RFEE 46 (0548)

ARV REREE T T VNC B LAY o Bk L2 o Z5 8

BB X OFEM B O A A TO AT O R E
WU, PR S N CAER T L IRANE (20~40C)
ERIRELTERRPERERED OO TN D, T4,
ATEMEA R L CODDMAIB O AR A2 KD FE KBS
i Eizan=—%f Rk T&720) Viable but NonCulturable
(VNC) A D B iR TS BAFET HE 0D
EMBAGINZ /2o TE Tz, BT, FREAES I e 5m
TEAR DA U AR R 0D Wi (A 55 i A -C i g 58 23 W] RE 7e
ILC (In-liquid culturable) IR HE DA ¥ O TFIE N B 7%
SNDHEINT/po>TETCND, £ T ILC BAEMEIERE
L7z 1/5 strength ZoBell 2216E £ 1 F L 7= & {15 Hh
HHRIECLD AT — =0 7RG, KFEY ., YEx T
WIS, B3RO EE 56 O MIZOWVWT, &
KEGHO BB LD O FHAl L i35 28T VNC
WMAEVOBREBER AT, F72, PR TEmEIEAND
VNC 4% BEEL . $EFEAFE IS IO VNC REBIT X
T DI B DR B A AT LT,

KEEW ., T A& 5B ZoBell 2ERKEFHTHOA
Bk, — A EERE AR A O ZEAE O 10 5L
FOfEEREDLDONRL TN B FEEN Tl ZoBell 2
KEE T oA BT AR WA E RS A -
LA LIZIERZEOMERUT, ZORERIT, #EAREE
B O /mOWEREH AR T AMAE Y LB AR T
DWAEMOFEENRKE BB LERIBLTND, R
JED EWWEEHIZIE. ZoBell 551D X572 NaCl J2 5 H3
FERBERICZ LB IR e 9228, — i A # 5
HE B oD IO 538 PR 2V B C NaCl i FE DM B
T CERWVAEY N FEITIFAEL TWDEE 2
BID, RAES 17 BRVE & % RS PR RIC B B4

BT SE CAMIRSER R 22 A B )
A TEE CHRSER RS A B 70)

BTl K OREBHZ DWW TIRIFR %04
E &L, ZoBell Bz HWBIRVIZEBWT, 4 B4
Bri7=alBHicid VNC A OIFIED FTREME I RS
o7,

— 5, FHEHEAREHZ B W, IR A RIE T
FER BE MOV & B L CL K 10 RO AR £ A B
STz, ZOZENBIR RS T O IG5 7~ VNC %
Y DIFIED RE S AT, IR IREE 8 O BRI AT RIEIC L
0.5 10 OHBEEFER A 1S, 2R A VD CRS
BAAT ORGSR K58 BIG 7 B Can=—Fln b
NIZERIT OS> THHT=, 16S rRNA A& T D1
KEBN RN L ., R E T2 A, HishT-
ETOWHKIZIBNT, Ik FEIL Delftia tsuruhatensis T
HY ., ABRIPEIL 98~99% Tdbo 7=, A TR I3 2 i ifE K
(BB, ZoBell &K HCHY S nl EZ2 Il 0O HH Tl
HARE 2L —2ar OEWEDO— DO ThHAZ LN RIBI
77, FHEUEARDSEEELT- D. tsuruhatensis TiFEEDI G |
VNC ORBIRIZRUTZ 2 8K, E U THRREEHITHEEGEL
72 1 RDAFE 3 BRIZ DWW T, 722 NaCl B COWRIR
B8 Stk L FE R B M 1T od B BB RE o0 FH B BIER A R AT L
720 5 HHEIOWRKESREZEORE MK, 3 #Reb . iR
FEDPRNEMEO 3 O.DAE (660 nm TOWIEEE) 23
IRBMEERUTZD, WO R ESM L 0.D.fE
L0201 Th-7, LinL, HHEIK T ZoBell B o>
2 [EOPRE TR T LMD 2 BRI~ an=—0DJF
R ST, ZOTEND, WIRENE WS TIRIK
B U IRKIZ R AR Can=—42 B LIc< )
FREMEDS RIS LT,






B 5 0548

AR ABREE T T VNC B iAE Y o Bl -2 0D 25 H))

1. AEXEW

AanEEIC BT mAEEHIIRDEEREROO
EOTHD, MESHEO BT, BMOFHEE R ICE
fiEL7z LT, BBz il 1Rt L6, R E
REDEM AR IETH2ETHD, FRZFEMED
BHEFRNEOBRENE S I TEIUX, M7V ERR
(ZEIBETE, F22 D% O TREOMA BRI N D, i@
W BMBIOFEMEIOMAEDRE CIE Y IEZEEL T
WAAEEEBORIEIZIE, R T TEET LY
T (20~40C) X S L L TR R ERIEZRIEN AW
BRTWD YA, o, AP HEOSEE- BRI
HOWOI TNDEE G 2 TEKREHTH S,

