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Genetic characterization analysis of 2bIA and plc genes of foodborne Bacillus cereus in
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Abstract: Objective To provide a genetic basis for scientific prevention and control of food poisoning caused by

Bacillus cereus, the pathogenic characteristics of foodborne Bacillus cereus strains isolated in Yueyang City Hu’ nan Province
from 2014 to 2019 were understood. Methods The virulence genes hemolysin A (hblA) and phospholipase C (plc) were
sequenced and amplified from 26 Bacillus cereus strains isolated from catering stores in Yueyang City from 2014 to 2019.
Seqman and MEGA X software were used to analyze the nucleotide sequences of hblA and plc genes of Bacillus cereus.
Results The homology between the coding product of genes hblA and plc of Bacillus cereus isolated from Yueyang City
and corresponding Bacillus cereus protein sequences in GenBank were greater than 93. 0%. Conclusion The hblA and plc
genes of Bacillus cereus isolated from Yueyang City have high homology with Bacillus cereus gene sequences in GenBank,
indicating relatively closer genetic relationship. This study lays the research foundation for further understanding and
scientific prevention and control of food poisoning events caused by Bacillus cereus.

Key words: Bacillus cereus; hemolysin hblA; phospholipase C; genetic characteristics; foodborne pathogenic bacteria;

Hunan province; Yueyang City

WS RE 2F MO AT T8 (Bacillus cereus) Je — KA BE ZFIEMFHESIE AR EY h R LA WL . K2
B MR B 22 BHPEAT B8 o 7 FOR SR TP I RE 2 M Ak R0 O R i Ay R AE 5 5 — 2R MV Y, LA

GREPEEI SYNE S c g7/ DEE bR SUUE: §7 ) R

75 H #9:2023-03-21

BERE R R R R R KR R K
TR, A ISR 2R 45 0 2 A 28 JIRFT T ) ) O
T — 6 G g3 S B0 R I R 2 AT T L R

EEUA: B ETESHHLIA (20145K3129,19C1160) T IILRE O P9 BEE 28 F i B 48 1) SRR e L AR RS 10
EERN M EE F FRIF LT EAARREAHERAF Tﬁ}\ Eﬁu%l@ﬂﬂ%ﬁﬁzﬁé %[@éﬁﬁﬁk%“ﬂ Jﬂzﬁl\

E-mail: lushanyul168@163.com
BREMEE:RRE X NHT HLTOAIMEDHZF
E-mail:386959951@qq.com

5 05 R 28 AT B A € 0938 A LW I e JE 7 B, )
SECHEJLRZETS T TR R 2 R A 2 Bk



2014—2019 4 {F FH 7 £ I 5 A 28 AT B 1 1L 2R holA 5 BENR B C ple 3L PRURRAE 20 i —— G = L 55

—479—

SR S BUWR T -

WA 2F M FT B L 98 & 4 2 BT T L R JE 2 R AT
W H AR TSR SRR R AR, =
H A RRE AR B A AR ARAE (165 tRNA S5 &
AR AL | 9 A5 % 5 B9 DNA [R) P51, DR G 38 A0 ook
14 /N FVBIC B S [) 7 A 3 4 S M R 00 2 T
P AR K 22 51 IVANOVA 203 % Bl 178 =
Folt 2 M AT T 2 1) 4% 28 A8 S, 8 1 = 40 TR AR 1T A ik
SRR R AS R o 2 AR k. H ET, W RE ZE AT
TR Ry — Tl 2% 14 800 T R DL B9 £ T e T I AR 5
E E PRAL 212 OG0 R R AR E AN L T
U 2 LT TR 5 | R 2 AL e ST AP S e I PR i 3
PRI, B 50 M 28 AT T B S S i

ERESEREANL XS Nl RIS PN
KW X it & (cereulide) ; I EE 225, 45K L &
BL(Hemolysin BL, Hbl) AR LR B 7 2 Nhe (4010
FE K(eytk) JHEEZE T(beeT) JH#EEZ 1(HIylD) F1 %
B % FM (entFM) ; i 25, 0% B8 B C (phospholipase
C,PLC). Hbl AGIREEM FEHFEER,H 4 NAF
B 45 ¥ FE D hbIA \hbIB  hbIC  hbID i B Y 45 1 20 A,
Frfr nbIA B R 76 5 R 2 AT B ep T3z o A, HoA
PRI 700 2% R[] 1) S M L AT AR S R AR ) 3
Bl e T PLC 2 B A I UL A 5 38 B 1Y OC B g
HEALBE RS C A B A5 I S K i BT 28, Wl o 20 8 5 A
KA, 5 BB R K #5805 A0 A RS | RS af L 2 2R
RFE (I P9 R T B A F 5Tk B hoblA
N ple 3% A~ BF 1 3 PR by 5 R 2 BT B %) 32 22 00F
T4

