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Campylobacter spp.i%. T4, £ < O EICB W CEMEEICHRE S T
SEFL K CTd> 5 (Mead et al. 1999; Coker et al. 2002; Adak et al. 2005; /&4 5784 IASR.
2010), BARIZIBUVTIE, 1982 4|2 Campylobacter jejuni & Campylobacter coli 25 £
ALK & U CHIE S 41, 1983 4E:0 b EA G A OB ERHI B S D K o127
o7z, BIE, C.jejuni/C.coli IZ X2 EFEIL, MEMERETEIZB W TREICHALE
BrkbZWETHTHY (BEATEHE. BfEdrt—RdH, X1), €O PR
LD EMBE LIRS TWD, F2, C.jejuni i, BPEDOFER., BHRSHKEED
TERZ ISR 23720 Tl IEETIE, FROMESSEIEIZRD PR AEZ D
X7 NU—EfERE & ORFEME TR S 4L (Rees et al. 1993; McCarthy et al. 2001) .
RAEMNEDL SDHI DT FWRORA S b b EEENLHE L TWHME TH 5,

Campylobacter spp.id. & DFREIHEFRIRE DN 3~15%DIHR G E L E LT 5
MECH D, 20D, ERIICITRK T ORBEERE TIX, TACNICERERREE 72
%, LorL, Cojejuni i2L 5t b ~D&Yeid, 10 HFLE DV VEK THE &k 2 &
b End 578 (Robinson. 1981; Black et al. 1988) | 7= & X {5 4D L ~UL I
BTHOETHEORET LY AZITE, S HITKIR T TRE L 72K R & H Tl
PIREHIATF CE 28R H 5, b)Y, Campylobacter &7 DR AR, 2 #E L
SLTWDRHELTHETONTVD (Z#5.2005),

HAIZE T Campylobacter £ FDJFRA & 72 2 FfElX, I C. jejuni TH D,
JRR A & LT, BANRDNLDHERL <. TOMIER L OPRIFITMECHm IR & W
STARIREER Th 5, KRIX. Z2< OMEIZE > TREGREEE TH Y . C. jejuni
bEL RRICEDHREOA PV A2, ORI NI T LT, E&ETWD

MEEFE T X720, Wb 5 viable but non-culturable (UL F. VBNC) JRBEIZ/AR 5 Z L s
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sl ST 5, (Lazaro et al. 1999; Chaisowwong et al. 2012) ,

C. jejuni ™ VBNC R HEIT. 1986 4F(Z Rollins & Colwell 12 X - THIH T4 (Rollins
and Colwell 1986) iU TLLK, pH RAKIEEFEDEEA I A R L ABERIZ L > T, 2Dk
RRIZAVIATL Z ENREL OMREICL > THE SN TS (Lazaro et al. 1999;
Chaveerach et al. 2002; Murphy et al. 2006; Jackson et al. 2009; Chaisowwong et al. 2012) ,
Z OARRED C. jejuni & R BIRINCHEE L= 0 \EREMIROKET 2221280,
e A REZR AR A MY & dufz & 9 sl (Cappelier et al. 1999; Baffone et al. 2006) 73
&Y. VBNCIREEIZ, BT EIAEDEIENZ Y A7 W+ & L TCRMEAE EOBEEMEN
REENTND,

Campylobacter spp.iZ & 2 B H #2695 72 DI2iE, RE QRIS U - alk
RTIHARPMETH D, DFED | BERATRERREORE DAL 579, VBNC HREDH
LR TR EIE AL T 52 L, £ LT, AZIEODIRER THHKIRICK T S
KEDOEFEE LS VA NOMAT L ERHERFICEETHD, LiL,
Campylobacter spp. DIKIE T TOHEE R L OEHEIZEET 20 TR IX. 1T E A EH L
(21T 78 > Ty,

AW TIX, £79°. C.jejuni 2MEIREE 2 E12 XL D VBNC DIRFEIZH - T H R
AMREZR 71 L L CL BB ML TdH 5 real-time PCR 1L &G L 7o L& it L7z,
ZOES, BTEREIL Br REMEIS CTEME R E L RIFHSE 22T 5 2
ENH, MOFEREBERREENE O ZO T —HITRBTEDL VAT L& L, FEE
DEFRBAR~EAN L TRAETEOA M Z s Lz (58 1 %), RIZ, C. jejuni & PBS(-)
FIZIKIR (4°C) TRAFT D 2 LIC & - T, FEERIYIC C. jejuni © VBNC (R {ERLL
7z (B 2%), €L T, VBNCIREDEI 3Bl Z ., real-time RT-PCR LB LU~ 1 7
17 LA EE AT, VBNC AREE~DOBATICBE ™ 2 liBin 2 HEE Lz (56
3%), & BT, VBNCIREEBHIE S5 56 & 2 DB OWTHHE L7z (B

4 %),



% 1 Z Duplex SYBR Green real-time PCR ik k5B =
REEE 16 B FO—FREEDHEIL

o
Hp

BHBFENTAE LICGE | YRR 1ER0fEE OARIRB 17 ENREEOBLA
D, RARHEME L b NCRR RS2 EOMMRRD bivd, BE, M@tk
BORETIE, FICERBENPERTH L0, BERIEIC I DREIT., B ERIE L Ry
FIEE R 2 120 T | JRRE OBDRIEDRERMFICLELE STV, T72b
B M AR AE 7 EOBREESRIFIC L - T, AFERIREEZZ(L S, VBNC
D WITFEHEORE T, MIKITHFEEL TV D WREMERZEZ b D, ZDO X5 gEIc
X, FERETIIRR E RoTeEmH 2 0 BET 2 2 LIIARHBRETH D,

MEMER RO P T, &k bIEMFEDOZ W Cjejuni BPFEIL, EGRT72D 5
KR ZRET 2 2 ENRERY A%, ZORKE LT, FEREMAFE-> TV
WIS, MR SER & 2 U ME VBNC IREBICH Y | AR BER R CTH 5 Z L
HEH STV D (=B 5.2009) , FFIZ . BRAIKDBES - BRI L - CHEEPHEEEZ 51T,
C.jejuni OAEFMIT, FELLBAOTHZ ENMEINTWD (=5, 2005),

MR 2 B 9 2 AR, BN K 2 2 r = — R SOBAMMERIC L D WA 72 &
N& DN, AT, AT E SR A OB RS S, PCRIEZR EIT X
L AR | BYEDJRIK FERNC IR < FIF S 2 & 51272 > T & 7= (Fukushima et
al. 2003; Matsuki et al. 2004; Ott et al. 2004) , {KifLIZIS(T 2 RIIAIEFR KR AL D E
BRCIE, 2 n=—0RIHIER L7z VBNC OREEIZEW TS, BHICHZ 0 | BHIA
AE72 DNA DERICRFENTND Z EBBIZE SN TS (Yamamoto et al. 1996;
Weichart et al. 1997; Lazaro et al. 1999), D 7=, MRIKIZAFIET 2 IR EM I OBIE T

R D 2 LT ORI OR &R S WKL T b &P E ORI E DR E-C R
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DIGYEROHHRIC TG T 2 2 LRFARETH D,

% 1 ®TIE, C.jejuni 72 & OB FEERE N EEE ATREIREBOG A DR BT,
VBNC REED X 5 ZRIEH(EN R E ThH > Th, WFERI DI T 5 ik L LT,
B2 DNA Z i L, #{& DNA F12>5 real-time PCR ¥EIZ & 0 & W (KI5 o i
BT ERFETDRELEEZ, RO T 74 ~—DMASDEEUE L THE L, AR
EEOFIIE. Fukushima & A3BH% L 7= multiplex SYBR Green real-time PCR /(2 L 5
BRHENEO 24 @D —F A2 U —=229% (Fukushima et al. 2010) %% %(C
L7z, L2 L. Fukushima & D HEIL, JRBIR12 24 L 2o, ZOIEEIT
JHECH Y | WRODREDE L 72 % PCRIEIEEY O Tm ED 2N 1CLL LR ST
WRWEDIZHEIZE BT 25600 570 L Bl ~ORER RGN TR
W, I T, AT, EEOBFHREICIBWT, K 0BBGOEFICHA Lt
EET D70 R % B AT EEREO 16 H¥H (BB & LT 16 Fl) 12/ .
PCRIRFEMN D TMED#EZ TE LT RESHRT D22 LITE D | FESHENE
5C. BAEBEORWERHEREZ —~FICHRB L THREICRIETE 2V A7 A2k
BL7, SHIT, AlakELE EEORTRFF TR S NZERBIRICEA L, HiE
DA MOV TRE LT,



M &Rk

X RMEY

MR E LeghmiEREIL, Wi 10 FRICHMER TRAE LT imfita22E
IZ 16 FHAZIRE LTz, 3720 b ik bRAEME DL D> 7= C. jejuni (21 2, Salmonella
spp.. FHIJEME RN E diarrheagenic Escherichia coli (5% H i KB # (EHEC) . 5%
WRPERE (EPEC) . IR EERMERIGE (EAEC) . IFERAMERIGE (EIEC), #
FIFEMKIGE (ETEC)). Shigella spp.. Bacillus cereus (emetic toxin producing B. cereus
and enterotoxigenic B. cereus). Clostridium perfringens, Staphylococcus aureus, Vibrio
parahaemolyticus, Yersinia enterocolitica, Y. pseudotuberculosis, Listeria monocytogenes

D 16 FHfE & LT,

ESE7S
PRRRIE, # ] VR BR B AR R A SR AT U AE B IR STV DR A BB s 712D
E3WRT OTIR L, MAVEDORRIEOMHER THEM Lz, B hr— & LTo
ERIZ. C. jejuni ATCC 700819 (C. jejuni specific gene). Salmonella Typhimurium
ATCC13355 (invA). E. coli-EHEC 0157:H7 09089 (stx2). E. coli-EHEC 026:H11 09009
(stx1). E. coli-EPEC 050922 (eaeA). E. coli-EAEC 05102 (astA). E. coli-EIEC
0124:HNM E93254 (virA). E. coli-ETEC 2002.10 (st 33 L TN It), Bacillus cereus 04158
(ces 33 TN nheB). C. perfringens 09019 (cpe). S. aureus ATCC 6538P (femB). V.
parahaemolyticus O3:K6 (tdh). Y. pseudotuberculosis 08009 (yadA). L. monocytogenes