EZAN, AR, ARGV REEL QOB AMIIB DA
PRI FEERE M Bizan=—%TE R CTE720 Viable
but NonCulturable (VNC)#4:4 I3 5B BE i ic
SEIFAET DEVDZENINOLND I~ TET, IHE
Hf RIS O157:H7. LA X T . aLTEH TV
b ERDIRPNING Sy BlEL 7255 A0 13 [ AR B 1 _E ¢ a5
T oM, B FICHRHSNDE VNC IRBICIT T 5L
BRSNS TS Y,

VNC BAEM ORI EA LU T, FER MRS H T3
FECEIRN DR UL L O R AR 55 i o I il A% m] BB 72
ILC (In-liquid culturable) IREED LAY D FHFAENHRE S
NTW5Y, R ETEDH D TR S F DTS
D&, ILC AT E M THFEL THDIZH b5
THERE M E T3 TEanz bz, K&EefE
RIS RN B 26D, £ T, ILC MAEM %
R LTI BIC I DA ) — = 7 RO E
HmrEZ,

YRR 16 AR LT L s YA o ARG R B Rk R &
U CEMU N AIRIEIZED VNC &4y
O BABERE I BE9 AHFSE 1 TIE, 1/5 strength ZoBell 2216E
B2l U7 AR B A RIE IS LD AV ) — =0 7 R
L XA FIETBLOF LT ITHEMA L 9, 208
B X AFIET CIIIR R RS 7R 1 T 2E R B M AR
ETH 1 g EH 720 100 4 — X — D@ E FHl ST,
Fo, X LT TIHEREHOERIETIZ L g k720 10*
= — DB G S NI N AR R A R VA Tl

WIE R CEBIER K2R A ARk
A I GRBARR G A B )

ROBEFENFRD LN Tz,

— i A== P RBEO D OFT LB L
CIRIL 7= B8 T R e = O R KD, KRS
AT IRIETIT 1 ml 3B 720 5.2x10° DEELAS, FEREE
HTAREE Tl 4.4x10° OB SRS RIS, R A Hhod
FCHIAE T % VNC 84 DIFAED RIB STz, RIKES
A FRIE CHEFE AN TR HALT-EE#R 5 DNA ZfhH L,
16S rRNA & fx1-5E1%A PCR HAME L . HIWE KT A& K15
Eizra—AbL 5 Zra— Al W TH R H S
RN AT 1224, 3 Z7u—27) Delftia J&. 1 70
—> 73 Variovorax &, 1 72— 73 Alcaligenes J& (2% 41
ZHES,

AAEPE X IR EE A RIE IS KA A ) — =0 7 R %
At 56 ORI AL, ZERE PRI D HE
BoFHMELETHZET VNC Ao 2R AT,
F7-. W OF mE KBRS VNC e E
BB B PE IS O VNC R BB ISk A s &
USRI OB L AT LT,

2. MRAHE
2.1 Bf&-EKEH
2.1.1 BRHAH

D KEWRELEL T, HID, x4 3B (2
BB =V LUA, BE T DSH, Y —F,
S, BEHU., it v, MO, EXON AT Db
D) V() L 7202, 26 B 1 i 7. 05 (6
BB | Y74 KL T BT ZAS (2 )
BH | oo 25 FEHE (35 Uk & vz, BEOSE
W By b W TRERZB & 2 R0 HLUFW
Too BDBAMNRWEG ST IERBRRICAEEZ ANIINT
W El ol MBEOLE . WHE A2y M W T
RAEFEIY, 2 Hnic, ETDWVAIZBIOVDIE,
a3 Ay N TR LW, i —Ey
BIOH 2 ONE, IR CHEERL V=,

) MTAEGEELT, FLF, ZATET, W, 1
SR, e TIE, WA EE BT Te<B AL EAL R
BB NES | T2ZDEV, A= —F | DO+,
SAHIEN HIEATT WLOEIE, 2O, 2
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FE L UWDDHERE SISBIT, WBIIURR R, N1 (LT
TFL) . FETLUEE, LLob, Hfig, Lofifo 26 ik (26
B 2z,

W HHELL TEZwHY, 27 T B, JIFH. 1L
AT Aoy VD IVRRD 6 FEFA (6 50K 2 V7o, itk
TL0 PV, 70% =% ) — /L CRRBE LA T A HWTE
Rz @< G0 B vz,

2. 1. 2 @KEH

WEARRELEL TIX, WE L e > (50 ml,
Iwakiglass) C. 7K1 30 cm F2 & DOy ) HERE L 72 3% i
WK% R\ -, Fris e (2004 4= 12 H 21 H, 2005
12 A 21 B3BXK0TN2006 4F 1 H 11 BEAK) | Frik i M
% (200543 A 13 H.5 A 15 HRBXDN 12 H 21 H)
BLOHIETBIRE 1 (2005 459 H 19 HE/K) O 3 T
PHAF T Bt O R ImHEKEER K LT,

