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Abstract 

A 277-bp long DNA fragment, Ba813, was isolated from an avirulent Bacillus anthracis strain 7700 genomic library. 
Two oligonucleotides derived from the Ba8 13 sequence were used as primers in polymerase chain reaction tests on genomic 
DNA from 28 Bacillus ant/track and from 33 heterologous bacteria strains. A specific, 152-bp long DNA fragment was 
amplified only when Bacillus anthracis DNA was used as the target. The amplified product was analysed by non-radioac- 
tive sandwich hybridisation in microtiter plates using two oligonucleotides. The capture oligonucleotide Cl was covalently 
linked onto aminated wells of microtiter plates. The detection oligonucleotide D3 was labelled with biotine. The hybrid 
molecules were detected by avidine conjugated with alkaline phosphatase and chromogenic substrate. Amplification of 
Ba8 13 sequence may provide the basis for rapid and reliable assay for the detection and identification of Bacillus anfhracis. 

Keywords: Bacillus anthracis; Diagnosis; Hybridisatioo; Oligonucleotide probes; Polymerase chain reaction 

1. Introduction 

Bacillus unthrucis, the causative agent of anthrax 
is closely related to several environmental species, 
including Bacillus ce.reus and Bacillus thuringiensis 
[l-3]. The virulent strains of B. anthrucis harbour 
two virulence plasmids, the toxin-encoding plasmid 

pXO1 (185 kb) [4], and pXO2 (95 kb) which codes 
for capsule formation [5,6]. 

Identification of 6:. unthrucis by PCR assay has 
been widely developed on the basis of the well-known 

* Corresponding author. Tel: f33 (1) 4568-8633; Fax: +33 
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virulence factors ZeJ; cyu, pug and cup localised on 
plasmids pXO1 and pXO2, respectively. 

However, avirulent B. unthrucis strains which 

lack these plasmids (pXOl-, pXO2-) have also 
been found, and they appear to be very similar to B. 
cereus and other related species [1,7-lo]. 

Generally the biochemical tests cannot distinguish 
B. unthrucis from other closely related species and 
are considered to be a single phenetic group [1,3]. 
Therefore, a more specific method is required. We 
decided to search a specific chromosomic DNA se- 
quence of B. unthrucis by constructing and screen- 
ing a genomic cosmid library of the B. unthrucis 
CEB 7700 (pXOl-, pXO2-). 

By screening this library with an appropriate 
Southern blot technique, we identified a DNA se- 
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quence specific (named Ba813) for B. anthrucis 
which is missing in other BaciZZus species and other 

genus. 
Moreover, using Ba813 sequence, a polymerase 

chain reaction (PCR)-based test was developed for 
the detection of B. anthrucis. Amplified product was 
analysed by non-radioactive sandwich hybridisation 
in microtiter plates using two oligonucleotides [ 1 I]. 

The capture oligonucleotide was phosphorylated at 
the 5’ end and covalently linked onto aminated wells 
of microtiter plates. The detection oligonucleotide 
was aminated at the 5’ end and then labelled with 
biotinyl-N-hydroxy-succinimide ester. After hybridi- 
sation, the hybrid molecules were detected by avi- 
dine conjugated with alkaline phosphatase and chro- 

mogenic substrate. 

2. Materials and methods 

2.1. Bacterial strains 

Strains of B. unthrucis (7700, 4229, 6602, Davis 
TE 702 and Cepanzo) were kindly provided by Dr. 
M. Mock. The 23 other B. unthrucis strains were 
obtained from various French culture collections 
(Table 1). Ten species of Bacillus and 22 heterolo- 
gous bacteria representing 19 genera were analysed 
by DNA hybridisation assay for the specificity eval- 
uation (Table 2). 