IR ZE AT B 0 EOm v S L Y B ) S
WM G, IS BT AT A R 2E AT T 0 5 A 43
BE S TR A A A R TR 25 PN R T b
) B A8 BE T R A5 0K B T 3R B 26 R
25 JLFF PR A AR R AR 11 95 i 2 R A R B0 LB, A
WF 52 8 JeE GenBank AR & T = K 28 M5 B 25 M AT
BRI 8 MR B bR B H B S5 SRR DA R 2 AT T
ATCC 10987 ¥k (NC 003909) Y ple  hbIA K Jy 1 Mg
Berh g1, X 26 k55 FE 2F JFF BR TR R REAS 19 5
FEIN ple hbIA VEAT Y HE X HIE R PEATI Y 5 5 -
8k TE Bk 11 [ U 3 PN Y A R A A K R LR
G 53 AT T HXE D R K b %o 1 A7 AF 5T
PRV, SRy itF — 25 7 il 0 By 45 BH T 05 A 2F AT R
1B b B SR P LR 2 A

I AR
L1 BRI
ACTIE G T 1 88 B 2 IO T 28 4 0 44 05 DR 7

95 T B35 42 40 Pty 2014 —2019 4E 43 B9 4 1 bk L BE 5
kg IO TIT 0k DX S L PN A 2 TR D 18 K A il (% oK
WRKHBEE)
1.2 FEUEHRSIERF

I%{S(%{EE{EIV?\(;E%‘L\HL(% [J_f*] Thermo /A\
] ) ;2331PCR {¥ (Mastercycler Personal , Eppendorf) ;
HICLAVE HVE-50 4> H 3y &5 H K i #%3 ( H A Hirayama
A7) ) 3 Cencel530 5 20 O HL . TGL-16M ¥ 74 B 0>
HL K VAR DML AR A PR F] ) 5 Hoefer PS300-B
AU KA (32 [ Hoefer 22 ] ) 5 GIS-1000 £ it BE i 5]
Bt 2 (g RERHE A BRA R s WL 2
(MR AR B T R FF & A R/ 7)) ; LabTower
EDI # 40 7K {X (2% [E Thenrmo Scientific 23 7 ) ; VITEK-
2 4 [ Bh A 4 A (L E M LR A ] o

EEXH] : DNA Marker . PCR §7 #8485 & (174
A TAEY TR AR MRS A WRA ) ;519 h 5575 41
HAY) TR RIS A R A A 5 458 DNA 2
B ) & (db st RAR B (L BB R A A ;5 Cycele
Pure Kit(Omega,) M 3 EW TRARAF ) ; Plu
it LA Ko B o P9 B0 B HinfT A1 Rsal (R 2 52 /B9 T
FEA BRAHE) 5 TR BE L 9% B g % 55 5L LB BiR
B 95 L (R F R A R 5 JC B B0 1 4t 2 il (AT
LN S o7/ I S /N I I = W 2T T < B s
Hréti .
1.3 HR%EE

0 8 AR R 2 A E R AR SR
SR I RE 2F IR R R 56) (GB 4789, 14—2014)
Bk 7 %, TRl 454 VITEK-2 4 H 3 40 5 % 58 X ik
FTTE bR %
1.4 PARRIEH 41 DNA $2 1

o FH A0 TR DNA $2 B0 500 6 0F 17 05 R 28 M A o
TR AR P A% TR B T o 2P 0 R TP A HR 20 R TR T
W AT 5 mL LB VAR KGR, T 35 CHE 5%
24 h EXFHW . W1 oL HWT 1.5 mL O
B, 10 000 r/min B0 5 min, 37 1 E W, A 1
PBS Ve 2 K, e F AR B IxPBS &, il 15 14
WA H . AP DNA B9 £ B B R & 1 BH
M, 2 B0 40 1 5L ZH DNA 1E 4 PCR 97 B , &
T-20 CPRAFHE .
1.5 KRy 1

i PCR 47 35 120 70) & i 47 B8 B 28 MUAT T ple AN
hbIA FE P38 B4 MR & U W B i 7. 519
o 5 R ) TR R IR 55 A BRA | A
1% ¥ %) B PCR 931 5 F1E WL 1. PCR ¥ &
Cycle Pure Kit 2lifb )5 , 2% 2 gAY TRE A RS
A R R AT o



