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Isolation and identification of a Bacillus paranthracis strain
from Chinese giant salamander
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Abstract: [Objective] A bacterial strain likely affiliated with the Bacillus cereus group was isolated from
the ascites of Chinese giant salamander from a giant salamander farm in Shaanxi Province and was
investigated for the biological characteristics. [Methods] The diseased giant salamander was aseptically
dissected, and the samples taken from intestine, ascites, skin and other parts were homogeneously diluted,
separated and purified. A pure strain of suspected B. cereus group bacteria was obtained from the ascites,
which was named SHOU-BCO1. The strain was identified for morphological and staining characteristics,
culture and biochemical characteristics, biofilm formation ability, spore formation, drug susceptibility, and
whole genome sequencing. Based on the sequencing results, average nucleotide identity (ANI), digital
DNA-DNA hybridization (dDDH), multilocus sequence typing (MLST), whole-genome SNP based
clustering and virulence factor analysis were performed. [Results] Strain SHOU-BCO1 is a Gram-positive
bacillus with rough surface, with protease, lecithinase and fibrinolysin activities. It can ferment L-arabinose,
D-ribose, D-xylose and other carbohydrates, and can utilize tryptophan and pyruvate, with strong biofilm
formation ability. Its spore formation rate reached 70.60% in 120 h. The strain was resistant to 15 antibiotics
including penicillin G, cephalothin and vancomycin, and sensitive to 25 antibiotics including piperacillin,
cefazolin and gentamicin. According to biological characteristics combined with ANI, dDDH and
whole-genome SNP based clustering analysis, strain SHOU-BCO01 was identified as B. paranthracis, and
the MLST typing showed that the strain belonged to ST205 sequence type. It contains virulence factors such
as sphingomyelinase, CytK and NheC toxin genes, polysaccharide capsular, PIcR-PapR quorum-sensing
system and type VI secretion system. [Conclusion] B. paranthracis was successfully isolated from the
ascites of Chinese giant salamander, which enriched the data of B. paranthracis.

Keywords: Chinese giant salamander; Bacillus paranthracis; isolation; identification
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Table 1  Sugar metabolism results of strain SHOU-BCO01

Number  Substrates Results Number Substrates Results
0 Negative control - 25 Esculin/ferric citrate +
1 Glycerol + 26 D-salicin -
2 Erythritol - 27 Cellobiose +
3 D-arabinose - 28 D-maltose +
4 L-arabinose + 29 D-lactose -
5 D-ribose + 30 D-melibiose +
6 D-xylose + 31 D-saccharose -
7 L-xylose - 32 D-trehalose dihydrate +
8 D-ribitol - 33 Inulin

9 Methyl-B-D-xylopyranoside - 34 D-melezitose -
10 D-galactose + 35 D-raffinose -
11 D-glucose + 36 Amylum -
12 D-fructose + 37 Glycogen -
13 D-mannose + 38 Xylitol -
14 L-sorbose - 39 D-gentiobiose -
15 L-rhamnose - 40 D-toulon sugar -
16 Dulcitpl - 41 D-(-)-lyxose +
17 Inositol - 42 D-(-)-tagatose -
18 D-mannitol - 43 D-fucose +
19 Sorbitol - 44 L-fucose

20 Methyl-o-D-mannopyranoside - 45 D-arabinitol -
21 Methyl-a-D-glucopyranoside - 46 L-arabinitol -
22 N-acetyl glucosamine - 47 Potassium gluconate -
23 Amygdalin - 48 2-ketogluconate -
24 Arbutin — 49 5-ketogluconate —
+: positive reaction; —: negative reaction.
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1 R RBIRER

Figure 1 Symptoms of dead Chinese giant
salamander. A: epidermal ulcers, exfoliation; B: a
lot of ascites, lesions in the internal organs.

JEHGFRIE, B5I% 24 h J5 A 50— A BRI R 2
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JNIZ R B I IS . AR SHOU-BCO1

E 3 SHOU-BCO1 B94 45 Ih 6k

E 2 SHOU-BCO1 Ky ZSHF1E

Figure 2 The morphology of SHOU-BCO1. A:
SHOU-BCO1 cultured on LB agar plate; B: Gram
staining of SHOU-BCO1 strain. Optical microscope,
100 pixels.