ATCC19115 (hly) % 7=,

DNA i H

QlAamp DNA Stool Mini kit (QIAGEN) % V>, LEFEOEREOME R (200uL)
7



FOFEMRMR (e Kk 200mg) 706, v Mo 7m b a—1i29t-> T DNA it %

1TV, PCROT L — K& LT,

BMHERATS/4<—

FRED 16 WA MR T 272 OIZER & LI 16 OB B L ORI 7 4
~—L, WEDOEHE (Bubert et al. 1997; Fukushima et al. 2003; Nguyen et al. 2005;
Fukushima et al. 2009; Fukushima et al. 2010) #Z#&|Z L T, real-time PCR (T L 72
BWEEED NS OLND SO %®EE LT, Duplex PCR £ TlE, 1 SO K& THEEGES
FORBHIRH SN DG 2B L. FOSRICITEERRTRHEEO O b L AT S%
G PCRIUSTHE T D Z ENRNE I RilAEbEEE X T2, S HIT, HUSHK
(ZB T 5 2 FiEH O PCRIGIEEM O Tm HDZEZ | AIHERR Y K& <HEfR L7, AL

2774 ~—0OHNEB LT PCRFIEEN O Tm AR 1 IR LT,

Duplex SYBR Green real-time PCR &It

# 1D A~H Z/~7 8 525D duplex SYBR Green real-time PCR %, 96 /X~ A 7 1
7L — B LV ABI7500 Real-Time PCR ¥ A7 Az HWTIT- 72, &%51F, 151dH
720 12well THERC S 4L, fBfE= s be—b, BiE=a s be— Q ), 77
— F DNA V> 7 Z & T, KR OMRIZ, 2x SYBR Premix DimerEraser (TaKaRa)
10uL, 2 fFHD 7' F A ~— (10uM) forward 35 J OF reverse % 0.8uL, ROX Reference Dye
O 0.4 pL JRFEZAKE K 44uL B LT > 7 L— k DNA2uL IZFH8L L PCR &R 20pL
ZIER U7, BOSSEMIE, 95°CTC 30 Bn#h#g, 95°C - 5 &, 55°C - 30 #0, 72°C - 40
Bz 30 A 7 AT o7z, HIEIR. BRI T, Bt hr— e TLo

PCR HilEEEY D Tm fE % boie L THERR L7,



BRHRBEFEDAIE
PR R IL, S ERORE#REOE R (CFU) ZRIE#% . fiH DNA % 10 (2R
FRL7= DNA 7> 7 L— k& i\ real-time PCR iE%1T-> T, Bk 1g &H7- 0 ORHIR

S (CRUlg) ZHE LT,

ERERIRIA~NDEA

2009 4E~2012 4EIT, PR CHRENCREAE LT mEED 12 4] (£2) @
MR 2 WITRERAF S LTV A MRS (200mg LLT) % VT DNA i %
1TV, real-time PCR{EZ 320 L, BEEIAIC X D0 BER R L i LT, 72 AR T
OO RBIINEL VRSN RIETH L7720, TR R EERER 20T
HEAZER] ICHFRZ o722 BT HEPTBRESRM TH L1280, K
i B OREIZAE L2 S S v, ERMHEOMBFRESHCE S & . [DER%S] ok

oY = Y



e S

BrhEREEFE O duplex SYBR Green real-time PCR i D&

AWF5E THESE L 7= duplex SYBR Green real-time PCR #5(%., 8 fitae C 2 Fi¥E4 >
OREPHEREOBIZF AR RATHIET 2 Z LR ETHY (K2), HFHT 16
O GBIn 52 TN TR RN T 2 Z LN Th > 7, FRISROMAE
bET, BtEay ha—1o TmEOZEIT LOCLL E& R L7z (£ 2), 96 X~1 7

n 7 L— bW E, YU 7VEERRIMINE TRERTRETH - 72,

B RADRIE

BB R B O AR AL T O HIBR SR 1%, DNA QlAamp DNA Stool Mini Kit (fit
AUBRIAEIT 200mg) THIH L723A . BRIk 1g &7 v IC#¥ 9% L5 10°~10°CFU/g
Tdhol= (£ 3), D55, # 10°CFU/g 1% V. parahaemolyticus 35 L8 ETEC. #9
10°CFU/g I% S. aureus TV, Z DO HFEITK 10°~10°CFU/lg TdHh o7z, C. jejuni

1359 10°CFUlg THh - 7=,

FRERIRIA~DEA

A if] U CIEERIC FE A U 7o M M v 7 B S 51 oD (R B R O IR R | 2 i
T o0, AREEEERLIZL A, & 12 FHITB W THERE TOOBER & [ C
WO T2 S (R2), BEELRFEOMEEL 3~4 M TH L Z L A3 HEE
Tholz, 4212 FHOFRYERONERIZ, C. jejuni 25 4 FHI L HEH L < (HFH 2,
3. 7. 8). C.perfringens 7% 3 S# (5] 1, 4, 9). Salmonella spp. 7% 2 =3 (4 5,
11) C. V. parahaemolyticus, S.aureus, Y. pseudotuberculosis 234 1 | TH 7= (%
nEnEH 6, 12, 11), AREEIL, BHEO ERIFR & 722> 72w OB DI 72

57, HEBOBLETFAIREESNZFF b H o7 (62, 3, 5, 6. 8, 9, 11, 12),
10



BRI, FrIiCD B LD > TR WEMERIKZ W mals, o7 bo Tm
EARGE= Y hr—Ld Tm L T2 —F LAV b DD, —1CUNDITEUIE %
AT EDNH o7, Fukushima HIX, @lfEAIER AT TN & HIET 256, Bitk=
M — LD TMEELICLINE LTWD Z &0 D AR T H [RERIZHE LTz,

F45 313 C. jejuni BFFHTH Y, WA LI FBRIK 7 Wik (S1~S7) @9 5, K
FIETIES6 IFEMETH D . o 6 KA HIX C. jejuni AR Sz, ZoHEpFlDHE
fEREAR) S DNA ZfiliH L, real-time PCRIEAAT o7& 2 A, H 7L S6 ZERVNZ 6
R PCR HEIEFEY) O Tm 1L C. jejuni Bt = > b — v L [EfESH 5 W T —1CLA
D%z R L, C.jejuni BPE & HIE Sz, Z ORI, BEETONER R L —
LTz, F18 D C.jejuni BHHETIL, HEEIEICE Y 4BIKD 5 6 2 KN B
WATBES I (S2EB L VS4) \H o 7L S1LEB LSS IFREMETH o 7o, Z O F D real-time
PCR 7 Tld. B HES U7z 2 BIKTZT T2 <L BE28IE T C. jejuni S S e )
ST 7L S3 L, ARt cE— 2 A G5 (K4), S3D Tmiid, 76.3C
& C. jejuni o=z b —/vd Tm fE 77.0CO —1 CLUNDEEZ R LTZZ L b,
C. jejuni B & HIE S 41, real-time PCR 35 ClE 4 MK 3 MK 5 C. jejuni DFFEEY

Bl S his (R 2),

11



BE

AHFGE THESE L 7-FiAEi%1E. duplex SYBR Sreen real-time PCR L& 1EH4 5 Z &
2Ry, BRPHERED 16 B2 ThERNICHRIET 2 2 ERAETH -
(¥ 2), &% & L7z Fukushima & 23B8%& L7- 7775 (Fukushima et al. 2010) &, 24 ff
MHOR BB T2 TN TN T 25 2 LIXAEETH 5, Lo L, multiplex PCR £ &9
DL T MRITHEE MR N L, BERNEMEL 720, 612, 24 FEHD 5 Bk
BEORWERRFRERE SR LT D52 LI, RERBR L TORWIRREIC L 28

[ZHXIETE 525, Wl O P ERA CIIms SRR O SR EE R E 2 i E2D
MEEIZHMHTE 2 HTEEZLEDEEBE N, TDID, Fukushima & DO U7k R Tk
HEO—HFmt s L CTHHRREETIIS 50, FEEEROBE TCOME~NEAT S
I LW EE X DL,

AAFFED real-time PCR {E1X, BFEHBRAEIZIS W T, LV BGOEFICAI L i
E~BRESNT, Thbb, FELARTHFEREO 16 BlaFa2x5RL Lzl Lick
). ZOBEMEEMEIZ L, PCRIIEED D Tm D% 1L.9CLL EfEfRT 25 Z LT &
> CRARIBR T COREE BT Uiz, MR, £ 10°~10°CFUlg TH Y . &
TEEREOREEM CENRD b (& 3) B, —RICATHEFOBEHEMIIT
10°CFU/g U EDRFENE TN D720, EH EO—FRER 7 U —=2 7L LT
FIREZR N EHIWT Lo, DFE D | AR TETHE O @ OB K B 2 Gl o I
BT 2N FiETHDH B2 b (lidaetal 2013),

SEBEIC FRRA RN TR L o R h B B ] 0 FE AEMRR A VT AREFED
real-time PCR{EZEM L7= & Z A, 4 12 FHITUERDOEEERIE Tl S JRIKE &
A CHEMEO B0t Shic (F2), 5612, HBEETIIRREOREIC, @ T
(T 2~4 HELLEZES 5 L 2 A%, ARk Tl DNA fiH &5 T 3~4 K] THRIA

WEHE Lz, ¥, BEMMESEZE 9 5E (C Jguni %), R EAMEOMRRN
12



VB2 (C perfringens <° ETEC) 122>\ C bl oIt c&, MR L
BREEOAMAMEZEN T2 Z &N TE, SHIC, HHEOBIR AR Sz FF T
I T RRE LM b OB P EERE S Eh TV e 2 E AR S,
FHBROHETE L AETH D Z LV R S 7z (lidaetal. 2013),