2.2. Construction of a B. unthrucis cosmid library 

B. unthrucis CEB 7700 genomic DNA was par- 
tially digested for 1 h at 37°C with 0.8 U of Hind111 
per pg of total DNA. DNA fragments were fraction- 
ated by electrophoresis on a 0.7% agarose gel in 
TAE (0.04 M Tris acetate, 0.001 M EDTA). The 30- 
to 40-kbp DNA fragments were electroeluted in TBE 

(0.089 M Tris borate, 0.089 M boric acid, 0.002 M 
EDTA) in dialysis membranes [12]. Fragments (1.5 
pg> were ligated with 800 ng of the pHC79 cosmid 
[13] that was previously digested with Hind111 and 
dephosphorylated with alkaline phosphatase. Liga- 
tion was done at 16°C for 16 h with 5 U of T4 DNA 
Ligase (Boehringer) in the buffer supplied by the 
manufacturer. Recombinant cosmids were packaged 
[14] and used to infect Escherichiu coli HBlOl. 

Table 1 
Bacillus anthracis strains used to evaluate the specificity of the 

DNA hybridisation assay 

Strains 

B. anthracis 

Derivation a 

CEB 7700 

Virulent * 

no 

B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 

B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 
B. anthracis 

CEB 4229 + ATCC 4229 

CEB 6602 + ATCC 6602 

CEB Cepanzo + Steme 34F2 

CEB Davis TE 702 + 

Davis TE 702 

CEB 227 

CEB 957 

CEB 955 

CEB 645 

CEB 552 

CEB 470 

CEB 575 

CEB 170 

CEB 657 

CEB 516 

CEB 300 

CEB 554 

CEB 779 

CEB 832 

CEB 204 

CEB 663 

CEB 376 

CEB 846 

CEB 256 

CEB 893 

CEB 582 

CEB 282 

CEB 69 

no 

no 

no 

no 

yes 
no 

yes 

yes 

yes 

yes 
no 

yes 

yes 

yes 

yes 
no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 
no 

a CEB, Centre d’Etudes du Bouchet. ATCC, American Type 

Culture Collection (Rockville, MD, USA). 

* Ramisse et al. [27]. 

Ampicillin-resistant and tetracycline-susceptible 
colonies were picked and grown in ampicillin-supp- 
lemented LB broth. Cosmid DNA were extracted by 
the rapid alkaline extraction procedure. 

2.3. Library screening and isolation of a fragment 
hybridising specifically to B. unthrucis DNA 

Cosmid DNA were digested to completion with 
restriction enzyme Z-&d111 and electrophoresed 
through a 0.7% agarose gels and transferred onto 
Hybond-N @ filters (Amersham). Filters were succes- 
sively probed with [a- 32 P]dCTP-labelled genomic 
DNA from B. unthrucis 7700 and B. cereus, these 
DNA were labelled using the random priming method 
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Table 2 
Bacillus species strains other than Bacillus anthracis and heterol- 

