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Vibrio parahaemolyticus \&— AN NGRE T VA LT 4 03:K6 MIEHZ /R TIGRE 7 VARGYED, AARES
NLHEPHFKE CTHD, 1950 FICHATHEE-RTS  ICBWTHIEIITRY, HRIRRHIT T4 8 TH5EE 9,
N2 T LEVERRE Ch D, MK R T D4HEE T V. parahaemolyticus D FZ7295 R K- U Tt EAEES
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2003 4-IZ, V. parahaemolyticus D/ ) NELH D MR
i, 2 Byho 3 B AERE Type 1 secretion system
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FEIXID T3SS2 KA T =07 —EAEETL, THI
EHETHIENBALNERSTWBN0, M TR
FEOFHEIZBIDD T3SSTICOWTE, FhEpgi-Cife
DOV ONWT S IZBEES L TORNEIAD DD,
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%@ Y. parahaemolyticus 0 T3SS1 b [FIEE, exsA [ZIED
HilfE L exsD (ZADHNZZ T HZENRH LI ET->TED
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S TERAF — R MR R FR BN E DIHITE
TELCODDIES 1 TR, RIFZETIE, Hor IR E
ZACITISE T 5= X — R KA BB, BB
ZAUIZ R DGR E 7 VA DRI IE A b A 2
LHT, BRE 7T UAZFREICHIET 2, iLnadhE
DT FIERFIBNL TN EB 2 TND, A RIS
T3, V. parahaemolyticus ® T3SS1 &= R BHEREIZ D
VTR 57250, A& EZ AT vseQ (VP1671) &
T3SS1 =7 =/%—To5H VP1680 #E=F—L, T3SS1
B RBUCOWTHREHILT,

2. ARA*
2. 1. MEEE

V. parahaemolyticus (WT, RIBHE) 5528 1% Luria-Bertani
Bz Hh (LB : 3% NaCl, 1% tryptone, 0.5% yeast extract) 2 ml
T 37°C, —WRiREOREER LI, 55214, 1.0 (12000 rpm,
3 43) L, @ #&IEIULL, Phosphate buffered saline (PBS :
NaCl 137 mM, Na,HPO4 8.1 mM, KCl 2.68 mM, KH,PO4
1.47 mM) T 2 [AIJEH L 7% PBS TAPRL, ODegwo=1.0 (&
LT,

V. parahaemolyticus @ T3SS1



2. 2. RIBHOIESR

w1680, tdhAS TBARTEHLE LD KIEKE FH [FIHE 2~
iz RIZXOIERLL 7=, Ex Taq polymerase (TaKaRa) %
HLT, KEBLIZWBE IO 500 bp, 25 500
bp fElEA PCR CTHAMEL 7=, 1D PCR FEMEI VY
AL, A—/3—=Fv7 PCRIEIZIVHAFFZ 2 ] DNA
Wr &2 ERLL, pCR2.1-TOPO (invitrogen) ~X 27 2 —|ZfHA
AH, Ia—=2 T U, V=7 T AR, HIBREESR
(BamH I —Pst T ) THIHrL, suicide X7 % —Thd
PYAKI1 #AGAZx, E. coli BW19851 ~JEHRHAL 7=,
pYAKI {% Conjugation 125V E. coli BW19851 735 V.
parahaemolyticus ~TEEHASE T, %2 LB BT
DO E F R CHRRF AL 21T o7, 10% A7 a— A8
A LB #EREEME 0T 0T 2 =a—/1 (5 pg/ml) Mtk
DIERZATVY, PCRICIDBIRF RKEDOHE BRI,
2. 3. PMEREDRER

