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Abstract: Bacillus cereus is a common foodborne pathogen. Accidently eating food
contaminated by B. cereus will cause vomiting or diarrhea, and even death in severe cases. In
the present study, a B. cereus strain was isolated from spoiled rice by streak culture. The
pathogenicity and drug resistance of the isolated strain were analyzed by drug sensitivity test
and PCR amplification of virulence-associated gene respectively. Cultures of the purified strain
were injected intraperitoneally into mice to examine their effects on intestinal
immunity-associated factors and gut microbial communities, to provide references for the
pathogenic mechanism and medication guidance of these spoilage microorganisms. The results
showed that the isolated B. cereus strain was sensitive to norfloxacin, nitrofurantoin,
tetracycline, minocycline, ciprofloxacin, spectinomycin, clindamycin, erythrocin,
clarithromycin, chloramphenicol, levofloxacin, and vancomycin, but resistant to bactrim,
oxacillin and penicillin G. The strain carries seven virulence-associated genes including 4blA,
hblC, hbID, nheA, nheB, nheC and entFM, which are involved in diarrhea-causing toxins
production. After infecting mice, the isolated B. cereus strain was found to cause diarrhea in
mice, and the expression levels of immunoglobulins and inflammatory factors in the intestinal
mucosae of the challenged mice were significantly up-regulated. Gut microbiome analysis
showed that the composition of gut microbial community in mice changed after infection with
B. cereus. The abundance of the uncultured bacterium f Muribaculaceae in Bacteroidetes,
which is a marker of body health, was significantly decreased. On the other hand, the abundance
of uncultured bacterium f Enterobacteriaceae, which is an opportunistic pathogen in
Proteobacteria and a marker of dysbacteriosis, was significantly increased and was significantly
positively correlated with the concentrations of IgM and IgG. These results showed that the
pathogenic B. cereus carrying diarrhea type virulence-associated gene can activate the immune
system by altering the composition of gut microbiota upon infection.

Keywords: Bacillus cereus; drug resistance; virulence-associated genes; intestinal mucosal
immunity; gut microbiota
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Table 1 Primers used for amplifying the virulence-
associated genes

Genes Primer sequence (5'—3") Length
(bp)

nheA nheA-F TACGCTAAGGAGGGGA 480
nheA-R GTTTTTATTGCTTCATCGGCT

nheB  nheB-F CTATCAGCACTTATGGCAG 754
nheB-R ACTCCTAGCGGTGTTCC

nheC  nheC-F CGGTAGTGATTGCTGGG 564
nheC-R CAGCATTCGTACTTGCCAA

hbl4A  hblA-F TGCAGATGTTGATGCCGAT 301
hblA-R ATGCCACTGCGTGGACATAT

hbIC  hblC-F AATGGTCATCGGAACTATAT 731
hblC-R CTCGCTGTTCTGCTGTTAAT

hbID  hblD-F AATCAAGAGCTGTCACGAAT 411

hblD-R CACCAATTGACCATGCTAAT
entFM entFM-F ATGAAAAAAGTAATTTGCAGG

entFM-R TTAGTATGCTTTTGTGTAACC
Ces Ces-F GGTGACACATTATCATATAAGGTG 1271

Ces-R GTAAGCGAACCTGTCTGTAACAACA

1269
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J2 K6 3 (bivariate) 7 A6 W HAR SC M2 5 B 2
P<0.05 R ZEFA G FE L.
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Figure 1 [Isolation and identification of Bacillus

cereus strain M9. A: Colony morphology. B: Gram
stain (1 000x).
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23 HEEHHEEEFRLEE nhed. nheB. nheC Fl entFM 7 Fi# JJ A 5 3
i1t PCR FLARXS Py 8 MO BEAEZFAIAT [, A4 Ces FEM . RIL, %W MRl 74

WA 8 AT AR N BRI, ISR SRS E R, HBURME, A2 EREw

W 2 Fios, E S hbid . hbIC, hbID . .

