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Overexpression of grass carp (Ctenopharyngodon idella)
antimicrobial peptide Hepcidin activates NF-kB pathway and
its effect on the growth Vibrio mimicus

ZHAO Wenping, YUE Xiaozhen, CHANG Jiaojiao, LI Jinnian"
College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, Anhui, China

Abstract: [Background] Vibrio mimicus is a pathogenic bacterium that severely impacts aquaculture. The
application of antibiotics to the control of vibriosis caused by this pathogen leads to drug resistance,
environment pollution, and food safety problems. [Objective] To explore whether overexpression of the
antimicrobial peptide Hepcidin (CiHep) from Ctenopharyngodon idella affects V. mimicus growth and
NF-«kB pathway at the cellular level. [Methods] The recombinant plasmids pEGFP-N1-Cihep and
pcDNA3.1(+)-Cihep were constructed for eukaryotic expression. The expression of the fusion protein
EGFP-CiHep was detected by immunofluorescence assay and Western blotting at different time points post
transfection of pEGFP-N1-Cihep in C. idella kidney (CIK) cells. Then, the effect of the supernatant of the
cells transfected with pcDNA3.1(+)-Cihep on the growth of V. mimicus was examined. The transcription
levels of the key genes for NF-kB pathway activation and the downstream immunity-related genes in the
transfected cells were measured. [Results] EGFP-CiHep was well expressed in the CIK cells and reached the
highest expression level 48 h post transfection. The supernatant of the transfected cells significantly inhibited
the growth of V. mimicus. CiHep overexpression significantly altered the transcription levels of key genes for
NF-kB pathway activation and downstream immunity-related genes. [Conclusion] CiHep can inhibit V.
mimicus growth and activate NF-kB pathway. Our results provide a theoretical basis for developing
fish-derived Hepcidin and a new perspective on regulation of antimicrobial peptide expression by activating

NF-kB pathway for prevention and treatment of fish vibriosis.

Keywords: antimicrobial peptide Hepcidin of Ctenopharyngodon idella; Vibrio mimicus; antibacterial
effect; NF-xB pathway

LI (Vibrio mimicus)f2—M i W H E
A REOR A" Ak, BiIZE SR M
NI B R, Ok i 2 8 28 7 R I fi
RSB R Z—CY | B Gk e
SN R, FRFE AR E AR HTA R
BiIBIZIA - AR, PUAE BRI R & 0 S i
2 TR PR A R B BT R, i L K
78RR NPT Y3 3 el TR o A LT
W, AR 2 A m R AR =B

BT K (antimicrobial peptides, AMPs)f&4E
WA A 0 BT T R AN S R A —

FN TGRS S GEHUE R, AMPs
PR HCAT B A AL ) sk A ELAS 5 4 R 7 A i 2
M, T AR A T PR Z AR AR
8 541 1 Bk Hepcidin B Shike Z:71F 2002 4E
IR AE Sk 8L irivh 3 g5 3545 . Bl , BFEEAT]
FEZEA 30 Z A 1A YK B 5E 3] Hepeidin
BN, RIZIEH G 3§75 A E NF-«B 25
AL, HLF B R 128 Hepeidin A%,
PR CuEB A 8 AMRSF IR R AR SE A 4 4
50 TRTE P DI AR S A4 P9 R R ARk,
%2 s 2], i Hepcidin X1 7K < BA 1 T
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RIS I SICERT L B AN ST ORI IR BR 1R 45 2
Fifr K 7= A 95 DA B 38 LA B TG T Pan
(12040 56 B 1. Hepeidinl-5 HL 5% S BE 0
A PN AT 35 v S8 A DG LRI (TLR . NF-xB F1 41 fifg
DK 1) 1) B s 7K S R o R B0 8] 493 91 18 D G 3L B
BRI YL RE 1. Lin "R BB, 4
Hepcidin A 2K 2 2 95 BL R o8 o B8 42 30F
TLR3. NF-«B il IL-10 K 7 A %E st Rk 3 42
AT I 7K P R T