V. parahaemolyticus (WT, AtdhAS, A VP1680)% Hi
Box A7 47 2 (Heart infusion broth [BD], 1% NaCl,
MgCl, 10 mM, Sodium oxalate 10 mM) 5 ml C 37°C, 6 [Ff
FFERE R L, 552k, BIEZ2BEINL, 0.2 pm 74V ¥
—THMLIZ, 10%M) 7 aa kg T o 3 E 2L S
H, =0 (4°C, 17,000 g, 30 43) L7z, 7&b 2 ml 2%
THer, 10 (4°C, 17,000 g, 10 43) % 2 [ETV, ThEA
X7z, VRt % Sample buffer (ZVAfi#L, Western
blotting {2 FHL 7=,
2. 4. Western blotting

BTNV A 95°CT 5 A FaX—hL, EITLBL
7oo 4% T ZUNVTIRAZ X T 7 —10%T 7V T IR
/L — a7V CSDS-PAGE #1072, FEXIKENA,
Immobilon-P Transfer Membrane (MILLIPORE) |Z#55- L
720 3%AF L)L — Tris buffered saline (TBST, Tris 20
mM, NaCl 150 mM, 0.02% Polyoxyethylen Sorbitan
Monolaurate) T 1 IRfi] 7 %7 L7, TBST T 10 43
x3 [EHE4L, 1 kLA (VP1680 HLIAR[MBL], TDH Hifk,
1:1,000) £4°CT—WeSUSSHE T2, TBST T 10 43x3 [l
L, 2 HUIA (anti rabbit IgG HRP, HBL, 1:2,000) & =ik
T2 KRGS H 72, TBS “C 10 43x3 [BIBEHLI-1%, A
7L % Enhanced Chemiluminescence (ECL) % (Tris 100
mM, Luminol 1.25 mM, p-coumaric acid 225 uM, pHS8.5)
TILFFOE S SE LAS-3000 UV mini (Fujifilm) Tz

L7z,
2.5 BHANERERBRFvIRY U TILORAR

HEAREE & ODeoo 270 E L7214 O 1 17 0> (12,000 rpm,
343) L CEZEILL, RIPA buffer (Tris-HCI 50 mM, pH7.4,
NaCl 150 mM, phenylmethylsulfonyl fluoride ImM, EDTA
1 mM, aprotinin 5 pg/ml, leupeptin 5 pg/ml, 1% Triton X-100,
1% sodium deoxycholate, 0.1% sodium—dodecyl- sulfate[SDS])
500 pl ¥R L7, B8 FVE IR FE 13 Bicinchoninate (BCA) £
(Wako) Z# FHWCHIEL, BEE 100 pg 71 &L, 5
FE5-FE D Sample buffer (Tris 250 mM, 8% SDS, 20% 2-
mercaptoethanol, 40% glycerol, 0.2% bromophenol blue
[BPB]), pH6.8) &} 7 /L&D 4 430D 1 &f1Z Western
blotting |~ C AP DE EFE AT~
2. 6. RNA O¥EH!

WA LI AT 40 L% 150 (10,000 rpm, 3 43) LCEE
Z[ELL, TRIzol (invitrogen) & FHV N CEEH D RNA 2455 HE,
fiiHH L 7=, Recombinant DNase I(TaKaRa) C DNA % frZ
L, 95— TRIzol T RNA ZfhiHL7-, RNA %
PrimeScript RT reagent Kit (TaKaRa) C ¢cDNA (255 L
7
2. 7. )7 )34 L RT-PCR

SYBER Premix Taq Il (TaKaRa) #f# f L, LightCycler
1.5 (Roche) TY 7 /L% A2 RT-PCR % L7, vscQ,
VP1680, exsA, exsD, TDH D7 TA~—ZLBATHEGE
BN, 168 TTA~—DfEN#E R CERUMELT=,
2. 8. Caco-2 filADIEE

6 cm DMIIEEEE T v =212 5x10° {8 O M %
DMEM-high glucose ( + 10% FBS, + Gentamicin [50
ng/ml] : SIGMA) TH;#% (37°C, 5% CO,) L, 4 H f#IZHkR
BEAR LT,