ogous bacteria used to evaluate the specificity of the hybridisation 

assay 

Strains Derivation a 

Bacillus subtilis CEB 92.2 + CIP 52.65 T 

Bacillus subtilis CEB 92.12 + CIP 77.18 

Bacillus pumilus CEB 92.3 + CIP 52.67 T 

Bacillus licheniformis CEB 92.4 + CIP 52.71 T 

Bacillus stearothermophilus CEB 92.5 + CIP 52.81 

Bacillus thuringiensis CEB 92.6 + CIP 53.137 T 

Bacillus sphaericus CEB 92.7 6 CIP 65.30 T 

Bacillus aloei CEB 92.8 + CIP 66.18 T 

Bacillus megaterium CEB 92.9 + CIP 66.20 T 

Bacillus pasteurii CEB 92.10 + CIP 66.21 T 

Bacillus cereus CEB 92.11 + CIP 66.24 T 

Yersinia enterocolitica CEB 85.15 

Escherichia coli CEB 85.35 

Citrobacter fret&ii CEB 86.45 

Enterobacter aerogenes CEB 86.46 + CIP 60.86 T 

Proteus mirabilis CEB 86.51 

Providencia rettgeri CEB 86.52 

Shigella boydii CEB 86.58 

Salmonella arizonae CEB 87.12 

Pseudomonas aeruginosa CEB 90.27 + CIP 59.39 

Streptococcus pyogenes group A CEB 90.6 + CIP 56.48 

Staphylococcus aureus Cowan III CEB 90.1 

Clostridium botulinum type C CEB 94.22 

Clostridium botulinum type D CEB 94.29 

Clostridium botulinum CEB 2916 + NCTC 2916 

Clostridium botulinum CEB 9009 +- ATCC 9009 

Listeria innocua CLIP 12511T + 
ATCC 33090 

Listeria monocytogenes 
Enterobacter asburiae 
Staphylococcus lentus 
Serratia marcescens 
Acinetobacter lwofji 
Enterobacterfaecalis 

T: type strain. 

CLIP 10445 

Clinical isolate 

Clinical isolate 

Clinical isolate 

Clinical isolate 

Clinical isolate 

a CEB, Centre d’Etudes du Bouchet; CIP, Collection de Hnstitut 

Pasteur; CLIP, Collection Listeria, Institut Pasteur; NCTC, Na- 

tional Collection of Type Cultures, London, UK; ATCC, Ameri- 

can Type Culture Collection, Rockville, MD. 

[ 151. All the other procedures were done according to 
Sambrook et al. [12]. 

2.4. Sub-cloning of AfSF8 fragment in plasmid 

An extremity of a 2.1-kb fragment A6F8 was 
sub-cloned into a pUC18 plasmid; the resulting re- 
combinant plasmid was named pBa813. The se- 
quence of the insert was determined by the chain 
termination method of Sanger [16]. 

The pBa8 13 plasmid was labelled with [(w- 
32P]dCTP by using a random priming method and 
used as the probe in various Southern Blot analysis. 

2.5. Preparation of genomic DNA 

For the pre-culture, each strain was grown 
overnight with shaking at 37°C in 100 ml of liquid 
medium SPY. A 500 ~1 aliquot of pre-culture was 

inoculated in 150 ml of liquid medium SPY, shaken 
at 37°C until 0.6 OD,,, nm was reached. DNA was 
then extracted according to the method described by 
Fouet and Sonensheim [17] and modified as follows. 
Cells were harvested from 150 ml by low-speed 
centrifugation at 1200 X g for 10 min. The pellet 
was washed twice in 10 ml of TE buffer (10 mM 

Tris-HCl, 1 mM EDTA, pH 8). Then 6 ml of lysis 
buffer No. 1 (0.05 M EDTA, 20% sucrose, 10 mM 

Tris-HCl, pH 8, 0.01% lysozyme) were added. After 
resuspension of the pellet, 600 U of mutanolysin 
(Sigma) were added and then the samples were 
incubated at 37°C for between 1 and 4 h. 

The lysis buffer No. 2 composed of 30 ~1 pro- 
teinase K (20 mg/ml; Boehringer), 180 ~1 of SDS 
10% (w/v), 300 ~1 of EDTA 0.5 M (pH 8) was 
added and incubated at 65°C for 1 h until complete 
clarification. NaCl (5 M) was added in order to 
obtain a final concentration of 0.7 M and CTAB 
(cetyldimethylethyl-ammonium bromide; Sigma) 

10% (w/v) containing 0.7 M NaCl was added to 
obtain a final concentration of 1 M CTAB. The 
mixture was further incubated at 65°C for 30 min. 
Then 60 ~1 of proteinase K (20 mg/ml) were added 
and incubation was carried out overnight at 37°C. 

After this incubation 100 ~1 of RNAse A ( 10 mg/ml; 
Boehringer) were added. After a 1 h incubation at 
37°C deproteinisation was performed by sequential 
phenol and phenol-chloroform-isoamyl alcohol 
(25:24: 1) extraction. After ethanol precipitation, the 
pellet was dried and suspended in 1 ml of TE buffer. 