WATATAF R G R B/, N T AR FE A
Hepcidin (CiHep) i 24 B X L 90T A3 {4 4041
EETE FEMIERE B, ARBFIE LA CIK i h
BR80T %G8 CiHep XL IN A A4
K. NF-«B i F 006 5 5L PR K3 T it fo g%
FHOGIE DA, 2 LA T P R S5 8L 4 S i) s i)
DU I %3k CiHep BOANME BB RE B AL
PIZSIREVEA , YA S CiHep i3 #4175 NF-«xB 18
IR R S e S P N T RS NN
Hepcidin AYFF & N H$E HELS AR HE , L R B 4%
1 ARG s B LT 1y 1 o

WL

1.1 #RE. E#RFARRAL

w4 B 4 il & (Ctenopharyngodon idella
kidney, CIK). AZSINET 04-14 Bk . HAZ LR
# M pEGFP-N1 Fll pcDNA3.1(+)3 AL %
{R#-4% s Escherichia coli DHSo B2 2540, db e
RARAAFHAT PR .
1.2 EFZRFFF

SanPrep F:7 DNA & [0 &, A= TR
Y TR A B F 5 2xTag PCR Master
Mix ., JoN TR FORL/N R & . TRNzol
Universal L RNA 2B . FastKing cDNA 5
— G R &, LR R AE AR IR A R
I Mg, FEBCHRBHL (R EDA R A

MEM ZH Mg 5% 32 Fl Lipofectamie 3000 % 44t
7, Sigma ZAH]; Western K 1P il Jifd 247 1K
4',6- — Bk F -2- 28 KL m5] Bg (47,6-diamidino-2-
phenylindole, DAPI). BCA & 1% Bl 2 i 5
EMEREE ECL b7 &0tiln &, g aK
ARG R/ E); EasySee® Western Marker
(14-100 kDa), dtamteXEEYEARAIRA A
FE Anti-GFP I FUE Anti-GAPDH $ifk, i
HEBAWE ARG R A E; HRP Aric 941 R
IgG Puik, LAY TRARAR .

Thermal Cycler PCR f¥, Bio-Rad A F]; 4=
H B Rt R, LSRR A
Al AR SRAE, R —tERL AR A A
R AEAE , TR FFF AR A PR A W 5 4R
T, R E A RA BR A A 5 8] EO0
Wi, Olympus A H); BEHMIKFEEIRS, b
T RAERH A BR A F]; W efE, ZE R
ARRAE] G EHER RO, U588 R
ovals Bt PCRAY, MHAYI RS A H
1.3 CiHep £ R R EFRiERAHEE

H 4 CiHep % F B IR 7 51 (GenBank % 5%
5 1Q246442. 1) BETT 2 X7k A B VI L s i e S 1
I (F 1), FT 1 2 8 41 B 3R 3K Uk pEGFP-
N1-Cihep F1 pcDNA3.1(+)-Cihep. VIt fiFk
cDNA J#it, PCR ¥4 CiHep 5[5, PCR J
MWAKZ (50 uL): 2xTag PCR Master Mix 25 pL,
. FHESI¥(10 pmol/L)4S 1 pL, DNA FAR
2 uL, ddH,0 21 pL,PCR JZ ¥ %1F: 95 °C 5 min;
95°C30s, 65°C30s, 72°C30s, 30 PMEH;
72 °C 5 min, K4 LAy PCR ;=45 25 A4k K
AT UEEY) | Bl M % AL E. coli DHS oL 837 254
i o BBCFE AR 53 A A1 T4 T LB (% 100 pg/mL
Kana fll 100 pg/mL Amp) B ARG F23E |, 37 °CH%
7% 16 ho BEMLPKE 3 SR HATY R B FR E il
JRiEFT PCR AU R 455 o
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Table | Primers used in this study