2.2 IEh
2. 2.1 1/5 strength ZoBell 2216E #&ih

AR K M7 IR IE B L OFE R B MO MBI LT AW
DOEE#E1X 1/5 strength ZoBell 2216E 55 #1 (Table 1) %
WTITo72, (BT ZoBell H5HIEFESS, ) 7035, FERKGHI
ELTHWDEEITIL, 1.5%E725 X9 FE KKK (Wako)
ANz T,

2. 2.2 —{REEHEIE AL

FIECIDFHAIES NS T — R AE W 2R AIT 4 57212,

AL RTRRTA T = A | — AR B A E F 35 10 (TC)
ZEH LT, Zhud, FEHERE KEE (1 L 24729 Peptone,
5.0 g; Yeast Extract, 2.5 g; Glucose, 1.0 g; Agar, 15 g) ™D
RBERER—AELIETHD, LR T TRETH
% 2,3,5-Triphenyl Tetrazolium Chloride (TTC) 23& 41,
WL T2y — MR > TG, BREHIRZ 1 ml BEFEL .
FrE R B R AR Oaa=—Hh b — AR A FHIIL
7
2. 3 BAEMBTECIOIERAITE

1) & & EARENT, 27— _UF N TERE IS
WEEHE, A~y — 3y 7 (Bag Page #8 1,
Interscience £1:) |12 10 g &V H->72b D% AL, AE BRI
K% 9 & (90 ml) Il x 7=, IIZAR~< 71— (Bag Mixer
400, Interscience) & FHWAE L LTz, AIR0RAEA Y%
B <=8, 7 4% — (Nuclepore Polycarbonate
Membrane pore size 1.0 um B 47 mm, Whatman) Ji& it
L7eb Oz JGAE e UTe s — 05 L /K SR AR EUBR
REE AT AS TN DHE DI —I12F 57201230 [AliE -
Thb, 10 ml wzue Xy M W TER L, BAFEE
RARIZAIBZIT o7,

2) ek AR B R K A T O T 10°~10° (5 £ T 10

P OB IRUI2#. 200 ml OE AR #1200 ul A
NT 96 JOEE~A277L—k (96 Well Cell Culture
Cluater Flat Bottom with Lid Tissue Culture Treated
Non-Pyrogenic Polystyrene, Corning) (Z 1 7 =/LiZDX
100 ul 972 10 #lZ /L=,

3)20°C., #iEHTEEE 200 rpm T 3 H RS EEE LT,
15D 96 SRR~ A/ L —NMNIOWT, BRIZK
DED RO Y = VI FHT 22 LI K AR
ZROT,

4) F G 2R AR 7L —h L AIZDE 100 pl &
LTz, RIERICT PRI TA T = A | — A B ECH
TE R HL (TO AR L2 1 ml B Af L7, 20C T
3 HiMEEELan=—%%3HlIL7=,

2. 4 16S rRNA BZTFDIBEEFDIRE L RHAEN

BRI AER T DM O R FHEITODIT,
16S rRNA BA& T O FERLAN 2R E LTz, KRR b0
DNA Offit, 16S rRNA E{z 1581k PCR it Lt
IR W i OB A OWRETHEHEY = /Iy 7V —F
KL,

BonHERS O RENR R SEICIE
Ribosomal Database Project II ( RDP-1I ) @ RDP
classifier 7’077 1% -, ITiEFEOEEFZIZIZ, NCBI
@ BLAST-N 7'u2'Z 1% A\, £35S &3
% fi > 16S rRNA AR T B I DT T A AV N &
CLUSTAL-X 7uZ'Z 2 ver. 1.8 ZHWTIERLZ#%
[31]. MEGA 7' 11/'F 4 ver. 3.1 (21045 Rk 2 VR
L7ze BIBHIAK D 2- 3T A—F —FF )LV O
FEOIEICKVIER LT, 7 L E$K 500 [Bl DT — AR
TR IC LD RFERB DO IR Y — D DL SZRFEL
77

3. ERHERPLUBR
3.1 BRAEMFFREICLIBERAHPOERHEITE

SRR 16 4FFE ORFIERE B, RimEKEUENIZ, K
(KBS HCIX I CTE DAV R EF HCII Bl c& 720
VNC AEMNIEET D ENRIBR SN0 KB
W OWE CERIR SN = B i aEHI B W CH AR IZ VNC %
M BFET DA REME D DL E 2 - O, 22T, 25 fil
8 (35 3BE) DK PEMEBHT SUNT, R IARRS 75 R 4
FAWTAEBMO AT -7, £, 28 KEFHLOEHR 1
BXO A G E AR coE R L RHIIL,
WE1T 77,

