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Phenotype and genotype analysis of one Bacillus cereus isolate from an emetic food poisoning case
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Abstract; Objective This study investigated the phenotypic and genotypic characteristics of YN0303, an isolate from a
food poisoning case occurred in Yunnan Province in 2003. Methods The strain was identified by 16S rDNA and 16S/23S
rDNA ITS analysis, together with morphology, biochemical and gene analysis. Toxic gene profiles, panC analysis,
mutilocus sequence typing and high performance liquid chromatography-mass spectrometry ( HPLC-MS) analysis were
further applied. Results  YNO303 was confirmed to be Bacillus cereus. Although it’s an isolate from a typical food
poisoning case, it was negative for cereulide-producing related ces gene and no cereulide was detected in HPLC-MS
quantitative analysis, while it was positive for entero-toxigenic genes such as hbl, nhe, and cytK2. It’s also different from
typical emetic B. cereus in biochemical tests. It belonged to cytotoxic IV group, while emetic strains should belong to Il
group. YNO303 forms a new ST in mutilocus sequence typing analysis, which was an independent branch in phylogeny
tree. Conclusion More than one B. cereus strain involved in this emetic food poisoning case, and YN0303 was not the

main pathogenic strain. But as a cytotoxic strain, it might be involved in co-infection.
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Table 1 ~ Sources and characteristics of type strains
R TR B i R
B. cytotoxicus NVH 391-98 cytKI Fi1 48 °C } 50 °C A= 4K FH M X B8 bk PR3 KR
B. cereus ATCC 14579 ITS F1AE J8 A= Ab 1 56 % IR bk FF 22 B i K A
B. cereus F4810/72 ces FNMK k32 3 HPLC-MS A ) B 1 X Hi P2 B
B. thuringiensis kurstaki HD1 hbl ,nhe K cytK2 FHM:XT B8 B P22 B T K A7
B. weihenstephanensis DSMZ 11821R BEVS L FHTARIR 6 ~ 15 °C A= K X AR P13 B K 2
B. anthracis (only DNA extract) repX BHME X B8 Rk FF 32 B A 2

1.1.2 FEAUR 560

Ultimate 3000 75 %% & AH €8 3% /% ( 3¢ E Dionex) .
API 4000 ( 3¢ [# AB Sciex Framingham) ,TC-312 PCR
X (FE[E Techne) SYNGENE B¢ i B8 43 H7 5 G2 (9%
[ Syngene) %G W AMUEE B AR AL (5 FRAR

PCR $" 3437 (b 5T Aidlab 22 %] ) , DNA marker
DL2000 . Goldview % Y5 Ys Bl #5 H H Z< TaTaRa, 4
% AR M S (2001-95-8 SIGMA-94675, % [H
Sigma) ,16S rDNA 3% i3 I 51 %) 27F Fil 1492R , 7|
Py VI o M g PR 2 W) S B, AT ) IR 2.

#2 AT ETH PCR 51
Table 2 Primers used in the study
N 519 FIYFH(5'-3") B KGR EE/°C FEYIKE /bp
165/23S ITS-16S-1392-S-15 GNACACACCGCCCGT o 750 il 500
tDNA ITS ITS-235-206-A-21 NCTTAGATGTTTCAGTTCVCY 2 s
EMIF GACAAGAGAAATTTCTACGAGCAAGTACAAT o0 63616
e 3
o EMIR GCAGCCTTCCAATTACTCCTTCTGCCACAGT
CesF1 GGTGACACATTATCATATAAGGTG
cesB 58 127017
CesR2 GTAAGCGAACCTGTCTGTAACAACA
repX-F4 CACGTGATGCWGAGGCTTTA .
repX ] 49 850(%
repX-R2 GATAATTTCTTCTTTGYTGGTTGTGA
HBILA 1 GTGCAGATGTTGATGCCGAT ]
hblA 55 320[9,
HBIA 2 ATGCCACTGCGTGGACATAT
I2A AATGGTCATCGGAACTCTAT }
hblC i 55 750[9,
12B CTCGCTGTTCTGCTGTTAAT
LIA AATCAAGAGCTGTCACGAAT ]
hblD 55 430[9,
LIB CACCAATTGACCATGCTAAT
nheA 344 S TACGCTAAGGAGGGGCA
nheA 55 5009!
nheA 843 A GTTTTTATTGCTTCATCGGCT
nheB 1500 S CTATCAGCACTTATGGCAG ]
nheB 55 770[9_
nheB 2269 A ACTCCTAGCGGTGTTCC
nheC 2820 S CGGTAGTGATTGCTGGG
nheC 55 5821
nheC 3401 A CAGCATTCGTACTTGCCAA
CK IF CAATTCCAGGGGCAAGTGTC
eytK1 57 42610
CK 1R CCTCGTGCATCTGTTTCATGAG
CK 2F CAATCCCTGGCGCTAGTGCA
cytK2 57 585010
CK 2R GTGNAGCCTGGACGAAGTTGG
NI 3 12 A SE
1.2 Jiik A Fh T3 FHL 2,6 .48 F1 50 CHEF 4 ¥R, 4y
1.2.1 YNO303 A= Bl A= b 5 A6 MF3~5dA21 dids#AEREN.