Primers name

Sequence (5'—3")

Application

pEGFP-N1-Cihep-F
pEGFP-N1-Cihep-R
pcDNA3.1(+)-Cihep-F
pcDNA3.1(+)-Cihep-R

CCGCTCGAGCTATGCAAAGCCATCTTTCCCTGTG
CGGAATTCGAGAATTTACAGCAATATCCACAG

CCGGAATTCATGCAAAGCCATCTTTCCCTGTGCA
CCGCTCGAGTCAGAATTTACAGCAATATCCACAG

Eukaryon expression
Eukaryon expression
Eukaryon expression

Eukaryon expression

B-actin-QF TCTGCTATGTGGCTCTTG RT-qPCR
B-actin-QR ACCTGAACCTCTCATTGCTT RT-qPCR
CilKKB-QF CGAACCCTCACAACCTCAACAA RT-qPCR
CilKKB-QR ACGGCGTAATTCATCAAAGCAG RT-qPCR
CilkBa-QF GGCAGATGTAAACGCAAAG RT-qPCR
CilkBa-QR GCCGAAGGTCAGGTGGT RT-qPCR
Cip65-QF AACCAAGAACCAGCCATACAAG RT-qPCR
Cip65-QR CGCTTCAGGAATATTAAAGGGG RT-qPCR
CiNK-lysin-QF AATCTCCAGAACAGCAACTCCG RT-gPCR
CiNK-lysin-QR ATGGTTCTTGCGTCATCAGTAG RT-qPCR
Cip-defensinl-QF CCGGAATTCATGGCATCATTTCCCTGGACCT RT-qPCR
Cip-defensinl-QR CCGCTCGAGTCAACCAAAATGTGATACACAG RT-qPCR
Cip-defensin2-QF TCTGTTTGTTACGTTGCTTGCAC RT-qPCR
Cifp-defensin2-QR ACAGCATCTGTATTTGCGTGGA RT-qPCR
CiTNF-a-QF ACCAGGACCAGGCTTTCTCT RT-qPCR
CiTNF-a-QR GCATAACTGCGTGGCTCATA RT-qPCR
CilL-6-QF AACCCTGGTCAACGACATCA RT-qPCR
CilL-6-QR CCACCCTTCCTCTTGCTCAT RT-qPCR

TE R RIZH R MR 7 1

Notes: The underlined parts are the sequence of enzyme digestion sites.

1.4 ZFLHFRIERN pEGFP-N1-Cihep 7E4H
B R B Rk B R A T
1.4.1 AREIEFSEE

W35 B K 5%10° 4~ /mL By CIK 41 it 35 fh &
24 FLAN MG TR (B A€ Ry, T MEM 5¢
RFWT 28 °C. 5% CO, /AT HiFR. 4
ML AL R 80%M 7 LFL NG W, W
PG . LWL MEM B3, RANE
JF A B Yy vk ¥ pEGEP-N1-Cihep . 75 # 1K
pEGEP-N1 2 B Qe 4y, SRIGHE Bk 4T
Ukeldit ., FYPARFRN: 0.5 pg Bk, 1.5 uL
Lipofectamine 3 000 1 50 pL A& IfiL 15 15 XL Y
MEM 532 .

142 HRGIALZENESEBR EGFP-CiHep
By FRIX

ST RS 36, 48 F172 h IR ALY
BEFRU, ANPRAR AN T A B . BER AR 2% M TR
(PBS)EUE 3 K. 4%ZRHREEREE 10 min,
PBS UL 3 k. 5% LI 185 [ (albumin from
bovine serum, BSA)ZEE 4 1 h #l PBS UL
3. BRI, EFLIIA 200 uL 1:1 000 F B Y L
J5 anti-GFP Uik, 4 CROGISF LR 5, FPBS
EPE 3 W, FALANA 100 pL 1:5 000 FiRe
HRP-FEFL [gG, FRMAWE 1 ho )5,
PBS IS Ve 37k, FFLANA 150 uL DAPI 2 ikt
HGA% 5 min, THAIPLHOCHEKFNIIFE F, 9Ok
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{5 B 0 0 S WSl 2811 EGFP-CiHep 7E
CIK #fi i ih) 2 iR 15 0L

