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Study on Ubiquity of Mercury Resistance Genes and
Multi Heavy-Metal Resistance of Clostridia, Strictly Anaerobic Bacteria
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ABSTRACT; Because anaerobic mercury-resistant microorganisms have not been surveyed sufficiently and those biological
features remain to be understood while anaerobic environments are common as mercury-contaminated sites such as soil and
sediments, anaerobic mercury-resistantbacterial strains were isolated from Minamata Bay, Kumamoto, and characterized. Wealso
reported identification of a mercury-resistant bacterium of the isolated strains. The genetic components for mercury resistance of the
five strictly anaerobic bacterial strains including the bacterium isolated from Minamata Bay were analyzed The resistance to
mercurial compounds andto other heavy metals by the five strictly anaerobic bacterial strains were also tested. The results showed
that the anaerobic mercury-resistant bacterium isolated from Minamata Bay was identified as Clostndium butyncum Mersaru.
Nucleotide sequence analysis of the mercury resistance determinant showed that C. butyricum Mersaru has merB gene (an
organomercury lyase gene), identical to that of the aerobic mercury-resistant Bacillus cereus RC607. PCR-Southern hybridization
showed that the two PCR products, which are amplified from chromosomal DNA of the four strictly anaerobic bacterial strains,
were highly homologous to merA gene (a mercury reductase gene) and merB gene from the aerobic mercury-resistant Bacillus,
respectively. The resistance spectrums to mercurial compounds and other heavy metals indicated that all Clostridia tested in this
study were broad-spectrum mercury-resistant and broad-spectrum heavy-metal-resistant.
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1. FCBIC

KERIZ L HBEFERIT. BEORARZSTHTY, 1FURX, TIPNALHANICHEREINTSEY., AFAD
BECEERRIHELEZZREZOBEEESI TS Y, BE, KBOMASHHICET HAMIML <&
hTHED., KBEEARRKOUERL, 4 KBREEPHEERRECLIPELFERGTENESNTVS 2, F
7o WA X BKEREEBNE LT, KBIEEDHDHEOEBCLHEBRBICOVWTORANEDSNT
VW3 3, FEMEOKBTIHEREIC X ZRBILEMODELLERBEEL & o KB OTHEHME & EWPrRE
T IHER. 2TERZELANICBLWTHLRESRZINTVSE Y, ThsomFicihd, FEEKER
M O BERHEEIIKBOEEEERT 22 DOBFEANSAD, FHKEOAFILEEKEN ST O
THBAKBY 7 —¥ (ABKEIERER) LKBAEBHOBENSEKSE (HY) KERIHIKEAL IV S
—F (KEBTEEE) OEENTSNTNS Y99, F/-, BRI N HIMEMRAN R ENS, 2D
THBEDKBITHERINBEROKREOERD S b SFRLED Bacillus J& & Pseudomonas J& DK B RB
NEBAMEI N BLBAEEAYMEMELBTTA I ERE > TKBEZILL TNS I EARESIN TS,
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—75, BRKIEH B O KEAHEICBIT 285513, Clostridium cochlearium T-2P 'O % Desulfovibrio desulfuricans
APL W2 SIZ R 5N HHKRED S ORBHOIRAKREERT 2 LI RELEHOEREENA SN T NS,
NS OBREEOKBEMEMEO LB LARBEMETIMRRBEL T THD LA, ERIEMEICK
B AKERAHE AT KM SRR ORHEEE 2R > TW 2 ST NIL KRBT TONA AV AF A T—3 3 V(&
PIZ X BRREE) OREENS, RRMTHEIC LD KBORKNEL 2 F ANOIEAOHEERZENEL S NS,
o> T SRAMMIEIC R SRKBMMEEEE L OFMICEET 2 Z &, KEFHRERLT S720 OREEN LED
TEETHBEEASNS,

