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1) 7 2H 2 38 R pET26b (+) /ilh, 3155 A K FF 18 BL21 (DE3) F i 32 3540 6 4L & BR 0 TLH Bl 5 26 11, SRS
FILH NI BRI A S5 A2 AT AR T T 4lifk. SDS-PAGE 43 HT B 7R , %33 Il 2 AR A K i 3238, o F 29 b 42 kD, 2L TLH
(0.41 mg/mL) HAT BRI 5P (V4 LI AR R 16 mm) S @ AREEHE M (2B BN 15 mm), L IS 77 1) o iR
H37 °CLAET5 CFREF7 30 min BT J) 5 5l pH oA 6, pH K Fali/hN T 6 B #f 2 S BOLR a PE PR — M &8 B
Na", K" XA MG LT3 500, T M &R B P ca® | Co™" 2 PEUR MG PEREIR . ASHIFFE 45 JExT B B AR FG 3R
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iz — AN, I G i 15 37 40 0 B R
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2%, PRI T 2 PRI o S0 PR 1 ) 78 A S22 1Y
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E&A THNRGERHRFE "™, SR Xk O
M2 TLH P T 40, T 28 IR Ao, AT
FETORE TR I 0 TUH JE R A T H gk ik
pET=26b (+) /tlh , X}175 F:F IR I MR AT T 214k,
FEXT A e B A TR 9T, B 76 3R IR 0%
BRI TE K I E B iR L LA

1 #MBEFE

1.1 EHRSRA

PRI VIB 285 H1 9% [ Heriot-Watt K 2=/ 4
PR, TE LRI AR AR R A A ) S 06 2 TR A O
O B S O LMG 112167, K% FT B IM109
(New England Biolaboratories, USA) F 2k % 1k | [ e7ea
MY G FEH TR, SEREEIA pUCT-TI IR T
Y TRARA R, KB pET26b (+) (C A i
& His b1%) R IAAT IR IA T Bk BL21 (DE3) W [
Novagen (USA), l T I 533k
1.2 FERFNENE

2216E $5 55 B H T 15 9% I [N I VIB 285, LB
BRI TR SR R i . A ST 40 A e
AR, AR B C R B -

Ex tag DNA 47 . ANTP ., IPTG F2 4% Fh B il ¢4
WUIEE ORI A0 TR PR FD; Ni B s 5 F1
# (Novagen),

I-Mupid £, 3k 1% (COSMO BIO CO., LTD); % it
HWAZAY (BIO-BEST); UV-2102PC 4336 Y6 EE T (Unico);
PE2400 % PCR X (Applied Biosystem); & [ H, ik 1%
(Bio-Rad)

1.3 TLHRMREFENTERRIEHERIHEE

R 2 EC A TLH 75 1M 28 35 PR A9 A% 1 12 )7 971
(GenBank : DQ356918.1), 1% i1 1 XJ 43¢ 51 9. i
1M VCAF2: 5" ~CGGAATTCATGAATAAGACCATT
ACGTTACTTAGT-3', FiF5 ¥ VCAR2: 5’ -CGCTC
GAGGAATGGATGATTCGAAAGTTGGTC-3 ', I ¥
5| W Uk TR 4R B A% T, 76 S5 Vi A EcoR1 B il 14
VI 8 O RIZAL); s |26 1k T4 12505
FHIL7ES I A Xhol FRHEBEEI A7 55 Chin F J1 4k

Ab)o LUK FCHR B VIB 285 () 3 [ 20 DNA A 4 A
HahFE, PRI M 1276 bpo K ilh ) PCR Y34 774
FJEkE pET-26b (+) 53 5l FH EcoRT I Xhol 37 “Cif§
Y1 1.5 h, H DNA & [P0 & 2l A ofh i pET-26b
() BB A Bt ¥4 2iAL )5 19 elh AT pET-26b (+)
T4 DNA #H2[T 16 Ci#E4% 16 h, EAL TR AL K
FF B IM 109, 7 LB-Kan (7 50 pg/mL K A& R A LB
Rigidh) LR 16 h  BEALPRIBCRSERE K55 8 h
JAHRIUTUR. DNA , FH EcoRT F Xhol X % 5 PH 1:
v W, fir 44 N pET-26b (+) /ilh, ¥4 pET-26b (+) /tlh
AL K IAAT B F A F vk BL21 (DE3), A v 44 M
BL21 (DE3) /pET-26b (+) /ilh.
14 TLHEAEMOZEKXKBHEHRNESRIE