KA AR Sk TE A 7K A S ALY A D 7 1 S
BLSCHERITT ] o AR AR JEE Vi LA I - 5 2 R X R ok T

1.2.2 ZA s Jp 513 B4 (MLST) I panC 3 %1
panC FEPIEG™ 1Y I FF o BRI AE 3 PRI WL
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SCHRk [ 13 ] #1 Affiliation to phylogenetic groups (1 to
VII) into the Bacillus cereus group "**',

MLST 43 BIKIE Bacillus cereus MLST Databases %{#E
VLR S I TN M 2 WP, 4 R A A8 MLST
BAJE e LA goeBURST 1.2, 1 RRAKIFHEA TR
1.2.3  fEhh AL PR

YNO303 Flkp#E#E B. cereus F4810/72 3 .0 I
R IR A, 30 CHi SR 3 d, IR & (0.3 ~
0.5 mg) Y4 2 ml EP % h, JH] 96% (07K 2 B4 B
MK R EE 2,12 000 r/min 5.0 15 min, BU_E 3§ 2547
12 OB 3% - i 3 (HPLC-MS) 73 #r
12,4 fUERaF

OSSR 1% A R IR A% 1 S AR AE (150 mm x
2 mm,4 wm), JREIAH K P EERTZE ) = 0k R s
WA 0.25 ml, kR 1 pl, Ultimate 3000 XU B2 IS
R4 HPLC G, /K WP BEFN M 1Y = T0 6 B 43 18 MR AE
PRI RS M SO AE B AT 70 B, APT 4000 Jit 3% (U o

J T 2% A < 5T % R T IE B T A ARG H R

____800bp
700 bp

500 bp

1 2 34 5
(A)16S/238 rDNA ITS4#7

(B)ces PCR

%, 500 ~ 1 300 amu &HMiLHE, BT EE
1170 (1169.5 ~1170.5) amu, 4 54 1} a] 8. 50 min
M W S MKk R, B R L 112 (1 1115 ~
1 1112.5) amu, ¥ B8 B} ] 8. 40 min (13 1630 Sk 41 4
B o WXk R IO R A, B DL A R O AR AR
W, B. cereus F4810/72 $2 B 2 S 08 38 i 4 M {H 3%
PPAFTR I H Al

2 BREHH
2.1 YNO303 ffy R AVRHE 55 14 Fh 45

16S rDNA J¥ %1 ( GenBank % 5 : KF055372. 1)
i i~ 5 B. thuringiensis WS2623 ( Y18473.1) )
max identity 35 ] 100% , 5 H fth B. cereus #f 4l #H £
AN AR ) max identity 35 99% , 165/23S rDNA ITS
IIMT B. cereus REAN I 2377 A2 2 9 P WAL T 750
F1500 bp, SR B. cereus HEZH I () W7 1
YNO303 HA7 5 45 v bk — B nd s 8 5%, m] DL €
hy A 2 T R AR 4 1R (B, cereus group) , WLIET 1,

600 bp
500 bp
400 bp

1 2 3 4 5
(C)eytK 1 ,cytK2 duplex PCR

W T(A) NAEBATKIEMRK N 1. 25 (X IR 2. B XS I8 B. cereus ATCC 14579 ,3. B. cereus F4810/72,4. YNO303,
5. Marker; 8l 1 (B) M\ ZE B A7 WKWK Ky - 1. Marker, 2. 28 (X5 1B 3. B PE XS IR B. cereus F4810/72,4. YNO303 ;& 1 (C) A
FEAVKGEMIK K 1. Marker,2. 25 (X} HE 3. eytKT 5& K AY BH A% % BB B. cytotoxicus NVH 39198 ,4. cytK2 %5 K ) PH 4 X 18

B. thuringiensis kurstaki HD1,5. YNO303

K1 PCRE4SE R

Figure 1

IR TR AL 2 T ATl DR Dy B R 4 10 8 B B
IPE, HAE IR E I R AVRIE RDR X 4y, OSSN
BRI A, HEBR 75 = 43 2F M AT & B. thuringiensis , W,
2, WA BOR A K R M, HE BR BEOIR ZF M AT
B. mycoides FIMEE AR AT & B. pseudomycoides ; 1% T
10 C A~ A& Ko # B H K ZF B HFE
B. weihenstephanensis ; Beiz 3l H. B-V& ML, HEBR 7% 5 28 i
FF&i B. anthracis ;50 C A H cytKI £ K h B4,
HEER 20 ML B 1E 25 BE AT T B. cytotoxicus , AR 45 g 7T 401 2
) R AR A S RE 2F UFF IR B. cereus .