7E MYP BUiE e | 37 °C 5537 24 h G HE7E %
AL (K] 3B), FRRNIZRRA K I T 58 1 5
P 7% J] FE PR SRy 2L A TTE R (K 3B), RN LA
PRAG O B IR Wl 7 A=, BT o fR IR BE R o AR
SHOU-BCO1 7E4- WA~ H I 37 °C 15 5% 24 h
J5 TE OB B R ER (8] 3C), T iZ bk BA &
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Figure 3 The biological function of SHOU-BCO1. A: SHOU-BCO1 cultured on Columbia blood agar plate;
B: SHOU-BCO1 cultured on MYP plate; C: SHOU-BCO1 cultured on milk agar plate.
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Figure 4 Analysis of sugar metabolism and amino acid utilization spectrum of strain SHOU-BCO1 using
API Kit. A: APISOCHB test strip for analyzing sugar metabolism, photographed results 24 h and 48 h after
inoculation with SHOU-BCO1; B: API20E test strip for analyzing amino acid utilization spectrum, and the
photographic results 12 h after inoculation with SHOU-BCO1.
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Table 2 Amino acid utilization spectrum of strain SHOU-BCO01

Codes Substrates Results Codes Substrates Results
NOPG 2-nitrophenyl f-D-galactopyranoside - GEL Gelatin +
ADH Arginine - GLU Glucose +
LDC Lysine - MAN Mannitol -
ODC Ornithine - INO Inositol -
CIT Trisodium citrate dihydrate - SOR Sorbitol -
H2S Sodium thiosulfate - RHA L-rhamnose -
URE Urea - SAC Sucrose -
TDA Tryptophan (0.38 mg/cup) + MEL Melibiose +
IND Tryptophan (0.19 mg/cup) - AMY Amygdalin -
VP Pyruvate + ARA Arabinose +

+: positive reaction; —: negative reaction.
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5 SHOU-BCO1 B4 ¥ B S Y &

Figure 5 The biofilm-forming ability of SHOU-BCO1.
A: biofilm formation of SHOU-BCO1 in TSB
medium; B: adherent biofilm after aspirating the

bacterial suspension; C: crystal violet stained
biofilm of SHOU-BCO1 in TSB medium.
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Figure 6 Determination of sporulation rate. A:
sporulation rate of SHOU-BCO1 cultured in DSM
for 48 h and 120 h. Values shown are means “+”
standard deviations (SDs) of three biological
replicates of sporulation rates, SDs calculates the
dispersion of the three sporulation rates values from
the arithmetic mean; B: strain SHOU-BCO1 cultures
(12, 48, 120 h) were stained with 5% malachite
green and safranine O. Spores and vegetative cells
are stained green and red, respectively. Optical
microscope, 100 pixels.
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R3I HYTHE
Table 3  Antibiotic susceptibility test results

Antibiotics Antibiotics content/tablets Diameter of antibacterial circle/mm  Antibiotic resistance
Peillin G 101U 12 R
Ampicillin 10 pg 11 R
Carbenicillin 100 pg 12 R
Piperacillin/tazobactam 100/10 pg 21 S
Piperacillin 100 pg 18 S
Azlocillin 75 ug 22 S
Oxacillin 1 g 11 I
Amoxicillin/clavulanic acid 20/10 pg 15 R
Amoxicillin 10 pg 13 R
Cefazolin 30 nug 20 S
Cephalothin 30 pg 14 R
Cefoperazone 75 ng 20 I
Ceftriaxone sodium 30 pug 14 I
Ceftazidime 30 ug 13 R
Cefradine 30 ng 23 S
Cefuroxime sodium 30 g 12 R
Streptomycin 10 pg 15 S
Gentamicin 10ug 19 S
Amikacin 30 pug 18 S
Kanamycin 30 ug 19 S
Netilmicin 30 nug 20 S
Tobramycin 10 pg 15 S
Micronomicin sulfate 10 pg 18 S
Tetracycline 30 ug 17 I
Doxycycline 30 pug 20 S
Minocycline 30 ug 15 I
Ciprofloxacin Sug 24 S
Levofloxacin Sug 25 S
Enoxacin 10 pg 20 S
Lomefloxacin 10 pug 22 S
Norfloxacin 10 pg 23 S
Ofloxacin S5ug 22 S
Fleroxacin Sug 17 I
Pefloxacin 10 pg 18 S
Erythromycin 15 pg 25 S
Roxithromycin 15 pg 24 I
Azithromycin 15 ng 14 I
Klaricid 15 ug 20 S
Josamycin 15 pg 19 I
Aboren 15 pg 20 S
Vancomycin 30 pug 14 R
Norvancomycin 30 pug 14 R
Sulfanilamide 300 pg 7 R
Clindamycin 2 ug 21 S
Rifampin Sug 13 R
Polymyxin B 300 IU 8 R
Chloramphenicol 30 pg 23 S
Bacitracin 0.04 IU 7 R
Furazolidone 300 pg 13 R

R: resistant; I: intermediary; S: susceptible.
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Figure 7 Schematic diagram of SHOU-BCO1 genome
extraction electrophoresis. M: marker; lanes 1, 2 and 3
are SHOU-BCO1.

