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Abstract : Anthrax caused by Bacillus anthracis is one of the most important zoonotic
diseases in the worldwide. To control and prevent the disease effectively, several methods such
as development of a fast and specific diagnostic method and vaccine, education etc, have been
carried out. However, it still has a problem in the control and prevention. To control, the most
important method is the prevention of direct or indirect contact of the causative agent with
susceptible host. Therefore, we developed a fast and specific detection method, polymerase chain
reaction, of B anthracis from soil and infected animals because the organism could survive long
time in the environment including soil due to formation of spore. With the method, virulence
genes of B anthracis were successfully amplified from experimentally infected soil and mice. Up
to 42X 10 of the organisms per gram could be detected with the PCR method from experi-
mentally infected soil. These results suggested that this PCR method could be effectively used
not only to detect B anthracis in soil and infected animal but also to provide the information to

prevent the disease.
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B A (Anthrax)e= 1@ FA 9] ol X E FA e BAT
(Bacillus anthracis)} &}&f dAst= G4, 949 A9H
22 Y& $799¢ /MAE AFFEAgen
A e FHEANA AL AEH & Y& o}XE
A3 e EYo] dote 8% vAAR A&
e EFuiiAEE Y U FEAXY gALgL
F2 EYoM Faig ofE e FHEo e By
o ARl A o EA Y L g 2 9E 459
A, 298 58 & 1 B8 HE £ T
o X E FYToEHN wHEA Hed THFHd
et HeA, FeA, AreAz FEADY 3y
HE A e @A 2 LE FHOEG 715N
dAse gt FAH A E FAL BL oY A
oMk o5 F20 HE EE HAS F L9E =
e A T YA AtgtedAR JhEd oz 4
o g3 & FUh 28y AEd A ALHA o
HE AA Y FHE T2 19784 15 A o] ¥ 199337t
A Aol sl zeiu} 19946 AT 9 T4 o)A
Zbzh 144 G A T, A 199530} FAJ A 170
G o] o} A FU7t @A FAA YL dAH
F3 90 3] AFME AAES 4T FUE
ol AlFatE B AF AAE FAG oY dAE A}
B AT WA AGH 22 M Al WwHE A HE
AFHoZ WS F EFS 2UY F 3k o2 A
FAol = g AAH HHE £ 5 A0 WEA &
Aol i3t TEHQ Ldhdo] ALHOR ZpFE o]
g Ag7A g4y A9 F2 4A7 Y BEFA,
FEHFT TY A 29FH W] AiHo &
g0 ol g W ES derkA dHE WEsa Q)
oM olgfd H& FHE] gty MEE TAY A,
a3 Ay gl LAFL AFH gk 12d
F A2 5ol RARESA P& o] AU
£9 Aol AR HoH' AlRoRY #AE 9
w7 gt gAY Asd Ad R ed#AY S I
ooz EY T TAHEA, TUTE FLERH A
7o HE B AHE st Aol AFFHot B
ATy F8 ¥HYA AAEL pXO13} pX029] plasmid
o] encoding Hof 9171 WE] o]E FHAE HETL

fu

A BATE &I & QO 28y ot 4nA ol
FHEC FYH A 7] HEC & A¥AME
&

e

AP YAM A Bacillus $TEFT BATY B4
FHAE AEFOEHA B anthracis& N&3HA 53

N

| 9stal 7prd PCR 719" S S48t 48P0z
2949 B¢ 2HFES UM dATE H2E
F 9l e ggdtnn g

ME 3 2y

FANTFE & A AV TF < Bacillus anthracis
Sterne 34F29F Z Ul X B2 ¥ B anthracis 8 FE A}
23819l B anthracis 34F2= €A 1] toxin-encoding
plasmid(pX01) W& 74 FFolx, U B F= 1994
BFo A dAA B3 FFZM toxin-encoding plasmid
(pX01)9} capsule-encoding plasmid(pXQ2) L F& 714 &
Folt},

