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M 4 EC AN E (Vibrio harveyi)M L 01 #k A 4h 7= 4
R EANSESHESH
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(1. ARV FBHEK FRIIT E DA E A LIRS T BN KRERTRE S R E S s T EA™
B o BesK =WIo T 55 2660715 2. FIEERSRKESAAr%5E BiE 201306;
3. KRR 52 KRiE 116023)

BE AHF 5 LA E| A2 2 2k £ fH % 3 # [Epinephelus fuscoguttatus (9) x Epinephelus lanceolatus ()]
4 f < Tk 7 5 B A 4 BT (Mibrio harveyi) MLO1 #k b #F %t 4., R FAEE 25 A F0dE 2
WrHAR, 28, 4T MLO1 ¥REGMAN = R W EE G, MR FERE ., FESN 507 ki
A, AN 3 FEENPUBEEEHTTEEMMIELEE, £RETF, SERINHE
MLO1 #k 8 fg 4h 7= 4 (Extracellular products, ECPs)E A EGEE . WK BE ., EhBe., BEABREME, T
JI% B & M, ECPs X 3F 41 48 i LA i, %325 & (Danio rerio) By 3 # 2 3L 7 & (LDso) 7 19.55 pg/g #
RE, N MLO1 AR B E| 3 b £ E iy 4 W & & P42, P36, P31, H o FE 45 % 42, 36, 31kDa,
ZRELEERON, X3 HEELHABEKINENIEE A OmpU 1 OmpN, VLK —Froh ik &
W EE., AR ERER, RHHA MLOL #hEFHAFH 2T P42, P36, P31 tWEH, 57
FAr xR TR, MLO1 #k 93X 3 M 5 % 48 K IUHE ATCC 33843(GenBank CP009467)Hy 48 5
FEE A, HEIF 7 3 4E (Open reading frame, ORF)/F 7 89 48 L1 4 5] 4 97.08%. 100%. 99.67%,
B % IR T A AR DU B 99.71% .100%F1 99.93% , AHF % 3t — oA A 4 K FLE MLO1
W BRIE ., AL ZFN TR R G EHEZNSENE.

KA HARIE; BT, 2uEEE; ko, £AETE

FESES S941  XEAARIRES A XEHRS  2095-9869(2017)04-0025-09

B2k Jp 1 47 B £ [ Epinephel us fuscoguttatus (Q) x
Epinephelus lanceolatus (J3)]5e s s5 A1 BE . (Q) Ak H
ABEA (S AR TEAN, 2 U (B0 7K 57 5 1 2T
At Al o I AR A PR < B TR I5t 9 s T R M AE T,
SWPURE K S5, 2% 09 5 R i 2 TGO
(Vibrio harveyi), g4 FE4ECINE MLO1 #%(Shen
etal, 2017). M 4E (IR & — P AOGE 22 [ BAME

MR, SRR EZRIRE 2 —. 75 .

7L N | A= SRV I ) TS ST B S
(Oncorhynchus  mykiss) . ¢ W i i (Cynoglossus
semilaevis) . SIS (Plectropomus leopardus) . #1iF
A B (Epinephelus coioides) . FL44 i X #F (Litopenaeus
vannamei) %5 2 FK 7 35 58 2 W) &R AE TS B R IE , i
W T B R 253145 (Zhang et al, 2000, 2001; Won et al,
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2006; BRECHHAE, 2012; ETHEAE, 2012; TRIEINSE, 2014),