INETHRA I KBBERED S50 L7z 26 kORI KBIERE Clostridium BHMFRILAIE OAERT
BREI-RTORET (merARET) EHETIRETFEREL TSI EE2HSMCLTEL D AHRICS
WTHR, & SIHSIEAETEHE ORMEEBO A EREMITTL2DIC. CIAIARED S 718 U et K B
HDEROPO 1 BEAWT, TOEKONE LEHRKEMERFEL - R T84BT THD merB BETOH
TEMFOBRTET o/, T, SRS IC BT o AEERETOXELICHT 5 MR 2B DI, &
R THOWZ RS KRR ERBO DN F v — OV ¥ a VRERD Clostridium JE4 BRERWT, KE
ERE T O TEMFRRTET o/, 510, BEMNESHHEICBI2ESRIEAYIHTEIXARI F I L%
D701, FRFUCEWTH T TGO & KBS DESREICH T HRHERIC DWW THIFME LT .

2. RBHHRBLUFE
2.1 BRMABHESBKORE L KBHEBRGF (merBEGRT) ORFFEMENRT
(1) BMIEKRBEHAEIREORABBLIUVREFRICKZEE

LARTR % KRB 5 B U 72 A RBAHED BERRIZ, Bergey’s Manual 12k D Clostridium BORE T
HEIEERELEID, 2035, MN13 AT 5N THIBEEKICD LT, 165 rRNA BT OBER 2
LEBOREZ{T> . 165 IRNABETFIE. FOSOFE > THE L 228k MN13 ORAEk DNA M S
ZN—HIT T4 < — (forward; 5-GCCACG(A /C)GCCGCCGT-3 & reverse; 5- ACGGGCGGTGTGT(G/A)C-3)
%foT. PCRICEKD 0.9kb @ DNA HIRZHEI &/, HEIN/LZPCREYIL. 08%% 7 HO—AX NIz L 2E
S7kB)#%. GENECLEAN II KIT (Bio101) 12& D EIXL . pGEM-T Easy X% & — (Promega) & 51 %' —3a > %
fTo =%, Eschericha coliDH5 q il ko TH 70— F%fFo7, 77 0-20 73075 X3 RDNA
13. FlexiPrep Kit (Pharmacia) IC&DEIRL. PFFF 33—V L2 2 7L - T PCR EMOHERTI 2tk
E L7z,

(2) KEFMREF(merBIREF) DPCRGIELEREIIORE

SEERMND BE KRS BBET THL merBEGFEREL TR AN ES M ERERT B0, PCREIZEK
S TIDBETFORBEERA., £k, MBS PCREYOEERFIZHRET 5 E &I, FRUKETHEME
DD merBBEGTEY MerB) &7 3 JEERFNC L0 LEBL =,

STBERRMN13 13, PY ki Y 12 L 0 30C T LR %%, REAFADNA ZHE L. READNAL, PCR #
PRICHEA L, PCREEOLEDODT T4 Y —DNAIRZ, FREOKBIIEME Bacillus cereus RC607 ™ DIRE TS
merB MR TOEWBEERFIN SREC L, merB BETFHEAD 751~ —DNA OBEERFNIL. forward; 5-
AATTCAGGAAATCGTAACCC -3’ & reverse; 5-CAGTTCAAAGGCATCTTICTA-3' TH 5., PCR &H13. 95C. 9
BOBRAOBEM.RIEDH., 95C, 30sec DAL, 48C, 15707 =—U 7, 2C. 13 30BOHEXT v T
B IINfToTe. EDHK. 72C, 1057 OBRBEOHERIGET >/, G PCR EYOHERN ORE HEL. 2.1
O()IZEER L = HE ERERICIT 7.



