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The Bacillus cereus group includes B. anthracis, B. cereus, B. thuringiensis, B. mycoides, B. weihenstephanensis, B.
pseudomycoides. The members of B. cereus group shares strong degree of DNA sequence similarity. Even though the
biochemical test and bacteriological test have been used to identify the B. cereus group, an accurate identification
system of the B. cereus group is required. We have developed a highly specific PCR-based assay for the B. cereus
group chromosome using a sequence motif found within a spore structural gene (SSPE). Using the assay, we were able
to discriminate B. anthracis from the other members of B. cereus group. We also tried to find a new system for the B.
cereus group identification. Five bacteriological tests (hemolysis, motility, penicillin susceptibility, rhizoid growth, toxic
crystal formation), API system (API SOCHB & API 20E), MLST and sspE PCR were performed on 28 strains of the B.
cereus group. The dendrogram generated from API system and bacteriological tests revealed that B. cereus and B.
thuringiensis are grouped into the same cluster. In combination of SSpE PCR and bacteriological tests, the dendrogram
showed that 4 strains of B. cereus clustered within the same group. B. thuringiensis formed the subgroup in the same
cluster. All strains of B. mycoides were encompassed together. Another cluster only included B. anthracis. The best
system was determined to be SSPE PCR and bacteriological tests. It is concluded that SSpE PCR and bacteriological tests
could be used for rapid discrimination and identification of B. anthracis and provided an effective means of differentiation

between the B. cereus group.
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Table 1. The B. cereus group strains examined in this study

63

Species and strain

Origin

B. anthracis (4 strains)
B. anthracis Sterne 34-F2
B. anthracis Pasteur #2
B. anthracis ATCC 14185
B. anthracis ATCC 14186
B. thuringiensis (6 strains)
B. thuringiensis BGSC 4AB1
B. thuringiensis BGSC 4AJ1
B. thuringiensis BGSC 4AQ1
B. thuringiensis BGSC 4AS1
B. thuringiensis BGSC 4CCl
B. thuringiensis DSM 2046
B. cereus (5 strains)
B. cereus KCTC 3624
B. cereus BGSC 6E1
B. cereus KCTC 1014
B. cereus KCTC 1094
B. cereus KCTC 3062
B. mycoides (5 strains)
B. mycoides ATCC 10206
B. mycoides ATCC 21929
B. mycoides ATCC 23258
B. mycoides KCCM 40260
B. mycoides KCTC 3453
Unknow Bacillus spp. (8 strain)
Bacillus spp. IB
Bacillus spp. 003
Bacillus spp. 9727
Bacillus spp. IV
Bacillus spp. III
Bacillus spp. III BL
Bacillus spp. ITI BS
Bacillus spp. Rho

vaccine strain (pXO1" pX02")
vaccine strain (pXO1~ pXO02")
pXO1" pX02~
pXO1" pX02”

B. thuringiensis subsp. morrisoni
B. thuringiensis subsp. monterrey
B. thuringiensis subsp. seoulensis
B. thuringiensis subsp. oswaldocruzi
B. thuringiensis subsp. pulsiensis
B. thuringiensis Berliner 1915AL

Type strain

Wild type isolate

From turkey and chicken manure
From soil, Japan

From sheep rumen

B. mycoides Fiugge
From soil, New Guinea
From soil

From soil, New Guinea

From soil

Wild type isolate Iraq
Wild type isolate Iraq
Wild type isolate Sarajevo
Wild type isolate

Wild type isolate Iraq
Wild type isolate

Wild type isolate

Patient isolate, Korea 1988

ATCC, American Type Culture Collection, Manassas, VA, USA
BGSC, Bacillus Genetic Stock Center, Department of Biochemistry, The Ohio State University, Columbus, OH, USA
DSM, Deutsche Sammlungvon Mikroorganismenund Zelkulturen, Braunschweig, Gemany

A ArEE 88, 54, dVdddsA, 2484 - =
o1 o Lo 3. APl system= 0|8t Mo 53
%Z]\_ ‘_l?‘—E__ —5}’/»1\‘:}'