e Ak QOB 1Y B0 P72 4Rk I BF S R 2
— WFFEERIA, A GO 2R BRI S s =
(Extracellular products, ECPs)., #Mi# [ (Outer membrane
proteins, Omps). HEE22H % ILRIE(EIESE, 2014),
Hr, ECPs WU RN, CIEMNA Z R s
i (Teo et al, 2003a., b; FRHETFSE, 2006) i 1L 2
(Zhang et al, 2001), Jl &} e B 0 1 e 2 G
IR B K+ —, Liu 5£(1997)%5% A 05 J5 1k 4 i 4t
PRI A 25 P e 2 PR B I, L), Lee 46(1999) .
VLR 55 (201 1)t 73 5 2l Ak 1 i 24 [N B~ Dt 2R 2R
FE, JF % BOZEERA BRI BTEE M E IR TErS
Y [CINE MR B985, HRTEE2 AWtk
Y OmpU, OmpK, OmpW ZEJLFIAMNEEH, X
SE AP 1 HA R s U, T T A LR
B T BB R (BORESE, 20105 ] #2255, 2011;
TR EESCARE, 2006; BOHTLAE, 2013),

ST AE QIR X K R AE T B R IE 3, AR
WFSE LA BRI A7 B £00 4] £00 < K 1K 15 97 9695 Jl——
IS E LI MLO1 AR ARG XT 4, XTI AEAh ™4 Fil o3
WAPEEE FLHEAT T4 B FNREPE S5 AT, A i R A SO PR
FERB RIS 2R

1 M5
1.1 StBA&A

{EFEBE ) i (Danio rerio)lly [ 111 454 & 1 0
iy, F¥eK N 3.65cm, FHEE N 0.38 g.
16 B K =R S 5 BE B 2K 7 I 5 T 5 B A 9
WP 5 R 2 R S IOK R R G Th | IR
7d, BHIAMERE TR LR

1.2 B

B2k e I8 A B £ e R 15t 975 9 s D T —— I 4
[CHNE MLOL ¥k, T 2014 4EE F43 88 [ 11 AR F 50
Yo BE gyt RS A R I A B £ gl £ (R
H1-6 cm)FRI M RS . RR AR . AR
KHRTY, FET-RE A 90%., 7 92H 3, MLO1
FRXTEBR o HE A7 BE A7 40 714 LDso M 2.65 x 10* CFU/g
fORER TR AR O PR T S A ) B D O
AL (S . CGMCC No. 11720).

1.3 ECPsHiRHREEEZERSEMNE

ECPs f42 (3 R Inamura 25 (1984)89 771, % H
S B B AR S5 B R AT . HARERE A PREL MLOT H

HT&, 3R T8 1.5% NaCl BB A R K T N B 35
FE(TNB)H, $E56 24 h J5HL 0.2 ml 2209540 T £ 10
LK EBE IR 1.5% NaCl & E R 5 505
(TNA)VAl |, & T 28°CH;iF% 24 h, Jil 1 ml B PBS
(0.01 mol/L, pH 7.4)EiF3E AT - /% 4 18 S H 3 Wb
Y, IR HREER] 1.5 ml B0, 78 4°CF 14000 x g
B0 20 min, BRI, A 0.22 um BYREFLIE AR 0
WeARUE R, RISl ECPs AR

B /b oML W] Pierce™ BCA Protein Assay
Kit(Thermo)ill & Ho 4k 111 % &, AV %6, A7
T-80°C vkAf H #5 Hl -

1.4 ECPs BB E 4 &S Mm%

XTUSEERY ECPs AR, SHRILH EEQOIDHIY
J7 ki 4T ECPs BRGMESCSS . HART R 20 5l
1% . 1% . 1%5EHR . 1% 20, 2%J%
EOM 0.0015% M 20) A BERE A, FIATFLERAE T4 1
TEITHL, LA 30 ul ECPs HLIEWK, 28°ClHE
12 h, SRJGFEB BT A oM A BR A Ak, 7RI B A
EARHIA 10%1) =& LFR(TCA), TETER-F-A thin
A RECHIR, WAL S 635 BH A O, A 325 B ] |
J Vi Ay O P B

D] R S (1 o TN E A AR o Tl W |
FTFL, FFLINA 30 ul ECPs L2, 28°CIRE 12h, W
SALFFEE IR TS AL, A iz W Rl B 0 R s il e B 1 o

1.5 ECPsHISMESH

HUEFR I BE D0 96 &, BEHL R 12 41, 418
A, B 3 NSRS IR, B 3 AT
# ECPs M4 1 0.01 mol/L 1) PBS(pH 7.4)% B, %I
3 NSRS A R EE 0 o SR T 20 pl SR kR
351 1027.84 pg/ml, 513.92 pg/ml Al 342.61 pg/ml
) ECPs FHLHEWE , XTHEZH 0 BE 5 FA 73 5 20 pl 1 PBS.