ZORER FHIILZITIE 2 CoREHZ W T, — %
BEGHIE L L0 ZoBell 28 KEEHI TO A EHEAN K
o7z (Table 2), ZDOZEMNS KEWFEFIZIZ, —
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A BRI E HES T IE S T & 72\ 38, ZoBell 2K
B H I AT REZ2 UAE M IS L FFAEL COD T EDVR
STz,

ZoBell £ 1% FAVN - (RS 7 BR 5 & 5 KBS A
B I DR B A i LI 2 A FE AL DKFEMIZE
W IR ARG H A IR VR L R R B MO RTE IS K D A R K
IHIEEREOEZ R U, MRIKE; M BRE T oA B 4L
INIER FE R TR RS0 REWMEZ R LI EHT O 5
OBLOYIZASDODHTH-T-, EHLLDOREHTE
Wb R ES A RIS TR BT AR BB FE R B 1
AR E THEDAVE A RE O 10 f5 @O EZ7RL, VNC
WAEMDOFENRIRB STz, L, [RUFEEO &
MEHEBEAUTENBRLIZEZA, FEEOEITBD
P FFEMER TR TXAD o7, B R B 2 &
HERBEIR L, R TI-Cmt Rr DR | B EESIC
LM TARMDOZEALIZEBNT VNC A DOIFENE
FHEINDA[BEMENE Z BT,

WIZ, E RO T &S Z2 NI DWW T, iR IR
AR EE WA O HIZ TV, ZEREEHOTEAR
ECOAEREBED AT T, 3 DR )7 15T
MBI CTERD ST T Te<b A, E A B
AT ITLKBT Wil LA |, /N - (LHTF
L), LLebBLURLDEFEZRE, 2 TOREHZ DN T
— AR BRI E B LD ZoBell #RESHI COA R
D Ji BN REL 2 o7= (Table 3), ZDZEMD, AW
TR bRk AT — e A o A R P T
FETE/RUS, ZoBell #EK K5 H IR Tl vl BE72 B W
NELTFAEL TODIENRENT, HaZ Wi T A& 5
I R R 2 AP T e AR N < FFAEL CTRY, — %
AL BEIE RS OB IEIR BE O i\ ZoBell B HilZ 56 i
LT W DR >T-bDEE X LTz,

WRAREE A7 PRy L REF NP ARIE I ZRBIT D EE £ D
T, RERS DFBHZ SO W TR R & D L H KA
AU, FLTFBLOWVWAFIEICBW T, ER R E
TOAEBEITFNER 7.8%10°%, 9.6x10* cfuly THY &
WAEBETZ S Te DIk L, IR IR ES A RE CO AR
X, B R AR (107 cells/g) LA F TdhoTo, ZHITFLF
RN B I E NSO AL SRR ES i ¢
WA OHIEZIHIL TS EE LN, BLED
FE G, ZoBell E:ia HWAIRVIZEHBWT, 5 =I5 HT
L7 RS HIZiE VNC A DAL D FTRENE TR
S WAV IRy e

AT, 6 FRIEHO B EEBHI DUV T IR IR HLA IR
EERWIZARBROFZITV, FEREE AR E TO
EEEED I EIT T2, DWODIVKIR TlL, —RAEHE

FORE FEE i L0, ZoBell ZEREZHCOAEE D M
10 fFRED -7 (Table 4), LoL., £ LIAN D 5 FlEE
OB ZEFR T, — AR EBOHNE M EF 10 ZoBell
FEREMTOARBITZIERSEDOMAERLEZ, £2.
ZoBell 15 1 U= i AR B A BR A s L OVEE R 1% st -
WIETOAEEEKIZOWTH, MEBLSREHLIAMTIZIE
& DOfEER LU=, L EORE R, ZoBell £5HiZ v
BIRVIZHRWT, S RIGHT LB 3508 H1ich VNC %
EROIFED FTREMEIT RSN D -T2,

JKEEW), INT A5k ZoBell % RKEG I Co A
Hid, — WA EEGE AR A AV Z5A O 10 5204
L OfEE LD DRSNS TN, BB TIX ZoBell 22
K EZ H-C oo A= 1 5003 — i A2 B BRI 8 B #h A F v 7=
LA LFEREOMEE R U, ZORERIL, HEKEH
REORORE AR T2 A LB I AR T
DI OFIEN KREL B DI LB RIE L TD, HE
FEDEWEERIIE, ZoBell E5Hiod 572 NaCl 2 3
ERBIICZ LW ES T3 D2, — R A H 5
HE A IOV RN EE C NaCl MK B
TS CEZRWVR A N B EIAFEL 0D EE X
bz, — . BREOIITH S oK WERE I
ZoBell £5HiCH — kA= B BORIE FI 3 HCh [RIAR I HE A
AIREZR A IS EBITAFTEL TV DB D EE X BT,
B O OFEEIC XY, EY)a B A Ve
TFETDINAEFEBEL THT RN TERNENIZENIRE
AU, BUEOA EEQEIE O 230 KE 72 B RE S A7
WCBW LR TETZ,