AR AR

—480— CHINESE JOURNAL OF FOOD HYGIENE 2024 4E58 36 55 4 1)
1 PCRGIWIT I FI BN 551
Table 1 PCR primers and reaction conditions

EIRZERS SlYFA(5 —3") PCR % i 4 1

ple-F cCCETCCAGTTCTCCGLC 94 °C 5 min;94 °C 40 5,50 °C 1 min,72 °C 1 min,30 & ;72 CIEM 10 min
ple-R CTCCCGTGTCTCCCCATC

hbIA-F CGTGTACTACGTGTACCT

" 94 °C 5 min;94 °C 40'5,50 °C 1 min,72 °C 1 min, 30 AMEFF ;72 CLEM 10 min
hbIA-R GGACCTGATGAAAAACCT
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DNA identification of PCR amplification results of plc and hblA genes
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Table 2 Homology analysis of nucleic acid and amino acid of
ple and hblA gene of Bacillus cereus

Or B RN R BV LB /% Y BRI S S R LR %

HIH
- A LR Wil IR

ple 93.4~100.0 95.4~100.0 93.2~100 95.1~100.0
hlbA 93.1~100.0 97.5~100.0 93.0~99.9 97.5~100.0

W ra: S H RIS = 4 AT E 97-27 #k (NC 005957) Fil AT Hakam £k
(NC 008600) ; 7% JH 2 JfL #F B Ames ¥k (NC 003997) il Sterne ¥k
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Figure 2 Comparative analysis of amino acid sequence of ple gene
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95 NC004722 B.cereus ATCC 14579
A B.cereus Yueyang-4
95
100 A B.cereus Yueyang-3
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42 A B.cereus Yueyang-16
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96
70 A B.cereus Yueyang-8
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A B.cereus Yueyang-13
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Figure 3 plc gene evolution tree analysis
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ATCC14579 1
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97-27 1
Q1
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Yueyang-1 1
Yueyang-2 1
Yueyang-3 1
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Yueyang-6 1
Yueyang-7 1
Yueyang-10 1
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ATCC14579
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97-27

Ql
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P4 hbIA B[R & LR X 1L 43 #r
Figure 4 Comparative analysis of amino acid sequence of hbIA gene

3 itig WA 22 00 - A 2 I A AR D — AR P 2O

WA 2 AT AT 9L 28 LA TR R O s 4 2 AT W LR B A MK #E R R A O
WAERAVER A BN A ERAR G AR, R 7 IH 2 MR TR SR ) SR AR T X AR &
GEEMIIRM,ENE TR E", RiIERMGHE  FRBURTE; IR 2 S 2F R R A I A AR
Se AN R 1, A% 48 B 30 AR 0 20 T 43 28 T 125 280 0k — BB U AR RE A HLUFR
HAEAT X 5 % e R, = HESRYE LA Y5 GenBank ™Y 2% R AR AR L, DI BHOK B




2014—2019 4 {F FH 7 £ I 5 A 28 AT B 1 1L 2R holA 5 BENR B C ple 3L PRURRAE 20 i —— G = L 55

—483—

88

87 NC011969 B.cereus Q1
80 A B.cereus Yueyang-10
80 A B.cereus Yueyang-5
99 A B.cereus Yueyang-7

99

NC003909 B.cereus ATCC 10987

A B.cereus Yueyang-6

NC004722 B.cereus ATCC 14579

A\ B.cereus Yueyang-1

Ll 105 A\ B.cereus Yueyang-2
100 A
100 B.cereus Yueyang-3
100 A B cereus Yueyang-4
NCO008600 B.thuringiensis Al Hakam
NC006274 B.cereus E33L
61 ]_: AE017225 B.anthracis Sterne
72 NC003997 B.anthracis Ames

NCO005957 B.thuringiensis 97-27

Bl 5 hblA 3k R HE AL 2 B

Figure 5 hblA gene evolution tree analysis
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1E 93. 6%~100. 0%, X F WA 3C 3 15 3] 1) 5 AF 2F
JHL AT B8R I 2= 4 2F AT TR L R JE 2F M AT I 1Y ple
hbIA 33 1 A 56 B[] 51 AR L 3 5 i N A B 95 45
REAR—F,

ple FE PR HE AR A 43 B 45 0 5 HAZ R I 51 ]
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ATCC 10987(NC 003909 ) 7F 4H fk 2 b 73 =2 1M 2% 5 &
FHT 2308 o
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