SCER AN, A BE S iSRS 4 L HRKEIK
AR, KRR 25°C, BRIRIK 50%, M 3K,
FHR 0.04 g/ FRMERE DHORE, 00T -1E N,
F54: 7 d >R Reed-Muench AR EEIEHH(LDso) o
1.6 MERMEIPEEANSIBRAN

PRI MLOT BRLTR 5 B2 Fh 235 f5 19 TNB A8 57
e 28 CHER 24 h 5, 1E 4°CF 2500xg B.0> 15 min,
HUEWEW, 28 0.22 pm PO TFL B R 08, WOAR DB T R .
B 50 ml B8R, FESZIB 450 T A (NH,),SO, 1A,
iz k3 80%MMIAEE, JFEZLidt 1 h, KJETE
4°CF 9900 x g #.0> 15 min, FiE FIHW . DU
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WSS M4 CHNTE (Vibrio harveyi)MLO1 Bk AfLAM™ H b oI PR 25 1 1 23 25 5 4 0k A 27

Jin 0.01 mol/L PBS(pH 7.0y fi# , JFi&EHT 36 ho )5
R O BE(PEG 2000)¥e 4, RBI A4 WPk 8 FORL AR

2 B0 K P %5 (2002) 1Y J7 1 X L 3R 0 0 B P KL
W AT Sephadex G-100 BEfAEENT, BT
P TCHLER /N T2 B, AR 4-150 kDa JE N Y
aifbHE M.

17 HiMEEAR SDSPAGE BREERHFHRIE ST

1.6 Hhalifb i 2 s v 2R 11 1T SDS-PAGE 43
Mro BIRSHUE: S%IMRARIE, 15%M B, fAL
RE 10 ul; EEEHIE N 70 V, FREES A B IR)E
fHIE 120 V, HIKSEER G 2% Dl 5 R-250 J(n,
MNEE e 1 U1 AHX 5 e A 8 257 P42, P36, P31,
% B SR A BRA Rl MALDI-TOF/TOF i
HE4YHT, it MATRIX SCIENCE 7EZR X%, 14
#|5 P42, P36. P31 fVLELAYEE ] GenBank fi& 5 .

1.8 HiMEARBEEMEE. WFSHE

Wk 1.7 PRI E AR E S, 7 GenBank 3K
AN M EH TS, SRJEFE NCBI MW BT I (http://
blast.ncbi.nlm.nih.gov) ] Tblastn 75 £ 2 714 T g ith iX
SR H MR KT, JFAERGYECHNEE ATCC 33843 B
[N 2H (GenBank ¥R 5 CP009467 F1 CP009468) |5
fif ., #RJ5 H Primer premier 5.0 i PCR 514, MW
Ak [CHN B MLO1 BR A FE R 4 iy B8 AR R RO JE X, 518
M B T A TRAFRIA AR ARG 1.

x1 KHRFTAMNSY

Tab.1 Primers used in this study

I 314791 PRI
A Sequence (5'-3") Rroduct
Names size(bp)
p42-F AATACCACGCCATCAATCG 1596
p42-R TGGTGGGGATAAGCAAAAG
p36-F CGACAAGGCAAGAACCACAG 1185
p36-R CGCACATTGGTGGAGAAGAT
p31-F TCCTTACGAAACTCGCATCT 1089
p31-R GACATTCAAATAACGGCTCG

