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% 571 & Ak Hepcidin B & & 52 B 0 R 15 R &= & 55

BAIEY, kX%, A ¥, TP, £ K, mRAF
(1 BRALEMTELRIRE, K M 5106305 2. [ RARIAEBH 14
BIST, | R BT ARSI 510640)

WE. HHEEEERN TP I EE( Hypophthalmichthys molitrix ) B T o 5o & H $1 3 ik Hepcidin ¢cDNA ( GenBank %
AE KF312213) J5, iad pET32a( + ) M8 &40 Ik Hepeidin [ T 40 i ¥ pET-Hep/Rosetta Bifk, #£37 C. 28
°CH116 CTF4>31F 0.5 mmol-L™"F1 1. 0 mmol-L ™' IPTG 533k, ¥ Ni Sepharose™ 3% HEHrk: difb 3+ 34T
PRSMIEAB . B Hepcidin ¢cDNA K J# 755 bp, ORF 37282 bp, 5'UTR 37 108 bp, 3'UTR 365 bp, 4ifi% 93 &
HEER, 55K 24 NEER, Al 42 NMEERFBK 27 ©~E B, pET-Hep/Rosetta 7£ 28 “CH1 16 C FEET]
MR, 37 CREEQMAE S, M=% 15% SDS-PAGE Bk IiF N B =¥, B . pET32/
Rosetta =4 L K 2R % ASMIEEIRIR R, B REF WX TCFL5EER T ( Streptococcus agalactiae) | 4 ¥ A4
HJERTA ( Staphylococcus aureus) . WK S BT (Aeromonas hydrophila) % BAG ARIF M AR

XK4BiAl: #F; Hepeiding FEFTEME; FiERLE; WEMR

RESES: Q785 XERERS: A XEHS: 2095 -0780 — (2014)03 — 0058 —07

Cloning, expression and antimicrobial activity of Hepcidin from
Hypophthalmichthys molitrix

ZHOU Weijun'?, LIU Zhenxing’, KE Hao>, MA Yanping’, HAO Le’, XU Mingfang'
(1. Biology Engineering Laboratory, Jinan University, Guangzhou 510630, China; 2. Guangdong Public Lab. of Veterinary
Public Health, Institute of Animal Health, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: The full-length Hepcidin ¢cDNA sequence GenBank No. KF312213 was amplified from the liver of chub ( Hypophthalmichthys
molitrix) by semi-Nested PCR [ rapid amplification of cDNA ends (RACE) ]. According to prodomain and mature peptide of the Hepci-
din ¢cDNA sequence, we designed an upstream primer with EcoR I restriction site and downstream primers with Sal I restriction site, and
cloned the target gene into the expression vector pET-32a ( + ). The recombined plasmid was transformed into the expression stain-E. coli
Rosetta and expressed induciblely at different temperatures (37 C, 28 °C and 16 °C) and of different IPTG concentrations (0.5 mmol -
L™'and 1.0 mmol-L™"). The protein was purified by Ni Sepharose™ affinity chromatography column. The full-length of the Hepcidin cD-
NA gene was 755 bp, which included a 282-bp ORF encoding a 93-amino acid prepropeptide. The prepropeptide contained a signal pep-
tide (24 amino acids), a prodomain (42 amino acids) and a mature peptide (27 amino acids). The purified product displayed a single
protein band through 15% SDS-PAGE electrophoresis. The purified production of pET-Hep/Rosetta had obvious antibacterial effect on
Streptococcus agalactiae, Staphylococcus aureus and Aeromonas hydrophila, but the control group showed no inhibitory effect.
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JA D %4 BEYURAK Hepcidin ()2 R vE B ARk KA B R 20 A 59

HETH THAERWEA, SEOFSRIERE &
Tz, PRKE R RN —%KE
AT IEBUETEERRZE, BA M., BRdE. A
G M= AT 2P SRR, B BUOIESRA Y
B2 UM ST RS D 0 o BRI A LA TRy
AMRERGEN —EXL, TEZRFETHEY. B
B, B, mk, WK%, Hepeidin
R—REAWFHRAHPIRERR, BB XS AP ik
BIRR AR L 2 BRIE S by i
HT Hepcidin Z£FE | 40 B B 3k ( Oreochromis
niloticus) "' | EHifh Pelteobagrus fulvidraco ) 071
V5 A BT ( Epinephelus coioides ) "™ 2