1.4.3  Western blotting # 7 4 & & H
EGFP-CiHep B3R &

CIK #Hif 532 S5 em 1.4.1, 6 fLANIES
TR P HEYRKR N 2.5 ug Bk, 7.5 uL
Lipofectamine 3 000 1 250 puL A& I3 5 B3t
) MEM B5 321K . 55445 36, 48 Hi1 72 h 437k
MBS FF WAL . FH 200 pL % 1%
S T 15k 0 (phenylmethylsulfonyl fluoride ,
PMSF) 114 21 Jifd & A 00 224 Fdk 200 JE0, - 2 JBC A i P
I, FRd FH - mMEmk H R (bicinchoninic acid,
BCA )il & Hov B o BUA f 1 45 4L B A
an 4T SDS-PAGE, Jf#:# 3| PVDF fii |-, 41
HIA 1:1 000 i B LS anti-GFP HLikh —4it,
1:5 000 B HRP-EHLE 1gG h 4T, KH
Western blotting il il 525 1 EGFP- CiHep 7£
CIK #ifirh iy 2R 1E00, L5 RIBH N =8
H GAPDH X} /&, SCIGEE 3 K.

1.5 JI3RiE CiHep WIARRIES L iF R THL
PN INEfe =8 N:UEA D

PEECIL SN 04-14 HRRBATEIE M T
3 mL LB JEARE;F%EH4, 30 °C., 150 t/min $73% 55
7% 24 h, 8 000 r/min 5.0 10 min WEEHE A,
Az PR K TR TR R TTUE o o FH 200 B ok 0
PRVRVR IR M IR 4 1x10° CFU/mL.
Oy WIBEE 2 AN L (RN T R T 4 A
N & 4L, F—Kdldh Xk 3 A/ h(E
A FORLEE YL | a3 R Y 28 A 41 i ok B2
BN & R TR A YL )5 48 h, fEANfLLE
F% FIS WP EIEIIA 100 pL b iARY FE LS IR
AW, T30°CHRIME 4. 8 F 12h; ik
N B LR Y5 48 h B s L
W I R R RS IR B, T
30 °Cr B E 4. S M 12 h, BAMWEJE R
i T~ A T A 3 000 O R P R, R —

WM 3 AN ER,

#E—25 K F Western blotting 5 il B 2 il (&
AR IR ol o R AP R S YL e g
EGFP-CiHep, FE LN . % 1.41 ik
pEGFP-N1-Cihep ¥ 3¢ CIK 4ifl . ¥5Ys)7 48 h,
HIA 100 pL ¥ FE A 1x10° CFU/mL A LA I
B (B PBS XTHR), 435I H 4. 8 Al 12 h,
W B0 B 5% 3 T 6 000 r/min 5.0 10 min,
WA A I RO BCA 3R] &l o vk i .
A A AL R AR b iE 1T SDS-PAGE, 7%
%] PVDF JiiE |, HARURIF 1.4.3,