51 8 @ C. jejuni IZ &L HEHFFEFHITIX, F5EIET C. jejuni DL THES L7
Moo 7V S3 N, ARRAIETIX C. jejuni DR -2 S4, Btk & HIE S
7= (K4, 2), ZoOHEBEE LT, #FEFIZEEIND C.jejuni 23 VBNC & 5 WIIEH
DIREE T D o7 To D BBIETIEIAMIE Th o723, BAR T Th 2 RAE TIX
BHSNEZ EBBALNTZ, 2D b, MELZMAREIZ, VBNC IR
IZOWVWTHTOMRHTE L HETHDL EZ 2 B,

13



F2F KB (4°C)REIZES C. jejuni D VBNC JREED
EH

o
Hp

C. jejuni X277 Atk HEERO HHAREE (0.2~0.8X0.5~5um) TH 5,
s L <IE—8mll O R W E 2R b, a7 27 U 2 —HRkOEiSER) 2 3 5,
FEINNIMEHRIRE D 3~15%DIAF KRG A B L L, ERAVITITAFRESM T TIEAE
GIVIEIET D05 ARIRSAF TIEIERIIMOAEFENAIRETH Y, RIEA ML RITL - T,
AETVDA N LEHI TR T & 720>, Viable but Non-Culturable (VBNC) DiRHEIZ
2% 2 EbHE I TUWS (Buswell et al. 1998; Lazaro et al. 1999; Chan et al. 2001;
El-Shibiny et al. 2009; Chaisowwong et al. 2012) ,

C. jejuni IZ L 2 BT HOR b HERESMITFHWNTH Y  (Notermans et al. 1992;
Corry et al. 2001), Z DOWiEF L ORFIFTHTECH T & WV o T RRIBE®R Th 5, C.
jejuni 1, R EMEDD 32~A5COIREFIP] TO A THIAT 5720, #H T, K
EAR G TOBIHIZ RN EEZBND, LrL, C. jejuni OIRIERHEIT 10° H
& H Ui (Robinson. 1981; Black et al. 1988) , &I ff 7 L CHEfRfF CHEZE -T2
DT MIRAREI L > TREENERNLT D RN H 5D, L7en - T, C. jejuni &HEHED
TR TR, HOBIICER 24D L0 b HPihE, AR ORE OB
MRS 2 BB WK 2 C O ERH H, LrL, C.jejuni DIRRICE T 54
FREREEIC OV TIIMA B 2T 2R > TH R,

AWFFETIL, C. jejuni & PBS(-)H TIKIED 4°CTHRIFE L. B DOAEFRMECEEEED
FERFHYZALP AR DT REAAL 2 G~ RIR PR AFIZ £ D VBNC IRAE D F2ERAY 22/ F U Z S

WTTRRRT L7,

14



M &Rk

BB LUVERIAR

b NEEH KR TH S C. jejuni ATCC 700189 (C. jejuni NCTC 11168 & [F45) w4
EBRCHEH Lz, RERH (—80°C) 25 1 A& H 2 U~ MR (BD) (Z#2
FE L, 37°CC 48 IFfH], TS (5%0,, 10%CO,, 85%N,) TH:#E L7z, Hi#&f4.
VAR oo 1 HEIEERBRE N O, 37°C T 24 FR[], PFRREE Uiz, Rk 50uL & #ri-
7% Mueller Hinton Broth (Difco) SmL IZHFE L (16 A, 37°C T 16 FFfH, flaFxbs#E
L7z, Z OxPEEETHI#% A ORIEDORE ik % 8,000xg T 5 /il Liztk, WWik%
PBS(-) CHFES Y-, ZOBIELZFHET-72%, 4CIZHA LT PBS(-)T C. jejuni
D BRI FE A %9 108 CFU/ML ICFHTE L, 300mL DR Z1ERL L=, T D%, Bz H
SN ML DAY Fr Ly T2 K+F 2—7 (FALCON) ~ 10mL § 2437 L,

ACIZERE LA v F 2 _XR—FNTHEMRE LT,

ARMSIVEERERAER
FHELEL R 36 L OMRAFIE 1T I O B TR ES RRE DRI L &2 - 5 728D 1 [
2 12 M B T, 2% ARSI OERREEAREL, JEHEE Z LI
THEE R Lz, EEIZT 2 VYL Y (i 13) . AFERT
LIVE/DEAD BacLight Bacterial Viability Kits (Molecular Probes) THufatk, e CHMEE
(OLYMPUS BX60, UV 7 ¢ /L& —) THIE L7-, AEFfFZIX, 1,000 £%T 200~300 O
RN OWTAERH (k) SRR ORE) 200 ML, AP ED L HEND
RN Uiz, R alRERm i, Wik% PBS(-)T 10 FFEPSAIR L. ARk
7 100pL % MCCDA E:HI(OXOID)H L OV < MLk 32 RGN 4 2 Ko oo v 5 — Utk
ZAWTEIK L, 37°CT 48 Kyl MUFRsEEE#% ., R EOERE O FEIED b EE

2R L (BERTEEEERE) . 26 0BT 10 B2 ATV, S EECAEFROR
15



PRI DWW CRREME A2 a8 L 7,

4CIZB W FHE L & 12 BF% ORI A | BORBRMEE KX O E 7 st
(HARE ¥, JOEL-1230) THIZE L 7o, 40LBAMMEE Tld. LIVE/DEAD BacLight Bacterial
Viability Kits TYta L7- b 02822 Uiz, 72, B PMSEBE CIX, BikE 2% )
BT AT UL DIAT 4 TYa%NE L, BUK(LILER U7z 2o DA AL A

Yo (H#EM) Z MW TElg LT,

16



e S

ERMSIUIEERERAER

C. jejuni Z PBS(-) T4 CL12 HHFFERIT LT & 2 A, REEIIHMZ @ L T
BIXIFE A E D o T, AT, RUITIFIE 100% Th-o7-23, 12 HFZIZIE 70
~80%% T 7=, FEEAREREHIC OV TIE, mCCDA BT 8 M H LI, 1

R RER | CI 11 R B LARE, 35 B COEEIMRIEO bl ko7c (M5),

4

MREZ L

ACITB W FHERE R & 12 A% OBMEKRE . dOCBEMEECRIE L 24, il
E£TIIOEARTH AR, 12 HHH% TIEZ < OEAERIR (coccoid form) 12
AL T, BFBAMEEIC X 28153 TH . VBNC JIREE TITERIAL L 72K 2586

B OWTIEIMImICRFFLTEEEThH o7z (K 6),

17



BE

Campylobacter spp.iZ. @R DHZEIRABICTI <, T E TREICHOVME TH 5
Ez 5N TW=, LA L, Campylobacter spp.id& VBNC DFLENH SN 572 &
Bih & & tokkx 2k LW ERER CAEAFET 5 72 O IS B e BREEE OB S 2 e dadii 2 T\
5 ENHAGMNE o TE 2 (=15, 2005; Murphy. 2006), ##lZ. C. jejuni DIKIEIZFS
T D AT VBNC JRARSE O A B Y RFEI L AR 2375 Y L 72 W DS B 78 D F 72K
PR T, ZORI REMPMBRETHBEL TWDZLEBET L L, HoIC L
TEBIMLERD D,

52 TCIE, FEBRIYIC C. jejuni 2 FB OLRAT « WBIEE TH D MEIEE (4°C)
(CHEIRTE L, £ OAMFER L FREDO L& BRI~ & A&H9IZ VBNC IREEDIE
RZ AT, EOREE, 11 HERE LT, IERRMEEE T H 5 Mk e REFH - THERK
ERR BN 725> Th, BRICE EN 2 BEED 9B 70~80%13E(F L Tz

(X5), AHFZECfE A L 7= LIVE/DEAD BacLight Bacterial Viability Kits (%, HilafE D
WEELEMEIC L > T & AFE 245 T& 5 (Haugland. 1996; Boulos et al. 1999), =
D EMG 1R ARRGF LIESGETH, WEROMEIIZE L TWD Z &R Sh
72, 12 BB OEERDOEREIL, £ < OETARD LHE AN GERIR (coccoid form)
B L T Dk R S (K6), 2ok 51z, Cjejuni MEIRAREDR KL
AZHBHBINDZLICL T, HOBEPEKFAT 2 Z L%, MEOHRSE (Rollins et
al. 1986; Lazaro et al. 1999; Chaveerach et al. 2002; Murphy et al. 2006; Jackson et al. 2009;
Chaisowwong et al. 2012) & [RERTH - 7=,

VBNC K& (X, THEZ TV DIRERTE RV RETHD, LrL, EDX)
IREEHI A L C TR R T & 220 REBA VBNC IRAE & HIE T 5 22DV, B
IREFRDN2VN, VBNCIZBIT D580 % <13, MIREREEHS MU 77— Y A #R

B 7 & OIFEIRVERE M 2 WV TREREEZ A~ TV DN, FIFTEIC & » TERMNIT 5
18



VHENH D, F2. C.jejuni 73 VBNC REEICE L WML, FRRICZ > TR LD
WE STV D (Jones et al. 1991; Terzieva et al. 1991; Chan et al. 2001) , ASHFZEIZ U
TI%. mMCCDA B CRBE CX 7o /e o7z 8 M H ORF R Tl MIRZERIGHIClrTE
EHEWETHL ZLNE Wb “BER" OREPREEL TV D EHERISh D,
—J5C, 11 IAR B LS TIE, A& TO D2 IFEIPEE Lo IS REE - Th > THE;
ETERWRETHY . WIEDIEREHEIK (coccoid form) TH D Z & 2R LT,
Z 2T, AWFFETIE, VBNCIRRED EFR 4 [IIMHKFE REF M THEETERM L2V KR &
L7z, £ L7, C.jejuni % PBS(-)4°C T 12 MR L T, A X T\ 223K FERESH
THRTE < 2o KiE4 “VBNC (RAR”, FHEER ORiE rlRe /0 Kig 2 “lFik
RE” L LT, IMEOFEREITO) &L L, 72d, 6 2 BCER L VBNC RED
C. jejuni 1%, % 1 ¥ THig 2 L 7= real-time PCR MR TH ., M FIRETH 5 Z & Z il