RIS 2E [CHNE MLO1 AR AR 7% , 2280 T S ml
BB 2216E W IASE TR B, 28°CHEA 12 h, ARG H]
TIANamp Bacteria DNA Kit (TIANGEN, 1 [E)# 4
WA 20 DNA, BARBAER T ZUl B . 25 w
i) PCR Wi 1A #4474 . Ex Taq DNA (TaKaRa) %4
B R 12.5 ul, IER G110 pm/L)4S 1 ul, Btk
DNA 1 pl,ddH,0 9.5 pl ¥ 34 554 : 95°C Fi A8 4 5 min,

95°CAEME 30's, & MIREIR K 30s, 72°CIEf 1 min,
30 MEH; 5 72°CIRE 7 min, Hd, pd2 EHE
KIRPE R 56°C, p36 FHeHER KRR 57°C, p3L HH
IBKHREESN 55°C. PCR P2k 2 AR T/AEY) TR
A B2 DT
X RIS RS 4R [CINE MLO1 Bk P42, P36,

P31 H AR F S, B B 324E (Open reading
frame, ORF)FHI M HEM B 5Ly 51, 5 0E4E [N
A ATCC 33843 BRHYAHN FF 5143 H7 L X .

2 #R
2.1 ECPs W)EgiE &AM

R BB S AR S5 B RS 24 h /9 ECPs, &
18 Pierce® BCA Protein Assay Kit(Thermo) 5 ¥l 5
WO S ol 1027.84 pg/ml. S P A2 45 SR 4%
B, B4 GO MLO1 £k ECPs HA TR . BB |
TE A LA S I AR RS M, S B IR M, XA o
ZT20 L o I o

2.2 ECPs¥HO&pSsMH

FHUE 4 GO MLO1 #R ) ECPs A2 1018 s 7 5
AR BE D, 4T 6 h 5L R Bt T,
$HE 7d N, 1027.84 pg/ml ¥ JE ) ECPs 1541 2R
BT %N 95.83%, 513.92 pg/ml ¥k i1 ECPs 15141
SERIET-F N 66.67%, 342.61 pg/ml ¥ FE ) ECPs 7F
S BRUUET RN 45.83%, 1 PBS X MEZH CAET- 1%
U ER(EL 1)o (HBR T SRR AR 214, SR fa
I JC H AL A B E AR . ¥ HH Reed-Muench i1 5& H
MLO1 #% ECPs HLIR X BE L %) LDso A 19.55 pg/g
fOARHE,

100r  -m-1027.84 pg/ml ECPs

90 & 513.92 pg/ml ECPs
80F % 342.61 ug/ml ECPs

70k -e-PBS
60}
50}
401
30}
20}
10f
0

ZRBET-F Cumulative mortality/%

0 1 2 3 4 5 6 7
B[] Time/d

K1 WA 4E IR MLOT Ak 9 ECPs KL W00 BE 5 16 14 751
Fig.l The toxicity of crude ECPs of isolate MLO1 to zebra fish
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23 MERIMED HEZEE 4R SDS-PAGE 4%

M2 EC O MLOT A% Y 20 b Pk 2 ML 3R T 22
Sephadex G-100 BEAEZATIG , 152 50— A BRI
AT XoF 7 Y8 30 0 1) B 1 S, B 1 ml 4T SDS-PAGE
gefr, nTLUUERE] 6 SEWIE A&, H, 34
FEEAFKWSTFEAHR 42, 36, 31 kDa, 53ilic
S P42, P36. P31 & (Kl 2),

M P

kDa

116.0 -
66.2

45.0

35.0

25.0

18.4
14.4

Bl 2 Rk MLOL 404 119 SDS-PAGE
Fig.2 SDS-PAGE profiles of purified secretory proteins of
isolate MLO1

YKiE M: Marker; ¥kil P: Sephadex G-100 4fifLf
MLO1 #k43-3h 2 A

Lane M: Protein marker; Lane P: Purified secretory proteins
of isolate MLO1 by Sephadex G-100