1.6 T 3RIX CiHep 5402 A NF-«B i i 1H
K EF R KRN

4 GenBank I S5 19 B £ NF-«B 3 J§ i
T B L R 5 47 (ikBa/No. KF581195.1 ., ikkf/No.
KT282114.1 #l p65/No. KT861470.1), i J& T iiff
PUH I EE D FE 91 (nkl/No. KT877168.1 . defb1/No.
KX906958.1 Fl defb2/No. KX906959.1) K 4 fifi, [Fl
F 3 K P 41 (tnf-o/No. JQ670915.1 Al il-6/No.
KC535507.1), #&it 8 XErvks|yy, ke
B-actin HNSHEH AN B ILFK 1), CIK 4
135 5 pcDNA3.1(+)-Cihep 55 4[] 1.5, [A0 %
EEYL2S TR pcDNA3.L(H)X B2, 45 36 h
WCEE AN IR i, TRNzol il I HRBAN I A4 RNA,
KR ¢cDNA, H-LLIE AR A RT-gPCR
RO b AR BE DR (4% 57K AF- o RT-qPCR SUWAK R
2xSuperReal PreMix Plus (SYBR Green) 10 pL,
50xROX Reference Dye 2 pL, cDNA #iAf 1 pL,
. FUESI9I(10 pmol/L)4% 0.5 uL, RNase free
ddH,O #ME 20 pL. RT-qPCR W 45f: 95 °C
15 min; 95°C 10s, 60°C 30s, 40 MEH, 4
MR 3 DNAEYFER . O ES RS
2 AN AT A5 KGN 35 DR )R X SR K
1.7 #HEAIE

FIFH SPSS A3 45 20 4 i 4 A i h 2
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FEIRTE L ANV R T TR R R M B g A G
DR s KA T BRI 3R 22 3 Ao AL Imaged
V1.6.0 #AF 53 B8 1 4500 IR BE A, {11 GraphPad
Prism V8.0 ZbHL ] F

2 BEREAW

21 EHHEZFTIERMNELEE

Ko F v BER A 2 FhE 2 AR
ik JikL pEGFP-N1-Cihep 1 pcDNA3.1(+)-Cihep
IEE TS . SRR, DB R BAR Y
H#4%] CiHep HMSEH (B 1A UKif 2. 3); Wi
VIR NG I35 P45 DNA 45l , K/NVilS
2 AR (pEGFP-N1/4 715 bp, K 1B ikif 1;
pcDNA3.1(+)/5 428 bp, &l 1B kil 3)M1 H %k
(99 bp)y K/h—3; MF45 R BoR H &R 7
IR KA GEAE . AR R FIR A 4 A% 3R

A B

bp bp
600

500 5000

400 3000

2 000

=00 1500

1 000

200 750

500

250

100 100

E1 FWiHELHEZERIERAA PCR (A)SWEEEE®B)

TR TR L) L)
2.2 Ft&ZE R EGFP-CiHep BIRIEER
2 B A% KK BB, pEGFP-N1-Cihep 57t
CIK #iifl ., #YL)5 36, 48 Fl1 72 h, R g
S AN F) CIK 41 1) B 5 R A% b 25 £
3G, T H LA YL S 48 h B2 GHR8 (& 2). [F
i, K F Western blotting A6l il & 25 11 2 ik 1
o 5K 3A-3D iR, #YE 36, 48 Al
72 h WA SRR 2 B H— KN
30.5 kDa M5 SO 4545, JF HLL 48 h i g%
FR S5 Fortl, T A I B[] 5 N S R 1 3R
IR EEAR 3, A MR IR W R AT
N ST o T2 T R R Y )5 48 h W
PE VL 25T I K BEAEL I 0 25 %5 T 36 h Al 72 h
X I R 455 K FEAEL(P<0.01), 455, s &
1 EGFP-CiHep 7E CIK 40 e [ i7-323k
H PG 48 h iR A B .

A: M: DL600 DNA Marker; 1: £+

JKBAEXT IR ; 2. pEGFP-N1-Cihep; 3: pcDNA3.1(+)-Cihep B PCR 724, B: M1: DL5000 DNA Marker;
1.3:pEGFP-N1-Cihep 8, pcDNA3.1(+)-Cihep WM iGE] 774 ;2 .4 : pPEGFP-N1-Cihep B pcDNA3.1(+)-Cihep
Jiki; M2: DL10000 DNA Marker