3. 2 BRKEMABFREICLZREBKPOEERETE

REMEARIAFAE T DIED LI D N 2 ) BLR A 3k
B0, ATEBEAR LT K DR AVIA I 55 D FBED D
RN AR VR R K O BETT -7, 2004 4F 12 A
21 HCHTE i g AR 5 1 TR L 7= R mifE Kk O
T, AR A RIE LSO - A H 40X 5.2x10°
cells/ml 725 7=DIZxt L, 2R PMEE L L EH S
{1 4.4x10° cfulml £720 | ) 1/10 DfEiL e ~Te, 2D
F0., FHEKOIZBWCEEREE AR CIIHEmEL 2
DNEAR RS CIIEAE+ % VNC B DIFAED  RIRE
iz, 14E1% 0 2005 4 12 A 21 BICRFT CEIL =5
K OIZIB N TH RO EBREAT o7, TOREE, K
KRS AR IEIC VAN A E BT 1.3%x10* cells/ml
EoT=DITHRT L, FeREE /AL TIX 1.7x10° cfu/ml T
HOK 1/10 DEL72Y | FFEBMED R T T,

2005 £ 5 H 15 HIZHE i A B iR KIE 5512 CTHR IR
L= R KQ T, AR AT RIE IS - A E
#iZ 2.9x10° cells/ml, %€ K AR ES Hi s Tld 7.6x102
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cfu/ml £720  IRARES LA BUE D 4 5 @V M E 72 o7,
2005 4 9 H 19 HIZHE i B R i Kin 55 | CRRER L
7o ZEWE K @ Tl RIS A FUE LS AW
ik 1.1x10° cells/ml, 28K AR BE HiyE Tl 1.6%x10°
cfulml LIFIEZEN R -T2, ZOFREVEKDIZ T, AH
s 108 cfulml L& -7-Dl%, ZOBRIENME O
IKPTRIIATPED T THDHZEREEEH N EL B DL
D5 TGP FICEDE KB LTI I E Hs @<
TpolebEZ BT, ZOZENE, FREREERCH ALY
VNC A OENTE DR DD EN RS-,

AEME U7 — A B E R L0 G a R
MEAK PO R EIL, ZoBell LS E K
DFI 0.06~0.4%THY, YK TITHK 84% ThH-o7=, ZD
TEMD | BERAED FIITHRICHWLR TS
ZoBell E5HuIE, FmmwgEK HOAFEZHEIZEL THD
B CTHHIEDRENT,
3. 3 BABHMAIGEICIYBONISEHNSDME

MO E BRI 5E

FEEME KRB DOIZ BN T IR IRES A RIE TR KBS
HEAREICR L, K 10 fERWARBDSRHEN Tz, 2
DZENBAFEHI DWW TR IR K 2 T R85 & R
VNC A DFAED I RBRSILT-O T RIRES HiA TRE
[CEDFSNT B 5 P OMA Y& HBEL | SRR EEAT
577, 960 7L 33 7 /L O HEFE I 4y 3RS T DTy
ZD 33 U D BIRIREGE O R AATIRIEIZLY No. 5, 8,
10, 14, 17, 21, 22, 28, 32, 33, &} 10 D HEEFE KA,
FERAREG A VTR 2T o 7o i 5L B8R B an 7
H1% T No. 5 FDOAHAIan=—TERNRD LIz, IHIT,
6 HEZEELT=E2A, No. 5 A D 2 To HBEFERRICE
WTHIUhan=— RN RO BT, Zilbo 10
FRITIEARRE 2 TIE 3 B CHIEA RO BTN,
D7t No. 5 LIS ORRITZE KB H | ChRied THYFEL
12 VNC AR CTH D AT REMES RIB STz,

HAEESHL7- 10 ERED 16S rRNA &5 - D4y M 5L AL
FI AT L, SRR AT 7= (Fig. 1), TOREE, 2T
DERIZIB T, Ik ffIT Delftia tsuruhatensis T,
FHRIPEIX 98~99% T o7z, ik 16 4L DFE RizIs 0
Th. HIEO R UKD D. tsuruhatensis ik e 4
HESERBHEN TS QDT AMEREIT RO
WEKIZAEBL, ZoBell I RES i CHE s AT REZ I o
THROLRE 2L —ar DOFEWEO— D THHI LN R
iz, D. tsuruhatensis (7L 7 ¥ (RVoFL T
L7 2L —h(PET) DR} 53 A & U TR TG e
DR A O CHLEE, i Sh i@ Tds 7,
TR T DT AT E THY, 7T LBMET

