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1L 524088; 3. " REKFEF YR EEFEALRE, AR BT 524088; 4. fffafll TRE¥ERE, R M
510225)

 E: REC KRB BEINE (Vibrio alginolyticus) 4L R 455 HE H MAR=m: HuB &
(Periplasmic Hemin-Binding Protein, HutB) X #3354, PCR ¥ 1% ME T EmER
BN HY9901 #REY hueB B[, 73 017 45 R B n % H 2K 870 bp, 4t b ARG R I B
Y 289 NMEEMR , 43T 2K 30. 59 ku, Pl 2y 6. 45, 4 il € fiL . SignalP IRE hwB HFTE I
4.0, TMHMM Server 2. 0 FI SoftBerry-Psite T 45 3 &7~ , hutB 5L F 4B ARGRMRER
o FRTER S IR RO 5, R B IS IR, MR F 5 & 1 1> cAMP Al AR ZE By
cGMP K3 H HEEBERR L AL 5,4 N E B C BRRRLAL K55 2 S AL huB 2 5T M4 R
Fo REFHAREERBR, EEINE hwB 5K KIKE (Vibrio campbellii) #1 HIFI AR

M ERINER ( Vibrio harveyi) 38 —#% . qRT-PCR HLARHIHRIT huB 1A XER: HHEINE;
BRIET RS, SRR, WEEIE huB 5 FeCly EBKIEFRET, hwB B [H; Il 41 R

FXRSMBAMLERFABE, A MO ENFMGTRERE A E =
FIAS &7 22" B E A M 2T KA E Ak B (P <0.01) ;7 & 22/ Bk HESFES: S917
MR 4k PR SR 3R 88 R, Rk i R B2 (P <0.01) TERFRAER: A

IR (Vibrio) 25| 2 Mg /K I7 78 s 40 T8 PR PR
PREERRREZ —. SRIIMEARK BHB
WFEITCE o SR, FERE IR, KSR
TEHEAGERE Y, W Nk E T a2
AR K T E, RS IR A RS 5 T2
O (RGO R HE R T R o RO
EZIE R T PIA AR 335 E R, —
7 HE Ao Bk R JBE R A A 2 7 B R AR, I Bk
B FLBEAPRBKS Y R AR
NS EA A DEARA Y U 9 4 | RARE
METRF RS, MARSEGEERERDR
Wk A AR IR , B A SMRE B B
&, @ id TonB RGLEREN RN, B Ja1E ATP
SEaMERTETMBRES . SIREEA
RGN E 3 AR A B A I B R TR BEX

RS HEf: 2014-04-29 {EE HH3: 2014-09-22

—AEES R, BRERG I RS E FERNN
BRES T, 5 Bh 40 ol % W AE R AR 4 S M Bl A AL
i, 51 R AN L0 R SRR B 7E SR
BY BAEEMREFE NS T HEAEEE
A, BENZE BT LT AT R E 2R
HBUR MG MR R R .

A BN (Vibrio alginolyticus ) J&—Fh g Eh g
TR SRR AW R 2= R R E, 2 E
Tk b, SR K AR B W I B 0 3 B R R
— T ok R B R KA BRI . AT,
B A RBAL WY R P EH R LR MR
SR TR A EALBE. EHX
LR BB 5T 22 TE 5 I 53 B8 48 R s B AR AL B
BF& & w44k R G5 A 56 B 1 B BIF 9 AR X
B, BT, \MIIEL%ET ZMHAEYRIML R
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SEES, HRLERINHEMA RS & HEH HuB
MIFERARIE . BT A BEINTE hweB 9 BEFERS
B8 TSI T i, N AT T R AR
Y5 BT, FHA I AEA RIS IR A T 3R
AR, LW T i SR I 2D R R G
HITHRE , K ok DUZZE AR 0 A, B 1R SER
IMLTREE S &R R, HAT BB A B I 54
RE TR o

U RPR

1.1 SEe#H
L1.1 FERRFIEE

VEBE UL HY9901 H A4 5L I = 43 B JF &
T TR # A4 pMD18-T [l F TaKaRa /A ]
1.1.2 FERH AR

FEZ R KA B 4% ExTaq DNA R & B
(TaKaRa 2A#] ) ; 40 B 25 K AR BUAF & LB D)
e R ) & ( RAR A A ) 5 Bl Y« 2 H Marker
(Ferments 23 H] ) ; RNA 42 BUAFN & ( B4 TA
WHE AR A PR/ H]) ;SYBR Green Master (35 [E
Roche A F]) o
1.2 Fk
1.2.1 Z[FZH DNA f$RE