2.6. Southern hybridisation analysis of Bacillus-ge- 
nomic DNA 

Total DNA (1 pug) from B. anthracis, B. cereus, 
B. thuringiensis and B. megaterium were digested 
with 70 U of restriction endonuclease Hind111 in the 
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appropriate buffer at 37°C for 16 h. DNA fragments 
were separated by an overnight electrophoresis on a 
0.7% agarose gel. The DNA were then transferred 
onto a Hybond-N@ filter (Amersham) by the South- 

em method [ 181 and were hybridised with denatu- 
rated 32 P-radiolabelled A6F8 fragment. 

Hybridisations were performed at 68°C for 16 h 
[ 121 in a mixture including 6 X SSC (1 X SSC is 

0.15 M NaCl plus 0.015 M sodium citrate buffer pH 
71, 5 X Denhardt’s solution, 0.5% SDS, 100 pg of 
denaturated salmon sperm DNA per ml, and the 
DNA probe (lo6 cpm/ml). After hybridisation, fil- 
ters were washed twice with 2 X SSC at 68°C for 10 
min, once with 2 X SSC-0.1% SDS at 68°C for 30 

min, and once with 0.1 X SSC at 68°C for 5 min. 
Filters were exposed to Kodak XARS film with 
intensifying screens at - 80°C. 

In order to check the copy number of Ba813 
sequence onto the chromosomic DNA of B. an- 
thrucis, DNA of avirulent B. anthrucis strains Davis 
TE 702 and 4229 were digested by DruI, AccI and 
CZuI and analysed by Southern blot using 32 P-labelled 
DNA of pBa813 as the probe. 

2.7. Synthetic oligonucleotides 

Oligonucleotides were synthesised by the phos- 

phoramidite coupling method on a Cyclone plus 
DNA synthesizer (Millipore-Waters) or on an Ap- 

plied Biosystem DNA synthesiser 380. For genera- 
tion and subsequent purification, we followed the 
manufacturer’s instructions. 

2.8. PCR experiments 

The following oligonucleotides derived from the 
Ba813 sequence were used as the primers in the PCR 
experiments: Rl (5’-TTA ATT CAC ‘ITG CAA 

CTG ATG GG-3’) and R2 (5’-AAC GAT AGC TCC 
TAC ATT TGG AG-3’). PCR tests were performed 
in 50 ~1 vol. reaction containing 50 mM Tris-HCl 
(pH 8.51, 1.5 mM MgCl?, 100 pg of bovine serum 
albumin per ml, 0.5 PM of each oligonucleotide, 
200 PM (each) of dNTPs, 100 ng of total genomic 
DNA and 1 U of Tuq DNA polymerase (AmpliTaqe 
Cents). Template DNA was denatured (5 min at 
94°C) and submitted to 40 PCR cycles in a pro- 
grammable heat block (Gene ATAQ Controller, 

Pharmacia): 1 min at 94°C 1 min at 60°C 1 min at 
72°C. The specificity of the amplification products 
was tested by Southern blot hybridisation with ra- 
dioactive probe and by non-radioactive sandwich 

hybridisation assay. 

2.9. Preparation and purification of the calibration 
DNA 

DNA from B. unthrucis CEB 7700 strain was 
used as template and the Rl and R2 oligonucleotides 
as primers in a PCR to generate a 152-bp fragment. 
This fragment was prepared in a large quantity (20 
X 100 ~1 PCRs) to be used as the calibration DNA 
in the hybridisation assays. The 152-bp fragment was 
purified to eliminate dNTPs, excess primer and am- 

plified primer-dimer by anion exchange chromatog- 
raphy on a Mono Q HR5/5 column and using the 
FPLC system (Pharmacia), using the procedure de- 
scribed in detail by Chevrier et al. [ 111. 