Lz (F—ZIIm LTy,
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F3E C.jejuni ® VBNC IREDEEGFRIREL

re

A
A

anh

HEO VBNC ARIE~DOBATIX, MIESIMTAIRIC L 22 F L AICHEIG L, A S 4T
VH7Dic, BODAMEMRIREEEZZEZ TVWDHZ ENRBEXHILDH, C. jejuni 2MEIRE T
REIMAEGFT 52 L0 VBNCICA VAT Z &1, B s LCBEICHE SN TWD (D
@ (Buswell et al. 1998; Lazaro et al. 1999; Chan et al. 2001; El-Shibiny et al. 2009;
Chaisowwong et al. 2012) . < Dy FHEEIZ OV T, 1T & A SIS TV, C.
jejuni 1, 32~45°CDIREHIPH CHEIET 2 M CTH DM, BB IREFITZT T
<, IR BEREFIITICENTH, 2~3COE W THIFEENZZRIE T L, <L
72 B T ENWAE SN TS (Hazeleger et al. 1998), & 512, C. jejuni X, E. coli
2 EOMEFETHE SN TWDFEERKIE S o v 7 # /37 E (CspA) ZIRA LT
RN ER PCR IE, 7 AT B XU X7 B O LHEP STV D

(Qoronfleh et al. 1992; Hazeleger et al. 1998; Parkhill et al. 2000) ,

%3 T KIRIZ L 2 C.jejuni @ VBNC IREE~DBEATIZ DU Toy 1154 % i i
T D7D RSB TR BALICIER Uiz, @RI 5 COERFZTEIZ X 5 C. jejuni
DBInT-FEE 2 MR EREAT L, = L X — RN 2 BinFORBNHN L
Tz & O (Moenetal. 2005) (3& 5723, {KIRAZEIC LD VBNCAHREE L 72 o T2
[ZOWT, B FRILALOMFER 2T BT 2 I XA =672, £Z2 T, C
jejuni %5 2 TEOFEER & [FIERIZ PBS(-)4C CRAFE L, 12 %D VBNC HREEIZE 2 1l
F£T RNA Z i L, real-time RT-PCR AR LU~ A 7 n 7 LA IEIC L W BnFHH %
FENT % Z & TLOEHEIREED 5 VBNC AREE~DBATICEE G- 2 R RN 08 51 DIRR

21T o7,
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M &Rk

RNA #hH
C.jejuni @ RNA %, 4CHrEER (GBHFIREE) . 1HEM%Z GEHFIREREE) B X
Ot 12 % (VBNCIREE) OEER2bHiH L7z, £, Eikz 4°CT 8,000xg, 557
W0 L CHHE L. RNAprotect Bacteria Reagent (QIAGEN) % T RNA %% &4k
"7, £ D%, RNA T NucleoSpin RNA Il (MACHEREY-NAGEL) % FVCHiHi L,
RNase-free H,0O 60uL C RNA Z&EH L7=, 7/ & DNA %533 % 72, DNase ALER
IZ. RNase-Free DNase Set (QIAGEN) % H\, Fi&iEifE % 100uL (ZFA%%, =il
(20~25C) T 10 %3, DNase sz 1T->7-, £ D%, NucleoSpin RNA Clean-up XS
(MACHEREY-NAGEL) T RNA Oiiifi & FER 24TV Al RNA O &l 2 ]

ELT,

real-time RT-PCR ;%
C. jejuni DZNZEILOIRIED EHE D B L 72 RNA [Z-DU T, SuperScript T

(invtrogen) %z FHV T ¢cDNA % Ak L Ing/uL (2734  SYBR Green % U 7= real-time
PCR {£ T mRNA O3B &4 E RN L7, dREE I, BEICRESNATVD V.
cholerae (2351 A{KIE A kL 2 & VBNC {LIZBE3 %498 (Asakura et al. 2006) <° C.
jejuni DOIEFEIEE IC B9 2 HF9E (Stintzi. 2003) A2 5% IR E L, KIEA P LA
VBNC (2B 54 % LHERI S 72 60 Bin+ (R4) L LT, £DOTTA~—iF, 7 U —
Y 7 K@ Primer3Plus (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi)
ZHWTEREH L7 (£ 5), ISHKDOMIX. KAPASYBR FAST gPCR Master Mix (2x)
Universal (KAPABIOSYSTEMS)., 7 7 A ~—% 0.4uM. Rox Reference Dye Il 0.4pL,
cDNA %% (Ing/uL) 2uL T, JWEAEKEZHWTEE 20uL & Lz, 2EE X, 7500

Real-Time PCR system % Jf]\ >, 95°C T 30 #LEfiz, 95°C - 5 #, 60°C - 40 O %
21


http://www.bioinformatics.nl/cgi-bin/primer3

A0 VA 7 VR0 IR Ui=th, R OHT 24T o 72, RS R OMENTIZ, SDS software %

WTHTUV, AACHIEIZ X 0 B BT U7,

NERE B F DR

NEBIEHERE (R 1-1%, Ritz 5 O C. jejuni O NIIEHEER{R T-I2BIT 2 MitoMmE 2
£1Z (Ritzetal. 2009) . 4 SDOEffiEfs - (IVC. rpoA, slyD. thiC) (Z oW TR L
7z, ACHHERETE (Oh). 4K (4h), 7 A& (7d) OFERFRHIOBEKL) D RNA Zff
U, Eff & Lz 4 O KB T I22oW T, EFLo realtime RT-PCR EIZ L VW, %

NENORFRNZR IS 2 nFHEI 2 R L7z,

A7 LAE

Filgen £t DNA ~ A 7 1 7 LA B F-REZ MR —ERIZLD, vA 71
T UA FEREIT o1, R LTe v T viE, ACHHEEEZOBHFIREOR & 12 Mi#%
> VBNC IREED NN %, MHIRMKEIRED 4CHER L EROE M, 3 ETO
BIn TR A Tl U, 3 1@ Ofiffr 217 - 7=, F28RIE. Agilent 2100 Bioanalyzer
12 &V total RNA O SWE 2 ezt . TTRNA g 217> C Cy5 THEEk L. Filgen Array
Campylobacter jejuni Z W\ T A 7TV X A B— 3 U &2ITo70, D%, Axy =
TR IOT —ZRHTIZ L0 #diEik L. C. jejuni @ 1680 is T IZ DWW THEMT L7, 7235,
C.jejuni 57 7 At A XX, £ 1.6Mb Tod v (Parkhill et al. 2000) . 4 [EIDfETIZ H

U2 1680 Bin X, RIET R TOEFEMEEL TV 5,
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e S

real-time RT-PCR £ T 4 5 WEEHEB IR DR FTTlX, rpoA 23> 3 EisF
EHBLTHROLEELTRIAL TWALAZ 2Rl (K7), 207, LIEDIFE
TlZ rpoA Z NEMEHEER T & L THH LT,

real-time RT-PCR /AIZ & - T, FHEEH (0h) O & 12 HHE (12w) OEIZHS
W60 FFE DB A TR B2 ik U 25 L L2 bIziEH Lc & 2 A 12 F#5E (¢j0909,
flaC, cadF. dcuB. sdhC. pebC, ¢j1371, cj0864, ciaB. cj1541, cdtA, cj0758) 7 ff
WX, 2D LB TFTholz (R6A), BHEICHEMLZBLE T, K15
5 TlEdH 5 0L E L TRBLOHEIMNDFRO b= 8 {s 11X 5 FHSH (¢j0920, katA, cj0334,
kgtP. ¢j0358) Th ~7=,

~A 7 u7 LAETIE, C. jejuni @ 1680 M2 oW T, FEEHE (0h), 1
ft% (lw) . 12 HfE#% (12w) OB I L T EIEMNT L2 (12w vs Oh, 1w
vs Oh, 12w vs 1w), 2 f%LL EOZRICIEH 35 &, 1680 Bis - DZELDOWNERILE 6B

WY THY KT —H D ScatterPlot % [X] 8 |27~ L7z, LD B - 7o fm 12OV T,
Z Ry DOMRE L RO R E R T IR LI,

C. jejuni ® VBNC IREEIZRE 53 2385 T DOHE#E T, VBNCIREED [H5# T 72
W EWOAREEDN D | BE T HEER OTEMENAD LT D EHERIL . BELORD LT
BIEFICER Lz, 2L T, 4CTHER 1EMTORBOBA L, VBNC RIE~D
BAT I  RIBICE W2 EORBIC L D LHERI L, 4T 28T 2RI LT
ARG T 2R VAT, Thbb, ~( 7 a7 LAKICLDERICB N T, FEE
% & 1A & O TR 25 DEAGITHRE S 720> 72 1628 FEH DRI 712 & £,
B, 1B E 12 EM & OEBTIX 0.5 (5L T O 23 5 172 G 1 % il
Gl Uiz, TORER, Bl L 72> 7285 71% hisl, ¢j0728, ¢j0849, sdhC. cj0988,

lolA @ 6 FEFEDSHEZR S 117,
23



~A 77 VAEICEVEME L TEFONTZEBRB OB, anyBET e R
JFrh—EH¥ 7=y | C (SdhC)x == — FJ HEIx I, JEl21T -7z real-time RT-PCR
B X DRERICHHBOBWAOT 2B T LTEER TV, £2°C, LHEBBEOZE
b H M % T real-time RT-PCR 1412 & ¥ sdhC OFBLOE BN T2 K L7 & Z A~
A7 a7 LAKRIZ LD L FBEIC, 4°CHE 1EM% CIsdEd, 12 JE%IC
05 UL FICHA T2 &2t L (K9),

SdhC X, TCA ¥4 Z Micid 2ETH L a VBTt Ru s+ —+ Sdh %
W+ o 72=v FCThsd, £Z T, SdhiZBh#ET LD 7T 2=y s ABZa—
F958E/sF (sdhA, sdhB) IZOWTHIER L7 ZA, A 27T LAETIELHE
726 12 MEOZE T 0.5 5L EOE(LERBO oo b DD (F9), sdhC & A
LR T =2 BRLTWAZERHLNE ST, ZDELIZOWT, real-time
RT-PCRIETHERE L7 & 2 A, sdhA 33 LWV sdhB ¢ sdhC &[RRI 1 1% OB 7%
BUIAEET . 12 M THR OS5I kT2 Z LML E o7z (K9),
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BE