HIAEHiRIE T Hepeidin 47 B Ik X 4 51 66,5 49
BRT ( Staphyloccocus aureus) . W& 7K, B ML B ( Aero-
monas hydrophila) LA fRIFHIIMERCR" ), W&
#4">" (Pagrus major) . B8 ( Spagrus macrocepha-
lus) . & 1 3 4 (E. awoara ), " 4% (Acipenser
sinensis ) S 128 Hepeidin 238 74 B ARSI 3%
RUAGMIE, HieSH Ik, KIWH & (Hypophthal-
michthys molitrix ) i) Hepcidin F [F 75 [ 50 40 1 15 4
MIHRIE . CE E R LR B BE Y Hepeidin J [,
FrIR T Rk = xf TCFLFE BRI ( Streprococcus agalae-
tiae) . EFLFF T (Vibrio cholerae) . KRG+ ( Esch-
erichia coli) \ ¥ G K . B ZFHIFT I ( Ba-
cillus cereus) . W& /KX BAMTEZE 6 #RE WAKRINMTE
RORAE:, RS 8E Hepeidin (4 FI 0 NL A 42 41t
ZEBR,

1 #e5I5E

L1 RAesBEEKk

BE AR (1521 )em, FE (0.6 £0.05) ke ]
W8 ¥ 5R 5 s K AF I DHSa, pET32a
(+)\ KBHITE Rosetta, KIHFFHE. &EOHE
BREH . TCFLEERRE . MK BN, ERLNE. i
FEHFAME (EHELRZMRA); E Z N. A Gel Ex-
traction Kit, E.Z. N. A cycle-Pure kit( Omega); Sal
I 1 EcoR T N Y. TADNA % 32 ( Takara) ; &
HI BT marker, 5L/ i 52 BUR R & (RAR) 5 Ni-
NTA His - Bind #f i (BR 7%, 69755-3); & fr 48

(spectrum, 132625, #EH4rF& 2 000) , H AR
FRIE R = A4

L2 WA *

1.2.1 #EE RNA 25 Wicit  FHEER

10° cfu-mL ™" ) TCFLAE R B 12 0 65 5 5 Hepeidin 3%
HrRE, 2 h FREEIFIE. L&, Fn. 84
MR, 2B Trizol i W] 45 2 BUE RNA, R H
Prime Script II RTase i3 & /2 % 5% cDNA %5 —4%
%} NCBI H ] Hepcidin ¢cDNA &%), F clustalX 7
R X, PR LS FE RARSEES, it
5|#) Hepcidin-F, Fil Hepcidin-R, (& 1),

1.2.2 Hepcidin ¢cDNA 4K % [K 2} 85, PCR
FIREIF5 1991 Hepeidin cDNA a7 B, &
Ri&cAEH 94 °C, 10 min AP, #DLF &M4FHAT
35 MEH, 94 C, 35s; 56 °C, 30s; 72 C, 35

®1 351MF3I%E

Tab.1 Primers used in cloning and PCR

5|¥)4 FR primer name

JF51(5'—3") primer sequence

Y5514 Hepcidin-F,
#3514 Hepeidin-R,
3'race %5 |4 Hepcidin-F,
3'race %54 Hepcidin-F,
3'race F#5 |4 RAP

3'race FUES |4 AP

5'race T 5|4 Hepcidin-R,
5'race T U5 |4 Hepcidin-R,
5'race 5|4 FAP

S5'race 5|4 AP

Fik L5514 Hepcidin-F,
FiLA T #5149 Hepeidin-R,

CAGACCGCAGCYGTTCCVTT
AGTTGCAGCAGTAYCTGCAC
ACAGCAGGAGCAGGATGAG
GCATCAAATGGAGATCGAAA
GGCCACGCGTCGACTAGTAC(T)
GGCCACGCGTCGACTAGTAC
GTTCGTACAGCAGGAGCAGG
GGAGATCGAAACACCACAGC
ACGCGTCGACTAGTA(C) ,
GGCCACGCGTCGACTAGTAC
88GAATTCgAAACGTCAAAGCCATCTT
88GTCGACZTTAGAATTTACAGCAATATC