2. IO. Sandwich hybridisution assay on CovuLink NH 
strips 

The assay was performed in microwells (Co- 
v&ink NH@, Nunc) coated with 5’ terminus phos- 

phorylated Cl oligonucleotide (5’-GCC AGG TTC 
TAT ACC GTA TCA GCA A-3’) using the covalent 
binding procedure [ 191. 

PCR-DNA fragment was denatured directly in the 
wells by adding, sequentially, 95 ~1 distilled water, 

5 ~1 PCR sample, 40 ~1 detection probe D3 (5’-AAT 
TTG AAG CAT TAA CGA GTT ACT C-3’) la- 
belled with biotine and 14 ~1 1 M NaOH per well. 
After 10 min, the neutralisation was done by adding 
21 ,ul of 1 M NaH,PO, containing 1% Sarkosyl. All 
samples were done in duplicate. After neutralisation, 
the microwells were incubated in a programmable 
incubator/shaker apparatus (Labsystems, Finland) at 
37°C for 16 h. The final concentration of the bio- 
tinylated D3 detection probe was 0.5 nM. The mi- 
crowells were then washed five times at room tem- 
perature with TBS-Tw (0.15 M NaCl, 10 mM Tris 
HCl buffer, pH 8, 1%0 Tween 20). 100 ~1 of alkaline 
phosphatase-extravidine conjugate (Sigma) diluted at 
1 pg/ml in TBS-Tw containing 1% of bovine albu- 
min were added per well. The microwells were then 
incubated at room temperature for 1 h, washed five 
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times with TBS-Tw and finally 200 ~1 of 1 M 
diethanolarnine, pH 9.8, containing 1 mM MgCl, 
and 1 mM para-nitrophenyl phosphate were added. 
The enzyme reaction was carried out from 15 min to 

2 h. The absorbance w.as measured at 405 nm using a 
microplate reader (Dynatech). The blank value corre- 
sponds to the mean absorbance measured in the Cl 
oligonucleotide-coated wells incubated only with 0.5 
nM biotinylated D3 oligonucleotide probe. The sig- 
nal obtained with a standard solution of amplified 
DNA fragment (800 fmol/well) from DNA of B. 
anthrucis CEB 7700 strain was considered as 100% 

and used as reference in the hydridisation assays. 

2.1 I. Nucleotide sequence accession number 

The nucleotide sequence data of the Ba813 se- 
quence appear in the EMBL nucleotide sequence 

data base under accession number U46157. 

3. Results 

3.1. Isolation of a specific chromosomal sequence 
for B. anthracis 

With the aim of f’lnding B. anthrucis specific 
chromosomic DNA selquence, we constructed a cos- 
mid library representative of the complete B. an- 
thrucis CEB 7700 (pXO1 -, pXO2- ) genome. A set 

of 90 recombinant clones among 600 was analyzed 
by Southern blotting by using B. anthracis CEB 
7700, and B: cereus CEB 92.11 total DNA as probes 
after Hind111 digestion. Several clones were found to 
contain fragments thar hybridised strongly with B. 
anthracis and very weakly with B. cereus and B. 
thuringiensis (data not shown). 

The clone A 6 contained a 2.1 -kb fragment (A 6 F,, 
giving a strong signal with B. anthracis and a weak 
signal with B. cereus and B. thuringiensis DNA 
(Fig. 1). In order to reduce the size of this fragment, 
the HindIII-EcoRI extremity (Ba813) was sub- 

cloned into pUC18 plasmid. The recombinant plas- 
mid, named pBa813, was used in a Southern blot 
analysis. It was found to hybridise with B. anthracis 
DNA but not with B. cereus and B. thuringiensis 
DNA (Fig. 1). 