Figure 1 Identification of two recombinant eukaryotic expression plasmids by PCR and double enzyme
digestion. A: M: DL600 DNA Marker; 1: Negative control of deionized water; 2: PCR products of
pEGFP-N1-Cihep; 3: pcDNA3.1(+)-Cihep. B: M1: DL5000 DNA Marker; 1, 3: Double enzyme digestion
products of pEGFP-N1-Cihep or pcDNA3.1(+)-Cihep; 2, 4: pEGFP-N1-Cihep or pcDNA3.1(+)-Cihep
plasmid; M2: DL10000 DNA Marker.
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20;111

EGFP-CiHep

EGFP-CiHep

EGFP-CiHep

B2 SBERNEENELFHMESER EGFP-CiHep 7 CIK fAfifhiERIE  A-C: FEYL)5 36, 48 Al
72 h B EGFP %ik; D-F: #4tJ5 36. 48 il 72 h /) EGFP-CiHep # ik

Figure 2  Expression of fusion protein EGFP-CiHep in the CIK cells post transfection detected by
immunofluorescence assay. A—C: Expression of EGFP at 36, 48 and 72 h after transfection; D—F: Expression
of EGFP-CiHep at 36, 48 and 72 h after transfection.

2.3 iRk CiHep BMMAIESE EBAT Sl UG KRB AMBIMEM ., % AU0 2 Wi % i
2530 B A K B35 1 PR VR RE OIS S 2. 2§ (R R 0 7

FALLFE TR pcDNA3.1(+)-Cihep #7505 77 A ] 25 9 T OB P e 1 28 R
Yo CIK A1 48 h 5 , S) 9% LB EWE A ve AL K AR ALY DR 32 Jy 22 4 W7 s S
R A B D R DU AT MR 2 s FLBERNERE R L peDNAS.1 (+)-Cihep #2441
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1) TG T VA B 45 90 7 I ] st 40 I 540K T 400
SFHEZH (P<0.01), ¥ (4h 5 8h, P<0.05)E#k
WEA2h, P<O.ONK T2 HMARE YA, 1% 4%
AT Y 21 5 40 B YT A ) TS TR VR I B 5
(P>0.05), W& MG F o, pcDNA3.1(+)-
Cihep % Y 41 1) TG TRV 5 7 45 005 87 1) 1) A 344
R T4 %] B4 (P<0.01), .35 (4 h, P<0.05)
B S (8 h A1 12 h, P<0.01)fK T 25 4 45 Y
4, (A2 AR L 21 5 24 o) R D 3 TR R
JE B TC B3 22 5 (P>0.05) . 0 18] B[R Ky 2250 b
SRR R, BRI N I A T R Y A g
PRI R B2 G v T T 0 R R 9 e ) — O B )
MR R AT R, (AR & %R
(P>0.05).

R T B2 BN A S

BRI 75 AT RE X B CTK 4 A JIE453 495 1 02 £ Bt v
B2 A0 3 iEWh, R GFP
Pk B —¥Hi, Western blotting £ il Filt -5 25
EGFP-CiHep., Z5AR UK 4 Fros, =45k
pPEGFP-N1-Cihep % L4 Jfl 48 h, ELHZ N A 7598
A 8 h Ml 12 h J5 L3 th kil 2 — 26 KN gy
o 30.5 kDa SRR AR, SRAEA
EGFP-CiHep M4r+K/N—3(, THE 4h j5
TR VR A A0 21) A I 1) B 8 R 2% o [T
FHICTA PBS AU 21 T 5 4 IR & J 45 Ao il B[]
M TP RN 5T . G5 RFRM, SIS
A TR LA L E 8 h F1 12 h i Al i
AR, EAR B AR R . DL E A
SEO6 2% FBAE B 1 3k CiHep (1) CIK 408537 |
T TRONHPL S I AR A B

m

kDa M 1 2  kDa kDa M 1 2 kDa L5 " == CiGAPDH
an 40 — % ﬁ* EGFP-CiHep
5
5 -l 305 30 —| -l 305 3 2
£0
C D 59
kDa M _ 1 2  kDa kbDa M 1 2 3  kDa s 2
40 —{ 4 z2
40 — Q5
a8
- 305 _— |ee 2
30 — Y o

