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8} Bacillus 4-2) 29% A A F& AFE 5 31 DNA vFAE N3l o] & o] &3] B. cereus LFNAM
A Fuke TR BFA AT AF2HE 709 bp oHA(KHTS)E FE-31¢ o} KHTS 2 H 255 o]
A internal primer set®] PCR AFE-2 B. cereus 189 o2 FLo2 HE @A IS +Esgs.
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e} Zojo} MaiAEte) BE B £9E 5Hoz s AW
2 713 oheh Aol A MhEskE A5 FE 2Eelto).
BT Fefehd 223 DNAY FAMd) A3, Bacillus
cereus, Bacillus thuringiensis, Bacillus mycoidesQ} S+ Bacillus
cereus 130 £3TH9,19). olEL Z17] 2 XA HAA

A2 AT, BAFE DA FLIL 5 I 5
A ZATEE 71A 1 (2,24), B. cereuse AFES Hodle &

L= Eg}_}: o

1 =

A ZefAu| =5 7EX)ar JK14). B. thuringiensis
= F39 f%0 WA AX R 2 54 dds
A @AFS BIRS o]F MTEL olEE FA] Wi
o Fojzl 87 ZEd 2ol AL k3 SIThod),

ol ztzte] ti2 FJAINE 2] B cerens LB &3
FEL FUT G+C FHB1~34 mol%; 9T A2l Ael7h gl
ZH%E DNA E7IME(6)2 7HA Qo] §3s7I7E dA otk
(8,11,25). 471, &Aldto] MEF718} =HA 243 g0l I
23 A vlo|Q vpz|zt AastA HAck A 1996 A
kgl el o] HlolQ wlHE+ BAS13] A31(21,22), Jackson &
(15)°] 713t variable-number tandem repeats (VNTRs)7} 1S
U, olE vAEL 19979 ZHFolA A @7
genotyping A7l AISFHAHLI(15,21), B. cereus™= 7o) g}
Akl £g, 71EY H1EH1 At @), BT U
(524) o]&]ol=, DNAol| 7]z3 WHESQ] polymerase chain
reaction (PCR; 2), restriction fragment length polymorphism
(RFLP; 11),

17,18) 5] lout, olelg WHEL Bacillus & T35 At
g Bl Atole E 2 e fARE T AFERE A%
Ao gAHRhE FAsk=d BEe dAIE 7IT(19).

amplified fragment length polymorphism (AFLP;
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AR AEo|A F-Eo] vl v1AE random amplified
polymorphic DNA polymerase chain reaction (RAPD-PCR)
fingerprinting 7]& %= g1 3 o] £ 2, RAPD-PCR W2 B2
o8 7 5o $4 BHH DA ARl Wies
AMR-E 31 §ITH7,12,13). RAPD-PCR HH& 8~10bpe} #-2
random primerS AME3l] PCRE 41418 &, PCR 2HES] -8
At} 71 Zbzhe] DNA BHER o455 FESTh B3 A2
ool ¥ DNAZE E#H EAo] 7hsdte], B& &S 4
g g, o wAE] AA A7IME FRIL ATHA ST
ghe BAAsE ohkd e 48 4 v} Andersen 5(5)-
PCRE ©]&5te] vrrA2] open reading frame (ORF) QtollA] &4
Tg T 5 de Fol 8L LAY, Nilsson(20) &
B. cereus® E3cll RAPD-PCRE- A-8-315 T}

B Apdxe &AF 7 3 BA B cereus 1F &3
14 F2] 7% 55 AH8-3l9 RAPD-PCR A3& s8I,
0171 RAPD-PCR 2Hz-& 0|83t @At F7g0 Bad /4
 w}AE FHIAH.
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HE W
Mz ¥ =

e WESlL Y& Sterne T 9 6 E, B. cereus L
o &3h= 14 TF(Table 1) 55 AHE3IHoH, LukARl B4
o] mzAL 72 51,20 AR #yel Wl brain heart
infusion (BHI; Difco, Detroit, USA) AAux]9} 3k 3 wlj=]
o) HZ3}ar 37°Col A 18~20 A7t AEH(100 rpm) == A W
etk

Genomic DNAS| £&

BAT 2 B. cerens T1E9 &3h= 7ES 944 DNA £
A Sol AT e g3tk F, BE gdFE Sml9
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Table 1. Bacterial strains used in this study