2.2 XM THEE ClostridiumBICHE T BB BEF (merA BE U merBi BEEF) DFFEYEN
w24

HﬁﬁODﬁ(ﬁEfﬁiﬁ%ﬁ%'@%)OK%WTS‘EEEE?J:*ﬁﬁTéiﬁfﬁ?fﬁﬁ(@X FLAEZFTWRWRENSHBES N
FAEMEREMETORBNICREL TLE M EINERBT DL DI, R TH W BB KE T B
MN13 EFRIER&B L OEREREOEESIERE Clostridium J& 4 H’xéﬁbl'& KBIHEEET (merdA BEY
merBBETF) OO FEMFHBRRET -1,

(1) #EEH

SR, KK BTE B MN13 O fic. FEBERFSERT (IFO) KB EREINTNS Clostridium
butyricum IYFO3315. Clostridium butyricum 1FO3858 . Clostridium butyricum I1F013949 . Clostridium
acetobutylicum IFO13948 @ 4 Btk & AW /=,

(2) PCR-Southern hybridization [C& ZKETEBEF(merA B L U merBBET) DHFEYED
B’%

BEEHITBN T, IFRMKBRERE© 2B MN13 O D merdA BL W merB BIZT LHET 2 BETAHEE
L TWha» E S H % PCR-Southern hybridization Ik > THR - g L,

BRI, PY AL D 30C T 1 RERBE. SEELSRAKDNA 2aiHL 2. RAAKDNA L PCR
HIRIZ AWz, PCRIBIEDRD D merA BL W merB BInFENA DT 71 < —DNA I, FRMHEOKBHHERMS
B. cereus RC607 ™ DR T 2 HEMIH» 588t Lic. merA BETHENE OV S 1Y —DNA OHERFIT
forward; 5-TAC GATCCTGAAATITCAGA-3' & reverse; 5-GCACAGCAAGATAATTICGA-3" T %, £/z.merB
BETIEMHAO Y 51 Y-DNA 21 KRB L0 EFEETH S, PCRIEEIZ 2.1 IZRRRBM L 7= EFRICTT-
7z PCRIZ &3 DNA BiE# O PCREMIL, 08%7 /10— X/ NVBELKKBHRICTIF ¥ =2 (DIG) Eanri
B. cereus RC607 D merA BL U merB BT T — T DNA & 65CT—WNA TUF A XE T2, merA BEFT
O— 7. RC607 D merABBT OHD S —4 X (770bp) TH V. merB Bz TS0 — T3, RC607 O merB IR
FoHyr—r> R (580bp)'l"‘2%% 7w+ DNA O# #id DIG Labeling and Detection Kit (Boehringer
Mannheim)% Ay, B -BHEERE2TEL.

2.3 i@ﬁﬁmﬁ%ﬂl@ Clostridium [RICH (T 2 KB HEEOFEE KBLUADELEH EEEDFME

HHE R M Clostridium BIZB T2 BERBWHEDARY S AEHD DT, BRELEWITH T SMiERE
Ol & ARRUA DES R AW T 2R OTE 2R .

(1) #EEH

HEREBRIL. R BRHE Bk MN13 & 2.2 THER L7 Clostridium JB 4 Btk K TUFKME KRS
T WBYEMIEE Bacillus megaterium MB1 &FFSMEKBRZHN Y T LBALMIE Bacillus subtilis 168 DI 7HE K& A
W,

(2) BXBLEYICHTIRNMERERE (MIC)DRE

ERIE QAR REZE FET 27010, EBRKRLEW EFRAKELEYIC LS B/NEFREE (minimum
inhibitory concentrations; B\ F MIC &30, YERE Lz, MIC OFEEICHEA LEmE. 22571 CHEREZR
W/ PY RS TIT o 7. SHIPADI AT VEBREORMIE. PAFTA D EERROBSIIL5EE ﬂ:’%ﬁ
N ENRDEWMIC 25X 3T EBBEINTNDY, VA7 CERNTHENEKEHZRAMT 20
R AL D PY BMORERET > /. PY REEMICE->T30CT!I %%%éﬂf;éﬂ%ﬁk@%%i‘mi\ BK
SRIBEE 0.25ug/ml 2D PY WAEHIZHE L. 30CT1 BIERET -/, BREOBERIZ, HR27k\IREC
B L PY WRIEHICHER L. 30CT3 BRSELZ, SKBLEHOMICH. 3 HRMERROEHMOED 27
L, EOEEAREINBRMOKBBEORERZ -, . HEOTARBEENREN T LEHET
BIHOBMOBY OREEE LT, KELEWEFEML THRNBROE OHBICLZEHOED (ODy TH 0.5)