1 MKKTLIALSV  SAAAMATGVN

24 FEHWHEEAETHRIESHT

M SDS-PAGE #tfi FYI~ P42, P36, P31 &M
%1, #4T MALDI-TOF/TOF % /3#r . 831 MATRIX
SCIENCEZ7EZ L X 7k, P42 5 (A AY K H8 S0 B3 5
o [CHN B AR 11 U(OmpU) WY DT IE B i, A 16 45
JEHIAHVCEL, J7 5178 35 82400 15%, B P42 W] LIS
S MLO1 BRIUAMIEEE U P36 25 0 IkTs e 5
W2 FCHR B AN 1 N(OmpN) VLD i s, A 15 4%
JEVAHVCEL, J7 907 55 8 2400 15%, H P36 W LI4E ¢
S MLO1 BRIUAMIEEE 4 N P31 25 0 IkEE ac s S
M Ak G — R S REAR TN R IC R fe iy, A 14 5%
FPAIMIVCHL, FPANE RN 14%, B P31 i MLO1 #4
) —Fh Dy R A Y 2 1 (8] 3181 5).

25 MLO1#ksribitEE B mEERRRE. MFSEExt

NSRS Y, 38 R IR v R T
MRS AETCHRE MLO1 PR A9 56 PR 2 rh sl D b 34 8 1
P42, P36 Fl P31 #E ML, B OmpU. OmpN il
p31, Hr, OmpU i ORF K K 1026 bp, il 341
AEIERR ; OmpN 1) ORF KK 1029 bp, it 342
AN IERR 5 p31 1) ORF KM 900 bp, Fih 299 N4
FEMR(E 6181 8). U MLO1 ¥k 4% 5E K ) ORF J¥51) K4t
M2 EE /R 751, 54k QYR ATCC 33843 R AYAH
NP FN AT X AT, 55 R, 2 Bk OmpU L
f) ORF JF5HAMIEE N 97.08%, ZHLMR 5 HABLEE Ny
99.71%; OmpN JE A () ORF JEFIABIE Jy 100%, %
FER P FI AL A 100%; p31 3K A ORF ¥ 514
IEER 99.67%, ZAIEMRIT IR 99.93%.

3 Tt

2014 AFEZF, ALK E RN SR M2

AAELYNQDGT SLEMGGRAEA RLSMKDGDVA

51 DNSRIRLNFL

101 RYAYAGLGGA

GTQAINDNLY

FGEVTYGKND

GVGFWEGEFT

GALGVITDFT

TNEQGGVDSD

DIMAYAGNSA

VNKDSSNLDT

ADKLAAADRS

151 DNMLSYKGQF

ENLAVKASYR

FADRVENKAG

201 DTGLDLGAGY

251 YIGYELAGAY

301 VSYNFNLIDA

ADQSDANEYM
TLGQTVFTTT

GDAMGSTTSA

LAASYTMNDL

YNNAETNNET

NYKATKIDSE

TEYTDNGEDG

YFAGLFTDGE

SANNFAVDAP

DELALGLRYD

K 3

W 4k IR B AMIEEE U 19751 (2i[829488389)

YSLSAIYTLG
KEATFKKTVD
YYFKPNFRGY

E

Fig.3 The OmpU sequence of V. harveyi (gi|829488389)

J i % E 45 B MLO1 #k P42 25 0 BRBOH T R Rom

The underlined sequences were peptides from protein P42 of strain MLO1 identified by mass spectrometry analysis
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The underlined sequences were peptides from protein P36 of strain MLO1 identified by mass spectrometry analysis

The underlined sequences were peptides from protein P31 of strain MLO1 identified by mass spectrometry analysis

1 MNKKFLAAAI AAATFGTQAV AVELYNNDGT TFSVGGHVSI  NVNGSEQGDT
51 DVGTNSPRIN FTATQDLGNG FTADARGEWA LNYLDGGDET FTTRLGYLGL

101 THDVYGRAVG GTQWAPYYDV AGVADMPIAF ANDFIYDDHG NLGTGRADKM
151 LSYRNAIELG EAGAINFGLG WQGSQTDADT SLNYDDRVQA ALSYQIMGAK
201 IGYTYTGGDI KDGVSKESAE SHLVSAAYGS YGQGLYIAAV YGSNENMNFS
251 TTGDRLVDSD AYEALLAYAL PSSLNLSINY  EMVEGKTFKN SKTETAREEM
301 AVQAEYNFTP KFVGYAGYQF DLNDANDRKT DDKWALGARY YL