Bt 7ol £2 Y Mousedf 2 : EFo2RE &
A& AEA A2 5 AE 7199 FHE H8td
E %S autoclavingdl] ]3] HE 3 Bk 10go] 1x
107 CFUS| B F & HEso & EFT F &9 10~
1Yz A T dAF e F2 § PCR AMARE A}
S3tgTh o] PCR 7]W 9 AFEE dolr7] g5t B
% 1g F 42x10° CFU A EE BAH o A7 3435
o JFE F AL gAY MHHERYH A
gATE AEdte JIHe BYdan, 4EEES 7
gastdta APYFEATHEFH EPLE mouse
(BALB/C) o} e4# 1X10° CFUE HZ3} 1 4847 o]
ol HAE B4E AR 2 HEF 48470 ¥
F& HEdto dATY #8 4 PCR AYASE AL
sttt

EA22RE X7 ¥ BX T DNA £2] : Ed2
2RY BATY ARy € 458 |dEy =2
o S FEsod AASAT e EYF S0g2
FHT 100mle] 2 FHAZ F ALAA 15AZFE
150rpme] £x 2 & wukstgich w et 500m meshol A
250m mesh 7} 9] stainless steel F& o] &5t AL H o
2 ot nPPRe S S AAT F4CHA 5,
000xge 2587 44&dd ¥ 1 JAES 100mlY
tryptic soy broth(TSB, Difco)ol] =83t 37C o)A 150mpm
g 52 dopyet A FEAt. o F 100pE H

~

o
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A} 10mlg] TSBo] HE 8 & 370 A 6A7H5< v st
S 24 spore FAE AT o] WlF Yo H0,& &
T 3% =A et 37CAA 1ARES HEFoRH
vegetative cellE& E8SIATE BT 404 208
ZE3,000xg2 AHFFE F dFE Ao T AR
o) AMgada, Y A= oA Tris buffer(0.05M Tris-
HCI pH 7.2, 0.15M NaCDZ 23] 944 H & & 3735t
0.5ml¢] TE & 94(pH 8.0)o AFfratAt. o] F-feio
mutanolysin(30pg/ml) 3 lysozyme(Smg/ml}-S 7}38l9 37C
ol A 1AIZEESE AASFAT. AAF thA] Proteinase K
(200mg/ml), NaCl(IM)$} SDS€ HE¥ &7} 1% H&s
7hked 50T A 3083 AAE & HF 3mlo] HEE
ZA st 4T 452 6087 BAHAGA. 4T
oA R F ThA] 4T A 13,000x g2 1587 A EE
8} cell debris A A8t A2 Ao F 39 phenol 3
23 F thA] 4T A 3,000x g2 20%3F A B g A
Zdl-g& thr] Z 9] chloroform & & extraction 3+ § A&
4& F3te] RNaseA(200pg/ml) E H7He 3 37T oA
1587k A 2)3}5 v} RNaseA A a5 2.5 vi%9 ice-cold
ethanolS #7138t ¥ glass-rodg o] &35 chromosomal
DNA$ spooling 8 $ 13,000x g2 587+ YA A A7)
3. 70% ethanolZ washing 3t AZA|Z) & thA] 1004
o] TE(H 8.0) AF-HAIA 4T B@stAA dgo
AbEE gt EG o2 H BATY ARgde EAuA
o} A el x|l PLETA(polymyxin, lysozyme, EDTA and
thallus acetate agar)g o] &3}t

HEH 24 mouse?| H|E2E FE DNA &2 : 7
GEEY A7 2RY dX T HE L Makino ef al *9
PEER EE R ERET ERENE EREE TR
7] mouse2 ¥ 73] loopE o} &3} o spleen® EHE
o AL E A AEE AT b, oI spleen 100mg

Table 1. Primers used in this experiment

7 100p1e] 2FFFF 2 ¥ F emulsiono] 2 of
A 9k&38}e] suspensionS THEQTH o] suspensiond]]
200p19] Proteinase K(200pg/ml)}2 ¥ 33 2X TEN buffer
(0.1M NaCl, 10mM Tris.Ci(pH 8.0), 1mM EDTA(pH 8.0)),
50p19] 20% SDS, 50ple] 20% SarkosylS 3 7138ttt A