1) API 50CHB, API 20E A At
API 50CHB #Al= A|Z3]A} (BioMerieux Co, Durham,
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Table 2. Nucleotide sequences of the primers for the SSPE gene PCR in this study
Loci Primers Products (bp)* Sequence (5' — 3")
SspE SSpE-F1 188, 71 GAGAAAGATGAGTAAAAAACAACAA
(Chromosome) SSpE-R1 CATTTGTGCTTTGAATGCTAG

aBoldface B. anthracis specific amplicons, °Calculated by the nearest-neighbormethod
" Source of primers originated from our previous report (Kim et al., 2005)

NC, USA) W& we} Falsigith el st 2H7t9
A FFE sl A] o HE3 ] 37TColA] 18A]7F

[e}
wjek & Zn]E API S0CHB 84| McFarland 27} &%=
g2 23 API 50CHB HIA| =
T8t 7)ok HES
1;17] %sﬂ mineral oil S %7}2& F 30Coll A 24213F, 48
T wgkdo R e}

Jfu

)
k1
il
=)
a\d
32
i)
_1

AE AARE P SR BEshaL, APL YAl E
(https://apiweb.biomerieux.com/)ll = Al THE

1% (API50CHB v.4.0)S o]&3to] HA3k3ith

0l0

4. sspE et AU

1) Genomic DNAQ| 2|
Genomic DNA2] 2] Kim et al, (15)] % 3}
o] 2A]88IT} 37°C Brain Heart Infusion agar (Difco)oll 4]
18717} v k3t A& 752 440 pl¢] TE buffer (pH 8.0)°]
2 &3kl 15 pl lysozyme (100 mg/ml)= 7}t 37°C
A AN TS AT WS A= 125 ple] 20% sodium
dodecyl sulfate2} 12 pl9] proteinase K (10 mg/ml)E 75}
60°Coll A 3A1ZF ¥H-g-A17]aL 15 ul RNase A (10 mg/ml)<}
20 ul NaCl SM)S 748kl 2 2881 5 ThA] ALo) A
2057 whR)EksiTh WX & 552 phenol/chloroform/
isoamylalcohol (25:24:1) &NH& 7hslo] sEZ &S o
< 25T 15,000 rpmol A 10%87F 93 F A5 auts
AHFE% FEZ & o7]el 28]9] 100% ethanols 7}
3lo] genomic DNAES FAIZIth #%%¥ genomic DNA
= 4TolA 15,000 pme 2 105-7F 93 F A5ds B
2ol A28 3 200 ple] EB gEHol| $hd3] 835k
t}. g AeF DNAT spectrophotometer (Model MBA, Perkin-
Elmer, Norwalk, CN, USA)E AF8-3}o] 260 nmell A A%
SR aL WS HEE 100 pgule] X2 3438k 20T

o WEFAA Aol A&
2) Primers
AFE-HE primerE-> Kim et al, (15)014 319k Z& A}
ﬂ‘:iﬁ} (Table 2). Z+ primeri= 100 uM scale® $Hd 3+
0 pME 3|4 ake] 20l Haabar A Ag
E} o’ A= 188 bp, 71 bp F WM=o]Th
3]

H o

1|

19
3) SEELAHMUS
=Fasr Oﬂ_fﬂ?}%ﬁ Kim et al, (14)2] ®so wgic)
ES- E9HE0] 242 F 25 plol] 40 ng®] F3 DNA, 0.5
uMe] Z} primer, 200 pM dNTPs, 2.5 pl2] 10 X Taq buffer,
1.5 mM<] MgCL<} 1 U2] Super-Therm GOLD DNA poly-
merase (Hoffman-LaRoche., NJ, Nutley, USA)7} &5 =
= &3tk 522 96-well GeneAmp PCR system 2700
(Apphed Biosystems, Foster City, CA, USA)E ©]-&3} A
=0l 95CellA 1027 WA - A5 95T 30%, 56°C 30
, 72°C 30 353 wHEela mpxEto g 720N 7
ARESE 3 oM FHELANTE SF
TRa} % Aol 5 pE 1 we 6x A
Hel &3 £ 0.5 pg/mle ethidium bromide”} 3
% (wiv) oF7F22~ A (Ultrapure agarose, Invitrogen
Corp., CA, USA)°ll 2d3te] 1 X TAE B3 (0.04M Tris-
acetate, 0.001M EDTA, pH 8.0)2Foll A an/\}op] A Zo]
em% 50ve| 1A ﬂo‘o}oﬂlﬂ A7195E 5083 3
313tk DNA 5% AHE2 Gel Doc 2000 system (Bio-Rad,
Hercules, CA, USA)S ©]83lo] 2 {5 4 A7 3
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=
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B. cereus group A 2852 A, w5 L