Plb&a3Z 2HM Lz, ERBLEAHORTRE (Ug/mITROEBDTHS,

HALAKER (HgCl): 0.5, 1.0,2.0,4.0,8.0,12.0, 160, 20.0, 240, 27 0,

H{E A F KB (CHHgCl): 05, 1.0, 1.5, 2.0, 4.0, 6.0, 10.0, 16.0, 20.0, 24.0,

BelE 7 x L KER (CHHgOCO CH,): 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 8.0, 12.0, 16.0, 20.0,

(3) BELECEYICHTEMICORE

MESROBFRESRE T 2 LEMMERE (KRESEHIELE) 2FET 24010, THE TICHE ORE#EE N
L<HENTVWIABUNDOBESBILEWERVWTENSOMIC 2REL -, SHEKROERSH & MIC OH|
WEMEI23 DQQIERLFEEAKTH 2. BHLAESBLAY EREBE (ug/m) I TRDEBDTHS,

AFEEETF R UL (NaAsOy): 2,5, 20,40, 80, 100, 200, 500, 700, 900, 1200, 1600, 1800,

HALH R 24 (CdCLy): 1,2, 3, 5,10, 20, 50, 70, 90, 120, 200, 400, 500,

HALT /L~ (CoCly-6H,0): 20, 50, 100, 150, 200, 300, 400, 500, 1000, 1500, 2000, 2200, 2500,

BREEE S (ZnSO, - 7H,0): 20, 50, 100, 150, 200, 250, 300, 400, 500, 600, 750, 900, 1000,

3. RRERBLUEER
3 BMEMKERESMEORALBLTEGFEICLSEE

B K EREBERR MN13 13, SR OATHEEL . BEEEREIR7CTH o7, £z, O
BRISHEE AR LW I AR E N, AP EMEC L 28EN 5. BIRIIEE TTOEEN 1Ipm T
THHIE, RBMCRAERTEERT 2 ZEMHREIN, FILREBTIZY 7 LBEER LT,

SYEERE MN13 @ 165 rRNA EET O EAESIIE. National Center for Biotechnology Information (NCBI)®D
BLAST P i &k » THEMBFT 21T 57 & 25, C butyricum DSM2478 DENE 99.7% . C. butyricum ATCC43755
DFNE 99.5%DHAMEER L. THSOEELD, FRER MN13 % Clostridium butyricum EREL . Eiz.
Z D5 BERR MN13 % Clostridium butyricum Mersaru L8 L7z,