75 3 FETIE, C.jejuni @ VBNC HRFBIZBIT 550 1 LUV DfET O —> & L Tils
FFRBUZDOWTHEHE L. real-time RT-PCRIEB LN~ A 7 a7 L AIEIC X it LTz,
real-time RT-PCR ¥£ T3, #iEEs (BEFIRME) & 12 W% (VBNCIREE) OE
(TR L U7 AE 5, 2 2L Eo B bix &b LizEis ¢, RFEETH -7
(F6A), ZORERLY . VBNCIRE~DBATIZIE, FHCHD T 2851 DB G4
RSz, VBNCHREETIE MEETE 2\ LW OMRENDS | BE T HEEHE OTEMED
WAL TWBEHEMI L, ~ 4 7 27 LA ETIE, C.jejuni © VBNC {RREIC B 545 1%
BB T OBRKTEE LT BBOWD L-BEHICERETDZ L, 205 b,
ACTHER 1 M BICRBOBD LIEBIEFIERAT D28 & L, Z0REIE,
BEES, LM%, £ LT LREMED 3ROV TEETREZ LR L, Bib 0%
kD= %R 5 L 1 EERZRICERTFRAOBD DR A LNL 1 F— b 1 M
®ITHE VIRV, 12 BEBIITED L TN R =0 D235 =031 |
LHEME WD BN CRENED T 537 — 0%, BEREORTEVWI I, B
ICIRIBICEWZZ EOREN TSN TH S, BEREOEIT, §2 B
AR A A IE T 28 (XK 5) D, 1 EF%ILE ZEE N AR A KT
BIIZ b ET, 12 HRBRICE o 7o <R TERUWRRIBIZZR 722 &b | Bin 5L
THEERRE & R Y — BRI IRIE T ARBRR L Uiz, ZORR, ~1 7
a7 LAVETHENT L72 C. jejuni @ 1680 Ein 1D HH, MBERNRE LB TIX. 6
EixT (hisl, cj0728, cjo849, sdhC, cj0988. IolA) TH V. Z 1 /X7 B DOFERED
OB a1 3FE5H (hisl, sdhC, IolA) Tho7c, ZD9H, anJgEse Ral
F—EH#7a2=v FC (SdhC) % = — FT L BI=FDOFIUL, JEIZFEH L7 real-time
RT-PCRIEIC X 2B FHBIZIZE N THED LIcBIEFIZEERTWe, £Z2 T,

ZosdhCIZEFER L. 1 E% O LS N % 7= 3 /5.0 real-time RT-PCR {12 K % sdhC
25



DE BN 2 I L= & 2 A LHEBZICIES £ 0 2L Laavas, 12 BR#%IC1 0.5
FBUTICED L, v~ 7 a7 LAEERBROMERMZR Lz, & 512, sdh (ZBhET D
oY 7 2=k A, B (sdhA, sdhB) DEEFHIUOWNWTEH, v 71T L AL
$ L U real-time RT-PCR £ T, sdhC & [FIERORIFIZEALZ R Z & 3R S vz (X
9),

Sdh (X TCA YA 7 NMIZBI T 2R TH Y | Sdh T =2 TG 7~ VBRI gL
T5EXIERT2M#ETHD (1K10), VBNCIRRETZ OFf% % 22— K95 sdh @
BARFHRBNA BT L TWEARERORE R LY | Z OFEHELUG DR TR0 1123
VBNC IRRE~DORATIZBE T 2 O Tlid/aun o & HEHI & 4, sdh 28 VBNC REE~D AT
(B D MR T O —D L& LR STz, REBRTREMICED - 7ot EAR 1
1%, = OWEEE 2> 5 VBNC KRB~ DB HITAR N & HER S v 7o 72D G/ 7 AT 13 52 0

Lot
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%4 VBNCIKEED C. jejuni ZEES# 554 OB

re

A
A

anj

VBNC JRFEIZ72 D 2 & 3RE STV D IR X, BIfED & Z A, K 50 FliC
BELTW% (Oliver. 2010), IT4IE. 2456 OHIE O VBNC HRREIZE L TR - F83
FRATR0 T 1 T A — LRHTE DAR & 7R D HAFFEAMT i, VBNC IREED B D[RIE 12
DONTHLEL OIFENTOILD X H 27 ->7- (Wai et al. 1996; Steinert et al.1997;
Mizunoe et al. 2000; Reissbrodt et al. 2002; Gupte et al. 2003; Panutdaporn et al. 2006) , [F]
WEEDHiEITHELY THY, BREZICLDHO (Waietal 1996), 72 E =1 Al
PEET DT — v ay 22 MxDbD, hEZT—BLELE VO X D il
BRL/KFRER ZM LT D H D (Mizunoe et al. 2000), 7 A —/3 & D377 (Steinert et
al.1997) 7 & ZIIZbTZ 5,

C. jejuni IZBWTH, VBNC JRENS OEIEIZHOWVWTBEICHRFT IR TS

(Cappelier et al. 1999; Baffone et al. 2006) 73, R HHIN~ 7 A % U 7= invivo TO
FEBRRTHY | BISFREMNTICES S EFRITR AT S22,

B4 FETIE, 4°CTIERLL7= VBNCIRFEED C. jejuni [ S W5 HiEs LT, F
F. % 3 D VBNC RIETEA T RIDE T RA N7 Sdh ORFEY TH L7 ~
IV Z B~ 5 2 & T VBNC IRRED B TR v BRI RE~ DR 2 A o, &6
(2. VBNC DD RIE X250 ik & LT, V.cholerae X° E. coli 72 £ Ot FEfEIC
BOWTHMA SN TV LEEMIL L OELBROFE B RINER 2 AERICB VT HMR
ALTENEND BB R LT,
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M &Rk

OI7IVEED St~ D 7N
1E 4R
Biffiix, = B R (BD) & 5 WMI 7 0k T (BD) M L7,
BRI, T~ Y A (FOBMEBETZE) 4 0.25g/L & 5\ M 1.0g/L 2380
THMUL., AEYAY v — L& 5 WIERERE TR A (R L 7,

HAEDERE

VBNC {KHED C. jejuni 10'CFU %, =N 2N ORMICHAR L, 37°C T 48 K,
WIFRIER LT, WA TH 5 7Y T A V-84 ORIEOR L LT,
B34 OELH 100Ul & MIRZE REGHIC = 0 5 — U ClEk L, 37°CC 48 . 4

IR LT,

QIEEMBRLDHIEE
RS
i L7, IE I WEREE 2 WS 72, 5% ERHSRORGEM
ll T % CACO-2, ECC-4 M L7z, DMz, FEIEHKRTH S HeLa, IT
AN A TH D HepG2, T v A =— AN LA X —IIRMILD CHO OFf 5 f%H
DREFMIEE AV (W9 s RIKEN BRC LW EEA), 24 SRR SRS v — L

ZHV, ar 7z MREBOA TR M2 /ER L7,

IEEMEEDORIESE
VESL L 7= K FREF M. VBNC YRAED C. jejuni % 1well $7- v 10'CFU % i

L. 37°C CTHIK & B 2 B2fih X2, 5%CO,, 37 COERKE FCciEsE L=, —
28



ER%, HREZRE, BEMRAOREZINZ T, S5ICHiEz;E (5%CO0,.
37°C) L7z, Bitkxtig & LC, @ukiEo C.jejuni 2 MV, [FEEOWLEEE LT, £
FAMIEH OB Z BN 2% PBS(-) T 3 [BI%EV, MR D 72 912 0.1% D Triton-X
Z 100pL I L7z, By 7 4 7%, Ml 4 v~ e R a2 Z
—IUMHTEREK L, 37°CT 48 R LL | MUF<Es2 LT, C. jejuni & OHEEfARIREH]SC,
2SR A LTz EAE L CHEIR & BRr 2 L7t O MBS B IR 72 & O 51F % |

A T AE O THREBR 1T o 72,

QFEEHINEE

FEBINT, () KA = — S—fILTHEA L 7 BORERINAHEH L
72025G DVEHFEF B LR ImML DTV > 2% v FBIF 112> % VBNC IREED C. jejuni
10'CFU % BRI N ~FfE L 7=, BEPEXTIR & L ClREIRRED C. jejuni, AR E LT
PBS(-) & HV . [RERDMLERE LT, FHIN%E 37°C T2 HMld A\ T 6 H &%, g
W DH%E 186G OIEFEFB LV 25mL OV > P& AW CTEEMIZEIL L, IIEIR
150uL % v~ Mg FE KB 3 L OV mCCDA Bz =0 7 — U Cliik L, 37°C T 48

P b, A RESR 2ATV, BRITERR 2 HERS L7,
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e S

VBNC IREED C. jejuni Z[HfE S 572012, Q7 < LVEROEHIA~DIRIN, @K%
M e OHLRR, QR BEWINMER D 3 FEHO HFIEERFT LTz, 1 DHDOHIEL LT,
Sdh ORBED CTH D 7 ~Vlk%E 0.25g9/L & 5 M 1.0g/L OFEE TEM L -EH#T
VBNC JRFED C. jejuni 23558 L7205, MIRFEREEH | T OERKTE R AR iR T o
HOIHF XA LR T,

2 oH®DFEE LT, CACO-2, ECC-4, HelLa, HepG2, CHO ® 5 FFHDEH&HH
o & IHEFR Uiz, = OfE5, 48 REEE#8 L 7= Hela 2 T, VBNC {REED C. jejuni
% 5 B S, & 5T 48 KR, MM L2 EoRBRIC R VL T, iR FE RS
i ETOEBREERPHER SN, LL, BER USRI TREEZITo 7208, BB
BoNotz (32 10), Z O, BFEEOEZE M S VBNC JRRED C. jejuni 1k~
AR CTHEER LD, WTHIZEB W THEREH ECOERFRERD D 2 LI1dk
Moie, 3210 121E, EEER O S 7= Hela Oz, RFRM R I5E REFEMIE T
&% CaCo-2 & W= H OEBREM LR EZ R LT,

