-f: the role of T regulatory cells[J]. Immun-
ology, 2006, 117(4): 433-442.

S, M SE, A, S5 BRI IE /D R 1S B
PepT1 % 3i B Ak (il 4 B AL ALK B [I]. h
KFERFE, 2016, 23(3): 513-521.

Yan X, Yang L P, Zheng W J, et al. Preparation of the
antibody and tissue distribution of the peptide transport-
er PepT1 in Cyprinus carpio L.[J]. Journal of Fishery
Sciences of China, 2016, 23(3): 513-521(in Chinese).

e [E%, E I, H9k, 4. 8178 sgl e R R ik S Hu i
Hill & (7). AKF= 54, 2012, 36(3): 329-335.

Nie G X, Wang B, Yan X, et al. Expression of sglt1 gene
in Cyprinus carpio and preparation of its polyclonal anti-
body[J]. Journal of fisheries of China, 2012, 36(3): 329-
335(in Chinese).


http://www.scxuebao.cn

10 34 BT, . SR T 2 v R AR T A B 1625

Preparation and detection of cytokines polyclonal
antibodies of Cyprinus carpio

FENG Junchang, CHANG Xulu, ZHU Zhenxiang, GUO Xiangrui, ZHAO Yanjing,
LIU Huifen, ZHANG Jianxin, NIE Guoxing

(Engineering Lab of Henan Province for Aquatic Animal Disease Control,
Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation,

College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: Inflammatory cytokines are often used as one of the indicators to detect host immune responses. The
lack of cytokines antibodies for fish has hindered analysis of cytokines protein expression by ELISA. In this paper,
the fragments of TNF-a, IL-1p, IL-6, IL-12, IL-10 and TGF-f genes of Cyprinus carpio, containing partial antigen-
ic determinants were cloned by PCR. The target sections of cytokines were cloned into plasmid pET-32a/21a vec-
tors which had restriction sites for BamH 1 and Hind IlI. The recombinant plasmids were transformed into E. coli
BL21 (DE3). The fusion proteins were highly expressed in E. coli BL21 (DE3) after being induced with IPTG. The
purified fusion proteins were used as antigen to immunize New Zealand Rabbits by ear margin veins injection
combined with subcutaneous injection to obtain rabbit anti carp polyclonal antibodies of cytokines. Enzyme-
Linked Immuno Sorbent Assay (ELISA) was used to evaluate the antibody titers, and the antibodies were used as a
test tool to detect the expression of inflammatory cytokines in carp serum after infection with Aderomonas hydro-
phila. The results showed that the sizes of fusion proteins were about 31.8, 31.7, 35.3, 32.5, 18.0 and 33.6 ku, re-
spectively. The titers of the antiserum were about 2.4x10°. The pro-inflammatory cytokines TNF-a, IL-1B, IL-6,
IL-12 and anti-inflammatory cytokines IL-10 and TGF- showed different expression patterns at different stages
after A. hydrophila infection. The results indicated that the prepared antibodies performed high titer, affinity and
specificity and could be applied to study the expression of cytokines in C. carpio. The availability of these poly-
clonal antibodies laid the foundation for the systematic study of immune response and cytokines expression in C.
carpio. Meanwhile, these polyclonal antibodies could also be used to exploratively study the cytokines protein ex-
pression of TNF-q, IL-1, IL-6, IL-12, IL-10 and TGF-f in other fishes.
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