W1 RO AL S BB HY9901 # 1: 100 f
LA HE R T & 2% NaCl ()3 H R K 9 R 7 35
F7%:(TSB) ,28 CEP S 18 h, B 1 mL K,
8 000 r/min B0 1 min YC5E B 1A, 4 B 4H TR 2L 5
2H DNA $2 5] 6 1 B 45 52 B B o i 25 [ 4
DNA, -20 C{REEH,
1.2.2  hwB BEH vk

M4 GenBank | ELERHBEHEINE2ER
#1751 (ACZB01000029. 1) , B it— X 4 7 1 5
Y, EEEY TRBEARARSERAF AR, -
#5514 H1 .5'-ATGAAGTCCACACGCATCAC-3’,
T84 H2 .5’ -CTATGGGTACTGCAGTGCAT-3",
PA1.2. 1 32BN 3R R 41 DNA AR, #£47 PCR
SR :94 °C AP 4 min;94 °C A8 30 5,63.4 C
Bk 30 5,72 CIEfH 54 s, 3 35 MEH ;72 CH
FEfH 10 min, 1% BrRBEWEEERE B kA il 3% =ik B
BB, -20 COREFR. KU E ki PCR
¥ 5 pMDIS-T #fk 16 C & it %, 4 2
pMDI18-hutB B 20 JFOkL , #% (L K7 #F B DHS o Jk32
UM, ¥ PCR % & e PP SE Rk 2 B4

TR
1.2.3 AEWEE¥0 0

i FF IE# )5 ) FH ORF Finder 1 ExPAsy T A
3BT T T B AR R0 A IR 5 58 3 7E 4R 43 i R4
SoftBerry-Psite Tl H2 5 BR 7 5] D) BB AL A 437 5
K F SignalP 4. 0 Server il H A5 5 K7 51 ;
TMHMM Server 2. 0 Fii il B 5 & 45 4 45 ; )
InternProscan 4 7E£% T & F S 45 44 D B ; F1I
DNAMAN Version 6 3417 /¥ 5] [R5 LT 24T,
Clastal 2.0 F1 MEGA 5.0 R4 & R G5 H#H 1 o
1.2.4 RRBRIERBE

HRUE v BN X 227 BRMLEE (2,2°-
Dipyridyl ) 141 ) SR v B, 8 v BRI Bl A
[ AR UR 35 77 5 A 5

@ BR : 8 (TSB) ; @4 20 wmol/L FeCl,
B TSB (TSB + FeCl,) ; @ 30 wmol/L [l 4L &
(Hemin) ) TSB(TSB + Hemin) ;@ £ 100 pmol/
L2-2’DP i) TSB(TSB + DP) ;&% 100 pwmol/L 2-
2’ DP #1200 pmol/L FeCl, f#j TSB(TSB + DP +
FeCl,) ;% 100 wmol/L 2-2'DP #1300 pmol/L
#] Hemin {9 TSB(TSB + DP + Hemin) ,

VRN TE LG , 5 HR 12 100 #9 EL B 2 1) 422
T iR 6 FREIERTE S 3R 4,28 °C,200 r/min
PR E53% 18 h, B 1 mL B ¥R 1 000 r/min B0 IR
L,
1.2.5 3 RNA HJ32BUFN cDNA B4

TE1.2.4 WA K 6 ERIENHMA 1 mL
H Trizol &5 , IR & #575) ,#E 7 min, fIA 0.2 mL
&4/ (chloroform ) , #R % 15 s, # & 3 min,4 C,
12 000 r/min B> 15 min; B EEBRA—TEH
EP &, il A 55 A% (isopropanol ) 500 pL, & & 15
min,4 °C,11 800 r/min B> 10 ~20 min;75% Z,
PEVRSRUIVE ; B 0 FF IR T /5 A 48 pL JG RNase
DEPC 7K %% RNA, BU 3 pL H kK5 - 80 C
RS . cDNA §il 2% 3 RidF &
VLIS, RO SR B RN AR P 25 €, 30 min; 37
°C,10 min;90 °C,3 min, -20 CIEEEH-
1.2.6 qRT-PCR 4347

AR hwB B F R <F 7 51 R 5 1
# 17 qRT-PCR 7+ #7, 5 % huB-F:
CGCCGTCACTGAACTCTTG; 5| % hutB-R:
ACGATGGTAGCCCACTTTA , #EE % HR 3 A Sy
16S rRNA ( GeneBank No: NR_044825) , 3|4 K
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E® B F K ¥ %R