The nucleotide sequence of the insert was deter- 

kb 
D(LIYP 

r 

23.13 -c 

8.56 - 

2 

Fig. 1. Southern hybridisation analysis with fragment A,F, and 

plasmid pBa813. A total of 1 pg of genomic DNA from B. 

anthracis CEB 7700 (lane A), B. antha& CEB 4229 (lane B), 

B. cereus CEB 92.11 (lane C) and B. thuringiensis CEB 92.6 

(lane D) was digested with 70 U of HindID. After agarose gel 

electrophoresis, DNA was transferred onto filters by Southern 

blotting, probed with 32P-labelled fragment A6Fs (1) or pBa813 

recombinant plasmid DNA (21, and autoradiographed for 24 h. 

mined. A search in EMBL, GenBank and Swissprot 
data bases did not reveal significant homologies with 
nucleotide or amino acid sequences previously de- 

scribed. 

3.2. Copy number of Ba813 sequence 

Copy number of Ba813 sequence present on ge- 
nomic DNA molecule was determined by using 
Southern blot analysis of DruI-, AccI- and CZuI-di- 
gested B. anthracis DNA and 32 P-labelled pBa813 
DNA as the probe. pBa813 was found to hybridise 
strongly with a 3.6-kb DraI fragment, a 4.0-kb AccI 
fragment and a 3.5-kb ClaI fragment (data not 
shown). The same hybridisation pattern was obtained 
with the avirulent B. anthracis strains Davis TE 702 
and 4229. 

From the above results and the results reported in 
Fig. 1, we can conclude that the Ba813 sequence is 
present in a single copy. 
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3.3. Spec#k$y of Ba813-derived primers in PCR 
experiments 

In order to identify B. anthracis strains rapidly 
and without the need to prepare a large amount of 
DNA, as is required for Southern blot analysis, 
different oligonucleotides derived from the Ba8 13 
sequence were tested as primers in PCR experiments. 
The specificity of the selected primers was evaluated 

with the 28 B. anthracis strains (9 avirulent strains 
and 19 virulent strains) and the 33 strains of heterol- 
ogous bacteria listed in Tables 1 and 2. The RI and 
R2 primers were found to amplify a 152-bp fragment 

when the DNAs of B. anthracis were analyzed. No 
DNA amplification was observed when we used RI 
and R2 primers with the other bacillus strains or non 
bacillus bacteria. 

3.4. Purification of the calibration DNA 

Using the anion exchange chromatography with 

FPLC, large amount of PCR fragment can be sepa- 
rated within 30-50 min. RI primer, R2 primer, 
primer-dimer and the amplified 152-bp fragment were 

desorbed at 595, 630, 770 and 8 10 mM NaCl, re- 
spectively. The 810 mM NaCl fraction was found to 

% activity 

250 

T A 

-,,,,~~~cm-omcm~~~ 
%-rNNNNN 

-““““~2~$f-&g~~~ 

Fig. 2. Percentage of activity obtained with different B. anthracis strains and with non-B&//us strains in two different (A and B) sandwich 

hyhridisation experiments. (Al I: sample without DNA, 2: B. antbracis CEB 7700, 3: B. anthracis CEB 4229, 4: B. anthracis CEB 6602, 

5: B. anthracis CEB Cepanzo, 6: B. anthracis CEB TE 702, 7: B. anthracis CEB 227, 8: B. anthracis CEB 957, 9: B. cereus CEB 92.11. 

IO: B. thuringirnsis CEB 92.6. I I : B. .subti/is CEB 92.2. 12: B. subtilis CEB 92.12, 13: B. pumilus CEB 92.3, 14: B. lichenifotmis CEB 

92.4, 15: B. .strtrrot/tertttophillls CEB 92.5, 16: B. thuringiensis CEB 92.6, 17: B. sphaericus CEB 92.7, 18: B. aloei CEB 92.8, 19: B. 

megaterium CEB 92.9, 20: B. pasterrrii CEB 92. IO. 2 I : B. cereus CEB 92. I I, 22: Yersinia enterocolitica CEB 85.15, 23: Escherichiu coli 

CEB 85.35, 24: Citrobacter ,freundii CEB 86.45, 25: Enterobacter nerogenes CEB 86.46, 26: Proteus mirabilis CEB 86.51, 27: 