No Strains
L. Bacillus anthracis Kyungjoo pXO1*, pX02*
2. Bacillus anthracis Hongsung pXO1*, pXO2*
3. Bacillus anthracis ATCC 14578 pXOl1*, pXO2*
4. Bacillus anthracis ATCC 14185 pXO1*, pXO02~
5. Bacillus anthracis Pasteur NO2 pXO1-, pX02*
6. Bacillus anthracis Sterne, 34F2 pXO1*, pX02~
7. Bacillus anthracis Bongchon pXO1~, pX02*
8. Bacillus subtilis ATCC 6633
9. Bacillus amyloliquefaciens ATCC 23350
10. Bacillus licheniformis ATCC 27811
11. Bacillus brevis IMSNU12063
12. Bacillus megaterium ATCC 14581
13. Bacillus paciticus ATCC 25089
14. Bacillus pumilus JCM2508
15. Bacillus stearothermophilus ATCC 12980
16. Bacillus cereus KCTC 1661
17. Bacillus cereus KCCM 11204
18. Bacillus cereus KCCM 11341
19. Bacillus cereus KCTC 1092
20. Bacillus cereus KCTC 1014
21. Bacillus cereus KCCM 11773
22. Bacillus cereus KCCM 12142
23. Bacillus thuringiensis KCTC 1509
24. Bacillus thuringiensis KCTC 7452
25. Bacillus thuringiensis KCCM 40030
26. Bacillus thuringiensis KCTC 1507
27. Bacillus thuringiensis KCCM 11613
28. Bacillus thuringiensis subsp. Kurstaki KCCM 11429
29. Bacillus mycoides KCCM 40260

BHI ¥iAloll HZE8t] 37°ColA] 12 AlZE &<t st &, 50 ml
o] BHI dAu o)A 7] D7 71A] 71 & ¢F 255 ARS
Ao 5mge] lysozymeS EE3I 5mle] Trs-EDTA (TE)
buffers HI Bvto] 413 B w74 37°Cl A A elstt.
£E FAol] 05mle] 20% SDSE BS & MA3 &38 v}
S 075ml9] 5M NaCls} 5mi9] HES 93l 20 ¥ 3¢ A2
oAl 1x43] EF0] FUL}. B AMEE 169x g4 10 & FF
QARSI AENE oo FFe E2=2FEL YU 108
B AA3] E50] F TS, AFAS 2 E 100 ml] Blo]H
o &3 & Tl isopropanols H7FBINTE ©lF A2 5
B g & 5 Z Alold] gAdE QA DNAE Aok &
o}zl DNAE £ 4 TES] 9] TS RNase (20 g/mlyS ¥l
50°CoN A 1 AIZF WRE-A)713L protease K (100 g/ml), NaCl (100
mM)y¥} SDS (0.4% )2 Q3 37°Cel A 1 AIZE BESAIATE 9
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He AT o|F HPHE TEE Zol= JF7A ¥
260 nm¢] £33% 2 DNA ¥55 Aslart

123 e,

RAPD-PCR

PCRE] 24L& A £ 50wl 3mM MgCL, 200 M2
deoxyribonucleotide triphosphate (dATP, dCTP, dGTP, dTTP), 0.5
uMel Z} primer(BAJ1: 5-GCG ATC CCC A-3', BAJ2: 5-AAC
GCG CAA C-3, BANIL:5-TGC TCT GCC C-3, BAN3:5-
GGG ACG TTG G-3, BAN4:5-AGG GGT CIT G-3,
BANS: 5-GCG GTT GAG G-3), 1unit®] Tug DNA polymerase
(Promega, Madison, USA), aglz ¢k 10 ngQ] genomic DNAE
FHOZ AMR3IAT. PCR WHg-EL 94°ColA 5 & T
denaturation3F 3, 94°Coll A 15 %%} denaturation, 40°CollA] 30
Z37t annealing, 28] 31 72°Co| A 60 %37t extension HHOZE
30 cycle2 3T, 72°CHlA 8 #7F final extensionS T §
15°Col A Bastge). Ade] AFE-E 10bp oligonucleotide
primerE2> 4 S(1)°] T8FH I, GenoTech (Daejun, Korea)oll
A Azt ARSI} PCR 4HE9] #1212 Tris-acetate (TAE)
buffers AFE3FY 1.5% EE 2.0% agarose gel H7|9F5E 3
% BRI

RAPD-PCR 422 22 ¥ ¥7|M

B. cereus Z1E-9 —ﬁ.\—i‘}—— "] AE-59] RAPD-PCR 433) 4HE-0f
A gl Mt Exfsle 17195 =S At F7IMEE
ZAA3I[ ). £3], BAN3 primer (5'-gaa acg ggt g-3)E ol
709 bp RAPD-PCR 4HE-5 Seakem GTG agarose gel (FMC)ll
A A719F3 & (Ix Tris-acetate-EDTA or 1x Tris-borate-
EDTA running buffer), Qiaquick purification kit (Qiagen, Hilden,
Germany)2 ©]-83t ARSI} ©|AE pGEM-T vectordll
2d3% &, fluorescein dye-deoxy terminator-labeled oligonucleo-
tide primersE AM83}= Sequencing kit®t ABI Prism 3100
sequencer (Perkin-Elmer, Foster City, USA)S AH8-5}] 4714€
< 2733t Hrt. dojZ DNA sequencess
software (Perkin-Elmer, Foster City, USA)9~]- BLAST =213
o]-g-ated A8k

sequencing analysis
(http://www.ncbi.nlm.nih.gov/blast)=-
Bacillus anthracis-50| PCR primer®| 110F & EF{Z OPH
o| &tH

