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EHA] (anthrax)= ©FA T (Bacillus anthracis)®] 2489 938t 71=
of} Al M= W Eke AeTE AEyelth2y). &
Yodl= AU A Es4e wodt (protective antigen),
BZF =4 (edema toxin), A|AFEAx(lethal toxiny H poly-D-
glutamic acid HY SO FAEO] rh29). §HA] %A (anthrax
toxinE FA = S4a7A e Woldl (pag FAAL AHE,
83 kDa: PA), FQ % (cya F-AAF +HE, 89 kDa: EF), 18|11
ANArQ A (lef FAA AME, 90 kDa: LRE TAE Tt o5
Z74e =498 YeplA Zdht, LFE PAS 233t mitogen-
activated protein kinase®] Tl 83 448 A= JAA
(1) 988 Fsted AFEAE A8 (9), EF= calcium-
calmodulin €}&4] adenylate cyclase®] 3 EF/ & PAS} A5l
IRFES o7 e HEELE FATTH18,32).
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e He|eh4] 12]al DNAS] FAMdel A8 Bacillus
cereus® 43 U= Bacillus thuringiensis, Bacillus megaterium,
Bacillus weihenstephanensis sp. nov. 181X Bacillus mycoides
S FAMdo] =TH8,11,12,19). DNA ¥4 23} &A1& AT7H
13 AlEd FAM Qo] B, cereus, B. mycoides, 18]35 B.
thuringiensis$t B33HA] A@E o] e 22 FelA ATkl
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EFAE ol 83t BATe] §4 A7 s
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Hi Aok F, G-C% 3, direct sequencing, restriction frag-
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ment length polymorphism(RFLP), rRNA sequencing, random
amplified polymorphic DNA(RAPD) %o| Utt. 2 =
PCR(polymerase chain reaction)¥} 33t RAPDE B2 m|AE
M FFE2 TS flgt] Mo Z A A gon B
Tt A oA ARl o g AREEo] gt
RAPD 'H-& 8~10 bp2] -2 random primer® ARE-3te] PCR
AAJEE F, 1 DNA @53 8 DNA FAZ AR
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Table 1. Strains of B. anthracis and Bacillus species used in this study

Strain Source

Bacillus anthracis NVRI

B. anthracis(Hongsung) NVRI

B. anthracis(Kyunjoo) NVRI

B. anthracis ATCC14578 NVRI

B. anthracis ATCC14185 NVRI

B. anthracis pasteur No.1 ATCC6602 NVRI

B. anthracis Stern 34F2 NVRI

B. anthracis pasteur No.2 Army

B. subtilis ATCC6633 NVRI

B. amyloliquefaciens ATCC23350 IMSNU
B. licheniformis ATCC27811 IMSNU
B. brevis IMSNU12063 IMSNU
B. cereus ATCC11778 IMSNU
B. megaterium ATCC14581 IMSNU
B. paciticus ATCC25089 IMSNU
B. pumilus JCM2508 IMSNU
B. stearothermophilus ATCC12980 IMSNU
B. thuringinesis ATCC10792 IMSNU
B. validus ATCC43897 IMSNU

NVRI: National Veterinary Research Institute, RDA, Korea.
IMSNU: Culture Collection Center Institute of Microbiology Seoul
National University.
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RAPD-PCR

PCRO] A AAY 50 wel 3 mM MgCl, 200 uM<]
deoxynucleotide triphosphate (dATP, dCTP. dGTP. dTTP), Zt
PCR primer, 1 unit®] Tag DNA polymerase (Promega), ~L2]al
ek 10 ng® genomic DNAE AREE}T) PCR HRE-Z71L 94°C
oA 5% Fo denaturationdt ¥, 94°CollA] 1537} denaturation,
40°Co| 4] 3037t annealing, ZL&]1 72°CollA] 6037} extention
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HAHOZ 30 cycleS FHBFHIL. 72°Col| 4] 8F-7t final extension
& & 5 15celA RSty dPel AH8" 10 bp
oligonucleotide primer (BAR3; 5-GCGATCCCCA-3', BARS; 5'-
AACGCGCAAC-3) GenoTecholl A Q)8 A2-819gtt.