E 4 g RSN N BT 5(gil49594841)
Fig.4 The OmpN sequence of V. harveyi (gi|49594841)

JR 4 E A3 B MLO1 #& P36 2 1Y KB N R4k %R

1 MLKKMTLLTA ATIALYGCGG GGSSSGSTSE  SKGPQSSFDY PIQNSSFKPE

51 ASTKLHYVTS ADGQQGEPIT ISFEPMAVQK LIDRLRDTQQ DDPFIPVIQL
101 LENNGITQFY  LDNSEQEGNT YFAGIDGAL  HEVIDLYLID SLSNVMMMNS
151 SPLFRLEGST  VKEKDPNIDI ~ SKHLVSVIVD LSGEQVKRML DSFDDNPWVN
201 ALADNAQCKT TWSQQVGETG ARKTFNVSGK SVEAAYLTEK NTYNLVCDGM
251 ELIDSKEFES ~ SAERWFNPTL GFIEQVELLK SEQIQVRETK VTLNKIEKA

B 5 e R —Fh R H DI REE A AP 51 (gi|915938619)
Fig.5 The hypothetical protein sequence of V. harveyi (gi|915938619)

iS4 E A B Y MLO1 Bk P31 2 Y BRBUH N RIZ 8RR

1 CACTGTTCATTACACTAAARACATCAAAAAAGATAAAAACAAATCAATGTCAGACCAATGTCAGGCAAGATATARTCATTTARAAACAACACTTTAAGAT
101 GAAATAACAACCAATTGAACAGTGTTCATTAGTTGBATTTATATCATTTTACTAACTCATAAGGAAACTTTAGCAGTAAAACATGTCCGGCAAGTTATTT
201 CBTTATGGCTTTTTCGAGTGTGGGCATTTGCCGCBAATGAAACTATACGAACAACAATAGCTTGTGAGAGATAACCTCTCCCCCATAAAACAATGATTAT
301GGACAGCTAACTAGGACAAATAAG ATG AAA AAG ACT CTA ATT GCT CTT TCT GTA TCT GCA GCA GCT ATG GCA ACT GGC GTT AAC