R2 BEEKRNGYERMRE

Table 2 Antimicrobial susceptibility test of the isolated strains

Name of drugs Sensitivity standard for diameter of inhibition Diameter of inhibition zone (mm)  Sensitivity
Resistant (R) Intermediate (I) Sensitive (S)
Bactrim <10 10-15 >16 0 R
Norfloxacin <12 13-16 >17 20 S
Nitrofurantoin <14 15-16 >17 20 S
Oxacillin <10 11-12 >13 0 R
Tetracycline <14 15-18 >19 30 S
Minocycline <14 15-18 >19 32 S
Ciprofloxacin <15 16-20 >21 31 S
Spectinomycin <14 15-17 >18 23 S
Penicillin G <28 - >29 10 R
Clindamycin <14 15-20 >21 26 S
Erythrocin <13 14-22 >23 31 S
Clarithromycin <13 14-17 >18 35 S
Chloramphenicol <12 13-17 >18 26 S
Levofloxacin <13 14-16 >17 32 S
Vancomycin <14 - >15 22 S
M1234 M1234 M12 34 M1234
C D
bp
2 001 20
biC 1 9(8) ] 9 entFFM
35 hblD g
10 1
M1234 M1234 M1234 M1234
E F G H
bp bp bp bp
2 000 2 000 2 000 2 000 Ces
1 000 1000 > 1000 1000 ¢
;88 nheA 288 el g(s)g nheC g(s)g
250 250 250 250
100 100 100 100

&2 HEHEFETESSHKMINSHEEIEERLE  A: hbld. B: hbIC. C: hbID. D: entFM. E: nheA.
F: nheB.G: nheC.H: Ces. M: DL2000 DNA marker; 1-3: HIIELHE; 4. BHPEXTHE

Figure 2 Identification of the virulence-associated genes in the isolated Bacillus cereus strain M9. A: hbiA.
B: hbIC. C: hblID. D: entFM. E: nheA. F: nheB. G: nheC. H: Ces. M: DL2000 DNA marker; Lanes 1-3: Target
gene; Lane 4: Negative control.

http://journals.im.ac.cn/cjben



BT % — AR SRR S B BRI S S X E T AR R R

24 RIFMEHEFEAFEENRERDE  ZFRAT RGO/ UGBS W e Bk E 1

TR FIARAE R F 2k K-SR . 25 SR I 4 fros,
JRYGRIGHAN], BRI BT SXREAM L, RN B AL e B R

%, (BYEEYE 5 d A MBS ER . 4558
WK 3 s, /NS AR ?flJTﬁlﬁﬁé
ZEFIFFE 16S rRNA JE[H B, IEIHRYL R
FEZEFAT TR TE /N B A LU P AR B T 8 B
25 RIFEMEHEFEFES/DRAFERS
& HE % E F R E 0

308 Ao A EDK O 92 R B 05 (ELTS A )l e s A

bpMI

IgA [(30.94i3.24) vs. (18.76+3.36) ng/g]. IgG
[(69.04£15.12) vs. (35.97+6.850 ng/g)]Fl IgM
[(18.84+2.94) vs. (9.68+2.45) ng/g|Feik/K -1y
#F L (P<0.05), AR MR T IL-2
[(22.50+2.71) vs. (12.81+2.37) ng/g]. IL-6
[(23.00+2.37) vs. (14.44+1.57) ng/g]fl TNF-a
[(27.17£2.50) vs. (14.40+2.16) ng/g]ft 7 ik KT

MO 1"2 3 4§

2345 bp

16S rRNA
16S rRNA gene

3 EHFRTES S M9 E/J\LLL%QH_,\':F' BIEFE A WHEZEAT R/ NR S A P R
Ff. M: DL5000 DNA marker; s 2. M 3. By 4. il 5. M. B: BEREESE AT IR BRI BLAS
HAIHFRIEFL. M: DL5000 DNA marker; 0': FHPEXFRE; 17 JH; 22 B, 3. & 4. Mfi; 5. 1%

Figure 3 Colonization of the isolated Bacillus cereus strain M9 in various tissues of the infected mice. A: B.
cereus colonization in each tissue of mice in the infected group. M: DL5000 DNA marker; 1: Liver; 2: Spleen;
3: Stomach; 4: Lung; 5: Intestinal. B: B. cereus colonization in each tissue of mice in the control group. M:
DL5000 DNA marker; 0': Positive control; 1’: Liver; 2': Spleen; 3': Stomach; 4": Lung; 5': Intestinal.

100 -
o 80 == VA
&
£
g 60 -
E ﬁ*** ok
5 40 Hkw **' N )
g [
ol i i ﬁ ﬁ
(= -_ ﬁli ] ] | \i |
lgA 1gM 1gG 1L-2 IL-6  IL-1p  TNF-a

4 BEHFHETESEK M BZRENRBHRRREXEFOZE  *.
*%, P<0.001. MB: XJHE4L; MA: R4l

Figure 4 Effect of the isolated Bacillus cereus strain M9 on intestinal mucosal immunity-associated factors
in mice. *: P<0.05; **: P<0.01; ***: P<0.001. MB: Control; MA: Infected group.