S 2§81 e of £9E Hobd w7 55¢A
AAeHct. AAF &4-8 phenol-chloroform-isoamylal-
cholol(25:24:1) £ 4 0.2 33] %% cold-ethanolE 3
HAIZ F 500p1¢] TE §oo] EHAZ o] BHdE
4cd Zasds g A

Polymerase chain reaction : PCRE €479 A&
F FAE Aste] o] Tl AL WYE AT
B Ao A3 PCR primere] sequence™ Table 17} 7
o #49% Eol primers} Tag polymerasseZ o]85}o] ther-
malcycler (Pharmacia Co.)Z W YA A S 433z
e FAZY FEE ARSYY. &, 5 Fo] S0prt 5
EE 3gon, 2F4 33p9 10xXPCR buffer(500mM
KCL,100mM Tris-Hel pH 8.3, 15SmM MgCl,) Sul, 25mM
MgCl, 3p], 10mM dNTP 1pl, forward primer 1pl, reverse
primer 1pl, Taq polymerase(SU/ul) SplE eppendorf tubeol)
W2 & template DNA 100ng€ ¢ 3 mineral 0ilS $23}
o thermal cyclerd] A FE& A xaget wexAL J
94Tl A 4%, 1%+ denaturation 94C
1%, annealing 55C 1¥# 30%, 730 A 15
3027+ AATEE 308] whE AAEgon, vt e ex-
tensiong 72T A 927 AA 3 Th PCRE AA & o}
2 1% agarose gelo| A A7} % 3t<] Ethidium bromide &
A(OSpgm)O 2 QNste] PCR FEAEE BT
PCR $FAE S #8935 3 PAS capsule F A7) o)
Hog FELHJEAE &3] Agtd SEUHEER
AFEAZ B3 5 polyacrylamide gel2 ¥-4)3te] 3

% denaturation&

extension-&

Primer Nucleotide sequence(5'=3") Location® Size of amplified products(bps)
CAP9 ATGTATGGCAGTTCAACCCG 617-636

CAP10 ACCCACTCCATATACAATCC 1394-1375 7

PAS GAGGTAGAAGGATATACGGT 2452-2471

PA5 TCCTAACACTAACGAAGTCG 3048-3029 i

* . The position numbers are those in the publidshed nucleotide sequences of genes B and C within the cap region of PXO2(Makino ef al) and of the

PA gene of pXO1(Welkos ef al).
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Fig 1. Detection of virulence genes of Bacillus anthracis from
soils experimentally inoculated with B anthracis Sterne 34F2
and Korean isolates. DNAs were extracted from soils ex-
perimentally inoculated with B anthracis as described in ma-
terials and methods. Virulence genes of B anthracis were am-
plified by PCR under condition in the materials and methods
and amplified DNAs were analyzed by 1% agarose gel elec-
trophoresis. Lane M : Molecular weight marker(lkb ladder).
lanes 1 to 4 from soils inoculated with B anthracis Sterne
34F2, lanes 5 to 8; from soils inoculated with B anthracis
Korean isolate.

3ttt &, Bacillus anthracis Sterue 34F28 HZ3 B9
ol X 597bp 2712 PA SRR} ute] A&E v I

235 HE3 Edo) A= 5970p 3719 PA FH A
778bp 27]9} capsule FAALE FAo] AEHATHFig
1). 23 PCR 7139 W= dopr 7] ¢afe] ujokgt

BH S EF 1g9 42x10° CFUG M BEE 42384 8
o mogo) HED FPARUAT ZEGo LM 744
E 23} Fig 2004 A 4.2x10 CFUY 55712 7 Mg
T ATk FEEES AV2EH w7l Eegle]
A& BEE 5 AdE Ee Agsan A9He
2 29 A7) moused] H[F o2 RE] PCR 7] & o 1%3}
of A% w7 AEe AET 23} Fig 304 A

anthracis Sterne 34F2& HE3 o /1-‘: 597bp o] PA %
Aapgrel Hed e, SWEHAFE HFE LM E

597bp 2718 PA 2 29} 778bp 271 ¢ capsule A =}

b A AEH, vAZ T E g ou P w
S5 UehfA) ol e o] PCR 7ol B B 7
gQEio AJ|ZEE Eoldog By $AAE 2