3.2 C. butyricum Mersaru D/K$ETHHBIEF (merBiBEF) DPCREIBLIERRIIORE

merBBIETFEIEN & L7 PCREEIZEWT, C butyricum Mersaru DR DNA D 5 #i§ X 1/ PCREWIZ.
B. cereus RC607 O merB A= PCR E# &R T -1 X (580bp) TH o/z. TDPCREMOHEEFZREL. TN
27 )BEFICHAELEZDOE, TTRHASNTWS 3HOIFEIEY T LBIEKSBTHERE B. cerens RC607',
Staphylococcus a ureus R23 8325"), Streptomyceslividans 1326V DARE T % merB BEF OHEERFIN SHEL
73 BES R B L (Figl). JO&RE. C butyricum Mersaru D7 2 ) BEFNE. Bacillus DMer B 7 2
J BEIR EFERIZ—B (100%)Liz. F7=, Staphylococcus DENE 73.1%. Streptomyces DE N &1L 57.0% DA
FiEERLE, Z20ZEED. C butyricum Mersaruld, Bacillus DIRE T 5 merB BEF L 2<FA—-0RETE
BELTWBZ EDBEoMER T, BEHME C. butyricum DERKBSHBETF THD merB BETEF>T
WNBHZEEALSNIILEZDRFRENTD TTH S, FIEHEOKEREBBIISNT, merB BRTERAL
THSTERKEZTIZHHE 2R T 1 71d narrow-spectrum OASBME SIEIIN, merB BETERALEEL
FHOKBORH IZHHE 2R3 ¥ 1 71 broad-spectrum QKB & N TV 2 99, 5¢ 5 T, C. butyricum Mersaru
DB Y A 713 merA & merBBAGT #4RE T % broad-spectrum /KEBMHE S 1 T TH 2 ZLNEZND, ¥,
TER. BEEWERERAKBREAFILE R, BLUSEFBROFILKE HgSYRERTIEEAONTER
9, L LAAs, C butyricum Mersaruld, BBBROBELN SHAKELZERL THRWI EPERINTND
Do ERESEROKBEMELESICEEKE H) KBLLAL TS EicL > TRHEZBEL TWH
HEwEEI oz,
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Fig. 1 Alignment of amino acid sequences from PCR product of C. butyricum Mersaru
with MerB sequences from Bacillus cereus RC607, Staphylococcus aureus R23 8325,
and Streptomyces lividans 1326. DNASIS program (Hitachi Software Engineering,
Yokohama, Japan) for the amino acid sequence analysis was used.

3.3 BB R U Clostridium BICH TR KRBHHBEF (merA BEL U merBIRIEF) O3 FEME
R F

Fig. 2 & Fig. 312 merA B UWmerB BIEF 2 EH & L7z PCRIYEE & 7 @ Southern hybridization D#5RETR T
BEHE BBIE SN/ DNA B OBREIZREZ B3 BOO, B. cereusRC607 O PCR EY EZNENFY -1 X (773bp
& 580bp) T # o 7=, Southern hybridization O #R 3. B. cereus RC607 DmerA B LU merBRIRT 70— T & H4
NA TUY A XL, HWEMERE L. PCR-Southern hybridization D#REMN 5. ¥t EKMEME Clostridium JBIZ
B. cereus RC607 O merA HL UmerB BETFEHRAMOBVWRETERAL TR EEX 6L, Lo T, INb
OBBOKETE AN = XLD EFEEKETHEAE EFERTHD EEA OGN, o, ThSBMHKAEHE
D merA BEWmerB BRETHRBEPTRIAL. EOLIRBEEEEZRTIAZIEMET D LN TROERRRE
LEZSND, BHEKICBWT. C butyricum [FO13949 13 DBEMN 5 2, C. acetobutylicum IFO13948 13 corn
meal M6 W FRNEFNGBEIN TS, FREEORERERRID, FLINSEAKBA ML AZRTLRR TR
B, TP RIT, KEA RL2EZTTOWANRED S THRERERET2REF T 2EMESEREOFEN
BPoMEmot, —RRIC, EEPOAKRIITEL T20~150ppb BEHFET D LD TVS Y, tHPERIEBLE
LISSEMBRETHEIENS, KBIHERLBTIED &b EHQMEMEIC S > TREA ML XML TZ 200
DEBGETFROTRZWAESEZSND, T, KBIHERINSHEKNSRECSV T, KEMEBET2EFE
Y AHEMOMENT. BEARKBIAKEERITEELLBZREALLTHO, insitu TORBSEET> T
HEEZLND,
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Fig. 2 The result of targeted merA gene of strictly anaerobic Clostridia by PCR-Southern hybridization.
(A) Result of PCR amplification with merA primers. Lane M; A phage DNA/HindIIl size marker, Lane 1;
PCR product of merA gene of B.cereus RC607, Lane2; PCR product of merA gene of C. butyricum
Mersaru, Lane 3 through 6; PCR products of targeted merA gene of strictly anaerobic clostridial strains,
1FO13949, IFO3315, IFO3858, and IFO13948, respectively. (B) Corresponding Southermn hybridization
signals on the blotted membrane filter with the merA probe.
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Fig. 3 The result of targeted merB gene of strictly anaerobic Clostridia by PCR-Southern hybridization.
(A) Result of PCR amplification with merB primers. Lane M; A phage DNA/HindIll size marker, Lane 1;
PCR product of merB gene of B.cereus RC607, Lane2; PCR product of merB gene of C. butyricum
Mersaru, Lane 3 through 6; PCR products of targeted merB gene of strictly anaerobic clostridial strains,
IFO13949, IFO3315, IFO3858, and IFO13948, respectively. (B) Corresponding Southern hybridization
signals on the blotted membrane filter with the merB probe.