Aletsha] 3ol ApolE ZARRYE A= Table 39} LT
=, GFsrHu| Aol A S5 B. anthracis (Sterne 34-F2,

Table 3. Cultural and biological properties of B. cereus group in this study

Hemoysis

Penicillin

Rhizoid growth Motility Toxin crystals

Sterne 34 F2 -
Pasteure #2 -
ATCC14185
ATCC14186
BGSC 4AB1
BGSC 4AJ1
BGSC 4AQ1
BGSC 4AS1
BGSC4CC1
DMS 2046
KCTC 3624
BGSC 6E1
KCTC 1014
KCTC 1094
KCTC 3062
ATCC 10206
ATCC 21929
ATCC 23258
KCCM 40260
KCTC 3453
Bacillus spp. 18

B. anthracis

B. thuringiensis

B. cereus

B. mycoides

Bacillus spp. 003
Bacillus spp. 9727

Unknow Bacillus spp. IV

Bacillus spp. Bacillus spp. 11T

Bacillus spp. III BL
Bacillus spp. ITI BS
Bacillus spp. Rho
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Table 4. Identification Result of 28 strains by API system

Using API 50CHB Using API SOCHB and API 20E
Strain
Identification % ID T Index Identification % ID T Index
B. cereus 1 57.6 1 B. cereus 1 438 0.92
Sterne 34 F2
B. anthracis 329 0.97 B. anthracis 43.5 0.89
B. cereus 1 89.0 0.68 B. cereus 1 82.2 0.66
Pasteure #2 ] .
. B. mycoides 9.9 0.57 B. mycoides 16.3 0.62
B. anthracis
B. cereus 1 57.6 1 B. cereus 1 43.8 0.92
ATCC14185
B. anthracis 329 0.97 B. anthracis 43.5 0.89
B. cereus 1 57.6 1 B. cereus 1 43.8 0.92
ATCC14186 . )
B. anthracis 329 0.97 B. anthracis 435 0.89
BGSC 4AB1 B. cereus 1 97.4 0.99 B. cereus 1 98.4 0.94
BGSC 4AJ1 B. cereus 1 99.0 0.95 B. cereus 1 98.0 0.85
BGSC 4AQl1 B. cereus 1 99.6 0.75 B. cereus 1 99.8 0.74
B. cereus 1 91.1 0.73
BGSC 4ASl1 B. cereus 1 90.7 0.77 .
B. thuringiensis B. mycoides 6.2 0.65
B. cereus 1 88.2 0.81 B. cereus 1 84.7 0.76
BGSC 4CCl1 . .
B. mycoides 16.2 0.72 B. mycoides 15.0 0.71
B. cereus 1
A 51.6 0.44
DMS 2046 Low discrimination B.cereus1 98.9 0.49
good identification
B. lentus 347 0.73
B. cereus 1 57.6 1 B. cereus 1 86.8 0.92
KCTC 3624 . .
B. anthracis 329 0.97 B. mycoides 12.5 0.87
B. cereus 1 91.2 0.87 B. cereus 1 85.7 0.81
BGSC 6E1
B. anthracis 8.2 0.75 B. anthracis 13.3 0.71
B. cereus B. cereus 1 93.3 0.94
KCTC 1014 . B. cereus 1 93.8 0.75
B. anthracis 6.4 0.82
KCTC 1094 B. cereus 1 99.0 0.95 B. cereus 1 99.3 0.68
B. cereus 1 90.5 0.79
KCTC 3062 B. cereus 1 94.7 0.95 .
B. mycoides 9.4 0.73
B. mycoides 67.7 0.78 .
ATCC 10206 B. mycoides 99.0 0.76
B. cereus 2 309 0.76
B. mycoides 46.3 0.94 B. mycoides 51.6 0.92
ATCC 21929 . .
B. anthracis 30.7 0.93 B. anthracis 335 0.86
) B. mycoides 46.3 0.94 B. mycoides 51.6 0.92
B. mycoides ATCC 23258 . .
B. anthracis 30.7 0.93 B. anthracis 335 0.86
B. mycoides 46.3 0.94 B. mycoides 51.6 0.92
KCCM 40260 _ ]
B. anthracis 30.7 0.93 B. anthracis 335 0.86
B. mycoides 46.3 0.94 B. mycoides 46.5 0.74
KCTC 3453 . .
B. anthracis 30.7 0.93 B. anthracis 26.3 0.67
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Table 4. Continued