60 2R U

®10%

s, |J5 72 C, &M 9 min, PCR G F=Y L
1% B REWEBE RS FEL UK I U AL BT, pMDI18-T ik %
B, %A KHFFE DHSa H, PCR % 5 FH M
HITEREL B TIY . AR 1S 8 e b Bt
3'RACE K 5| 4. Hepcidin-F,, Hepcidin-F;, RAP
MAP(E 1), M F,/RAP AT — R,
K =W it R F/AP #1758 89
W, BIKUIE RN 1=, SR R R B
sk, FALITIF . R4S 3'RACE ¥ 1 /¥ 5 F1
Hla] B P, it 5'RACE 514): Hepeidin-R,
#1 Hepcidin-R, DA K FAP, #1428 3'RACE,
S FAP/R, #47—9, UU—3 PPy Bk A
AP/R, 51T

1.2.3 Hepcidin ZEF K JFZ £ X HRYE signal P
S HTHE ST R R SRS BT S8 5 9, o
A& EcoR T WIBGLIAL AN Sal 1 HIBEYI 7 19
F T 5% : Hepcidin-F, #1 Hepcidin-R, (£ 1),
347 PCR P38, P IEr=4%H EcoR 1 . Sal 1 XU
DIJ5 46 A BUKL pET32a ( + ), ME KK 24
pET-Hep, ¥ pET-Hep % A | Rosetta [) /8 3% 45 41
Midr, 35 B TIF, LU A pET32a JikL H)
Rosetta R Jy %f B, K320 06 20 0T R 2H A v 2 T
SRR B EA AMP FIE % R (Chl) By LB ¥Rk
Hr, 37 C. 200 remin'$53F, ARIEHRYIEEL
100 Y HL 19 R IE S5 . 2355 6% B (ODggg )
XE0.7 ~0.8 A6 B, AldS 1. 2, 3, 4,

56, 1 H5HE2E, £3 5F4%E, HS 556
GAYRIZE3T C. 28 CHI16 CTF¥EF, 7E1. 3 M
549 AIA 0.5 mmol L™y IPTG; 7E2. 4 F16 %
i A 1.0 mmol-L ™' ¥ IPTG 5%k, 7EHFE 0~
%5 /NeF AR 0.5 h ARG FREHIRE 1 mL
T4 C, 10000 xg, B> 1 min IWEFKFH 1
mL PBS &, HEL.OWEREKR. 2531 SDS-
PAGE HLVKZMT, BANRAEMRIASM.

1.2.4 REFYHMERE B KEENE
TR AR BE R R4, 7£4 C. 10 000 x g, B0
10 min J5UR&E LW, difbREEH, difbd R
ZFBR 5 His-Bind B AR 2EfLULBA 45, IRELifb/E
FIRES:, SRABITSHITENT, BTRR RN
27 mm, fGFE 1 h#EELK 1K, EIAEBHKD
Fi 1% FERER (AgNO, ) £ il A 2 A S 4k 45 (NaCl)
AEALH (KCL) 1k Red i Rk 7= Y vk e Je i
W EWEE, RAFBEMRES T LRRIE =YX T
FUEBREE . SR OEERE .. KIBFTHES 6 R
MBERR

2 HR 500

2.1 & Hepcidin E E 5947

W 150y 3w, S AT e b B R ROk, 15
3|52 %% [y i Hepcidin ¢DNA (& 1), ¥ %5 5 &
clustalX 1.83 F1 NCBI blast [p%f, R H G5E M
( Ctenopharynodon idellus) . #8( Cyprinus carpio) F13E

1 %% Hepcidin ¢cDNA 2K J731 K i § i & HEBR)T 5
INEFRE U 5'-UTR f13'-UTR; “ = 7 Z[AIR/R AT

Fig.1 Complete cDNA sequence and deduced amino acid sequence of H. molitrix Hepcidin

The lowercase letters represent complete 5’-UTR and complete 3’-UTR; the space between “ * ” is prodomain.
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I, 41 ( Danio rerio ) /) Hepcidin ¢DNA 510l &% &,
S0 AR B E] 99% , 55 6T 6 AR L ik F)
95% . ¥ % J¥ 3 % 3 B GenBank H (% F 5
KF312213), i@ id DNAstar 43t X B, Cys FEE
HE P B AR FE SR, A S A RS Bz
Ko FIF signal P 7E £k 4> A7 B W (hup: //
nhjy. hzau. edu. en/kech/swxxx/jakj/dianzi/Bioinf7/

Expasy/Expasy21. htm) &3, VIBR{E 5 IKFIRTIEZ
JEBI RS 4.2 M IERA, BT HEFESUE
Ko SR AR S 8 4~ Cys, KRQSHLSLCR
YCCNCCRNKGCGYCCKF, 8/ Cys il
i 4 MEN ZREBIE RE R R R4, % cDNA 7
5| ORF L4565 93 aa, (55 KA 24 aa, HiEA
42 aa, WPKA 27 aa, WRIEZIGE S RALA T