# 2 TH BL21 (DE3) /pET-26b (+) /tlh X ¥ A
25 # AR 1) BL21 (DE3) % B8 B BL21 (DE3) /pET-26b
() BeFP T 5 mL LB-Kan ARG 723,37 CIR S
W SR, K H £ BU500 pL I A2 & A
5 mL AR [A] 35 % B 0 i th Ak 22 55 95 2 ~ 3 h (0D
290.6) Ji , B 5 AL B RIEE A 28 2R IR X IR B A% i —
BINALATE N 1 mmol/LAYIPTG, 5 —45 F 41 H AE
FXF BEAAIAIPTG, F 37 CIR G FE 3 h, 43 5 A
1 mL,5 000 g &5.0> 10 min, WA A
1.5 SDS-PAGE il

B F R T e 3k 1 B 4 R B R R R R 4
Lo 5 5 AR 22 w1 &, 100 “C 7K IR 3 ~ 5 min,
B 1l 12% 1) SDS-PAGE 43 5 Ji& 1 5% 11 ¥ 48 I, B
12 pLfinFE T 58 B, 76 ¥R 45 BE TP 15 mA, 43 B i v
30 mA /47 SDS-PAGE™ i 3 1, ¥k, LA 43 T 20 K
43 kD Y VHHAE XS BE, H 9k 45 o0 -5 e FH 2R T3 9
PR BE R e R e 1
1.6 TLHBEMAKXERIERA

Pk BUBL21 (DE3) /pET-26b (+) /tlh B 5 [ 43 Fil
T5 mL LB-Kan W AR 35 77 5, il i85 5. IRHAEA
495 mLAH [F] 35 77 B, [ FE 2 F R HEFR2 ~3he Y
ODy00 35 0.6 B A ZE ¥ i 24 1 mmol/L Y IPTG, 25 °C
4k 22 1 356 h, 1E4 °C 10 000 g &5 > 30 min, W 4
B AR FH30 mL A IxNibE 45 & 28 vh i o 8 1T A



b PINGESE - RIS I IR IR N A s b0k EE Al fk SO P8 747

15 240 Jf B T vk s v R R 7S AL 330 min, 4 °C
10 000 g 50> 30 min, WA FIHW. HF FIFHGE NiZi
BWE SRR SR T AT, AT FH 5 AN [T B ks g

VSR IPIROZ A B R4 1, 5 50 mmol/L BRI i
WUEN H R, A E S TSNS 4 CiE
M1 24 h, & F135 M1 R 20 mmol/L Tris-HC1 (pH 8.0),
0.85% NaCl (W/V),10% (V/V) Hi. Fi SDS-PAGE it
T A Al B, A S = Bradford‘]ztDlJ‘Unﬂ
2, LA I B bR
1.7 TLH& MR/ ME R

FHEBCAEE R 2 0 ) 0 B 1L, FH 20 mmol/L Trris £
WESE PR (TBS, pH 7.5, ) PRI 31K (2 000 g 4 CEL>
3 min), fi Jii I TBSIC il B 109% 1) 2140 M B . K
17 mL 55 °C 1Y LB [E{A&REFREHN 3 mL 10% 7 6214
ik R A, T S P £ AR I AR
AR, AR I 80 uL 4 Ak T 16 Cid ik,
DLER FLB TR BN R
1.8 TLH & M &ERBE ISR AT

H455 °C 1Y LB [EIAREEFREIMALIREE 1 % (58T
T T R O TR ) G R oy e 0 N T
HOA 80 pL 4l AL g K 1 37 “Cat e ™, AR B
BB BT R
1.9 TLHAMZE/SMDEAMNE

TE96 FL AR Hr, LAZE S5 1 53 00R 2% 1Y 2F S 21 4
JHL Ry JEC 00 2 TLH 35 100 2% (R 95 135 7. HC100 pL
V35 75 o 1) TLH AN A5 (AR B ) 29% 2140 2 TR &
TBSAE ABAMEXT I, K 96 FLA T 37 CC /I 1 h, T
SR AR 0 — 1B B RR R EE , B R IR B
1.10 GREX TLHIA MRS MiE S H 00