P<0.05; **: P<0.01;
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% F A P<0.05), IL-1B [(19.24+6.30) vs.
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400 _ 11168 =
MB MA MB MA —-1.278 70 -0.63935 0.00000 070760 1.41520
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C D Fa .o . Taxonomic composition
5 Similarit Taxa
1.0 015 ._0 32 — imrarty MB4 I Others
— 7 E\m:l 1l W oTU21
i ) MB3 I 1 | -8%%
5 é MB 1 [ OTUI12
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2 5 MA2] . | ru
E- 5 5 MALI . | gﬁ‘g
708 % MBI | B orus
’ MA 4 OTU1
4 MA 5 || -
= MA = MB
MB MA MB MA

5 AREENRFEERR o SN P SHEMSH

A: Chaol ¥5%%. B: ACE #8%¢(. C: Simpson

#5%0. D: Shannon #5%%. E: NMDS 4. F: UPGMA BPIRIE. MB: X HE41; MA: 4]
Figure 5 Alpha and beta diversity analysis of gut bacterial communities in different groups of mice. A:
Chaol index. B: ACE index. C: Simpson index. D: Shannon index. E: NMDS analysis. F: UPGMA

dendrogram. MB: Control; MA: Infected group.
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Figure 6 Effect of the isolated Bacillus cereus strain M9 treatment on gut microbial composition in mice. A:
Histogram of species abundances at the phylum level. B: Histogram of species abundances at the genus level.
C: Bacteria with significant differences in abundance at the phylum level. *: P<0.05. D: Bacteria with

significant differences in abundance at the genus level. *: P<0.05, **: P<0.01. E: Analysis of LEfSe
differences among different groups of mouse gut microbial communities. LDA>2.0, P<0.05.
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S 38 TR A A LA B ] (Bacteroidetes) B9 =F B
B R (15.32%8.87% vs. 34.46%+6.68%),
Epsilonbacteracota =& it # T 1#(0.79%+0.85%
vs. 3.46%+2.21%), ZZJE TR ](Proteobacteria)F
JE I 2 T (24.91%+22.51% vs. 6.92%+4.53%)
(Kl 6C).

TEJR KV E s Ar 5 R aniEl 6B, &HEA
el 257 &, BG4 H uncultured
bacterium f Muribaculaceae & T [%(13.44%=
4.43% vs. 22.48%+12.22%), uncultured bacterium
f Enterobacteriaceae =F & i} & FF 51 (19.48%+
25.81% vs. 0.39%0.71%) (&l 6D), IRFF g
(Helicobacter) . XUE K J& (Bifidobacterium) .
T} 85 JE B8 1 & (Erysipelatoclostridium) Fl1 2% 1T
J& (Phascolarctobacterium){E X M 2H /)N B 1B
WP EERT 1% (3.46%+4.21%, 2.77%=*
4.22%, 2.55%%3.86%, 1.41%+1.30%), i 7E/EY
HApHFEENT 1% (0.79%+0.85%, 0.89%+
1.88%, 0.54%+0.46%, 0.75%+0.68%) .

i1} LEfSe 73 #7 /G 25 A0S BRALAE i 22 1)
YD 2H BN 25 Sk, S5 R NI 6E iR, 7EI 1K
S b B G 2 T R 2H 22 () TG 22 S B O AR
Yo TEJE K LG ] AR B4 2 ) 22 5 0 2
MAEYA 15 4~ (LDA>2.0, P<0.05), X}
(MB) H A X 3= B 55 e 1) 26 R AP 2 A8 IR
J& (Neisseria) . X% AT & J& (Gordonibacter) .
I ¥F 1 J&@ (Enterorhabdus) . 13 & Ik K A
J& (Alloprevotella) . 3L H W J& (Rikenella) .

uncultured bacterium f Clostridiales vadinBB60
group . Parvibacter FIZEFT I J& (Faecalibaculum),

TE 3% Gy 41 (MA) R T 3 B A v 1 22 R b 2
ANNHTH JE (Acinetobacter) . ASF356 ., H 22 g
(Planifilum) . 2% 5.} 18 J& (Brevundimonas) |