B SHE 53 2HDOHEE LT IHBEHRIVOINEIENIZ VBNC IRRED C. jejuni %
PERE U7z, BEFE L 72 VBNC IRFED C. jejuni 1%, BB ORBR OB LFE U v b &2ff
AL, EELITE URABRE L, 2 BT B0 55, 1 BIHOREBRTIE, #
% 6 A HOHIP 6 L8, 2 [\ H ORERCIEAHIN 13+ 1 {8725, VBNC REED
C. jejuni & #2FE L 7= 3 BHRINDO I ) B MR FEREGH & mCCDA J5#1C C. jejuni @
FEHEPBE S (1), —FH T, BEBIERER 2 B H TORICTIE, &6
A e m Ny Z=3 G E N 0Tz, FERBINEETE 6 0 ORERIC X 5 HIERITHK

10%Todh o7,
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BE

VBNC JIREEN D DEIE & 1, B2 RREMEICE K3 2 s X OVEBE R 23 s L
T, MIOIEIHZ S % L5 O E TR 2B N2V KT Z & LERI LT
% (Oliver. 1993),

%3 ECEE RO NA LT sdh X TCA A Z VD aJgEne 7~
NBRIZIRE T DfE L 2 — RSB+ ThH D, EHETREL TWD EHEfl
72 7~ VR BRI~ L C VBNC IRRED B DRI & 5 72 03 K5 _E T OB,
TRDOOIEEREDOEIEIIA LN -T2 Z &6 IR TARE L TnD & Ebi
2% W) % BRI B RN L 727200 ik, VBNC IRTED C. jejuni 1X[E1HE L7aW ot
LR, ARlD 7 < VEEORNMEE X, C.jejuni OREHITH 5 mCCDA <o~ L
A bR, ARV R CBEPUE RS OIS Em EN D, EAE VBT R U AR «-
RN TNENVEEOIRE & 55\ CRE Lz, C.jejuni OFIEEZIBWT, 7~ /L EERO%
R ITHER I N TWRWA, C.ojejuni OFHIZ 7 < VR Z IR L TV 5 A4

(Tangwatcharin et al. 2010) &£ &5 Z L n, 7w ABRITEAEN~OFEBHRT 5 H D &
Bbohd,

fihd 2 SO HETIE, B TIBEIT DN TIT O BHESMOME & 1T 872 5
77 a—F TCRESRMEREFT L, 82 B TER L7 VBNC IREED C. jejuni 23, FEEE
(ZEER ATRE A RBEA~RIE T2 & W DRI E R T D 720 I2iT o T2,

V. cholerae (23 Cid CACO-2 X° Hela, CHO 72 & ORI & DIt T,
VBNC [RFED b DEIE T 720 B AR B~ OIS ERY S 41TV 5 (Senoh et al.
2012), £ Z T, AWFETHRRRFEREZMRG L2 L 25, Hela 2 W dbE5#% o 1
AR T LR OB HER I N2, Bl TIZF CRRAE LT, BEMERED
niginole (£10), TOM, Brx 2K MEOMAEDOETRRZIT 7208, Wil

BT C.jejuni @ VBNCIREEIZI W T, [BIEN A LILT, By & ok b
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WIHEIFIZBWT, ARIVER L7 VBNC IREEDE 3 [EE 9 5 FIREMEITR W 2 & 235
bz,

S 51T, VBNC RREDMIIL 2 [FI1E S & 2R Sk L LT, BERIMERE 2 R L
Teo WEDOHE (Cappelier etal. 1999) T, miE sl TIER L7z C. jejuni ® VBNC ik
FEOHEN, BEBINOINEENICHERET 5 2 L CHEREZRIE LD D, TDD,
RIE ST VBNC IREEZAERL L TV D ARIFFRICIB W T | [Afk e 28R A 1T - ClElfE
TDOMNERHT Lz, TOME, Bit L7z 2 BoORBRICH VT, VBNC IRRED L %
PR LT 6 HMEEE S RERINOINEE NS, BEEFHES C. jeyuni DEKIEIK
DR STz (3% 11), AWFEOF BRI 6 HHOREIC X 5 EHEEITH 10% T
H5, ZiL, Cappelier 523 37°CTIERL L 7= VBNC IRBED C. jejuni Z=FEFHIFIC
10°CFU #FE L, 12 W§fIAH 5 96 WeflE 48 L7258 ORIER1K) 80% Tho7=Z & &
Wigd 2L, ROEETHS, LnL, 2EOBRBRTHIMEI SOOI LD, K
e CTIER L7z VBNC IREEOE L, AR Z @R T 5 2 &I K- THAE TRBIR g~ &
AT 2 FTREME DS RIR S 7o, BRFE L 72 PAIRIC . BR 2R FTREZR B A% - Uz ATREMEI
PEBRT 5 2 LIXTE AV, KA L OHELR TIXEORE N A LI > Te—TF
T, WMtrey b, FUEELZEELZEEEINTIEOHEEA LN, 2D L X
D ARBFFECIERL L 72 VBNC IREEDOEHICB W CHIEHENERICH 52 L &2, 20D
FERNOMENDH Z LN TE T,

2B, TORBEHRINEROFIER) S5 S 172 C.jejuni DEIERKIZOWT, FIfE L
T2 LI L DB T OER MO D701, C. jejuni ATCC 700819 DIt D Fikk &
[ (HeLa B3k, EHIVEEK) 254/ A DNA Zt LT RAPD-PCR k&
WAy — 7 = RyEEZ LM L7, RAPD-PCRIETIE, 12 EHO 74 ~—% HWn
R, WENROBE S 3 EKOBRIKBI O NNZ = IFETHY . D HH 6 FEHD
TIA =AW EOFEREREZXK 11 IR L, kit —27 = xik2 kb

R MENTEE LT E 2 A, ARIFSETHEHR LTV 7z sdhA,B,C O EERSIIL, JTD
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N HEIGFOFEHIL, TTOERO T KRR
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General overview

Campylobacter jejuni, a Gram-negative microaerobic bacterium, is the most prevalent
foodborne bacterial pathogen in Japan. Understanding its resilience is crucial for preventing
its spread and the recurrence of food poisoning due to foodborne outbreaks. C. jejuni can
enter a viable but non-culturable (VBNC) state at low temperatures. Therefore, to control C.
jejuni foodborne outbreaks, it is important to develop an assay for detecting the pathogen in
both the VBNC and culturable states and to elucidate its mechanism of survival at low
temperatures.

In Chapter 1, we describe our design of a modified duplex SYBR Green real-time
polymerase chain reaction (PCR) assay for simultaneously detecting 16 specific genes of 16
major foodborne bacteria including C. jejuni in not only the culturable state, but also the
VBNC state. The 16 primer pairs for the 16 target genes were selected based on the findings
described in a previous report. The present real-time PCR assay was evaluated to detect the
causative bacteria in DNA extracted from the fecal samples of symptomatic patients infected
by actual foodborne outbreaks. This assay (DNA extraction from feces and duplex real-time
PCR) was performed within approximately 3 to 4 h and the results were consistent with those
of culture. This finding shows that the proposed PCR method is useful for rapid identification
of the causative pathogens of foodborne outbreaks. Furthermore, a specimen from a patient
with food poisoning caused by C. jejuni was negative by culture and positive by duplex
real-time PCR, indicating the suitability of this method for detecting bacterial cells in both the
VBNC and dead states.

In Chapter 2, we present our attempt at experimentally inducing the VBNC state of C.
jejuni ATCC 700819 by exposing it to cold stress. The C. jejuni strain was subjected to cold

shock in PBS(-) at 4°C for up to 12 weeks. Then, a portion of the resuspended cells was
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assessed each week to enumerate the viable and culturable cells; viability was assessed by
BackLight staining and the culturable cells were measured using blood-free Campylobacter
selective agar (NCCDA) and non-selective blood-containing agar plates. After 11 weeks of
cold stress, no C. jejuni colonies were detected in the selective agar plates or non-selective
blood-containing agar plates, with viability of 70-80%, indicating that C. jejuni entered the
VBNC state under this condition. The cells in the VBNC state obtained by incubating in
PBS(-) at 4°C for 12 weeks were used in subsequent experiments. Fluorescence and electron
microscopy revealed changes in the morphology of the VBNC C. jejuni cells from the spiral
form to the coccoid form.

In Chapter 3, we focus on changes in gene expression to analyze the VBNC state of C.
jejuni at the molecular level. Total RNA was extracted from C. jejuni cells under each
condition immediately after incubation at 4°C, after 1 week (short-term incubation state), and
after 12 weeks (VBNC state). We analyzed the gene expression of C. jejuni by subjecting the
total RNA to quantitative real-time reverse-transcription-PCR and microarray assays. In the
VBNC state, the expression of sdh, the gene encoding succinate dehydrogenase, was
significantly downregulated, and the gene was considered a candidate in the transition from
the culturable state to the VBNC state.