3.4 BORTMMEE Clostridium BIZHE T DB KBLESYICHT 2 MICORE

Table 112 & HIEH D ERELEYIT L B MIC 577, Bacillus subtilis 168 Z K ERHERETEHA L TN
KEBESMAE OB E LT, Bacillus megaterium MB1™ RS OKBMMEHAEOMBE®E L THNWT, &
Mk D MIC 2 HB L7z, Clostridium BZH T OMBERIZENT. MICIZKELZRR SN, BIEREOR
HBEERTIEVASNE, ULALRAS, B megaterium MB1OMIC Stk L Re, ERKEEAEKED
BH I3 LT Clostridium BT BT W BE % 7 L 7. SEHK SR T % 5 MC (1L ASR) 12D W T, Clostridium
BIITEEE MBL L 0 L1~1415, BZMHHE 168 LD 96~16BOENHEBEERL, 7IFNVKBTH2
MMC (AL A FIVAKE) I U T, M MB1 SR MM 168 £ 0 13 OEVIHEREZRL 2. 7 UJLKER
T PMA (BEEE 7 = ZI)V/KEB) I DWW T, TEHIE MB1 & D 6.4~9.6 5%, BZEMES 168 £V 10.7~16 FE W
BEXTMAD D ZEMNHEN, HITPMA OMICH, 4ETHRESI N TV BABIEMEO MIC LD B0
# Mo 7z, broad-spectrum J& R EBFHE D 5 B D F AR ETEMBEIZ BV T, PMA @ MIC 13 0.25~5pg/ml ELF &
WEINTHD O FRTRSBEROKBIHE 2R T MR Clostridium perfringens ICHWT, PMA O
MIC 13 1.0pg/ml A FEREZNTND ), FHRTRENIMIC OKERN S, C. butyricum Mersaruofl Dk
BESMERIBY Clostridium J& DKERMHES 1 71d broad-spectrum DABHETH 0., MM SN TV BHHEME L D
HRITHERASIIH LTI EVEEEERT &M 6Nk,



Table1 Minimum inhibitory concentrations (MICs) of mercury compounds of bacterial strains.

Mercury MICs
d ; ; : ; -
Co(ﬁg;gﬁ;l e butyricum C. butyricum C. butyricum C. butyricum C. acetobutylicum B. megaterium B. subtilis
Mersaru  IFO13949  IFO3315 IFO3858 IFO13948 MB1 168
MC 16.0 20.0 20.0 16.0 12.0 14.0 1.25
MMC 10.0 10.0 10.0 10.0 10.0 0.75 0.75
PMA 12.0 8.0 8.0 12.0 8.0 1.25 0.75

MC; mercury chloride, MMC; methylmercury chloride, PMA; phenylmercuric acetate.
Dimethyl sulfoxide was used to dissolve MMC and PMA and to make the stock solutions.