Using API 50CHB Using API SOCHB and API 20E
Strain
Identification % ID T Index Identification % ID T Index
) B. cereus 1 72.3 0.78 B. cereus 1 87.6 0.74
Bacillus spp. 1B
B. anthracis 18.6 0.72 B. mycoides 6.5 0.66
. B. anthracis 45.1 0.79 B. cereus 1 58.2 0.74
Bacillus spp. 003
B. cereus 1 325 0.79 B. mycoides 272 0.73
Bacillus spp. 9727 B. cereus 1 99.1 0.96 B. cereus 1 99.2 0.88
. B. cereus 1 723 0.78 B. cereus 1 87.6 0.74
Bacillus spp. IV
B. anthracis 18.6 0.72 B. mycoides 6.5 0.66
Unknown . B. cereus 1 723 0.78 B. cereus 1 87.6 0.74
Bacillus spp. Bacillus spp. 1T _ )
B. anthracis 18.6 0.72 B. mycoides 6.5 0.66
. B. cereus 1 723 0.78 B. cereus 1 87.6 0.74
Bacillus spp. III BL ) .
B. anthracis 18.6 0.72 B. mycoides 6.5 0.66
. B. cereus 1 723 0.78 B. cereus 1 87.6 0.74
Bacillus spp. ITI BS ) .
B. anthracis 18.6 0.72 B. mycoides 6.5 0.66
_ B. cereus 1 85.8 0.99 B.cereus1 76.7 091
Bacillus spp. Rho Low discrimination
B. mycoides 12.7 0.89 B. mycoides 20.2 0.88
Pasteur No.2, ATCC 14185, ATCC 14186)2] & 5%  Yehjgick

sl Aol AZ ZWEH-S YERARJ] AL, B. cereus, B. thurin-
giensis, "5 Bacillus #E% S|MAo] AR AP S
Uehdlo], 5% 29l Bacillus £ JEElE 12
t} o] F B. mycoidesi= 5 H o2 vt RGO
HiA] 915 HAUZPHA FA ek O AldEdhs W
sl o] 7hsstith

AR 285 7 2 GAoA S Belon, A
A 14e] FElE YehATh

ol ul ol A B. anthracis 452 25 H]-28 A o]
Ao, vEA Bacillus 5 Rho T 15%to] H|-E&HA
< B, A 2357 B ebd 89S VeI

+5AS A4S A3 B. anthracis 45 (100%)<} B.
mycoides 55 (100%) =5 H]*FAolx, vlEH
Bacillus & Rho7} fr &t 2-52d°] §IUTh B. cereus=
B. cereus KCTC 10945 AJ3tal BF 540] AN
1, B. thuringiensis= =7 5745 YeERNSITh

Penicillin Goll gt 7+ AlFl|A] B. anthracis= =
F 244 (18.8 mm~20.2 mm)S YFEFH 2™ B. mycoides
ATCC 10206 (142 mm) 1575 A|9|3F A3 25 Y-S

]
B. thuringiensis= A <]t
25 A FArk

[e]
FEatrel uigk Alershs ZHAbelA A AL 7
9 IS

2. AP| System M & Z1f

APl system© ZHE dL2  ZAIE  hips:/apiweb.
biomerieux.com®] &8 XZ 13l ¢
S35} T} (Table 4). API 50CHBYHS Al-8-310] 545151
S 739-9} API 50CHBS} API 20EZ M7 AM&-3190S 7
9] A A3dE ZABIT

1) #2523 8 24

B. anthracis 47#°l4] API S0CHB S AH8-3130S 7
2 1509 AL B. cereusE, 2559 AL B. anthracis®
YERATE T index G0l tigh A3 4)E= 075 o]
Fo =AY, similarityoll A= 60% PINRO.Z UkoLTE
31 B. anthracis Pasteur No.22| 749, 25=917441 9] &4
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o %= B. anthracis”} ¥3¥ x| F&%A Tk API S0CHBS} API 50CHBYHS: AM8-$F 79 B. thuringiensiss =7 B.
API 20EE FAlo ALE3lS Aol T 3> Ao ¥ cereus® FAHBIALE thH-E 80% ©142] 352 similarity
s7b §1213L B. anthracis®] 574 gE°] 43.5%7H4 45 2 075 o] =& Taks HERIAIT, API systemell A B.
st £33 B o) B. anthracis Pasteur No2E =4 thuringiensis &4-& 4 H7} glo] E7153+It) B. cereus
Aol ]3] B. anthracisE 3§14 Ealic) A4 = BT 19 54 237 dAISEITE APL 50CHBS}
O 2 API system® 2+ B, anthracise} B. cereus= £H3l APl 20EE FA]o| AFE3EIS 7ol similarity= A
Al A etk Sl oL, T index= shetehs A3S Holw, Avpdo=