Sdh is an enzyme that oxidizes succinic acid to fumaric acid in the tricarboxylic acid
cycle. Following on from our findings outlined in Chapter 3, Chapter 4 presents our
examination of whether addition of fumarate to the culture medium could resuscitate the
cold-stressed cells of C. jejuni with downregulated sdh expression from the VBNC state;
however, no recovery was observed. Next, we attempted to resuscitate the VBNC cells
produced at 4°C under co-culture conditions with mammalian cultured cells, as reported for
other species such as Vibrio cholera and Escherichia coli. The C. jejuni cells could not be

resuscitated from the VBNC state even in the presence of several kinds of cultured cells such
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as CACO-2 and ECC-4. On the other hand, when C. jejuni in the VBNC state was inoculated
in the yolk sacs of embryonated eggs, recovered culturable cells were reproducibly detected in
approximately 10% of the eggs. The resuscitated cells were genomically identical to the
original strain. This observation indicated that C. jejuni even in a cold stress-induced VBNC
state might be a viable source of infection in humans. Taken together, C. jejuni can retain its

pathogenicity in the VBNC state because of its potential to be resuscitated in food.
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523 duplex SYBR Green real-time PCR;EZIZK 2 R/ERED
BHEBESR

Pathogen (target gene) Detection Limit per g
Campylobacter jejuni (specific) 10* CFU
Salmonella spp. (invA) 10* CFU
Escherichia coli-EHEC (stx1) 10° CFU
E. coli-EHEC (stx2) 10° CFU
E. coli-EPEC (eaed ) 10* CFU
E. coli-EAEC (ast4 ) 10* CFU
E. coli-EIEC (vird ) 10* CFU
E. coli-ETEC (st ) 10" CFU
E. coli-ETEC (Ir) 10° CFU
Bacillus cereus (ces) 10* CFU
B. cereus (nheB) 10 CFU
Clostridium perfringens (cpe ) 10* CFU
Staphylococcus aureus (femB) 10° CFU
Vibrio parahaemolyticus (tdh) 10° CFU
Yersinia pseudotuberculosis (yadA ) 10° CFU
Listeria monocytogenes (hly) 10° CFU
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FA4real-time RT-PCREIZEAC. joyumDBInFHR BB THRELI-EEFEI
INDE D#EEE (GeneBank accession number NC_002163)

G
ehe hame Identified / predicted protein function
or locus

cj0021¢c  hypothetical protein Cj0021c
nrdA ribonucleoside-diphosphate reductase alpha chain
cj0037¢  putative cytochrome c
¢cj0073¢  hypothetical protein Cj0073c
cdtC cytolethal distending toxin C
cdtB cytolethal distending toxin B
cdtd cytolethal distending toxin A
¢j0118  hypothetical protein Cj0118
cj0129c¢  outer membrane protein
sodB superoxide dismutase (Fe)
cj0203  putative transmembrane transport protein
mreB homolog of E. coli rod shape-determining protein
perR peroxide stress regulator
ahpC alkyl hydroperoxide reductase
cj0355¢  two-component regulator
cj0358  putative cytochrome C551 peroxidase
sdhA succinate dehydrogenase flavoprotein subunit
sdhB putative succinate dehydrogenase iron-sulfur protein
sdhC putative succinate dehydrogenase subunit C
cj0448¢  putative M CP-type signal transduction protein
cj0467  amino-acid ABC transporter integral membrane protein
SfusA elongation factor G
¢j0552  hydrophobic protein
cj0604  hypothetical protein Cj0604
cft ferritin
dcuB putative anaerobic C4-dicarboxylate transporter
flaC flagellin
grpE heat shock protein grpE
dnakK heat shock protein dnaK
cj0864  putative periplasmic protein
acnB aconitate hydratase
cj0909  putative periplasmic protein
ciaB CiaB protein
cstd carbon starvation protein A homolog
cj0920c  putative ABC-type amino-acid transporter permease protein
peblA  probable ABC-type amino-acid transporter periplasmic solute-binding protein
pebC ABC-type amino-acid transporter ATP-binding protein
secd preprotein translocase SECA subunit
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cj1190c  putative MCP-domain signal transduction protein
groEL 60 kD chaperonin (cpn60)
cj1226¢  putative two-component sensor
htrd serine protease (protease DO)
amid putative N-acetylmuramoyl-L-alanine amidase
spoT putative guanosine-3',5'-bis(diphosphate) 3'-pyrophosphohydrolase
c¢j1316¢  hypothetical protein Cj1316¢c
flaB flagellin B
flad flagellin A
ppk polyphosphate kinase
¢j1371  putative periplasmic protein (vacJ homolog)
cj1374c  hypothetical protein Cj1374c
fld4 flavodoxin
katd catalase
cj1419¢  possible methyltransferase
cadF outer membrane fibronectin-binding protein
putd putative proline dehydrogenase/delta-1-pyrroline-5-carboxylate dehydrogenase
cj1534  possible bacterioferritin
cj1541  hypothetical protein Cj1541
kgtP alpha-ketoglutarate permease
recA recA protein
gltd citrate synthase
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F&5real-time RT-PCR:EIZKDEBEFREBOEENRFTTHEALE-T4<—0E S|

(GeneBank accession number NC_002163)

Oligonucleotide (5'-3")

Gene
Forward primer Reverse primer
¢j0021c AGGTGGATTTAACCCCATACCT GTCAATGATGAACTACGCCAAA
nrdA AATTGGAGCAAGGGGATTTT GCAATGGCCATCAAATAACC
cj0037¢ CAAAAGGCATGGCTGATTT CGAACAAGGTAGCGGACATT
cj0073c TGCAAAGTTTAGGTGCAAGG TTTCCATCATTCACGCAAGA
cdiC GCTGAAGTTGTTGTTGGCATTA GCTGATGAACTTCCTTTTGGTT
cdtB ATCCCCTGCTATCATCCAGTTA TGCAAGCTGAAGAAGTGATTGT
cdtd GCGATATAAAGGTTTTGCGGTA CTATGAGCAATACAGCGGTTCA
cj0118 ATTTTTCGAGAATGCGTCGT CCGCGTTTGCTTTGATAAAT
¢j0129c ACTATCAAGAACGCGTGGATT GCTATGGATCAAGCGATGGTAT
sodB CAAGCGGCACTAGAAAAAGAAT CTAACCAAAACCATCCTGAACC
cj0203 GTTTTAGATCGTGCAAGTGCTG AGCGCCTAAATAATCTGGAACA
mreB CCTTCTGTTGTGGCAGTTGA AGCTTCGATATTGCCTGGAG
perR CCAAATGTGGTGGTATAGAGGA GACAGATGATTGACGAGATTGC
ahpC AACCGCGGTATTGAAGTAATTG CCTGACCAATACCACCTTGATT
¢j0355¢ ATAACATTGGTTCCGCCAAG TTGAAAGCTGGAGCTGATGA
cj0358 ATGGCATGGTAAAAACTCCAAC TAATGCCAAGTTGCACACTACC
sdhd AACTCCTTTTATTGCCACAGGA CATAAAACGCTCACCACGATTA
sdhB TTTTACCGCCTCTTGTCAATCT GAAGGTTCCCAATCCACAATTA
sdhC GTGGGAGCTTTATGAGGATTTG TACCGAAAGCATCTTCAGGTCT
cj0448c CTTACTTCATCGGCAACAAC GTTGCAGGAACATTGCATAGAA
cj0467 TTAGCTCAAGCTCCTGCTTTTT CGGTGGAATTTGCTCTAAATGT
Susd CTGTTGCAGTTGAGCCAAAA TGCAACTCACCCATACCTGA
cj0552 GTTGCCAGTACAGGACGAAT GCCATAGGGGCTATTAAAGGTC
cj0604 GAACCGGTTATGGGTTTTTGTA ATTGITTAAGTGGATCGCTTCG
cft GGCTGTTTTACTTCTTGAAGCTC AGCTGGAGCCTTCTTGTITG
dcuB AGCATCCTTGGACTTATGCTGT TAGCCAAATCGCTTGGATAAGT
flaC TATGCGTGITGCTTCTGTTCTTA ATGCACAAAAAGCTAGCGATAAA
grpE GATTGTCAAATTCACCGTCA ACATCTTCGCCCAAAAACTG
dnak CAAAAGAAGCGGGAACGATA ACATTATCGCCCGTTTCAAG
cj0864 AAGTGCTAGCGCATTAAGTGAA TITAAAAGCTCTGCAGCCTCTG
acnB AAACGATTAAGCCAAGAGTGGA AGCTGCGTATCCAAAAGTAAGC
cj0909 TGCTGTAAATCTTTGGGCTGTT ACTGATATCGCTTTTGGCACTT
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ciaB
cstd
cj0920c
peblAd
pebC
secd
cj1190c
groEL
cj1226¢
hitrd
amid
spoT
cj1316¢
flaB
flad
ppk
cjl1371
cjl1374c
SfldA
katd
cj1419¢
cadF
putd
cjl1534
cjl1541
kgtP
recAd

eltd

TAATGCCACCGCATGAGTATAA
CATCTCGCCAAGACTTCTACCT
TTGTAGCCATAACTCCGCCTAT
AGCTAGCAATTTGGCAACATCT
ATTTCGTGTGTAACAACCACC
CCACGCCAACACTAAAACCT
TCGCGTATTACTTCAACCACTG
AGGTGCAAATCCTATCGAGGTA
TTGCACAAACCCATCTTCAG
AGCAAAGTCGCAAAACCATT
TGCTGCGTTAGCATGTATAG
CCTCGTCTTGATTGGCTTACAG
TCTCCCCAGATGATCAAAGG
ACCTGAACCTGAAGAAAATCCA
CGGCTGCAAAGTCTACATCACG
AAAGCGCATCCTGAACTTGT
TCATGGGTITTTGGTGGACTT
AAGCTGGGCTAAGGTTITATCA
CGCCACAAAAAGTGTCAGAA
GGAATTCCTGCAAGTTATCGTC
CTATCCCGATCTCACGCATC
TTGCCACCAAAACCAAAACT
CCGCTATTGCTAAAAGCAGAAT
AGCGCCTATCATCCAAAGAC
GATCCTTGTGTGATGGATGAAA
TCTTGGCTTTTTGGCTCTTITAG
GAAAACCACGCACCACTTTT
TTGTTTTCAGCAAGCCACICTA