M K K T L I A L § V § A A M A T G V N

g
g:'-

385 GCA GCT GAA CTT TAC AAC CAA GAC GGC ACT TCT CTA GAA ATG GGC GGT T GAA GCA CGT CTA TCT ATG AAA GAT

A A E L Y N @ D 6 T 3 L E W 6 6 R A E A R L 5 M K D
463 GGC GAC GTA GCG GAC AAC TCT CGT ATC CGT CTA AAC TTC CTT GGC ACA CAA GCA ATC AAC GAC AAC CTA TAC GGT GTT
G DV A D N S5 R I R L N F L & T @ A I N D N L Y G V
541 GET TTC TGG GAA GGBT GAA TTC ACT ACT AAC GAA CAA GGT GGT GTT GAT AGC GAC GTA AAT AAA GAC AGC AGT AAC CTT
6 F w E 6 E F T T N E @ 6 6 v D 5 D VvV N K D 3 3 N L
619 GAC ACT CGT TAC GCA TAC GCT GGT CTA GGC GGT GCA TTC GGT GAA GTT ACT TAC GGT AAA AAC GAC GGT GCG CTA GGC
p T R Y A Y A G L 6 6 A F 6 E V T Y 6 K N D G A L &
697 GIT ATC ACT GAC TTC ACA GAT ATC ATG GCG TAC GCT GGT AAC TCT GCT GCT GAC AAA CTA GCT GCA GCT GAC CGT TCA
vy I 17T D F T D I WM A Y A G N 3 A A D K L A A A D R 3
775 GAC AAC ATG CTG TCT TAC AAA GGT CAA TTC GAA AAC CTA GCA GTT AAA GCT AGC TAC CGT TTC GCT GAC CGC GTA GAA
DN M L 5 Y K 6 @ F E N L A ¥V K A 5 Y R F A D R V E
853 AAC AAA GCT GGT ACT GAA TAC ACT GAT AAC GGC GAA GAT GGC TAC TCT CTA TCT GCT ATC TAC ACT CTA GGC GAC ACT
N K A 6 T E Y T D N 66 E D 66 Y S L § A I Y T L 6 D T
931 GGT CTT GAC CTA GGT GCT GGT TAC GCG GAC CAA TCT GAC GCT AAC GAA TAC ATG CTT GCT GCT TCT TAC ACA ATG AAC
& L DL G A G Y A D @ 353 D A N E Y M L A A 5§ Y T M N
1009 GAG CTA TAC TTT GCA GGT CTA TTC ACT GAC GGT GAA AAA GAA GOA ACA TTC AAG AAA ACT GTA GAT TAC ACT GGT TAC
p L Y F A G L F T D 66 E K E A T F K K T V D Y T G Y
1087 GAA CTA GCA GGT GCT TAC ACT CTA GGT CAA ACA GTG TTC ACA ACG ACG TAC AAC AAC GCA GAA ACT AAC AAC GAA ACT
E L A G A Y T L 6 @ T V F T T T Y N N A E T N N E T
1165 TCT GCA AAC AAC TTC GCA GTT GAC GCG TCT TAC TAC TTC AAG CCT AAC TTC CGT GGT TAC GTA TCG TAC AAC TTC AAC
58 AN N F A ¥V D A 5§ Y Y F K P NF R G Y V 5§ Y N F N
1243 CTA ATT GAT GCT GGC GAT GCT ATG GGC TCA ACG ACT TCT GCT AAC TAC AAA GCA ACG AAG ATC GAT TCT GAA GAC GAG
L I DA G D A W G 5 T T S A N Y K A T K I D 3 E D E

1321 CTA GCT CTA GGT CTA CGT TAC GAC TTC TAA TTCAGTCTTACGACTTGAAGATAAAATGCTCGCTTATGCGGGCATTTTTTATATCCAGAATTC
L AL G L R Y D F =