Proridencia rettxeri CEB 86.52, 28: Shi,qe//a boydii CEB 86.58. 29: Srrlrnortella arizonae CEB 87.12, 30: Pseudomonas aeruginosa CEB 

90.27. 3 I : Streptococcus /,w,qenes Group A 90.6. 32: Srcrp/r.v/ococc~s aureus Cowan III 90. I, 33: Clostridium botulinurn Type C 94.22, 34: 

Clostridirmt botu/inum Type D 94.29, 35: Clostridiurtt botulinunz 29 16, 36: Clostridium botulinurn 9009. (B) I : sample without DNA, 2: B. 

anthmcis CEB 955, 3: B. anthracis CEB 645. 4: B. anthracis CEB 552, 5: B. anthracis CEB 470, 6: B. anthracis CEB 575, 7: B. 

artthracis CEB 170, 8: B. anthracis CEB 657. 9: B. anthracis CEB 5 16, IO: 6. nnthracis CEB 300, 1 1: B. anthracis CEB 554, 12: B. 

anthracis CEB 779. 13: B. anthracis CEB 832, 14: 6. anthracis CEB 204, 15: B. nnthracis CEB 663, 16: B. anthracis CEB 376, 17: B. 

anthracis CEB 846, IS: B. anthracis CEB 256, 19: B. anfhracis CEB 893, 20: B. anthracis CEB 582, 21: B. anthracis CEB 282, 22: B. 

anthracis CEB 69, 23: Listeria inrtocrra CLIP I25 1 IT, 24: Listeria monocytogenes CLIP 10445. 25: Enterobacter asburiae, 26: 

Staphylococcus lentus, 27: Serratia marcescens. 28: Acinetohactrr Inofli. 29: Enterobacter farcalis. 
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contain only the 152&p DNA fragment as checked 
by agarose gel electrophoresis. 

3.5. PCR fragment defection 

The specificity of the 152-bp PCR product was 
controlled by Southern blot analysis using tx3*P- 
labelled DNA probe and a non-radioactive sandwich 
hybridisation. 

For qualitative Southern blot analysis, the PCR 
products were probed with the pBa813 plasmid. A 
specific hybridisation signal was observed with DNA 
extracted from all B. anthracis strains (Table 1) 
while no signal was obtained with the 10 closely 
related Bacillus and the 22 heterologous bacteria 
(Table 2). 

Two non-radioactivle hybridisation procedures on 
CovaLink NH@ strips have already been described 
by Chevrier et al. [l 11. In the present work, the 
sandwich hybridisation technique was chosen be- 
cause of its better sensitivity. Moreover this method 
can be easily used in quantitative studies. Internal 
oligonucleotides Cl and D3 was tested as capture 
and detection probes respectively. In order to com- 
pare the hybridisation signals obtained with various 
bacterial strains, the same amount of DNA extracted 
from 28 strains of B. anthracis, 10 closely related 
Bacillus strains and the 22 heterologous bacteria 
used in this work wals analysed by the sandwich 
non-radioactive hybridisation assay. The results are 
summarised in Fig. 2. B. anthracis DNA samples 
gave a positive hybridisation signal ranging from 81 
to 215% (mean 118%) while the non-B. anthracis 
DNA samples gave an hybridisation signal less than 
7% (from 0 to 6.7%, mean 1.4%). On the basis of 
this value and Southern blot hybridisation assay, we 
can conclude that the RlR2 sequence was specific of 
the B. anthracis chromosome. 