35 BUBRTHEE ClostridiumBICBII2E BB EYICH TS MICORE

Table 2 IZ BRI OKBLUA OB LB AWITXT B MIC 2557, B. subtilis 168 13 & FEMHMEAE (FOMDE
SBICIIESMN) S L THRICB W, Clostridium BTN TNOMBERIIBNWT, EESE/LEHICN T3 MIC
WARERZIRONT, BERKOMGRELZRTZESD SN, A RITLIINT B MICIE, TTIZaIsShT
WBH R Y AREME O MIC? &0 1.9 fEEWAZRLE. I/UV MIRT 2 MICIZDW T, Riley 52 %
Nieto 5 13240 ug/mi P EOHERIE & @B/ T %, FHR TR EME RO 3700 M9 2 MIC 121000
~1500ug/ml TH Y. HRASNTWHTHEBELD B 4.2~63 fFHWREREZR Uiz, £/, BH T 2 MIC
IZDWTHL L 290 pg/ml BLEATHERE 2 SEEI N TVWDA, [FOI13948 BRESL D 4 BRiZ 2.1~2.6 fEOBEWIRE
ETMA D2 ENHIS N, F/z, IFO13948 BRiCEHMMEII R WL AW E Nz, Lo T ZO 1 HEERIEHE
THEALLETOMERIL. HRITLPLINNE, SSERCWETHE EEX L,

EFIZT 5 MICIZBWT, SHEKITCETEME TH S B. subtilis 168 12 0.04~0.1 FEWTHE L MR
TTREZMTH o, Poston & P13 250~500 pg/ml BENERMELERL TSI NS, SHEK (MICIE
40~100ug/ml) K ROMEREWEELZ SN, UEOEEN S, BHEAHEME Clostridium RIZBWT. B
K274, 37200 BEUHER &V KRS OESRBICET Sttt L ERIZED 5, Zh S O SR
BEit, KBNEVWESEREART FSARELTWS EEXGNE,

Table2 MICs of heavy metal compounds of bacterial strains.

Heavy metal MICs

compounds ey yyricym  C. butyricum C. butyricum C. butyricum C. acetobutylicum  B. subtilis
(pg/ml) Mersaru IFO13949 IFO3315 IFO3858 1FO13948 168

NaAsO, 80 80 40 100 40 900

CdCl, 70 70 70 70 70 50

CoCl, 1000 1500 1500 1500 1000 200

ZnSO, 600 600 750 600 250 300

4. &5
FRRICE > THONERIILUTOED TH D,

1) KRBERELD S8 LRI KRR SR, ZEHEBLIVREBETFRICLSREED 5 Clostridium
butyricum LEIE Nz, £/, TOHBEBKE Clostridium butyricum Mersaru Zng L7z,

2) C. butyricum Mersaru {3, B. cereus RC607 DIRET 5 mer B BETF LHERTI LNV T100%F—F 2 BT
ERALTWAIENH M ERo T,



3)

4)

5)

HE

PCR-Southern hybridization D#EREMN 5. Clostridium JBOHERIZ B. cereus RC607 D merA BE W mer
B BETFIHAMOEVWEETFERAL TRSEEASN, o T, IhS5OMXMEIEMEL, TR
FKEATHEME & FROKBE A D XL EHFLTRBE EZZ 5N,
Clostridium BT O TN OMEAKICBNT, FKEMEWOMICIIKERZ IR SN adh >/, L LAan
5. FLMEARETHEREO MIC & 0 bERKE LA RKEOWTICH L THEMEWIEZ R L, MCOR
{EkE) Iz U Tid 1.1~1.4 %, MMCEE{E A FIKRENTB N TIZ 1315, PMA (BEEE 7 = ZJLKER) Iz
T2 64~9.6 FDEVWBEE THAD 2 &H 5N,

Clostridium JEBENZHOMEMRIZBNT, A RITL, IV PBIVEHRE WS IKBLSLOERE/L
BYOMENED SNz, LALANS, FESBLEMOMICICKREREZEZR SN RM -7, £ T W
< D OEHESHME BN EWESREARY I LEHLTHRD EEA SN,

EBIFE D BTS20, Bacillus cereus RC607 D mer X0 2 5 FINE L EIARBREWR ¥
—OHRMHEEFLICRECBEHNWAELET, £k ZEROEBICHZDHAEHEE L EXEREBLMREOR
MK, FHEARIK, 2EFRE (MURMOFEEFER, BHEERK, 4RI TARK kBFZRICHEEZEL
79, 28, FHATHEHINRAEEN OBBEOEBRAREREORA IO oy b LTI &%
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