PCR 4FH=2] 3918 Tris-acetate (TAE) buffer® A}£-3}o]
1.5% B 2.0% agarose gel 71952 ¢ & AFslic).
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B/l A RelE ©Aie] RAPD-PCR AFE oz oF 530
bp H7]9] DNA H3#H-& Qiagen DNA elution system II (Qiagen
Co)® 2% ¥, pGEM-T easy vector system (Promega)S A}
&3t =24 (pPRAPDIDSISETY. &, DNA HH¥ Z2Y
vector (50 ng/uhE 19 39] H]-&Z E3sle], T4 DNA ligase
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BARS primerZ ©]-4-3F RAPD-PCRQ] AFig. 2)°l| 2|5},
BAEE <k 16, 14, 1.3, 1.05, 0.85, 0.65, 053, 04, 2 025
kbp2] ¥3) & Uehlo]l ©hE Bacillus F3} 313 TR
o, BA Yl A2 thE [F18 9] Xol(genotype)7}
Uelsdth &, AFFME o 560 bpe] ©E-ES, T
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Fig. 1. RAPD-PCR of Bacillus strains performed with BAR3 primer.
RAPD-PCR products were seperated on a 1.5% agarose gel in TAE
buffer. Lane 1, 20, 100 bp DNA ladder maker; lane 2-19, B. anthracis
(Hongsung), B. anthracis (Kyungjoo), B. anthracis ATCC14578, B.
anthracis ATCC14185, B. anthracis pasteur No. 3 ATCC6602, B.
anthracis Stern 34F2, B. anthracis pasteur No. 2 Army, B. subtilis
ATCC6633, B. amyloliquefaciens ATCC23350, B. licheniformis
ATCC27811, B. brevis IMSNUI12063, B. cereus ATCCI1778, B.
megaterium ATCC14581, B. paciticus ATCC25089. B. pumilus
JCM2508, B. stearothermophilus ATCCI12980, B. thuringinesis
ATCC10792. and B. validus ATCC43897.
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@t 2 Az} BARS primers ©]-83td RAPD-PCRS 33 &,
e 28 el 9fste], S AFoA BelE gAdTE
Mz FAP ] Apol7t S-S VERTHFIg. 3). FFolA ¥eld
AL B anthracis ATCC14578% TY3 13 okbs el
WL, o= 7 S(1)o] Aol Helw gAe] M @A
3y 2 FE BAY AL 93 Oz aFE AES B
anthracis ATCC145785} U3l o 2 HAHS WOty B
23 A ARt TAAM Eel® FFE B
anthracis ATCC14185 9} 22 123 okahS el A0
A BElE @Are] RAPDOA €oizl 528 bp EE 9] V1A
g B AvpRiaAghs, dEd 9719 fAE g

Fig. 2. RAPD-PCR of Bacillus strains performed with BARS primer.
RAPD-PCR products were seperated on a 1.5% agarose gel in TAE
buffer. Lane [, 20, 100 bp DNA ladder maker; lane 2-19, B. anthracis
(Hongsung), B. anthracis (Kyungjoo), B. anthracis ATCC14578, B.
anthracis ATCC14185, B. anthracis pasteur No. 3 ATCC6602, B.
anthracis Stern 34F2, B. anthracis pasteur No. 2 Army, B. subtilis
ATCC6633, B. amvloliquefaciens ATCC23350, B. licheniformis
ATCC27811, B. brevis IMSNUI12063, B. cereus ATCC11778, B.
megaterium ATCC14581, B. paciticus ATCC25089. B. pumilus
JCM2508, B. stearothermophilus ATCC-12980, B. thuringinesis
ATCC10792. and B. validus ATCC43897.
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ABSTRACT : Random Amplified Polymorphic DNA-PCR Analysis for Identification of Bacillus anthracis

Seong-Joo Kim, Gyeung-Hyun Park, Hyoung-Tai Kim, Key-Sung Cho, Jee-Cheon Kim,
Yong-Keel Choi', Seung-Hwan Park?, Nam-Taek Lee®, and Young-Gyu Chai*(Department
of Biochemistry and Molecular Biology, Hanyang University, 1271, Sa-1 Dong, Ansan 425-
7791, 'Department of Biology, Hanyang University, Haengdang -dong, Sungdong-gu, Seoul,
133-791, *KRIBB, Yusonggu, Taejun 305-600, *Department of Chemistry, Korea Military

Academy, Seoul 139-799, Korea)

Molecular typing of Bacillus anthracis has been extremely difficult due to the lack of polymorphic DNA
markers. Aiming to develop a DNA marker specific for Bacillus anthracis and to be able to discriminate this
species from Bacillus genus, we applied the random amplified polymorphic DNA (RAPD)-PCR. We have
identified B. anthracis from various Bacillus species. The analysis performed by RAPD clearly demonstrated
substantial genetic variations among Bacillus species. This type of analysis is an easy, quick and highly dis-
criminatory technique that may help in diagnosis of anthrax.