TLH % 1.3 ] TBS ISR T 96 LAl A%
TR 2% LTAMTAR . J3HITE4 °C (16 °C.25 °C .37 CCHl
45 CHERE 1 h, 555 L LAY TLH R RERE e Hotp
EIREE, HAMEFTLHTES °C .16 °C 25 °C 37 °C 45 °C.,
55 °C 175 °CIEE 30 min, P FHLP LI B, 6 2 TLH
FEACREET A M, RIVHOGEA R rr it 52 AR
1.11 pHXf TLHZ M XA miE R0

10 uL TLH¥ 1M1 % 5 90 pl (v/v,1: 9)pH 6 ~ 11

2 R IR A, IF 0 I IS AR RS T 96 FL AR, A 55
PRFR 29 21 40 M2, i 8 TLH A9 il pHo 53 90
20 uL B TLHF IR 5 pH 4 ~ 11 FZ8 b iR R
FER HLBIR A, 4 C OB 12 b, I H I3 B,
TLH % 1L 2 /4 pH e 1, BV HSAS 6] pH A ifit 52 7
JE o A pHZ& 0BCR - 20 mmol/L FFEERR N / #7745
1% (pH 4 ~ 6),20 mmol/L Tris-HC1 2% ik (pH 7 ~ 9)
L J% 20 mmol/L R Z 4 / E E ALEH (pH 10 ~ 11),
112 £EBEFX TLHRMERME R0

S A4 JE B I TBS Ll BRI EE Y 42 s
BT5 TLHIE M ZIR A (oo, 12 1), 058 HP M55 B

2 HBRE5SH

2.1 pET-26b(+)/tdh RiXFRIHIHNERLEE

W3 B R IR TLH, K 4 QIR TLH S Il 3R 5
T [ 3 22 3K #i K pET-26b (+) 1) EcoRT 1 Xhol 137
S22 JA] AR H 3K FORE pET=26b (++) /ilh o, HE XU
Pl BAan & LT, Horp 531 kb Ak (%) A B2 2 1A
pET-26b (+),1.26 kb Ak 1) J- B S ¥k FQ IR TR 45 1l 3%
S dh, R B h O BN A BN F R A, PR
A FORE A R T A TR B2 w1, il
J7 45 5 5 2 CCIPE TLH %5 1 %8 5 57 51] (GenBank :
DQ356918.1) #EA T Eb X, UE S W6 #1731 58 42— 3K
22 XEKINETLHHIFES RIER AL

W T 40 F 3k Tk pET—26b (+) /ulh 55AL B K FT
2RISR BL21 (DE3), il AZHR FE2h 1 mmol/L 1Y
IPTGTE37 CEF3 he MAIPTG IS )5 B9 54 H
BE, 5 AR INIPTG 75 5 1 51 241 B ik LA B2 I ACTPTG 75
S G AT 23 TTORE B RR AR LR, HLBR R 2R 1 7E SDS-
PAGE 35 A7 — 25 W] W G RLY (42 kD 245 i FE S5
FaRE A (B2), B H R A 7E LA E k15 3
T Rsk#EE, SDS-PAGE HLIKAHr 44k i TLH % 1fi.
BN A, o TR 42 kDA A (E12), 1/
F VHHFE ML E (43 kD Z247), [RIEF i 2 0] L, 45 6
PR 2 A0 S Y TLH ¥ 1l 22 B v B2 S /N T VHH I 1L
RIWRIE, U] TLH 5 I R 4 fb 38R 8. Bradford
PN AEA Y TLH 5 102 (R B2 0.41 mg/mL.
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5.31

1.26

EI1 pET-26b (++) /tlh F3k UKL EcoR1TH Xhol XU &l 1%
1. DNA marker; 2, 3. MR EUAR pET-26b (+) /ilh; 4. 25 k1A
pET-26h (+).

Fig.1 Restriction profiles of the recombinant plasmid pET-24d
(+) /tlh digested with EcoRI and Xhol
1. Wide range DNA ladder marker; 2, 3. the recombinant plasmid pET—
26b (4) /ilh; 4. plasmid pET-26b (+) .