2t K 22 K ik B T R A RR 1 AR B A AR
ATKFRTENS A K WK A 1 ANV I S s % i, 2
HHRE (<6 C 50 C AHEK), YNO303 2

Results analysis of PCR

2 YNO303 & ffE 2
Figure 2 Microscopic morphology of YN0303



— BERE ZF MO FT B 1P B O3 B B A 3R 2 5 R R R

Ja W, 45

ek T (EL Y by 1 K A 1 O ek 96 1 O B P, B 1L A
[F) F S 750 Fy MK ok Y R Rk AR U6 5 R o K 1
o+ TER s + VA 28550 C o — 148 T + 315 T,
+ +3;10C; +;8C.:-;6C: -,
2.2 HPLC-MS 7 PCR 755

PCR 5 45 2 32 W, YNO303 WX nf 71 8 2 & A\
BB ces Sy B, X i BE 2R S BEE PRI AR DR JBRE 1Y
FROETE rep HEPIAL O B o BE DA BL ARG 0 245 21 A4 o
JE O AT 45 O — B, % bR B R 5 A K ok B R
cereulide & BUAHSCHE P [ W&l 1(B) ], [A] i HPLC-
MS s oA H X i B 3R, U6 B2 1Ak T Sl X i 2 3
TR . (HJ2 YNO303 (4 3 Fh 32 % Jij 75 3 SE A« hbl
(Zf 3 AN 3 (%) hbIA (hbIC F11 hbID)  nhe ( %t 3
AVEFE W nheA  nheB Fl nheC) . cytK2 34 5 [H P, H
o YL AU Y5 R O AR Yk AR AE . AN M R T A
WUFF T B. eytotonicus 4545 () 41 75 2 eytK1 S
e, BARZE Bk ces: — ;cesB: — jrepX: — ; cytKl :
—;cytK2: + ;hblA: + ;hblC; + ;hbID: + ;nheA: +;
nheB: + ;nheC; +
2.3 panC ¥ R

panC 3 AT RERS Be FEAMHE TN T N RGEKE
2, e S e 4 M 75 1k R0 B0 77 . Xk A Be TR AR 8
THAIIA, YNO303 J& T 1V B, TV BUGE #k 2 K £
BHRIEA A hbl .nhe Fl cytK2 =T iz 35 5 5L 1, 4 4N
JHEE P, 53 T R AT AR R 00 40 B EE . YNO303 (1
A AR S R R R R A 1 L 5 panC 23 AT Y
IV Y G bR AR AR 56 42w 5, T AR T - 081
2.4 MLST Y eBURST R2&/r

SERAE S MLST 4 1D1382, I #fi N & T —
AN B ST753 . MLST Bacillus cereus $0 3% %2 H B
TR 1451 pE R ARG R, L
815 DANIA A AL 51 (STs) o e & B BT 5 fi /> AH [7] 55
AL 6, WA A R B & 1 000, i3 17
20eBURST V1. 2.1 &4 MLST %48 )& v 048 #E 47
M SLV K (AL A 22 S/ die /N AH [ 45 07 Jk
KECH 6),ST753 M B M & T — 4> J¥ 41 Bf Group
426 ; DLV JK V- ( RUNE 22 57/ S5 /N AH ) 55 A7 ik PR
5) A M AL Group 2145 HAT TLV JK - ( =A%
S/ f /N HH [F) A5 A S K 4) J& T Group 0 (5%
204STs,409 P Kk, ) o Group 0 15 ST753 7 &4
PEA I f% g 3 0T 10 S ST466 (P [/ & 7 & 5 2 5
BR) 5 STAT3 (h [ 5 95 KOK 43 B Bk ) 5 ST159 ( H A f
FREE AR N DL 73 BBk ) 5 STIST ( H A ] 3 v
JrES) ST238 (£ ) , k4L STs AL 7 H— 8 Bk
f4 ST, i H Bk ST238 A &F S W 7 85 ko R
ST753 W] e 4 H AT Hhy X PR AR X 2k <7 2 46 1) T A

i X k7Y Be B RRAE AL b RO SE, BT R
PRI 4 4B, ST26, ST164, ST165 1 ST144'" |
SLV 7K )& F Group 9,DLV 7K & T Group 12,
TLV /K3 J& T Group 3, #8-5 YNO303 #4 i i ST753
AT, LR 3,
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Figure 3  Partial snapshot of the Bacillus cereus MLST database

Group 0 generated using the goeBURST algorithm,
indicating new ST753
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