M12 34567829

bp
1018
517

Fig 2. Sensitivity of the PCR to detect Bacillus anthracis from
soils. DNAs were extracted from soils experimentally con-
taminated with serially diluted B anthracis Sterne 34F2 from
4.2x10" to 4.2x10" per gram of soil and PA gene was am-
plified by the PCR as described in materials and methods.
Lane M : molecular weight marker(1kb ladder), lanes 1 to 9;
reactions with DNA extraced from soils experimentally ino-
culated with 4.2x 10° to 10" CFU/ml of B anthracis.
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Fig 3. Detection of virulence genes of Bacillus anthracis from
mice with or without experimental infection. Mice were ex-
perimentally infected with B anthracis 34F2 or Korean isolate
and DNAs were extracted from spleen with or without ex-
perimental infection. Virulence genes of B anthracis were am-
plified by the PCR and analyzed by 1% agarose gel elec-
trophoresis. Lane M; Molecular weight marker(1kb ladder),
lane 1 and 2 ; mice infected with B anthracis 34F2, lanes 5 to
7; mice infected with B anthracis Korean isolate, lanes 3, 4,
8, 9 and 10; mice without infection.

2% + UHE YEH 2 gl PCRE S X8 fHAE
S APELEHindll, EcoRl PstD)2 BAHFgozsy
PAY} capsule G A7} EolHog ZEHYLE &9

& 4= 9191 th (data not shown).
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2 olE o] AAHUL EF 2 UREE EY gamT
42x10 CFUY] 552 29N EFdA 742 &A ¢
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PCR 7140 gJ&jx EF 10g7 4719 ok27A A2
F AATE ACH g f FEFAE g ¥Re
U ole 2 AY& PCRE §H 4 A8+ direct PCR 7]
HE AL T vegetative cell& 0] && A 7o)

9 Aoz Algdd. a8y o3 EYF @A
o H4ee EYY TR gebA ol e B JEgE B
Aoz HAHAY”. 2 Ao e UgEd F
7HA7) 7] 9% HE 0 2 nested PCR 71 S B3l AHY
AXE By AdsE Aol 39 AAZ a7drh
agln EYY FH gty dATY F4 Fol B
FFE W7 g T EYY EEEE FTAE
q7ld W F8 EYY FH & @AY T4 ¢
AA78e AR Fofl U o] Besoor d A
o2 Aa¥ch A879E moused] H| AL o] 4 HA
AMT ZEAR TFEY 7 Tt olg FF9
HAA AT} BojH oz HEHYon, v Tl
ME o5 #AA BEHA Gk Makino er al o]
B89 A%FoM Y dATE HEIH7] 98
moused] Fdx vFo] APHoZ FF F HAY
A3} lysis P o2& 10° SPU o 847x A4 4 Y&
Woz A4zZEE PCR 7/ & o843t d¥Hoz
7 E moused] AT} | FoZRE BATE ANE
AN A9E A4 E wo & 2YE Fd &
#¥ PCR 7|yl A&F9 GAFY A= T &F
o2 S48 FgloH B8 F4 Ao BE A Y
dgEglol AAFo] $¥Y M Y9 Yoglozn g
AdE 28 + UL 222 ASHOE A&7
B2 EFE 849 298 E&¥oz oud & Qle
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#F43A 442 e AeZ Algdn

d £

7HE Bt ofl AR E AFHY AT FFAY
B2 g B A8HE Jquay) H8le EY
2 ZEEE FV2RH JY BA7 S AAE F 3
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e o

02 BATE FFY EYAA Bo)3oE AT
HEY 7 UANeH, o] 21y URE = B anthracis ve-
getative cell 71502 B 1gF 42%x10 CFUY #7714
AAE 5 glojA WS nzg Jgeitt. 3 AP A
o2 7949 moused] HFoE REE AH #AFE
F2E F At o4& FHHE Yol £ dFE F
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402 g 5 Qle HHEFY S AAR T
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