2 %

16S rRNA-F: TTGCGAGAG TGAGCGAATCC; 16S
rRNA -R: ATGGTGTGACGGGCGGTGTG, LA 6
ANFEERTE S 5 T W BEINE 1) RNA S BEAR #E 47
qRT-PCR, 7347 hwB BF KRR E ., PCR )2
79 :94 CHUBHE 3 min;94 CASHE 15 5,55 CiR
k155,72 CHEfH 20 s, 3L 40 MG, HIWER
3R,

FIFH iQ™ 5 Optical System %K {45 H) SZ 6%
5, R 272 SR AR R MR IR BE 35 T hutB 1)
HHXFRIXE . BT SPSS 17. 0 34X K45 1y 45 R
HITGEIHF 7. 24 P <0.01 BS540 & H

LA F RN mRNA RIXB G BAZER BE
2 AR5

2.1 hwB EEBFSISH
it R VS BE N B hutB FE A ( GenBank %55
59 KF910677 ) A —1~ 870 bp I B 52 4E
(ORF) , %if5 299 AR (K 1) , Hign T8 A
30.59 ku, M EN 6.45, ZEH WK EA
HutB 7F 280 nm 4k BB JRIE YE R EH 7 450 (mol
- em) ~' N SRR F R ZURR (Met) , B AR R
TEFREN 29.83( <40) , RIIIZEARE

mRNA RIAB 5 MAZ 2K EE, P <0.05 mf

60
A M K XN
< 120
5 s S Q L F AN
180
AN_T _E L L
\ 240
] T s Q L P
G 300
P A E G L L A
360
D K T T L N
-420
: A N V E ¢G
AC+480
N A Q A E S L K
T 540
P Q P DQ A
A 600
Q A X Y A G S
3 660
z DR A A T
720
D M Q P D VvV I
C 780
I AL L K A
840

1  ATGAAGAACACACGCATC ACTATTCATGCTGTTGTCAC GGCAGCTATTTCCCTACTTGCG
I R I T I H A Y VvV T A A1 s L L .
61 AGTAGTCAACTTITTGCCAATGAAACGCCATCCTCAGAGCGCGTTGTIAGCGCAGGCAG
E T P S S E R VvV VvV 5 A G
121 GCCGTCACTGAACTCTTGCTTGAACTCGAC GCTAAAGATAGCTTGGTTGCTATCGAC GTC
L E L D A K DS L Vv A I D &
181 ACCAGTCAATTACCAAAACAAATGCAACTGCCTAAACGTGGGC TACCATCGTCGTCTTIC
K EM E L P KV G Y H R_R__L S
241 GCGCAGGGGTTGCTCGCCTTACGTCC CACAAAAGTCATTGGTTCTCGATGAGATGGGGCC!
LR P I K Y I G S D E MG

301 AAAACAACATTCAACCAATT GAAATCGGCTGGCCTAGATCTAGAAATCGTTAATACTGAT
QL K S A ¢ VDV E I VN T

361 GCAAATGTCCAGGGCCTTTATCAACGTATT GATCAAATTGCCGAACCTTATGCGATCGC AAA
LY Q R I DQ I A N LMD R K
421 GCTCAAGCTCGAAAGCTTAAAGCAAGATGTCCAGGCGCAAGTACAAGCACTC AATGC AAs
K Q D VvV Q A Q V Q A L N A
481 CAACCCCATCAACGCCGAAGAAAAACAAAGTGCTCTCCCTCCTGATCCATGAAGCGGCCGAC!
K KK K VvV L 5 L L I H E G R
541 GCAAATGTTGCGGGCTCACAAACAACACCCCATCGCAATTATTCAACTCCCCGGC GCACA
@[T 1T 2 oJar 1e 1 A oo
601 AACCCAGCCCGCTACACAACTCTCCTCTTACAACGCCTCTATCC ACACGAACGC GATCGCTAGAC(
Q L § 8§ Y K P L S T E A MV 1
661 ATGCCAGCCTCACCTCATTCTTCTTACTGCTCGCACGCTATCAAACGTTGGGTCGCTCCCGAT
LV S GR S Y E TL & __&_A__
721 GCAATTTTAAAAGCAATGCCGCTTCTTGCTGCAACACCCCGCTCGCGAAACAACAAACACAT
M P L L A A T P A ¢ K N K D
781 ATAACGATTGATCGGCCATCCTCTGCTACGCTCGGTTTGGCCCCTTAAAAGCCTTCGCAGAAGCT

¢ L G L K|S L A E| #

87¢

I1 T I D &H A L VYV G
841 AAACGCTTGAAATGCACTGCTTACCCATAG
K R L KC T A Y P *

Bl hwB ERZEREENHSERT ]