ATAAAAGCTTGGCAAGAAGCTG
TGGGATATTTGCCTTCTATG
GTATAAGCCCTTTTGCGGTATG
TGCTAATGCAGCAGAAGGTAAA
GTTTATCCAGCAACCCTTTCA
TAAATGCCATGAGTGGCAAA
TGTAAATTCGAGCAAGGAGACA
TTTTCATCAGAGTTGGCTGAGA
GCAATGCGAGATGATAGCAA
TCTGGTTTCCAAGAGGGTGA
TACAAATCAGGAAAGCTTGTGGT
GCCCTACTTTGGTATGCACTTC
TCCATATCAAGCGTGATCCA
TGATGCTAATATCGCTGATGCT
TCAAATCAGAGCCGACATTG
TTTCTTCTGCGTGITGATGG
TGAAAACCGCTTCCTACACC
AGGTTTGATGGGGGAATTTAGT
TTCAACTTGGGGAAGTGGTG
GCAGCTTCTTGGTTGGTAAGAT
GATATCGGTGCAGGAACTGG
AGCGGTGGATTTGGACATTA
TCCAACCTTGCTTTTAAGTGCT
TGCTTTACTCCGCTTGAAGTC
GCAAAGCCAAATAAAGCTCCTA
ATAGCAAGATCGCCCACTGTAT
GCTCCTCCATTCAGACAAGC
ATGAGGGCTTGACTTCTACAGC
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F6 real-time RT-PCRiZ(A) ELUTAIOFLAEB) LSBT TREGFRBIZELEN

Hih-BnTFH

A:real-time RT-PCRi%

Number of gene

Relative expression ratio

Gene name or locus

Oh — 12w
d ted (£0.5 = cj0909. flaC, cadF , dcuB ., sdhC , pebC,
own regulated (= 0.5) ¢j1371.cj0864. ciaB. cj1541 , cdtd , cj0758
no change (>0.5, <2) 48
B:RA4907 LM%
] ] ] Number of gene
Relative expression ratio
Oh— 1w Iw — 12w Oh — 12w
down regulated (=0.5) 32 6* 34
up regulated (£ 2) 20 6 31
no change (>0.5, <2) 1628 1668 1615

* hisl, ¢cj0728, ¢j0849, sdhC, ¢j0988, lol4d
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RT Y4707 LLEIZKYOSEUTORIGEFREREESERSN-BEFEEEE

Ge(:;ebtaur:e Identified/ predicted protein function Ratio
1w vs Oh

cj0168c periplasmic protein 045
mfd transcription-repair coupling factor 0.36
peb3 major antigenic peptide PEB3 048
letP L-lactate permease 0.50
pelJ GalNAc transferase 048
oorB 2-oxoglutarate-acceptor oxidoreductase subunit OorB 0.50
bioD dethiobiotin synthetase 043
tonBl TonB transport protein 0.08
¢j1075 flagellar assembly protein FIiW 049
selB selenocy steine-specific elongation factor 0.38
¢j0873c¢ hypothetical protein 0.35
Jdh4 formate dehy drogenase large subunit 043
¢jl1613c pyridoxamine 5'-phosphate oxidase 046
neuB? N-acetylneuraminic acid synthetase 045
cj0248 hypothetical protein 0.14
hypD hydrogenase isoenzy mes formation protein 0.44
JabZ (3R)-hy droxymyristoyl-ACP dehy dratase 045
frdc fumarate reductase cytochrome b-356 subunit 0.44
thiG thiazole synthase 045
¢jl1513c periplasmic protein 045
¢jl356¢ integral membrane protein 048
pbpB penicillin-binding protein 043
JdhB formate dehy drogenase iron-sulfur subunit 0.32
pheT phenylalanyl-tRN A synthetase subunit beta 046
cj0016 transcriptional regulatory protein 0.50
proC pyrroline-5-carboxylate reductase 0.19
cj1427c sugar-nucleotide epimerase/dehy dratease 045
¢j0362 integral membrane protein 042
Air flagellum-specific ATP synthase 0.33
¢j1562 hypothetical protein 047
¢j1723c periplasmic protein 040
¢jl164c hypothetical protein 032
12w vs 1w

hisI bifunctional phosphoribosyl-AMP cydohy drolase/phosphoribosyl-ATP pyrophosphatase 044
cj0728 periplasmic protein 0.50
cj0849c hypothetical protein 0.50
sdhC succinate dehy drogenase subunit C 0.49
cj0988c hypothetical protein 0.50
lold outer-membrane lipoprotein carrier protein 041
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12w vs Oh
bioD
Sdad
tonBI
JdxA
leud
selB
cj0873¢
Jfdhd
¢j0208
¢j0850¢
¢jl1613¢
cj0248
hpD
putP
cjl1486¢
¢j0200¢
¢jl1722¢
¢jl1356¢
JdhB
thi/
pheT
cjo0lé
proC
¢jl427¢
cj0362
il
¢j1562
¢jl216¢
ivD
cj0022¢
¢jlesee
¢jl1723¢
cjl164e

dethiobiotin synthetase

L-serine dehy dratase

TonB transport protein

ferredoxin

2-isopropylmalate synthase

selenocy steine-specific elongation factor
hypothetical protein

formate dehy drogenase large subunit

DNA modification methylase

MFS transport protein

pyridoxamine 5'-phosphate oxidase
hypothetical protein

hy drogenase isoenzymes formation protein
sodium/proline symporter

periplasmic protein

periplasmic protein

hy pothetical protein

integral membrane protein

formate dehy drogenase iron-sulfur subunit
4-methyl-5(beta-hydroxyethyl)-thiazole monophosphate synthesis protein
phenylalanyI-tRN A synthetase subunit beta
transcriptional regulatory protein
pyrroline-3-carboxy late reductase
sugar-nucleotide epimerase/dehydratease
integral membrane protein
flagellum-specific ATP synthase
hypothetical protein

hypothetical protein

dihydroxy-acid dehy dratase

ribosomal pseudouridine synthase
hypothetical protein

periplasmic protein

hypothetical protein

033
047
0.09
049
046
043
035
042
047
048
036
0.12
031
047
039
0.50
044
0.50
039
046
047
047
028
049
0.40
029
039
0.50
049
045
037
049
032
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R Y407 LAAICKY2EL LOBEFRBEELHIEEShIEEFEELLSE

Ge;el:surile Identified/ predicted protein function Ratio
1w vs Oh

cj0708 ribosomal pseudouridine synthase 217
flel lagellar hook-associated protein FlgL 251
¢j1122¢ integral membrane protein 2.34
cetd bipartate energy taxis response protein CetA 239
hldE D-beta-D-heptose 7-phosphate kinase/D-beta-D-heptose 1-phosphate adeny lyltransferase 2.39
hred heat-inducible transcription repressor 232
¢j0154c¢ tetrapyrrole methylase family protein 3.07
¢j1421¢ sugar transferase 202
cj1483¢c lipoprotein 222
cj0331¢c hypaothetical protein 2.01
cj0040 hypothetical protein 235
¢j1602 hypothetical protein 202
cj0934c sodium:amino-acid symporter family protein 211
cj0728 periplasmic protein 225
prind ribosomal protein L11 methyltransferase 2.03
cj0417 hypothetical protein 223
cj0648 hypothetical protein 3.13
cj0939c hypaothetical protein 225
cj1432¢ sugar transferase 225
¢j0900¢ hypothetical protein 250
12w vs 1w

fh signal recognition particle protein 2.18
myd transcription-repair coupling factor 224
ctsT periplasmic protein 2.06
¢j1000 transcriptional regnlator 228
cj0058 peptidase C39 family protein 254
cj0747 hypaothetical protein 4.82
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12w vs Oh
cj0708
cjlizZe
cetd
hldE
edlU
¢j0is4e
cj0160¢c
¢j1310¢c
cj1602
cj0694
rplR
cj0648
cj0399
cj0939¢
ispH
HSSR
ched
¢j1539¢
¢j1000
cj0908
cjl1275¢
cj1397
rimM
ctsP
cj0412
serB
cj0747
Ipxd
cj0900¢c
dccR
cjl1168¢c

ribosomal pseudouridine synthase
integral membrane protein

bipartate energy taxis response protein CetA

D-beta-D-heptose 7-phosphate kinase/D-beta-D-heptose 1-phosphate adenylyltransferase

UTP-glucose-1-phosphate uridylyltransferase
tetrapyrrole methylase family protein

radical SAM domain protein

hypothetical protein

hypothetical protein

periplasmic protein

508 ribosomal protein L18

hypothetical protein

colicin V production protein

hypothetical protein

4-hy droxy -3-methylbut-2-eny1 diphosphate reductase
transcriptional regulator

chemotaxis histidine kinase

anion-uptake ABC-transport system permease
transcriptional regulator

periplasmic protein

peptidase M23 family protein

ferrous iron transport protein

16S rRNA processing protein

A TP/GTP-binding protein

ATP/GTP binding protein

phosphoserine phosphatase

hypothetical protein
UDP-N-acetylglucosamine acyltransferase
hy pothetical protein

two-component regulator

integral membrane protein

241
2.00
232
249
2.10
3.13
232
2.13
2.09
2.13
244
2385
2.00
228
2.17
236
227
2.14
2.04
208
2.16
202
201
236
2.12
2.19
297
201
333
2.03
207
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%9 SdhZ#O—KF§ 5 BEFOHRBEILL(I4/OT7L (%)

Gene Identified/ predicted protein function Ratio
Iw vs Oh (cont) 12w vs 1w (cont)
sdhA succinate dehy drogenase flavoprotein subunit 1.76 0.62
sdhB succinate dehy drogenase iron-sulfur protein 0.93 0.70
scdhC succinate dehy drogenase subunit C 1.44 0.49
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R10 HRAREOKEROKBRDO—ER (£:Hela, 5:CACO-2)

FRE D C. jejuni A i #pE D C jejuni {ApE N .
SEEEO SHemnn ZESE0 T EEEEL) EpEEo BEEEE T

48 25 0 - 48 25 0 .
48 35 48 + (1 colony)* 48 25 0 -
48 5 72 - 48 4 0 .
24 5 24 - 48 5 48 -
24 5 48 - 48 5 72 -
24 5 72 - 24 5 24 -
48 5 24 - 24 5 48 -
48 5 48 - 24 5 72 -
48 5 72 - 24 5 24 -
48 2.5 0 - 24 5 48 -
0 5 24 - 24 5 72 -
0 5 48 - 0 5 24 -
0 72 - 0 5 48 -
0 24 24 - 0 5 72 -
0 24 48 - 0 24 72 -
0 24 72 - 0 24 48 -
48 24 4 - 0 24 %6 .
48 24 96+* - 48 24 48%* -
48 24 96+ -

*EEGFETHD S, BEREIGO 2o
**EE

Fo
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