116.0
66.2

45.0
35.0

25.0

. 184

- 144

2 PKICHREE TLH 5% B4H B BL21 (DE3) / pET26b (+)/
th S 24k TLHSDS-PAGE 434
1. ZlAk i VHH R 115 5 2. ¥5 5% BL21 (DE3)/ pET26b (+) /tlh B4
3. KSR BL21 (DE3)/ pET26b (+) /ilh A 5 4. 5 FH9 BL21 (DE3)
/ pET26b (+) FA; 5. 4i by TLHEILZ 5 6. brifl 4> 2 1 marker.
Fig. 2 Analysis of the over-expressed recombinant E. coli BL21
(DE3)/ pET26b (+)/ tlh and the purified TLH hemolysin by
SDS-PAGE
1. Purified VHH hemolysin; 2. The induced recombinant E.colt BL21
(DE3 )/pET—26}‘(+)/tlh; 3. The uninduced recombinant E.coli BL21(DE3)
/pET-26b (+) /tlh; 4. The induced E.coli BL21 (DE3) /pET-26b (+); 5.
Purified TLH hemolysin; 6. Protein marker.

2.3 IXEKINE TLH A M Z /93 MiE ElE
A& 3 0] 0L, lifk i TLH ¥ 1L % (0.41 mg/mL) 7
ISR AR SR A IS P, VA 1L E A0 16 mm,

B3 BRIGHIRE TLH B AR i ik
L. A4 TLHIE 0 5 2. BT
Fig. 3 Hemolytic activity of purified TLH on fish blood agar plate
1. The purified TLH hemolysin; 2. Dialysate.

2.4 HREINE TLH BB ASESE 14N E

H 4 7] DL, 4k Y TLH 375 1L 25 7 IR B 7 M
LA RSRABEIRREIE M . T — A B 37 B Py 1
TRk A )00 52 X it P, Vb P B LA 0 11 mm, 355
AN ELAEM 15 mm,

Pl
Transparent
out-ring
Rk N
Turbid

inside-ring

P4 BRICHE TLH I 28 A OB AR i i e 1 i
1 LA TLH I LR 5 2. BHT
Fig. 4 Phospholipase activity of the TLH hemolysin on 1% egg

yolk emulsion plate
1. The purified TLH hemolysin; 2. Dialysate.

2.5 BEXIKEKINE TLH R IME R
TLH 75 I 28 7 100305 1 19 Bl 1 8 R 37 C 7E
T FE=>45 CHE, A BFLT 400 3 B A ARV Il )
&k, VHHTE 4 °C .16 °C .25 °C 137 CALHH 30 min J5 4}
HIE AT 45 CCALI 30 min H3E 1412k 50%;
55 °C A 3 30 min oA J7 458 2% 75%; T EE 75 C Ab 3
30 min 1y e 4k (K15),
2.6 pHXIXKINE TLH &M iE RIS
TLH %5 1 375 M 19 5 3l pHIEL A 6 5 ZEpH B A 5
F7EF, A 50% 1936 J1; A B2 40 L AE pH <6 B &
AV I, 5346, TLHE MZEAE pH 5 ~ 10455F805E; 24
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pH <5 S pH> 10 i} HAS 5E PTG T B35 pH 4 Rl pH 5
PHZH S — LR B R 5 A0 B/ 1 hoR &
AV IMINGE (AT LA R J ) 2B 15 Il B4, ] 2
JER pH S AT iy A 52

27 £EBEFIIREINE TLHA X F IiE 8
#m

TEFTHIR 10Fh G @ s 1 (R 1), Y E R Tk

JER 0.1 mmol/L I, Co® i TLH AU LG 71 T B 50%,
oAy B X HL TG T AT R Y A B IR O 1
mmol/LH}, Co™ i TLH % IfiL 2 975 11 F B 50% , HiAth
BTN HOE SRAT RN, Zn” AR B TT SR R
VS IMERGE s 44 B TR BEHE N3 25 mmol/L A, Na'
K" Mg X HGE 1A 5, Ca®" i H S 1 R R 50%,
HoAth g (T AN & AE 2Ll S L A I

140
120

é 100 g

T %0 E

i E

4; 60 a
e

£ %
&

20 .
~ .
~
Om L "o J J
70 81 12
HEE°C Temperature pH
—— ISR = o i A7 IR —e— fzifipH === fif ZpH
Suitable temperature Endure temperature Suitable pH Endure pH
KI5 il B CRHIRE TLH ¥ LT ) 5200 &6  pHXTIRICHR P TLH %5 M3 J1 5200
Fig. 5 Effect of temperature on hemolytic activity and stability Fig. 6  Effect of pH on hemolytic activity and stability
*1 £EBFIREKINE TLHZAMNE A (#83x43F % ) B0
Tab.1 Effects of metal ions on the TLH hemolysin activity %