2. 9. FPEER

Caco-2 M %3 Al EEME O T 24 well Dl
B4 7L — M Caco-2 Ml (4x10* f#/well) % 500 pl &
DMEM-high glucose ( + 10% FBS, + Gentamicin [50
pg/ml], SIGMA) T 4 HHE#E L7, BYLATIZ FBS,
Gentamicin @ & F #1 T\ 72 \» DMEM-high glucose
(SIGMA) 500 pl (Z{EH#aL, ODgo=1.0 |ZFH%EL PBS T
2,500 {5 AR 7= V. parahaemolyticus (WT, Avpl1680, A
tdhA) D% 25 pl/well TREGLSH, 1-3 Rl A o F 2
—hL72(37°C, 5% COy), EHLTR, well D _LiFz AL LiE



i0>(250 G, 4 min) L7z, 512 EJEERILL, Cyto Tox96
(promega) T LDH JH&ZHE L7,
2. 10. GC-MS =¥ aaz
EE & Wk 1% ddH,0 T 10 5124 R L, 2-propanol :
acetonitrile = 1:1 {REHIKZMNZ TR/LT 27 A (5 min)
L, .0 (10°C, 15, 000 rpm, 10 min) #%, EyEZEILL T
i 0 R fE BE T R IE & 7R S 72 . Methoxyamine
Hydrochloride/Pyridine, Dehydrated Z/%, Y=/ —4—
(10 min) ZLBREL, A2 F 2X—%—(30°C) N T (90 min) T
PREDEHT-%, 130 (10°C, 15, 000 rpm, 10 min) L ki
ZREINLTZ, GC-MS HO/NMEIZA P — Mz LD
6% 20 ul Ad, =A27as U 2T MSTFA + 1% TMCS
% 50 pl Mz 7214, A2 F=2X—%—"T(37°C, 30 min) Il
L, GC-MS DM V7=, GC-MS 1% Agilent
Technologies tL#LA 270~ K757 B 853 HraF (7890B
GC/5977A MSD/7693 A —h>7F—) & -,
3. IR
3. 1. T3SS1 FEEEFORBRMENEBEHDORE
IR E 7 VA 0 FHF R R 1L U C, MBI
20 TDH &, 2 &y ho 3 BonindEiE, T3SS1, T3SS2 D
TFIENHBI TS, TDH BE Y T3SS2 13GENOR
HERRIC L > CHRBLFHES L, THEFEICEET5

ZEREENTVLI, —F T T3SS1 IXE KRS DAL
UL, TR BAT AL TRENELL, Mia
EEE MR OFEIZ B 5352 &M A SN T D
), HEERFFRICI VT, il & oo B o A R %
BT REATIID, EIRINDAF AL FRIZBEE
R, T3SS1 OBER TR BUTK > THFEA D HZE L
7oo ZIWVETOATHIZE D, T3SS1 Bis T ITMfa5E %
D DMEM &R CRBIR T HBINE L EH-T52E0
WESN TR, REEHFZEICIV TR, T3SS1 s+
FEBURMT OB SR 2 T 57290, DMEM H538 ik %
Ao, BRI T L —ar OF B (FrEh R LIk
EER D FE) [TV TRAT R T o7, Bl S+ T (3% NaCl
&4 LB Broth, 18 FifjIE%Z ) C—BhRiEsE LI IHHR
7 U4 E R, PBS (R AT 47 arha—/L) &, DMEM
B Hb (T3SS1 FEBIFHERE ) ITHENE, A F2X—]L,
F#7°5 RNA 2L C T3SS1 i#s1-F 84 RT-PCR T
AT LT, T3SS1 ARFFRIC IS NDTT =7 2 —H /N
I8P VP1680, T3SS1 HEEMERKIN T vscQ, T3SS1 K
CTAT VX2l —H—exsd, AHT AT L Fal —H—
exsD DOBLTIHBIEMITUIZFE R, DMEM AE528%70
0.5-1 K% ITBEIEFRBIN ER-T22ED L0725
7= (Fig 1),

Figure 1 mRNA expression level of T3SS1 related gene
was checked in DMEM medium.