Fig.1 hutB gene sequence and corresponding amino acid sequence
* RL LT, BRI HHMT cAMP F1 cOMP {38 MBI AL AL, B0 T RIS A 3R WA C BERRALALAR , T HERR 43 A 1
W BRI, , IR IR A N-PY G AL AL, XU RIS Ak C-AR MBS S Ao
The stop codon was showed by an asterisk. The cAMP-and ¢cGMP-dependent protein kinase phosphorylation site was under dashline. The four
protein kinase C phosphorylation sites were underline. The two casein kinase II phosphorylation sites were in the box. The three N-

myristoylation sites were under wavyline. The three microbodies C-terminal targeting signals were double underline.
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HutB B4 5 MRIML KRG EHRWBEER,
AEA GRS R A e R R . 7E
BB R AT B P R X B2 =40 K T 20 h
110 b, 7E 2L 3 LR 200 55 1 A1 1 3% 23K 1
K 30 h, HutB 54 1 4 cAMP 1 1 4~
cGMP (R MR FMEEBERR AL 2,4 DR B
C BERRALAL A, 2 A BE 2R S 11 B PR L AL A, 3
A N-Z B AL AL 3 A C Rt {5 5 4L
Ro WHEINE HuB EHFFIHAE 1 M BHE
SHKFEI, KEN 2 AEAER, FIH
MKNTRITIHAVVTAAISASSANT,, HutB £ jikéEA
6 NIIREER, TE5E 35 - 265 bp KR IR IR FEATAE
ABC #%iz R RZ56 8, KA L FR% & EH
S 58RINFIT 55 34 - 289 bp Z [HFFTE BB K/
Bl 2R JR B 4 5 4 56 33 - 145 Al 146 - 277 bp
Z 1] [ AR B A5 4R 56 33 - 236 bp Z
] AR R W 4R R BI2 555056 1 -23
bp J15 5 BKIF51, 5 SignalP 4.0 Server ZEL Filll
IIHTEERARST 56 31 - 289 bp N RhEE T &J8
ZARBR IR R W EEINE HuB 5K RN
(Vibrio campbellii) FM ECHRE ( Vibrio harveyi) F)
[FIVE P B i, B 35 B 74% ; HoUR 2 Bl W L 9K B
(Vibrio parahaemolyticus) , N 72% , VA N-J =44
# i) HutB ZEERR T R G SR BoR , BN
B HY9901 HutB 2 H 5K RINE | M IR FIE]
VIR SR [F]— MR , R EAT Z A AL
FRGRR, GEGRRES M AERE - KGR
—E(E2),

Vibrio campbellii CP 006606.1

Vibrio harveyi CP 000790.1

AVibrio alginolyticus KF 910677
Vibrio parahaemolyticus BA 000032.2

Vibrio cholerae CP 003331.1

—— Vibrio nigripulchritudo FO 203526.1
\———Alii vibrio salmonicida FM 178379.1
Photobacterium profundum CR 378669. 1
Shewanel la putrefaciens (P00068L1

0.1

2 BAN-J B2 E hwB BEE
SEBF I RGH LR
Fig.2 Construction of hutB phylogenetic tree

based on Neighbor-Joining method

2.2 hwB ZERERERBRER THREDN
Bl 3 BoR, ARIERIEFR T hwB R HR X

R, TEFRN FeCl, F1 Hemin [ & % T,

hwB FEF KRB 53 BAMLZERAK, L2

TSB + Hemin . TSB + FeCl, f)35 ik B W4 & o
LAEFRREE G 227 BRI IE ) TSB KE FR I 1E
SR}, hutB B 35 8 5 X% BRAUAH HL T AR B
E(P<0.01), Jgxf BRI —F A4 ; 247E TSB +
DP + FeCl, 3% 37 3 Hh 35 B K & 2| IE % 7K F, 1
FE TSB + DP + Hemin %35 F hutB TR EBW B F
B FXHHRAL(P <0.01) 327K hutB 25 T i1 41 %
RIS R

5 2 *ok
;kg)';m 1.5 ﬂ
a3 1 *k
ggg 0.50 ] m -
Tfe O 2 £ 8 5 o £
50 3 g & T 3 g
= o 23 2 a = 2
< + = A + )
+ [==] ,':S [~ 9 a‘_
B %) /2 =
& 22} x 2
£ 2
NGBS

cultured in various iron sources

3 hwB BERERRH%REF THREER
Fig.3 The mRNA expression level of hutB
gene under various iron sources
* % Fsn P<0.01,