EEhEA RS, A F ATREIRE L 10~40°C, £ F mTHE
pH 1% 5.0~9.0 THD, AFFETOEERESIIL, N LifE
KR —ADEE % W CTRVIRRER LS %, pH 7.5,
FEIE L 20°CICRREL TWWDIEMLIESH TV
D. tsuruhatensis MD/EF AIREREEE —EH L TWD, 20D
fhDHEFNZ AT >y — (ARG AL DK
PELEOWFEI) o, 7K B 5001 O HEFE ) 3 T O
AKFHEFIZ Delftia BMENFAET I ENHESINT
WD, LU, YK o> Delftia J&#llEE O #5113 7L
F72 VNC RBEIZ /2D WO 1T E 72700,

L EoRE R ko R mE K IZE D.
tsuruhatensis (ZUTkx72 M 3L HAE B3 52 L8 BH0
757, D. tsuruhatensis ([ ZUT#g7cHE O 10 fHO
BEEREDSE | 9 BRI ZoBell 2R NEM Bz ECl3EA L
W VNC JREETH-T=DITKIL ., 1 KRIZFER R
B CHIIH CX DT EN RSN,

3.4 HEMAMOEBEICRIFTIEEESLVIEESD
EOFE

DR KNS EEEL 72 D. tsuruhatensis JTzRk
D55, VNC OFRBEZLHLT= No. 8 BLUNo.21, #
L CEREHTH BAFICHEFEA 7R L= No. 5 D& 3 £k
[ZDOWT, #7202 NaCl IR TOWRKIE R R L RES
1 ECoOMETERE DB BAMRA AT L 7=, ZoBell K7 I
T 20°C. 3 HMOHE:&E#Z AV, NaCl = 23.4 gl
(ZoBell 5512 )E) | 35.1 g/l (ZoBell B5#od 1.5 f5D
TeRE) . Z LT 46.8 g/l (ZoBell 55Hhod 2 fEDHESE) D 3
ST 20°C DI IREEE (KRG8 24T\ 558 5 HE D
Bt 1 A4 F LY ZoBell FER MG HIC AR L T
20°CT3 HIHEEEFRL . HIie4 Bl L7 (Table 5),
5 HH OB EZOFEEREZ 660 nm OW T
AT LT2E A 3RRED  HEIREE DRV SRAFD F A3 0. D.
ENE LR DH AR LT, WO E 4T
O. DT 0.2 F2EETh 7=, LA L. No. 21 % ZoBell
e 2 5D ECTREELIZL O 2 BRIk~ =
O=—DE RN ED ST, ZOZEND, D7t No. 21
FRIZOWTIE, SR E DN m O TR R LR
IR R MM Can = —Z B R L IZ U AT REME SR
gz,

WIZ, No. 5.8,21 @ 3 FRIZHOWT, BARDHEETD
TR B2 S E L FER B b T BEFEBE AR B BAR % iR
MrLiz, ZoBell 55 Hi T 20°C. 3 H R DORiEFETRZ AV,
ZoBell 15HiC, 20°C, 10°C, 4°CD 3 LM TlRikR: &
(RBFH) 21TV, 5548 5 AR OEEERKEY 1 AeF LY
ZoBell 2 R SPEAREF HIlZ B A L C 20°C T 3 H Ml E B 4%
L. BEHEEABIZE L7, 5 H IOWRIRER % O W IR
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% 660 nm OWLEE TREATLIZEZA, W NORRIZEB W
THIRE DRNWRIC22 5138 O. DAEIMEL 2 D fH M %
LT, 4°C THRRIE 2 U= HE 88k 3 MRS O. DB
0.05 LA FOEUMEZ LY NFEAEBEHEL TUORNIEMN
RBENT, TIHOE IR A R TR HC B AL 3
H#EEEZ LA R, No. 5 I2oWTiTar=—%TF
L7223, No. 8 [Z oW TlEar=—DAE) T,
512 No. 21 oW ClEan=—%E KL 7h o7, No.
8 BLU No. 21 12OV TE, KR TORFRICLDFE R
Wi Can=— 2R LI > TWB ATREME R
BENTZ, LL, 2HbH0 2 BRIZIE IR TH NS
ENEBRBNIRINST-Z e BRI TOR &I bh
FERCHEANIZEEAE W o/l iDL B 255,
Atk RERERLME LIRS o HEFERE O A BE RS
RESHITFHEMIZHRFIL TS T E TH D,

SHROBFRE

AW TR A A RIEIC LD A — =0 7 R %
At 56 FRAEHO /&SI L, ZEREHTEREICESHE
BRI EETH2ET VNC #AEM DR HHZ R T,
ZOREF, B ATl VNC BEH O AL RIS
NOETRO LN -7z, LinL, A28k
DI RNSNDEREENT 10 (5L EOFE BB LR R
Bl b ey olz, S5 t% . HH T2 OB &
DT IR AR IE I LA — = VR D Al

AT, B EEFF O VNC BAE DR A HED T
TETHD,

F7o, R KD DR AL A4 FUE I L ORI EE
HCH 2 R IAREF I CH I T 21K 38 L OO (A5 Hi
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Table 1 Composition of 1/5 strength ZoBell 2216E medium