BT/ (mmol + L)

ERET lon concentration
Metal ion

0.1 1 25
Control (none) 100 100 100
Na 100 100 100
K" 100 100 100
In*" 100 ND ND
Mg 100 100 100
Ca*" 100 100 50
Co™" 50 50 ND
NiZ" 100 100 ND
Cu* 100 100 ND
Ba®" 100 100 ND
Mn*" 100 100 ND

*ND: A . not done.
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BP9 K IR B e B B R 2 —,
VS M R AR I A A TR B T A
FEEAVE ", R WA 1 % AR 58 4
AR, H AT A5 A AR A 128 505, BRI
MR (V. parahaemolyticus) W) FAFRE PE B 327 1L R
(TDH), 2 KLIKEE (V. cholerae) B El Tor i 1L 2 (HlyA),
I 4 G B B4 I 25 (VHH) /8IS 1 90 B i A &
S PV I 28 (TLH). Bl a0 BT F AR R 1 9 1 38
(6-VPH) LA J& O1 BUEFLINE 1Y 75— ¥ i R (HLX),
335 I I 2K A IR S B TE R B A e
2T T A B Ik A OV , T 32 240
AR AR/ NI &5 el 02 Y TR

IR B VIB285 (1 TLH & T HA R 5 PR 1M
%, HAWEIREE BIGIE", DITEScuey Fk ], alifk
(3R CQ AR TLH A8 B 6 11 2 600 1 7Bl b A7 7R 38
AR I A T LR DRl -l TR 1 A4S S el
75 W A P TR ok 7 [ [ X e L, X 5 48 QIR
VHH K Rl il 5 B 1 BT 8% Bl 4463 A0 335 1f %% (LDH)
AR R PG TLH (9 94 1003 M 5 Wi B I 1
PEAR AT BE5 HAE 147 ~ 406 137 28 KL TR 14 )5 I 235 A4y 4ok
(Lipase_GDSL) #H3¢ , iX 7 2L i — A58 HOM AR 1Y)
VERIGL A B A 5 ORI

AR FFH Ni BG4 23 R0 2 B A ol 2 b 24k
T IRYRE TLH, SDS-PAGE 6 2% B TLH W& /N T
Ay E Atk 4E G VHH, H-5 VHHAH
Fb, B QTR B TLH A MELGL . X% 8 A T 21K
Al b 5 I, TLH 5 Ni B b 6 A 00 45 S 1k
GG RE 2% VRO B2 3R 3] 50 mmol/L IR A A 55t
FPRE VMG, PR — R SRR B P ANl B3 1
UREEARI = T R Sk 5 A5 11 TLH ¥ 1 25 25
FI kel (R ali Akt A b B 08 sk, 15
FI 7= W e B B AIK. IXERHINE (19 TLH 5 VHH [ 2
FEFR ¥ AR LM 0 1k 85% , (HL W & 5 Ni BB b o Al
FERIZS G e ) 25 BE K N AT g 5 2 Fhigs I 32 22 1
(23 (] 4548 2 S A 0% BRI A TR E— 2D IE9R o

AL TLHAEIRE N 75 C 443 30 min, Hoi
3% 1 58 423 2%, 156 BH TLH J&—Fp SN ER e 7 1
%, 5 VHH" A{Bl. TLH 5 VHH A b, HofRidE pH L)
SO AN ] pH A AR e P 4 K 22 51 TLH %5 LT
JIH R pH R 6,24 pH R F 5/ T 6 B 1ML 16 7732
W32 2k, T VHH B9 558 pH M 8 ~ 9, 7 pH 7 ~ 101
RS RasE , 7R BRI R rp i il 226" B TLH
FE 55 R 2 T U T A, T VHIH 7R 559 61 2% 14
TG hEBRE. BIRE LR, ZHERE T
X TLH A I35 F1 52 48N, 1 Zn® L Mn®' | Cu®,
Cd™ . Ni*", Mg™", Ca”™ F1Co™ %5 Z R 8 1 i xf VHH
3 ISR AR T R Y PRIk, AR T o AR I
TLH ¥4 L5 7 59 5% 0 15 %] i 4 FC IR VHH P4 I35
TIEFEMHSERARALASL, pH B AR J3E 5 Ja 75 - %of
TLH 5% VHH (%5 L35 1 05 i 45 R A R K 2%
5o XU IR FOINEE TLH 505 4 FCON R VHH AR,
AR KIN—B0 E IR SRR B R LA
PR35 ML 1 R G et 12 , (L HL A 2 P s [ 454
L BE L AT BRI AR AE — e 0 22 5%, HAE AL AT fig
WA R, A R L0 HLEE B VR AL A TR
A5

