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hemolysin, TRH) 1A #4414 %5 1fi & (thermolabile
hemolysin, TLH), H TDH f tdh ZEE 4Bt
AL T TOH EAER —LefisRit e, B7edt
— 5 T Ak ER I I SRR B 5 | S A , R TR
A L T P SR I AR Y 9 7 BRI PI S 4

1 tdh XEANEFEFW ) ZoH
5 &%

R T AERE IR ThAATE tdh BRI AN, 78
HAt TG & P& B T tdh ZER S ] tdh 5L
PRET RN & 8L, A7 B2 A1) B gl (V. hollisae) X
A tdh FEH (A2~ Vh-tdh); MR 4 2
AR 01 M FLINE (V. cholerae non-01)F1#Ll
AR (Vibrio mimicus)t #47 tdh 3L K (4 9 i 44
i NAG-tdh il Vm-tdh). 8 id 52k tdh & H 0
JPIa &, X 3 FRIEE Y tdh & PR RR & i P K
WY tdh JE A B R SRR, 5 tdh2 (R
IMPEER toh J5 R A — i) A A2 1 R J 47 AR B
435k 93.3%. 98.6% . 97.0%°! (55 1), M4k, JE
O1 AUZEFLINGE T #5717 1) NAG-tdh F1I% i K
AQ3776 AT HEHT ) tdha (I I I tdh JE A
G — R ER AL T OR_E, B A tdh 3 R R

FESIARLEE Jy 100%!), I H e iR bk b, 145
A7 tdh S8 DR JBORE A AR b A R B R A X
SEALUER, ORI AT AT tdh S5 PR AR A I R
R FLINE Z [ A TR AL AR P2, IRy
[N e (1K 0 N 9 NI 15 A (o S S W
PR3 B AR O1 BYUEEFLIN G ANH A #5717 tdh A
JT AR i) T4 00 tdh S PR S A0 2 3 e ) ot
ST B BORLVE Ry B AR F B O1 AU FLING 24
), —MBAEOLE , Bl MPEIREE tdh BT
2 Sk b s B X0 (8 1), Bom s
F0 3 B K S D B s A A e YL I i
tdh A AT R i Bk 5 g (AR FE IR 8 2 (1)
TR A4k . eI E T, tdh JEER A M3 2
24 A 741 (insertion sequence in vibrios, ISVs)
SR A 1SVs FEH E AR F SN, 1SVs (1%
TR 7 1) 5 4 A7 9] (insertion sequence, I1S)% %
Hifr) 15903 AL, HAT 5 1S903 i B [ U 1) 18 bp
A i S ) B P . 15903 Gt B 1 4 A6 il 1A 1
JEWEYE, (H 1SV Gahth i 1 JAE A1 A 1 1
I, 1ISVs JCiA A Al tdh FE PR 7L SR 04 I vh A T 55 R
tdh I R 7 R PR IR i e R bR ARE A AE
T2 A7 A B S 0 56 T R I P 9T tdh
JEDUR MR 1SVs RSl G+C ik

*® 1 MEZERFIE tdh ER

Table 1. tdh genes for which the nucleotide sequences were determined™

Desination Species Strain Source KP? Location Similarity to tdh2 gene/%
tdhl Vibrio parahaemolyticus WP1 Clinical + Chromosome 97.0
tdh2 Vibrio parahaemolyticus WP1 Clinical + Chromosome 100
tdh3 Vibrio parahaemolyticus AQ3776 Clinical - Chromosome 98.6
tdh4 Vibrio parahaemolyticus AQ3776 Clinical - Chromosome 98.6
tdh5 Vibrio parahaemolyticus AQ3860 Clinical - Plasmid 98.9
Vh-tdh Vibrio hollisae 9041 Clinical NT Chromosome 93.3
NAG-tdh Vibrio cholerae non-O1 91 Clinical NT Plasmid 98.6
Vm-tdh Vibrio mimicus 6 Clinical NT Chromosome 97.0

& KP, beta-hemolysis on Wagatsuma agar unless otherwise specified. +: positive; —: negative; NT: not tested.
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(43.7%—-46.6%) 4% il N 14 J& L K 40 1Y F- 1 G+C &
1 (46.0%-49.0%), {H tdh HF G+C Fim
(31.5%~-33.7%) A HH B LAl & 241K . 1SVs 7Eid
FEI LA I FT B8 E A 5 PR TG 3 3 % R tdh
FERTEAR R R Z [ 175575, BORCA] REJE AN [F]
AP 2 [] tdh JELRIFE R 0 800 . gl X A L]
tdh 32 D5 B 5 S A tdh 35 81 A S 3 o B ik A A5 31
IREH, RIETEARRINE Z B T 2l T
KW, 1SVs P80 kA TIRKI A, Kk
THREETEYE . A AT Re LGRS, (HE
BRI R R A S 5 T tdh B 5%
o REEISV 55 A REIE P 51 2 th F AL 1 el
ARFIBR AR A T AR, e I & BRI
—> I1SV-M5.2 W43, 75 AT G g bth 1% V5 e il 1 I
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5 dh ZREMEAMEINE 2 SR R8RS XiEgERY
Representation of the pathogenic island region of chromosome 2 of Vibrio parahaemolyticus carrying

ik BE52HE (open reading frame, ORF), {H A REAG
R R TG PE . X EEZEIREN, 5IARIINE
Hy tdh K AT B O A 7E H L (0K B EDE , T tdh
SER BT TG LR ISVs Bz B Rk K 0y, X ffi
Tk L ISVs 72 o) ZREAL MBI , [R]IN tdh & [A 2
T )7 AR AR A By e B 15 AL 4R 12