A, FEZEA —MES ORI A, R BT
63 ~66 fii i RXKR {55 UL A .
2.2 fi% Hepcidin Z&E 3L o4

FIH MEGA 4.1 #{4: 3k F construct phylogeny
1) N-J R a2 EmI. Wi, et
K. BH, WALHYF Hepcidin cDNA JF 51| R G i
R, SRIE 2, S5, EasFdEEHEE,
P AT, W33 B Hepeidin W) 724 [F]
53X b BMERE A, BEEafRE iR
F—4r3%, WREHARFTTUE S, 488 T AF
WAL #E Hepeidin [F#], Ffa, BEDMA M G,
Bk 5 HEEMETE .
2.3 FE#zFikfndgii

3 3 ) 7 D A% R SR 4K pET-Hep i 2 BUST AL

B2 I NJ #A49% Hepeidin EAGARY

Fig. 2 Phylogenetic tree based on Hepcidin nucleotide sequences using NJ method
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HEATERY), BB —&M B MR BN B,
VLB D) T o H 4 Bk 4 A 3] Rosetta JRAZ A
i, ESEREFHEME, ZWA 28 C,
IPTG 1.0 mmol- L' & F A SR BB R FH. JFH
28 CH 16 C FE RV PRI, ME3T CEE
REWERE, FI&A5RE R 28 T IPTG ¥
£ 1.0 mmol-L™" HEATH KI%F. ¥ KIEHRHEME
SRS R A NI AR 4ifb )5, 15% SDS-PAGE H
WKAFE T —4% 23 kD R — 1 B (K 3),
2.4 REFYHAELR

HZHH pET-Hep/Rosetta 755 335 J5 IR K
gift, i NIAEZE16/5 ) Hepeidin =4, HEEH R
SRR H 0. 12 wg-pl™' o X4t &bk 45 1 H
IR BE 2w Al pET/Rosetta 3235 741 %
ML AT MEIRE, UBREREE (SN 30
pgs H D) MFAEXTRE, SREH, fadaifbE
W45 1) pET-Hep/Rosetta =4 % TR FEIR . &3
OEEIRE . BEHEZEATIE . KSR ER =
MEERE, H—ERMESCER, HPxtaEek mme
ORI, X R HEEA MESCR . P R

*x2

1 pET/Rosetta FiAF= Y B A MBABR, BAEEH
MEBR B (F2) .

K3 SDS-PAGE Hijk
M. EESFRERME; 1. %R EOR(pET/Rosetta) ; 2. pET-
hep/Rosetta FiA7=#); 3. 4. Ni HETLEB AL RIE=Y
Fig.3 SDS-PAGE electrophoresis
M. standard weight of molecular protein; 1. control plasmid
(pET/Rosetta) ; 2. expression protein of pET-Hep/Rosetta;
3, 4. purified product of protein

TE R 6 MEMNHE XN ER)

Tab.2 Antibacterial ability of six antimicrobial peptides ( diameter) mm
it st S ey BERH
strain purified product buffer solution control Florfenicol

TCHLBEBRE (Streptococcus agalactiae) 19 0 0 29
EREZF AT (Bacillus cereus) 6 0 0 20
ERLIKE (Vibrio cholerae) 0 0 18
FEK S BAMIEE (Aeromonas hydrophila) 10 0 0 20
EEOMEIRE (Staphylococcus aureus) 7 0 0 17
KGHFFE (Escherichia coli) 0 0 0 20

e WAETAR BB E R 107 cfu-mL ™", BRI mL R A7ESESREE b, BERREEAE 30 535, HAMAEST CHER, Purified product fIA
250 WL B EFEFR KRN 0. 12 pg-pL~'; buffer solution AT A 250 wL; XfMRZAANA 150 pL, BEFRGEREERO0.2 pg-pl ™', HHKE