Bacillus spp Il BL
Bacillus spp lll BS
Bacillus spp Il
Bacillus spp IV

Bacillus spp 1B

Bacillus spp. 003

B. thuringiensis BGSC 4AS1
B. thuringiensis BGSC 4CC1
B. cereus KCTC 3624 |
Bacillus spp. 9727

B. thuringiensis BGSC 4AJ1

B. cereus KCTC 1014

B. cereus BGSC 6E1
B. cereus KCTC 3062

 — B. thuringiensis BGSC 4AB1
- B. thuringiensis BGSC 4AQ1

B. cereus KCTC 1094

. thuringiensis DMS 2046 —
_mycoides ATCC 10206 |
. mycoides ATCC 23258
. mycoides KCCM 40260
. mycoides ATCC 21929
. mycoides KCTC 3453 I

|

T T O O IO O W W W m @

. anthracis pasteure 2
. anthracis ATCC14186

. anthracis ATCC14185

L JE K IR

. anthracis Sterne 34 F2

. acillus spp. Rho —

010 008 006 004 002 000

Figure 1. Dendrogram of 28 strains of B. cereus group constructed by UPGMA based on the bacteriological and API System (API
50CHB & API 20E). The clades are indicated by roman numerals. Clade II encompassed 4 strains of B. anthracis. The scale bars indicate
the percentage of missmatches between biological and biochemical properties.
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574 gEo] H|SzElAY ozt slEtelE AdatE Bl L}, B. mycoides KCTC 34539141 Tgko] ©3]e 02 A%
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Figure 2. MLST Dendrograms were generated by UPGMA method from genetic distances. The scale bar indicate the percentages of
allelic distances between STs for MLST. The MLST dendrogram shows that B. thuringiensis BGSC 4AJ1, 4AB1, 4CC1 were the most
proximate to B. anthracis.
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Figure 3. Agarose gel electrophoresis analysis of SSPE gene polymerase chain reaction (PCR) on 28 strains of B. cereus group. Lane:
M, 100-bp DNA size ladder; 1, B. anthracis Sterne 34-F2; 2, B. anthracis Pasteur No.2; 3, B. anthracis ATCC 14185; 4, B. anthracis ATCC
14186; 5, B. thuringiensis BGSC 4ABI; 6, B. thuringiensis BGSC 4AJ1; 7, B. thuringiensis BGSC 4AQ1; 8, B. thuringiensis BGSC 4AS1,;
9, B. thuringiensis BGSC 4CCl; 10, B. thuringiensis DSM 2046; 11, B. cereus KCTC 3624; 12, B. cereus BGSC 6E1; 13, B. cereus KCTC
1014; 14, B. cereus KCTC 1094; 15, B. cereus KCTC 3062; 16, B. mycoides ATCC 10206; 17, B. mycoides ATCC 21929; 18, B. mycoides
ATCC 23258; 19, B. mycoides KCCM 40260; 20, B. mycoides KCTC 3453; 21, Bacillus spp. IB; 22, Bacillus spp. 003; 23, Bacillus spp.
9727, 24, Bacillus spp. IV; 25, Bacillus spp. III; 26, Bacillus spp. III BL; 27, Bacillus spp. III BS; 28, Bacillus spp. Rho; 29, B. subtilis

ATCC 6051, 30, negative water control (no template DNA).
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Figure 4. Dendrogram of 28 strains of B. cereus group constructed by UPGMA based on the bacteriological and SSpE gene PCR. The
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Figure 5. The Identification scheme of Bacillus cereus group.
(First step) Gram stain, (Second step) Differenciation of Bacillus
cereus group by SSPE gene PCR, (Third step) Additional bacter-
iological tests and final identification
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