NaCl (Wako) 2344

KCI (Wako) 08¢

MgSO,4-7H,0 (Wako) 404

CaCl, (Wako) 1.2g

KBr (Wako) 100 mg

SrCl,-6H,0 (Wako) 26 mg

H3BO; (Wako) 20 mg

Peptone (Bacto Peptone, Difco) 10g

Yeast Extract (Bacto Yeaste Extract, Difco) 0.2¢

Water to 1 L (pH was adjusted to 7.5 by 1N NaOH )

Table 2 Comparison of cell counts in marine products using the three cultivation assays

Liquid cultivation ~ Agar-plate cultivation  Cultivation using Nissui TC

Sample (cells/g) (cfulg) medium (cfu/g)

Short-necked clam (Asari) 8.0x10° 1.3x107 5.1x10°
Oyster D 7.7x10° 7.2x10° 1.7x10*
Oyster @ 9.1x10* 2.9x10* 8.3x10°
Oyster @ 2.1x10° 1.7x10° 1.7x10*
Oyster @ 1.5x10° 1.7x10° 1.1x10*
Top shell (Sazae) @ <10? 2.0x10° 1.0x10?
Top shell (Sazae) @ 1.3x10° 2.8x10° 2.9x10?
Shigure clam (Hamaguri) 2.0x10’ 3.4x107 2.8x10°
Freshwater clam (Shijimi) 9.0x10° 1.1x10° 1.2x10°
Common scallop (Hotate-gai) 5.3x10° 4.3x10° 4.0x10°
Tsubu-gai 2.1x10° 2.8x10° 8.5x10*
Frozen salmon 1.0x10% 2.0x10? NT

Aji fish 7.1x10° 5.2x10° 1.5x10°
Ma-aji fish 4.2x10° 4.2x10° 2.9x10*
Salmon 1.8x10° 2.4x10° 9.6x10*
Karei fish 3.2x10° 3.3x10° 7.5x10°
Frozen shrimp 1.6x10* 1.5x10* 8.5x10?
Raw shrimp 1.3x10° 1.6x10° 1.2x10*
Raw zuwai crab 2.5x10° 3.2x10° 2.6x10°
Gut of cuttlefish 1.4x10* 2.0x10* 8.0x10?
Tarako 1.3x10° 3.8x10° 3.0x10°
Tara shirako 3.5x10* 5.8x10* 2.1x10%
Sujiko 1.7x10* 2.3x10* 6.5x10?
Mekabu @ 1.1x10° 1.3x10? 2.8x10?
Mekabu @ 2.1x10° 3.9x10° 1.6x10*
Mekabu @ 1.4x10* 1.3x10* 8.1x102
Mekabu @ 3.0x10* 2.9x10° 1.0x10°
Mekabu & 6.3x10° 5.4x10° 9.2x10?
Mekabu © <10? 1.0x10? <10*

Seaweed salad 3.1x10° 5.9x10° 7.5%10?
Shio-huto mozuku <10? <10? <10t

Mozuku <10? 5.0x102 <10t

Kiri-kombu @ 4.1x10° 2.5%x102 2.0x10?
Kiri-kombu @ <10? 2.0x102 1.0x10!
Wakame seaweed 3.3x10° 2.3x10° 1.5x10°

NT: Not Tested
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Table 3 Comparison of cell counts in salt-processed foods using the three cultivation assays

sample Liquid cultivation Agar-plate cultivation Cultivation using Nissui

(cells/g) (cfulg) TC medium (cfu/g)
Kimuchi <10? 7.8x10° NT
Taina pickles 3.1x10* 2.7x10* NT
Miso <10? <10? <10
Hakusai pickles 4.6x10* 1.5x10° 1.9x10*
Nasu pickles <10? <10? 1.0x10"
Ika-Hakusai pickles <10° 9.6x10* 5.7x10*
Pickled plum <10° <10° <10t
Yellow pickled radish <10? <10? <10t
Raw ham <10? <10? <10*
Cooked pig hormone <10? <10? <10*
Tako-wasabi <10? 2.0x10? 4.0x10*
Smoked salmon <10? 1.0x10? 4.0x10*
Salted kazunoko 8.3x10? 3.5x102 1.0x10*
Ami shiokara <10? 1.0x10? 2.0x10*
Salted ikura 4.3x10* 4.4x10* 2.0x10*
Soy sauced ikura <10? 1.0x102 <10t
Shiokara of shrimp <102 1.0x10? 2.0x10"
Shiokara of octopus <102 5.3x10? 3.0x10?
Shiokara of cuttlefish 1.0x102 3.0x10? 3.0x10!
Uni-kurage <10° <10° <10t
Raw cuttlefish (Matsumae) <10? <10? <10*
Shirasu-hoshi (Shokojo) <10° <10° <10t
Kampu-hoshi salmon 1.0x10? 2.5x10° 3.0x10!
Shishamo <10? <10? <10*
Salted mackerel (shio-saba) <10° 1.0x10? 2.0x10"
Vinegared mackerel (shime-saba) <10? <10? <10*