FMA—R, )30 pg

Note: The bacteria amount was about 107 cfusmL~!. We took 1 mL coating on the medium and cultured the Streptococcus at 30 °C ; the other five bac-
teria were cultured at 37 “C. Purified product, 0.12 p,g'p,L-l , 250 pL; buffer solution, 250 pL; control, 0.2 p,g-p,L'l , 150 pL; flor-

fenicol, each tablet 30 g

3 e

KB PRTE 2R R B 2 ke R
WHEMIEH. #id clusalXl. 83 6, 55
fa, B DL KRR Hepeidin [ 45 A5 1) 2 H (&
4), RIYGEMER, T MK Hepeidin 25 54 F B4
AU, A5 2 (78 BB IKEB 43 5 i R 5 £ 58 &2 AH

o, (HIED A 557 =& 75 AR A N B 2R
Mo dEIT AR FER 4> 251 Hepeidin R I, FR T
Solea senegalensis i1 Pongo abelii %5 /0¥ JLFp M2
Ab, RIS H@EERSH 8 4 Cys, ATLUEH 4 1
Tk, fefE. SEFIRELMh, 54 D TREE
FEORI AR, XA e R A E RN LEEe
L HIIEAGRE, FTRES Z BRMBTE TS A H 3



53 JA D% BEHUREK Hepeidin YRR vl A1 KM 5 HE 0 63
B4 8, mefa, SUAIBED f Hepeidin 4i#% 8 H B 78I 22 571 LA
Fig. 4 Comparison of protein sequences of H. molitrix, C. idellus, C. carpio and D. rerio Hepcidin
E S FRHH BT Ik Hepeidin 1) R 35 7= ) X K 5 #F 6

W MR IA RS £ B2 L IR R (Pichia pasto-
ris) WEBREMKBEHEMEZRERG. AA
RFR BB 2, oA A 230 B R AR 2k 2
AT ZRBRFEH . A SCHRRFH 20 CHI
37 Cix 2 HEEHTHESERET, AR 16
°C. 28 CF37 CTF, AHFAHWE 0.5 mmol-L™"
1.0 mmol -L "' f IPTG #4155 33k, RWIE3T C
St F AR, 28 CHI16 C FEREAK
HRIK, 16 CEAWRTHFERE, HE16 CTK
PRk A KR, 728 C. 1.0 mmol-L™"
KT A RES/ AR A E A LLEAE] 87%
~93% , HAEEBRAINRIEAES, Hit
YEEET 28 C . 1.0 mmol-L 'EFHIA,

PEAT Ni Sepharose™ SEFIZMri:dlifh, Zifhr=
AT RS, B TR R A R pET-
Hep/Rosetta FEIA 2Lk 45 7= 4 (purified product ) F1
BT (B h 30 peg) WREEM—3tE, FIRAS
A BUR LY Bk T i i 3R e A

(G-). &EEMHARE(G+). Bl & M I =
(V. parahaemeolyticus) (G - ) . VEBEIHIRTE ( Micro-
coccus lysodeikticus ) (G+). F K % %4 B &
(S. epidermidis) (G + ) . AFEZFEMIT B ( B. subtilis )
(G +)6 tRIEHAT TMEHEIRLE, KR IE=Y X4k
AWM E SR &4, HWE KRB E. B
767 I BE . Hepeidin F) R 22 3K 7 9 HEAT T 40
WIAE, KA B M Hepeidin Rk =P Xf # 22 [
FHMERE (& B AR AR MR HERE) BA
MHIVERT, [RIE X 22 RBA PR (AR AT ) &
BAMHEIER, (BXTEREHERE T, B2
ARAMRIEF=YEIMYIZ )G, MNEREREREA
MR . 25 A% Brot B350 K Hepeidin
TEEE AR B P R RA B PTG P R B, RIEH
P 2 R [ S A A IR . R A
BRI WERERORIE . BRI ( Corynebacterium
glutamicum) ] FIEE 2 REAME B [ KIGFF S . % EGIR
B (V. haroryi) VEREAMERCR . 5% Brseh

B5 B, RENFT A REA G R A 22 5

Fig. 5 Comparison of protein of H. molitrix, S. macrocephalus and E. awoara Hepcidin
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GG K Hepeidin (YRI5 R M E AR LM, R
IR0t 4 B 40,9 % K R TG L 4 R A I T AR
R, ABSRFRIE T XA BZF AT B B R RCR
T PR | PRI A B A 2 A B 1 B A 22
(E5), &RBX 3 F gt EH7E(E S Mk X8 I
PERER, (B IR BRI X S R 5 A R K
MR, XUERIRESFBENMEERENE
BREZ—

£ WK K T K B Hepeidin 2 N & A %)
Rosetta i3k, A FRIE=Y0 KIn T & 8 A 1
BRAICR , (B HA A 4 22 PR PR A B P B A
ARGF A B ROR,  JCH X J0 2L B 3R M B ROR U
H, BAELERB T AR
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