SE 3k
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Expression, purification and characterization of Vibrio campbellii
hemolysin ( TLH )

SUN Jing, SUN Boguang, JIA Airong, ZHANG Xiaohua
(College of Marine Biology , Ocean University of China, Qingdao 266003, China )

Abstract: Vibrio campbellii, a Gram-negative, facultative anaerobic marine bacteria, which is an important pathogen
in aquaculture. V. campbellii can cause the outbreak of the red leg-disease of shrimp ( Penaeus orientalis ), and it can
cause ahalone suffering from the pyosepticemia when the temperature is higher than 16 °C . However, the pathogenicity
mechanism of V. campbellii is not clear. Previous studies showed that V. campbellii VIB285 contained a heat-labile
hemolysin (TLH ) gene similar with the VHH hemolysin gene in V. harveyi. The deduced amino acids of TLH shared
85 % sequence identity to the VHH hemolysin of V. harveiy and it had a lipase domain ( Lipase_GDSL) at the 147—
406 amino acid, indicating that the TLH hemolysin may be a kind of phospholipase. In this study, the open reading
frame of tlh (1254 bp ) from V. campbellii VIB285 was amplified by using a specific primer set (VCAF2 and VCAR2),
The forward primer (VCAF2:5 ' ~CGGAATTCATGAATAAGACCATTACGTTACTTAGT -3 ') begins from the
initiation codon and adds an EcoRI site at the 5" end of the gene, and the reverse primer (VCAR2: 5" ~-CGCTCGAG
GAATGGATGATTCGAAAGTTGGTC-3") ends before the stop codon, and adds an Xhol site. The PCR product was
excised and inserted into the EcoRl/Xhol-cut expression vector pET-26b (++) . The ligated plasmid was transformed
into E. coli BL.21 (DE3) for expression of the full-length tlh gene. The recombinant TLH hemolysin was successfully
expressed in E. coli strain BL21 (DE3) as His-tag fused protein, with the induction of IPTG at a final concentration
of 1 mmol * L' and the incubation temperature of 37 °C for 3 h. The poly His-tagged TLH hemolysin was purified by
Ni-NTA His-Bind Resin according to the manufacturer’ s instructions. The molecular weight of the recombinant TLH
hemolysin was about 42 kD as assessed by SDS-PAGE. Hemolytic activity against flounder ( Paralichthys olivaceus)
erythrocytes was measured in 96—well microtiter plate, and the phospholipase activity was detected on 1% (v/v) egg
yolk emulsion plates. The purified TLH (0.41 mg/mL) showed strong hemolytic activity against flounder erythrocyte
(' the diameter of hemolysis circle on fish blood agar plate was 16 mm) and phospholipase activity (the diameter of
the clear ring on 1% egg yolk emulsion plate was 15 mm ). The optimum temperature for the hemolytic activity of
the TLH was 37 °C, and the hemolytic activity was destroyed entirely by treatment for 30 min at 75 °C, indicating
it is a heat-labile hemolysin. The optimum pH for the hemolytic activity of the TLH hemolysin was pH6. The effect
of cations on hemolysis was determined by addition of various concentrations of metallic cations (Na', K, Mg"",
Ca®", Mn*", Co*", Ni*", Cu*", Zn* and Ba’") as the chloride forms in 20 mmol/L. TBS (pH 7.5). It was found that
only a few divalent cations can cause the decrease of the hemolytic activity, such as Ca’” and Co’, but monavalent
cations and other divalent cations did not affect the hemolytic activity. To our knowledge, this is the first report on
purification and characterization of TLH from V. campbellii. Purified TLH could be useful for vaccine development
and a diagnostic tool for vibriosis. [Journal of Fishery Sciences of China,2010,17 (4): 745-752]
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