NT: Not Tested

Table 4 Comparison of cell counts in vegetables using the three cultivation assays

Sample Liquid cultivation ~ Agar-plate cultivation  Cultivation using Nissui TC

(cells/g) (cfulg) medium (cfu/g)
Cucumber 1.6x10* 2.2x10* 5.6x10*
Eggplant 1.7x10° 3.0x10° 1.2x10°
Pumpkin 4.2x10° 2.3x10* 5.5x10?
Burdock (gobou) 4.2x10° 2.9x10° 3.3x10°
Lotus root 5.4x10* 5.3x10* 4.6x10*
Radish sprouts (kaiware-daikon) 2.7x107 5.3x107 3.5x10°
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Table 5 Comparison of cell counts in sea water samples using the three cultivation assays

Sample Liquid cultivation ~ Agar-plate cultivation  Cultivation using Nissui TC
(sampling site, date) (cells/ml) (cfu/ml) medium (cfu/ml)

(Uranara. 21 Dec.04) s2x10° sax0 .

(Knatabam. 13 Miar 05 120’ 20 s
Kakehams. 15 iy 09
(Sslg&?;ghs:r?mvga tlegr S?p. 05) 1.1x10° 1.6 x10° 6.8 < 10°
(ranams 31 6. 05
(SllJJ g?‘;emsiaﬁvlat&c% 5.0 10* 3.4 10° 2.0x 10
Surface seawater @ 3.2x10% 2.7x10° 2.0x10"

(Urahama, 11 Jan. 06)

NT: Not Tested
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Fig. 1 Phylogenetic relationship of the ten isolates obtained by the liquid medium dilution method (Isolate No. 5~33) within

the class Betaproteobacteria.

The tree was constructed by neighbor-joining method with partial 16S rRNA gene sequences.
The bar represents 2 substitution in 100 nucleotides.

shown at brance nodes.

Escherichia coli (outgroup; X80725)

previous work®, were shown with the number of clones in parentheses.
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Summary

Significant populations of viable but nonculturable (VNC) bacteria have reportedly existed in a
number of natural environments, as well as foods. On the aspect of sanitary control in food industry,
urgent attention should be paid on the fraction of VNC bacteria, which can growth under certain
environmental conditions.  We have previously constructed the medium-dilution method for
enumeration and isolation of the in-liquid culturable (ILC) fraction of VNC bacteria using micro-plates.
In the present study, we applied this method on a number of food samples as well as seawater samples to
enumerate the population of ILC bacteria. By comparison with the estimated number by conventional
colony-counting methods, we attempted to estimate the population of the ILC fraction of VNC bacteria
in the food and seawater samples.

Thirty-five marine products, 26 salt-processed foods, 6 vegetables and 7 seawater samples were
chosen for the samples. In most marine products, salt-processed foods and seawater samples, the cell
numbers estimated by agar-plate cultivation using 1/5 strength ZoBell 2216E medium were
approximately ten fold larger than those estimated by cultivation using Nissui TC medium. In contrast,
approximately same cell numbers were estimated in vegetable samples by these two cultivation assay.
These results suggest that ZoBell medium, designated for marine bacteria, was suitable for cultivation of
bacteria predominant in marine products, salt-processed foods and seawater samples. The estimated
cell numbers in liquid cultivation by medium-dilution method were almost same value with the cell
numbers estimated by agar-plate cultivation in most food samples. In surface sea water samples,
however, the cell numbers estimated by the medium-dilution method were approximately ten fold larger
than those estimated by agar-plate cultivation. This result indicated that significant number of the ILC
fraction of VNC bacteria in the sea water samples could be detected and cultivated using the
medium-dilution method with ZoBell medium.

Total 10 bacterial isolates were obtained from a surface sea water sample by the medium-dilution
method. One isolate, No. 5, showed growth ability in liquid medium, as well as agar plate. However,
the other 9 isolates showed poor growth ability on agar plate, although they showed growth ability in
liqguid medium. These results suggested that these 9 isolates were ILC fraction of VNC bacteria.
Phylogenetic analysis based on partial nucleotide sequence of 16S rRNA genes revealed that these 10
isolates were affiliated with the genus Delftia and were closely related to Delftia tsuruhatensis with 98 to
99% sequence identities. This finding suggested that even strains phylogenetically identical could
show different phenotypes in the culturability on agar plate. Isolates No. 5, 8 and 21 were cultivated on
agar plate after liquid cultivation with a high concentration of NaCl or at a low temperature. Isolate No.
5 could grow on agar plate after cultivation under these stress conditions. However, isolate No. 21
showed significantly limited growth on agar plate after liquid cultivation under a high concentration of
NaCl and at a low temperature conditions. These results suggested that liquid cultivation with a high
NaCl and/or a low temperature could promote the bacterial VNC state, at least for isolate No. 21.
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