36 48 72
t (h)

Bl 3 Western blotting 2|45 /55445 & 8 EGFP-CiHep 7 CIK fAfih iRIE  A-C: HYY)5 36.
48 Fl 72 h @G HE AR IL, M: BULE I Marker; 1. 545 R4S IR BV 2. AN D:
R NS EAMES, 1-3: BYJG 36, 48 Ml 72 h (AR . E: A4 %M EGFP-CiHep A
XfRIKAEE, AF/NG FEERIR R — I ] SO [F2H B A9 2 22 5% . %% P<0.01

Figure 3 Expression of fusion protein EGFP-CiHep in the CIK cells post transfection detected by Western
blotting. A—C: Expression of fusion protein at 36, 48 and 72 h after transfection, M: Blue Plus Protein
Marker; 1: Cell culture supernatant; 2: Cell lysate. D: Expression of internal reference protein after
transfection, 1-3: Cell lysate at 36, 48 and 72 h after transfection. E: Relative expression of EGFP-CiHep to

GAPDH. Different lowercase letters indicate significant differences among different groups at the same time
point. **: P<0.01.
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Fz2 ARFEERPUUSITHNERKE
Table 2 Viable concentration of V. mimicus in different incubation solutions
WEEIE  EAENE R E Wz B IR B A

Incubation Method of direct incubation with bacteria Method of adding bacteria for incubation post aspiration

time (h) A% B4 cH A B 4 C#H

Group A Group B Group C Group A Group B Group C
4 (4.35£0.12)x107a  (3.86£0.13)x107a  (2.84+0.12)x10"b (4.56£0.20)x107a  (4.06+0.08)x10’a  (3.10£0.12)x107b
8 (3.38+0.22)x10%a  (2.75£0.16)x10%a  (1.44£0.12)x10°b (3.55+0.06)x10%a  (3.12+0.19)x10%a (1.56=0.11)x10°b
12 (5.2940.21)x10"% (4.90£0.12)x10"% (2.71£0.06)x10"% (5.75+0.11)x10"% (5.28+0.14)x10"% (2.91£0.07)x10'b
W A dIHXTIE4L; B 4. SRR C H: EAFERERA . 5 NARR/NG LR R — 5 i Sl

A ) J 2 25 5 (P<0.05) B A ik 25 22 5 (P<0.01)

Note: Group A: Cell control group; Group B: Transfection group of empty plasmid; Group C: Transfection group of
recombinant plasmid group. Different lowercase letters in brackets indicate significant differences (P<0.05) or extremely
significant differences (P<0.01) within each group at the same incubation time point.

A B C
kDa M 12 kDa M 3 4 kDa kDa M 5 6 kDa
40 — 40 —
40 — &
g 30 *| 305 30 —| e —30.5

4 EHEMEMERMARIEST LFRTHESES EGFP-CiHep B Western blotting 121  A-C:
HAEINEREE 4. 8 Al 12 h JR A1 E; 35 115 WK Western blotting Kl 255 ; M. FiYsE 1 Marker; 1.
3. 5: PBS HZHMUMEE 4. 8 I 12 h J5 i BigIR; 2. 4. 6: BN SAEME 4. 8 M 12 h J5HY b
THK

Figure 4 Fusion protein EGFP-CiHep in the supernatant of cell culture after direct incubation with bacteria
detected by Western blotting. A—C: The Western blotting results of cell culture supernatant after direct
incubation with bacteria for 4, 8§ and 12 h; M: Blue Plus Protein Marker; 1, 3, 5: Supernatant of PBS

incubated with cells for 4, 8 and 12 h, respectively; 2, 4, 6: Supernatant of V. mimicus incubated with cells
for 4, 8 and 12 h, respectively.