2 tdh EZREH ZAEN

LAY F KP FHE R A T AR AR HE A P tdh g
Pl (B A tdhl A1 tdh2), tdhl {%F 1.3 kb #9 Hind 111
BN tdh2 A7 F 2.5 kb (9 Hind 111 By 31,
1M KP 55 B4 5l B SRR s R A R 54 54> tdh
FEH (B tdh3), tdh3 i 7 2.8 kb 1Y Hind 111 J1 B¢
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WO AN A — kT KP 55 B Ak
AQ3776, & {di ] Hind 11 PR P9 )l AR I
HL DK S0 K IIZ R RBR THA tdh3 41, 1A H
JFRA A7 T 5.0 kb Hind 111 H Bt % tdh JE[H

fir 44 Jg tdhal® ) 3x 4 B tdh IR FE DL g i 22 ik
¥Irh 189 M2 LR AR LA N, B1E 165 M2
BRI (1) AR 1 (43 F &4 18.5 kDa)Fi 24 >
FIERRR IS E S Ik, Hrh 173 AR
FEoE AR, R, EAT A A
G AL, tdh2 5 tdhl, tdh3, tdh4 f)551
FELEE 4> 3k 97.0% . 98.6%. 98.6% (32 1) %1,
it SDS-PAGE 526 & 3 4 v tdh KR =¥ 3T
BB+l , Xk e m e a1
SR P45 3 AL 5 3 R R B R 1 1
B TSI & B 4 Bl tdh 38 K= 4 (0 A 2R T 52
SR, Rt E R AL BT tdh SRR
St X K/N Ry 567 bp, tdh & R 5% % 22 1] 76 4w i
RAUXLHA 4-12 Sk 5, FEEFETRR
X, SD XAl 3AuHM, Kt 4 Fh tdh FEH sEFEFI K
WAF T 3 AT KRS TS, (HER T tdh2 4b,
b JURP A tdn 38 DR SRR TS A M T S,
T HEE tdhl SRR BRI AT 5230 A B, KP P T
BRI AR T L7 R 90% LA F#F & tdh2 B st ik

4, tdhd XV 1 2 25 (1477 A ST 21 109%™, tdh2
HHAIUR tdh JENTEE S XAAAER R ES,
FAXFF 55 A0 JURR tdh LRI & HLAT AR 8 14 7 0%
P RS, B KP IR bk tdh B8
B4 134 37 (tdh FE 5 20 0 BUSA ) A B
Beffdrin] LK K I tdh SR ) 2258 2 KP B TR
PRAKEDE 58 A —Hk KP BFPE B bk AQ3860
HR e —Fh tdh JEEH, IZIEFEATF 1.0 kb 1Y
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Hr, BRT otx BYFE SR TS IR 15 2 1 ToxR,
M ctx EHEE tdh2 k82 ToxR BYTE 4k
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Figure 2. Regulation of TDH in Vibrio parahaemolyticus. Arrows are positive regulation (red); and T bars are

repression (green); dashed line is indirect regulation.
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A T 5% I i ot SRR S0 B PR KRR 1) 25 ) Y
H %

4 TDH B & g 45M

OB — T 78 8 K W, TDH AN i —
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FH 8 40 B A X T TDH A9 7 I 15 P & 26 A a] /b
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Figure 3. A working model of the secretory pathways
for TDH in V. parahaemolyticus®Y. The precursor
TDH with an N-terminal signal peptide (shown in
yellow, called SP) is secreted by the Sec pathway,
during the secretion process, SP is partially returned to
the cytoplasm after being cut by Lep (lead peptidase)
and secreted by the T3SS2 pathway under the action of
the chaperone protein VocC. OM: outer membrane; IM:
inner membrane.
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Figure 4. Protein structure of Vibrio parahaemolyticus
TDHE2, A: TDH tetramer structure: B: TDH monomer
band structure (yellow represents molecular disulfide
bond).
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Advances in research on thermostable direct hemolysin (TDH)
of Vibrio parahaemolyticus
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Abstract: Vibrio parahaemolyticus is a widely distributed foodborne pathogen in seafood, often leading to diseases
in aquaculture animals or food poisoning for human beings. Thermotolerant direct hemolysin (TDH) is one of the
most important virulence factors of V. parahaemolyticus. This article systematically reviews the widespread
distribution, spreading, the diversity and expression regulation of tdh gene, as well as the structure, biological
activity and promising research directions of TDH protein. The article aims to deeply understand the symptoms
caused by V. parahaemolyticus infection, and hence to provide theoretical support for the prevention and clinical
treatment of V. parahaemolyticus infection.

Keywords: Vibrio parahaemolyticus, thermotolerant direct hemolysin, tdh gene, structure, expression regulation,
biological activity
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