4. Discussion and conclusion 

Several conventional methods are available for 
the detection and identification of B. anthracis. 
Among these, the most reliable for the diagnosis of 
anthrax is immunological tests performed in conjunc- 
tion with Gram and capsule staining. However, it is 
known that there are some problems in specificity 

with these methods. The gamma phage sensitivity 
test is specific but it requires a large number of 
bacteria and it takes a few days. Pulsed-field gel 
electrophoresis and sequencing of intergenic spacer 
regions between 16S-23s rDNA and gyrB-gyrA 
were proposed to identify B. anthracis [20]. How- 
ever, these methods are time-consuming and tedious. 
PCR technique is more convenient and was found to 
be very sensitive and specific for the detection of 
bacteria. Oligonucleotide primers specific for B. an- 
thracis are available for PCR. Today, all the primers 
described to specifically distinguish B. anthracis 
from other foreign microbes are derived from viru- 
lence plasmids encoding for capsule or toxins. How- 
ever, the study of Tumbull et al. [9] indicated that 
DNA hybridisation and PCR performed with oligo- 
nucleotides specific for genes localised onto plas- 
mids did not always correlate with the phenotypic 
expression of the virulence factors. Indeed, several 
wild-type strains from anthrax cases or isolated from 
harsh environment failed to hybridise with these 
oligonucleotide probes or primers. Moreover some 
strains of B. anthracis without plasmids (pXO1 -, 
pXO2- strains) share common features with various 
bacillus species like B. cereus or B. thuringiensis 
[21]. Therefore, to develop a PCR-based assay for B. 
anthracis detection, it seems that DNA target lo- 
calised onto the chromosome would be more appro- 
priate than plasmid DNA target. 

In this study, we established a PCR combined 
with non-radioactive hybridisation using covalently 
immobilised oligonucleotide on a microplate that 
detects B. anthracis strains. This method is based on 
the use of a new DNA sequence (Ba813) as target 
DNA. Ba813 is present at a single copy onto the 
chromosome of B. anthracis. In order to set up the 
PCR based method for the B. anthracis detection 
two 23-mer oligonucleotides derived from Ba813 
were used as primers (Rl and R2). Moreover, two 
25-mer oligonucleotides designated D3 and Cl were 
chosen as probes in a non-radioactive sandwich hy- 
bridisation assay using microtiter plates for the de- 
tection of the 152-bp fragment amplified with Rl 
and R2. 

The method described here was found to be highly 
specific for B. anthracis, because the Ba813-derived 
oligonucleotides used as primers or probes hy- 
bridised only to B. anthracis chromosomic DNA, Rl 
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and R2 primers giving rise to an amplified 152-bp 
DNA fragment. It is worth noting that Rl, R2, Cl 
and D3 did not hybridise with DNA extracted from 
B. anthracis’s closely related species such as B. 
cereus. 

The results obtained by PCR were in agreement 
with those obtained by Southern blot analysis; how- 
ever, the PCR combined with the non-radioactive 
hybridisation assay is more convenient. The test 
requires only a thermal cycler and a conventional 
microtiter reader, moreover it can be readily done on 

a large scale [ 11,221 since it can be easily automated. 
In conclusion, the data presented here indicate 

that the PCR based on the use of the Ba813 sequence 

and used in conjunction with the non-radioactive 
sandwich hybridisation assay can distinguish B. an- 
thracis strains from other bacteria. The assay has 
been tested on pure cultures. In order to be used on 
environmental samples, several problems still need 
to be solved. Indeed, complex and heterogeneous 
samples have been shown to contain molecules in- 
hibitory to PCR. However, various significant im- 
provements were made in preparing the samples for 
PCR, for instance, Makino et al. [23] succeeded in 

detecting a few B. anthracis bacteria in blood and 
spleen samples by using boiling or lysis methods. 
We did not yet apply our assay directly to the spores, 
however, since DNA can be efficiently released from 
spores of B. anthrucis using bead beating, germina- 
tion, heat shocking or a combination of these tech- 
niques [24], the PCR method described here could be 
used with spores. Since both the capsule and the 
exotoxin are essential virulence factors for B. an- 
thracis, the oligonucleotides designed in this study 
together with other primers specific for capsule and 
toxin genes [21,23,25,26] will be useful for a more 
in-depth survey [27]. This method can be applied to 
perform a rapid screening directly with a suspected 
colony picked on a plate. 
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