1414 TGCGATTTTTCGGTATATACTCAATTGCATAACTAACCTCACGAACTATTACTAGCGCTTACG

6 MLO1 £k OmpU K B 4% B2 7 51 I #1235 R 7 51)

Fig.6 The nucleotide sequence and predicted amino acids sequence of OmpU from strain MLO1
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1 ATAACTAATGAATAAATAC ATG GAT TTT ATA ATG AAC AAA AAA TTC CTA GCA GCA GCG ATC GCA GCA GCA ACA TTC GGT ACA
M N K K F L A A A | A A A T F G T
83 CAA GCA GTA GCA GTG GAG CTT TAC AAC AAC GAT GGC ACA ACG TTC TCT GTT GGC GGT CAC GTA TCT ATT AAC GTG AAC
2 AV A Y E L Y N N D G T T F 8 V G 6 H V 8 I N V N
161 GGT TCA GAG CAA GGT GAC ACT GAT GTA GGT ACT AAC TCT CCA CGT ATC AAC TTC ACA GCA ACT CAG GAT CTA GGC AAC
G 8 E @ 6 D T D V 6 T N S P R I N F T A T @ D L G N
239 GGC TTT ACT GCT GAC GCT CGC GGT GAA TGG GCT CTT AAC TAC CTA GAT GGT GGT GAC GAA ACA TTT ACT ACT CGT CTT
G F T A D A R G E W A L N Y L D G G D E T F T T R L
317 GGT TAC CTA GGT CTA ACT CAC GAT GTT TAC GGT CGT GCA GTT GGT GGT ACT CAG TGG GCA CCT TAC TAC GAT GTA GCT
G ¥y L 6 L T H D V Y 6 R A V¥V 6 6 T @ W A P Y Y D V A
395 GGC GTT GCT GAT ATG CCT ATC GCG TTT GCG AAC GAC TTT ATC TAC GAC GAT CAC GGT AAC CTA GGT ACA GGT CGT GCG
G VvV A D M P I A F A N D F I Y D D H G N L 66 T G R A
473 GAC AAG ATG CTT TCT TAC CGT AAC GCG ATT GAG CTG GGC GAA GCT GGT GCA ATC AAC TTC GGT CTA GGT TGG CAA GGT
D K M L 8 Y R N A I E L G E A G A I N F G L G W @ &
551 TCT CAA ACA GAC GCT GAT ACC TCT CTA AAC TAC GAT GAC CGT GTT CAA GCA GCT CTT TCT TAC GAA ATC ATG GGT GCT
3 @ T D A D T S L N Y D D R V @ A A L S Y E I M G A
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Fig.7 The nucleotide sequence and predicted amino acids sequence of OmpN from strain MLO1
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Fig.8 The nucleotide sequence and predicted amino acids sequence of p31 from strain MLO1
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I solation and Characterization of the Extracellular Products (ECPs) and
Secretory Proteins of the Pathogenic Vibrio harveyi Strain MLO1

SHEN Guimingl’z, LI Chen', SHI Chengyinm), JIA Dan'?, FAN Chao'?, XIE Guosi', FU Quanjiel’3

(1. Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture, Qingdao Key Laboratory of Mariculture
Epidemiology and Biosecurity, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 3. College of Fisheries and
Life Science, Dalian Ocean University, Dalian  116023)

Abstract In recent years, Vibrio harveyi has become a main pathogen for mariculture animals. It
caused serious diseases and mortalities of many aquaculture animals and caused huge economic loss
worldwide. The isolation and identification of virulence factors of V. harveyi become research hotspot
recently. The V. harveyi strain MLO1 (CGMCC No. 11720) was isolated from diseased juvenile hybrid
grouper Epinephelus fuscoguttatus (9) x Epinephelus lanceolatus (&) suffering from severe skin ulcer. In
this research, the virulence factors, including extracellular products (ECPs) and secretory proteins of
strain MLO1 were extracted and purified by cellophane plate and gel filtration techniques. Furthermore,
extracellular products (ECPs) and secretory proteins were characterized and identified through toxicity
tests, mass spectrometry MALDI-TOF/TOF, and molecular cloning methods. The results showed that
ECPs of strain MLO1 had the activity of gelatinase, amylase, lipase and caseinase, but no the activity of
urease. The hemolysis to sheep red blood cells of ECPs was negative. The toxicity tests showed that ECPs
of strain MLO1 were lethal to zebrafish and the LDs, value was 19.55 ng/g body weight. Three major
secretory proteins (P42, P36, and P31) corresponding to the molecular weight of 42 kDa, 36 kDa and
31 kDa on SDS-PAGE were purified from strain MLO1. These proteins were identified as membrane
proteins of OmpU, OmpN and a hypothetical protein of V. harveyi by mass spectrometry MALDI-
TOF/TOF. Based on homology cloning techniques, the genes of proteins P42, P36 and P31 were
amplified from the genome of strain MLO1 and sequenced. The sequence alignment results showed that
similarities of the open reading frames (ORFs) between strain MLO1 and V. harveyi ATCC 33843 were
97.08% (p42), 100% (p36) and 99.67% (p31), while the similarities of peptide sequences were 99.71%
(p46), 100% (p36) and 99.93% (p31), respectively. This research is of significance to further analysis of
the pathogenic mechanism and the development of subunit vaccines of V. harveyi strain MLO1.

Key words Vibrio harveyi; Extracellular products (ECPs); Secretory proteins; Mass spectrometry
analysis; Gene cloning
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