T3SS1 related gene (vp1680, vscQ, exsA, exsD) were
estimated in 0, 0.5, 1, 2, 4 hr incubation of V.
parahaemolyticus in DMEM medium. Also, gene
expression was checked in PBS, or different aeration
Stand and Shake conditions.
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FIREHEFE (Shake) KD FRE SR (Stable) D53, B FRIUCEAEDELDLONER AL, BT
GFRENEMEBNCHDZENHAS o7, 26 (3% NaCl &4 LB Broth, 18 FrIEGEL#E) T—BhalEE
DOFEREEFEZ, UIBEOBG FRBMITE 0.5-1 Ko BLEBREZUAZ W, 0.5%, 1.0%, 3.0%0 NaCl %

FHERT R CITZATHOZ L LT, fNZ 7z LB Broth (ZHEZAME, BIs RO A RT-
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G OPBS 00.5%L8 1%LB B3%L8 Figure 2 mRNA expression level of virulence factors were
checked in different salt condition.
T3SS1 related gene (vpl680, vscQ, exsA, exsD), T3SS2
related gene (vopC, vopA), and tdh were estimated in 0, 0.5, 1 hr
% incubation of V. parahaemolyticus in salt supplemented LB
medium.
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Figure 3 Gene expression level were compered between 3%NaCl-LB
broth and DMEM medium.

T3SS1 related gene (vp1680, vscQ, exsA, exsD), T3SS2 related
gene (vopC, vopA), and tdh were estimated in 0.1, 0.5, 1 hr incubation of
V. parahaemolyticus in salt supplemented LB medium and DMEM
medium.



WU, O IRE DN R DR R A AV, BRI ~0
T3SS1 =7 =l H—B IO URINE T AR T
0y 7 47 CTHER LT, BIR FIHBLDOFREITERY,
0.5-3 FEEOENA L Fa_X— N ClX=T = I H—H /7
B O WEMER T DIEDH KR oT e, AF a2
— b5 6 I, 12 REfI# DR E O CTRIIRS N~
EHI A1 T8> 72 (Fig 4) . ZDFER, 1-3%D NaCl %
TRINU 755380 ClE, T3SS1 =7 =4 —H L 3D
VP1680 M2 EII/MIMSIVTNDIENRHLN /o7, F
7z, DMEM B3 RIZIEF 2@V T3SS1 B R BlA =
LTV, R ~D 3 &I T2 UEE m<enZ e
BT, — 77T, TDH D4y WEICII&- 552k M
TREREDDRNSTZZEDD, A2 F2—hDORIZH
B LUz alREMEI/ NS W Z AR S 7z, Bl
BRVENZ SIZHEIAN D VP1680 Ba T = AKX Ty T 42
T TR LA R CIE, DMEM &, 1-3%NaCl %8 A72
LB M CEE LI DT, VP1680 X2 VB E A
IR ERENRT,
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JEUT T3SS1 B R T ORHN LHL, @ikt~
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FPRE RIS, MRS B TUHEL CUVD ATREE NS 2
bND, BHHBIC DT 27 8= PG DPEL Sy
WATTHEDS, 18 MR ~DOHIR G ENEIZE D LI EEL
TWDFHARDT28, Caco2 HifEZ FHV IR EVERER
Z ML 7= (Fig 5) o IR PERR B I L DM EvErE, #
N LDH O SifR EDaH s, IRe 7 V4
JEGLZ 3BT T3SST KAFHIIC LDH B AL, R
VP1680 (ZEADMIIAEE MmN ENHESILTND,
DMEM, 0.5-3% NaCl #$i LB 551 T7'L A2 F =2 X—h
L7ZGRE 7 VA%, Caco2 Flfd~EYust, MifaEsEL
AV EFHIL T2, EORER, 3% LB B CRIMLEEL 7= 15
RET VA TITHAL G B R ME R 2 7R LT3,
DMEM £ #1458 B oD ik & [RIF2 FE D b (5 55
PECTHAZENHALN LI STz, ZNHDFERNS, HRE
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Figure 4 Analyzing of secretion and production level of T3SS1 effector protein (vp1680).
(A): Secretion level of vp1680 into culture mediums were estimated in PBS, DMEM, 0.5% NaCl-LB broth, 1% NaCl-LB broth,
and 3% NaClI-LB broth. (B):Production level of vp1680 were estimated in V. parahaemolyticus cell lysates in each culture