3 Wi

BREMET N REPEEEMEM. INE
FRNIRIGER, 1 25 95 22 PG BA P8 i vl 78 2 Ak i
BHERMARRZRRAG . ZRGEEEATH
L2 TG PR IMLET 28 2 4%, 52 T 41 JR0 B Jo 199 I 41 3% 5%
BEHMAT AR LM ATP 5 E X% i
T ARSI R RS A
B H hwB R I T EYEBF0. £
73 Hoxt 3R B [R) IR B8 FY) huut B 25E TR P 371 119 22
FERIA N 375 iR BEARSE , X 5 SERT
ENEYE huB RS —3 o SRR
2 R BUR # AR R LT R 456 EE P 5
XF R : BN RS &AL A RRFN. B
R 4R B A 4R SR BA MU B ( Pseudomonas aeruginosa )
) PhuT FI4 % 75 5% EC T ( Shigella dysenteriae) 1)
ShuT f LT LA LS B EBRALE ™ o AHF
TR hwB R BA 5 ANFBEERGLA , (HX EAL
RERRSMARESETEHR P LRIE
i

LEMOS #i1 OSORIO 857 X AE &4 DP i
Hemin {3557 25 Hp 8 1 5 ( Vibrio anguillarum) f)
TonB I hutX F£ K R A BERS TR, W E E 8
MM T EMMERZRESHIT ™ . WANG
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S 5 B2 U8 B0 R R W 2 19 DP B}, TonBI 3% [
MR IARBEE DP W E KT Em & RI0 4
R E NI hud B RIS, &
S P RRATT 2 BV BN huwtB 7E S5 I 4T & B
FEAHTRIREE R, 75 RH Hilna®x
FERRB BN EE FFE, 5 AR —2,
FUIVE YR hwB F R BB F 041 2 1F o 4k
o B huB EREEFEEHFLPRBBER
EH KT, FEBER S FR T hueB FE R 32358 T 1%,
SH AP —3K, E A — S R RS
B, AT 3 B IR hwtB JE R 76 1 41
ZRBUPEEEEA, TS HEdnagEE
SEuy I RS 5 M R AR IF ;5 NE
o 3 R BB, L B AR MR hueB 3 PR 2 I AR 7E
Hemin M — 8 IR (9 4E KA B0, B0 hueB FEH
TARHNH I 2T R I Th .
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Molecular cloning of periplasmic hemin-binding protein ( HutB) gene from
Vibrio alginolyticus and its expression pattern under various iron sources

PANG Huanying' >, XUE Lili"*? JIAN Jichang"*?*, CAI Shuanghu'?”, LU Yishan'??, WU Zaohe>***
(1. Fisheries College of Guangdong Ocean University , Zhanjiang 524088, China; 2. Guangdong Provincial Key Laboratory of
Pathogenic Biology and Epidemilogy for Aquatic Economic Animals, Zhanjiang 524088, China; 3. Key Laboratory of Disease
Controlling for Aquatic Economic Animals of Guangdong Higher Education Institutions ,Zhanjiang 524088 ,China; 4. Zhongkai
University of Agriculture and Engineering ,Guangzhou 510225 ,China)

Abstract; Primers for PCR cloning were designed according to periplasmic hemin- binding protein ( HutB )
gene sequence of Vibrio alginolyticus published in GenBank. The hutB gene of V. alginolyticus strain HY9901
was amplified by PCR and cloned into pMD18-T vector. Sequence analysis revealed that hutB gene is 870 bp
and encodes a putative protein of 289 amino acids. The predicted molecular weight (MW) of HutB was 30. 59
kD with an estimated pl of 6.45. Using SignalP 4.0 and TMHMM Server 2.0 software, it was predicted that
the HutB protein was located in periplasmic. It contained a signal peptide cutting site, but did not have
transmembranous region. This protein had one cAMP- and ¢cGMP- dependent protein kinase phosphorylation
site, four protein kinase C phosphorylation sites, and so on. To further analyze the evolutionary relationship
among HutB, a molecular phylogenetic tree was constructed using Mega 5.0 software. In this tree, the HutB
protein showed high genetic relationship with Vibrio campbellii and Vibrio harveyi. Using qRT-PCR, the
expression changes of hutB under various iron sources were examed. Cultured in iron-rich medium containing
FeCl,, the expression levels of hutB changed a little compared with the control group. However, in the
medium with hemin, the expression level of hutB increased, specifically in the iron-restricted environment
exists with hemin, the expression of hutB increased significantly (P < 0. 01). At the same time, the
expression of AutB under iron limiting environment with: 2,2 “Dipyridyl was lower than control group ( P <
0.01).
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