BAN3 random primerg ©]-&3}a] -2 RAPD-PCR product
% 709bpoll A B2 BAT 5o @7|AMENA primer sets I
ot 2 AF3IHY. PCRE 74| PCR mixture (100 phyell 100
ng®] DNA %8, 200puMel dNTP, 1.5mM Mg*. ZHz} 100
pmole®] BHA 3 5] primer set (forward primer: S-tac tca ctc
tca aaa aga gc-3', reverse primer: 5-aga agg tca ata gat gta gg-
3, 2 2.5 unit®] Tag DNA polymeraseZ H7lsk] ARSI
PCR zZﬂ initial denaturation stepQ 2 94°CollX 5 Bt & ¢}

, 1 83} 94°Co| A denaturation, 1 3+ 62°Col 4] annealing,
1 ¥7+ 2"C°ﬂ/\1 primer extension® Z 30 Ale]& ¥H-AlZ T},
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Fig. 1. RAPD-PCR fingerprinting of Bacillus cereus group strains performed with the random primer. PCR products were separated by
electrophoresis on a 1.5% agarose gel at 2.5 V/cm. Lanes 1 and 21, 100 bp ladder; lanes 2 through 8, Bacillus anthracis, Kyungjoo, Hongsung,
ATCC 14578, ATCC 14185, Pasteur No2, Sterne, 34F2, and Bongchon, respectively; lanes 9 through 15, Bacillus cereus KCTC 1661, Bacillus
cereus KCCM 11204, Bacillus cereus KCCM 11341, Bacillus cereus KCTC 1092, Bacillus cereus KCTC 1014, Bacillus cereus KCCM 11773,
Bacillus cereus KCCM 12142, respectively; lanes 16 through 21, Bacillus thuringiensis KCTC 1509, Bacillus thuringiensis KCTC 7452, Bacillus
thuringiensis KCCM 40030, Bacillus thuringiensis KCTC 1507, Bacillus thuringiensis KCCM 11613, Bacillus thuringiensis subsp. Kurstaki
KCCM 11429, respectively; lane 22, Bacillus mycoides KCCM 40260.
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Fig. 2. PCR result of B. anthracis and B. cereus group strains performed with the internal primer set. PCR products were separated by
electrophoresis on a 1.5% agarose gel at 2.5 V/cm. M, 100 bp ladder; lanes 1 through 7, Bacillus anthracis, Kyungjoo, Hongsung, ATCC 14578,
ATCC 14185, Pasteur No2, Sterne, 34F2, and Bongchon. Respectively; lanes 8 through 14 Bacillus cereus KCTC 1661, Bacillus cereus KCCM
11204, Bacillus cereus KCCM 11341, Bacillus cereus KCTC 1092, Bacillus cereus KCTC 1014, Bacillus cereus KCCM 11773, Bacillus cereus
KCCM 12142, respectively; lanes 15 through 20, Bacillus thuringiensis KCTC 1509, Bacillus thuringiensis KCTC 7452, Bacillus thuringiensis
KCCM 40030, Baciilus thuringiensis KCTC 1507, Bacillus thuringiensis KCCM 11613, Bacillus thuringiensis subsp. Kurstaki KCCM 11429,
respectively; lane 21, Bacillus mycoides KCCM 40260.
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ABSTRACT: Discrimination of Bacillus anthracis from Bacillus cereus Group Using KHT5 Marker
Kim, Hyung-Tae, Seong-Joo Kim, and Young-Gyu Chai* (Department of Biochemistry and
Molecular Biology, Hanyang University, Ansan, Kyoungki-do 425-791, Korea)

Bacillus anthracis is a gram-positive spore-forming bacterium that causes the disease anthrax. In order to
develop a DNA marker specific for Bacillus anthracis and to discriminate this species from Bacillus cereus
group, we applied the randomly amplified polymorphic DNA (RAPD)-PCR technique to a collection of 29
strains of the genus Bacillus, including 22 species of the B. cereus group. A 709-bp RAPD marker (KHT5) spe-
cific for B. anthracis was obtained from B. anthracis BAK. The PCR product of internal primer set from the
KHT5 fragment distinguished B. anthracis from the other species of the B. cereus group.