2.4 J33RiE CiHep iA#Z NF-xB @G RE  F L 1.941 £i5F1 1.846 £%5(P<0.01), ixBa B35 T4

E B %% 3%

pcDNA3.1(+)-Cihep 5 pcDNA3.1(+)4) 5
Yu CIK 401fd, %54 36 h J5 RT-qPCR il NF-«B
00 PR URACTTR DR DRI R T 0 A8 P D PRI (BT T ik
YRR T SRR o GRS s, 5253
AN BRZHAH L , pcDNA3.1(+)-Cihep L4 NF-«B
0 P IR ikkB F p65 I S AKF-43 51

0.775 f5(P<0.05), HURRKIER nkl 55 defbl )55
KB E FIE 2.004 £5H0 2.140 £5(P<0.01),
defb2 % T 0.628 15(P<0.05). A1 A ¥
mf-a 5 il-6 BRI R R E IR 1.255 £
(P<0.05)F11 2.751 f%5(P<0.01), Z5HFEWH, dFKik
CiHep LK BENS G NF-«B 18 J, J5 1 84250 1%
T Al T T A DR R 4 PR DR 2
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[ =m pcDNA3.1(+)-Cihep
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W
—T

3k *3k

—_—
T

Relative transcription level
[\)

[w]

ikkf ikBa p65 nkl defbl defb2 thf-a. il-6
Gene

5 id%&RiE CiHep B E 3T NF-kB & B 9% X i
EERARTHRREXEEERIZMN

Figure 5 Effects of overexpressing CiHep gene on
the transcription of key genes for NF-kB pathway

activation and downstream immune-related genes.
*: P<0.05; **: P<0.01.
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591K ) L 32 T 8 9 RIS S T O 9 A
2 F 3 WO I MU IR AR K s . 45
TR, BN E 5 IS TR VR B S i e
BEG G EWE L 2R, HYEEKT
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R 3 R LS IR S 405 & 8 h Al 12 h Af
T AN ML 7, BB IR E RS R B
Wb, MmuERH R ERiA CiHep JE 4R35
TEBOT ISR A K B B E W vE A . Li 1
7 HEK293T 4t Hh mensd i Rk A ok b &
Wy as & S5 I A28 B-defensin3 Jii, %K R X

T FF 4R P PR 4 R 0 4 BR R A K LA R AE
Fl; Wen U5 & BLLE B W40 i rp ol Rk 4t
PR IR PR-39 BEAG R0 ] B W 40 it oy BT € V01
R A AE A5 R DL TSR 0 B PR K Scyl 1
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PRI FITE ZK B R TR 1 2B R LA SR . ax s
Mt 5% 25 SR 22 B AT LUK 4t il 26 38 O v g 4t
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S BL DA IO R R 4 TR 2 75 ELA B TR T

PUIR IKBE T HA AN EE R WERSN, &
A S YOS R AR B 5 5 B S T Ui SR K
N R~ 3Rak, E I DA i sl ARRE R .
A5 30 G 92 440 L S5 R T BT AR G 92 T gk
RHERNBUESE" . HET, S THERAT
IR BT iR X B A I, 40 Pan*1%
PB4 G HE A epinecidin-1/DsRed 5 3L Al 17
FHRE A R A B FBE D, Al LRy
ZARG IR Yy s Theng %P epinecidin-1 5%
B S mEHE A R S 0, T RA A
BB Y . AT — M AR R B R 5
il % rCiHep & 1 , A A4 AT LL A IR0
FEPT R RK Hepceidin 7£ B 1A 22 0 A9 B % H
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NF-kB i [ 2 fie 51 2 (1) R AR S {5l %
Z—, MAEFRERET, B RHEF NF-«B
5 HANE A 1kBs IAETEPEY p65/p50/IkBa —
REE G T, Az 250K
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