medium.
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Figure 5 Analyzing of T3SS1 mediated cell cytotoxicity in
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each culture condition.

Effect of pre-culturing in DMEM, 0.5% NaCl-LB broth, 1%
NaCl-LB broth, and 3% NaClI-LB broth on T3SS1 functions
were estimated by LDH release from host epithelial cells into
into culture mediums.

4. BAHERICEZBRETVADIRILEF—RBE
BELDfEMT

BIEREDEFEWICLY, BRE 7 VA ONREMEEE
BRSNS RO BT, IRICE
HRE L CERN T AHNE B LI R 2 THZEEL
Too ABFFETIX, MEERMHENEIRA D7D, HkH)
YTV T BEMTHLHEERE IR Z W, KT ORGHE
WIDIENT 24T 72 5T, I DD R ChaRke
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Figure 6 Metabolome analyzing revealed metabolic difference in the 0.5% NaCl-LB broth and 3% NaCl-LB broth.
WIRE D R2% LB 5 TR LTz, V. parahaemolyticus 53 135D GC-MS #& 5

(A): TIC difference between 0.5% NaCl and 3% NaCl-supplemented LB medium post V. parahaemolyticus culturing. Data
were extracted by 2 times difference. (B):Indicated TIC(9min~14.7min) data.
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Summary

Vibrio parahaemolyticus, a gram-negative halophilic bacterium, is a significant causative agent of food-borne
gastroenteritis. This bacterium is isolated and identified in Japan in 1950. This microorganism causes acute
gastroenteritis, the most common clinical symptoms include diarrhea with abdominal cramps, nausea, vomiting,
headache, and low-grade fever. The genomic analysis revealed the presence of two sets of type III secretion system
(T3SS1 and T3SS2 ) in V. parahaemolyticus, some studies reveled the function and regulation of those of virulence
factors.

V. parahaemolyticus is known as a halophilic bacterium that proliferation is activated in a 3% salt condition.
The bacterium need to adapt in the intestinal tissue condition, 0.9% salt, in infection state. However, relationship
between the salt condition and the pathogenicity or energy metabolism are not considered in previous study. In this
study, we estimated the pathogenicity and energy metabolism changes by the different salt condition in V.
parahaemolyticus.

As a result, the mRNA expression level of the T3SS1-related gene was increased in salt stimulation, and the
secretion of the T3SS1 effector protein VP1680 was also enhanced in the 3% salt containing medium. However,
there are no difference about T3SS1 mediated cytotoxicity for host epithelial cells in salt stimulation. Here, we
could not find salt mediated up regulation of T3SS1, functionally. On the other hand, the amino acid consumption
in the culture medium was different between the high-salt and the low-salt environment, also the production of
organic acid in the culture medium was not same in salt condition. Our study revealed that the pathogenicity and
the energy metabolism in Vibrio parahaemolyticus were partially regulated by salt concentration. Those results
suggest a relationship between the salt environment recognition and pathogenicity or energy metabolism in V.
parahaemolyticus. ldentification of the mechanism of environmental adaptation and pathogenicity activation in V.

parahaemolyticus may serve good information for makeup of new preventive method for food poisoning.