Calditerricola. uncultured bacterium o Bacillales

F1 Prevotellaceae UCG_003
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28 NEBHEEFESHHMIREREXETF
BIHE K4

il RDA 43#7 T WA ZE B e A G+ 5
TR ZH (MA) AT X BE 4 (MB) /)N 51U 18 B B =2 [
PIFDCHE . anEl 7TA FoR, BH%H I G AH G A
T XA MRV ) R R R R 39.05%, XA
PR PR &5 48 52 ) dee R 1) B 8 A O TR AR R
TNF-a (R*=0.34) . IgA (R*=0.32) .1L-6 (R*=0.24) .
IgM (R*=0.24)F1 IgG (R*=0.18), {HAHEHEIEA
23 (P>0.05), i Pearson AH 3¢ 2 05 I/ #r
P 2H /N U 1B TR TR 1) R0 E AKF B 5 I b R A
PR OC I FHRAR AR DG, anE R, 7ETK
- (8 7B), ZZIE | ] (Proteobacteria) 5 IgM #l
IgG & i % IEAH54(P<0.05). 7£ )& /K F- E(F 70),
uncultured_bacterium_f Enterobacteriaceae 5 IgM
il 1gG &2 B & IF M K& (P<0.05), W&
(Allobaculum)5 1gG 2 i 3 7 1 52(P<0.05).
3 b

U B ZF AR T T AR % 3 B0 Al e T
Pz RPN AR T R 4 B P Ry Jk
Yy, TE D RE Gk A A TR YL RE I S BUTE
FET-P, SRR 2R B R B R 2 LUR S A
M Ay =5 BEE R A I , 43 931) Fh IR Y AH 5%
£ Z (HBL, NHE, CYTK)FINKnt 2 2 5| #2071,
B A DG DRI ARG DN 235 R 3R WY A B 5 il 73 25 1
FEZF AT TR 1Y 5E 1M DGR hblA  hbIC
hbID . nheA. nheB. nheC. entFM, A%
Ces LN, FUIZIEHEZEMFFHE BTG, H
HASRBEORTE . X /DR TR ge, R
NRIERE ISR 5 d 224 bR BUR TS AR,
5T R I 85 707 1 85 ) AH DGR R 2R RUAH AT 5
HEEGE 10 d, JERBBIET-AMMEA, T4
T3 50 1 A0 B 5 ) A 1L S 2143 B 1 L U s
AT TR I #5707 A 3 0 A DG I — B, B DA
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Figure 7 Correlation analysis between mouse gut microbiota and intestinal mucosal immunity-associated
factors. A: RDA analysis. B: Pearson’s correlation analysis of bacteria with the abundance higher than 1% in
the phylum level and intestinal mucosal immunity-associated factors. C: Pearson’s correlation analysis of
bacteria with the abundance higher than 1% in the genus level and intestinal mucosal immunity-associated

factors. *: P<0.05, **: P<0.01, ***: P<0.001.
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oh R T A ZE AT TR R S5 /N BRI 1B TR R
M4, A5 R 3R WY RS AE ZE AT RS S, VR
WiBWEH o ZFHERABEZl, RIS ZE
T B IF R 5 1R W 18 T 2 AR 0 A2 4k
R R G 21 /N BRI X BE A /N BROAH B, TR
BER A L A T84k e 4/ R 18 T8
BE A BUFT B 1] (Bacteroidetes) H ) uncultured
bacterium_f Muribaculaceae )8 =F 4 B % T
¥, uncultured bacterium f Muribaculaceae J&
— AP TE /N BB A v R 2 R R A A R R L R
O =F B T B S MR R A A — Rk
PEDP D FEARBE I, SRR ZE AT R R e
FRER N, RPN FE ZE AT R 5 AL
PRAE TR RS

Fioh, MIE WM a R BoR, YA
AR YL 5, A8 B 1R 1] (Proteobacteria)
o FF B B 40 B uncultured bacterium f
Enterobacteriaceae F & .3 Fhi& . WF5RaR,
TIE ]2 B iE T —J8dE ek . BA T
FORPER R WY, H T AT B
fat B LR S, 0l L 30 ) g R R AR L i 1
BEFAETE BT 1R M TR Y, B AR T 45 1
PN WA ZEHUAT USRS S, DRSS I U B T
BERA, IR I IE ARG, WAL ™
A ST S0 388 3 A5 A O PR 0 g 1 TR A 1Y) O
W T 25 SRR W, TR T T4 uncultured
bacterium_f Enterobacteriaceae 5 IgM # IgG £
i EAESE, RIHUATE R R85 S5 R LA
GPE RN, B2 T .
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BHREPUERBUR, XIEFHEH . R PT Ak
MEGR G HABIRM M, RSN B
ERIFR, HEuRtEm, Ao EWHE.
WEsi R BN, ZWBgYs, D B
W ETEER, BB R AL, 8
FHUFF ] (Bacteroidetes) it s HLAA fat B 1) 3%
£ uncultured bacterium f Muribaculaceae 7
Bap /N E £ BT, MBI
(Proteobacteria) H it A idi & T 1 2% 98 1) 2% 11 3
JA B uncultured bacterium f Enterobacteriaceae
FEREI G WAMUAR R G215 & &
JEE NG, 85 D A R R
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