SEEANF RSN

(1) LD BAAE B SRy 145 2k
HIFHEHE, 45 R E/Rwk SHOU-BCO1 %L
PR 1 0 5 — SR PR AR UL AR (5 170 206 bp)Fl—A>
IR BTRL(6 042 bp). PFHEEE 5 7R Yo £ {4 N it
LA I PP R (B A RO R R 1 743 1% Bl B
f& NCBI $4E1%, RIFFHEF~S CP089743
F1 CP089744 >R I il I A v i A% il A 4 2k
D2 bR o T R AR A T SR IR 2 e e, R 4
WAE B 4,

(2) ANI F1 dDDH 43#7: fifi ] FastANI-V1.3
AT ANI; 1E£84534 dDDH (https:/ggde.dsmz.
de/ggde.php). —MIEHL T ANI fH KT 95%3K

2.7.2

%4 SHOU-BCO1 EFAEEKER
Table 4 Basic information of SHOU-BCO01 genome

Feature Chromosome pXOl1
(CP089743) (CP089744)
Size/bp 5170206 6 042
GC content/% 35.53 33.66
Total number of genes 5 325 8
5S rRNA 14 0
16S rRNA 14 0
23S rRNA 14 0
tRNAs 104 0

<l actamicro@im.ac.cn, & 010-64807516

dDDH fHKF 70% 0] LA 2 S — A Fh o 46T
15 B TRRR I AE Wi, W00 1% A R T RE
SRR AAT AR AN TR, TR B Uk IH 2
FFR(10 #8) . BEREZFFIFT (10 #8) . TR a4 274
FFBE(10 #R)FIRI ST ZEFFT B (30 AR)#EA T L4y
Mro 5B E/R, MILRAMUN EE, Ri105
(1R 3% ATE R A ) R I 2F F AT 14 (B. paranthracis)
W 5, (Ftk SHOU-BCO1 B 25 T H [ 5 24 41
R A B P O (CMCO)V IR 77, R 5
CMCC63613)

(3) MLST 437 : SR JH 7 E F AL (glp gk,
ilv, pta, pur. pyc. tpi)iEf7 MLST 43#r, 5%
BIRIZHE N ST205 &, 5 parBA-C21 A #[FH
R HI R, B TC IR L R R A
HoAZ: 5530 28 BRRI I ZF AT IR TP A 13 £k
P& ST26 AU, A i mll e JH 27 60T 127 T2 1k 4R
HATRFER ST B, 8 7 4S9 H Bk ok, fifi
MEGA 10 317 RIS 04, o a s/ hik ik
B, 754 (https://itol.embl.de/)#EA 746 € i . M
MLST ARG EF, AR E RS
R H 2R W B A SRR, HRER
3 ) I 2 FAT T TR R SR S B AR W] 1 93 5
1M MLST J5 56 AT LR T 8l e JE 25 FLAT T 1) 4%
LE(ERIE

XTI NCBI T £ 1 42 &8 240 tk 2 I8 2 fil +
I (B. anthracis, BA). 1 118 BFRUEARE ZF AL 1H
(B. cereus, BC). 622 7= & M
(B. thuringiensis, BT)F1 31 #k &I B IH 2 A1 7
(B. paranthracis, parBA)#Y 4 %E K 41 #E 47 MLST
30T, XTRENE A TR BRI ST BUEAT 41, 45
% 6. BA. BC. BT Hl parBA 4354 231,
714 542 F1 28 PREAERTS T MLST 4324, Hrf BA
I3ARTE ST1-3. ST933. ST2004-2007 4L 8 4~ ST
AU, XILANPHIRIFEA BC. BT Ml parBA
PR RR 1943 A, 3X 16 B0 BA HAG A 59 ST Y5 ST1
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Table 5 The results of comparative analysis of SHOU-BCO1 and related strains “ANI and dDDH”

Query genome Reference genome ANI value/% dDDH/%
CP089743 CP089743 100.00 100.00
CP089743 BAO1-AmesAncestor 95.46 62.30
CP089743 BAO02-Ames 95.47 62.40
CP089743 BAO03-Sterne 95.46 62.30
CP089743 BA04-CDC684 95.43 62.30
CP089743 BA05-A0248 95.48 62.30
CP089743 BA06-H9401 95.45 62.30
CP089743 BA07-BF1 95.47 62.40
CP089743 BA08-A16R 95.45 62.30
CP089743 BA09-A16 95.46 62.30
CP089743 BA10-CZC5 95.46 62.30
CP089743 BCO01-ATCC14579 91.90 45.30
CP089743 BC02-ATCC10987 95.96 66.00
CP089743 BCO03-E33L 95.76 64.00
CP089743 BC04-Ql1 97.91 80.70
CP089743 BC05-B4264 91.83 45.40
CP089743 BC06-AH187 97.74 79.30
CP089743 BC07-G9842 91.56 44.30
CP089743 BC08-AH820 95.51 62.30
CP089743 BC09-03BB102 95.29 61.30
CP089743 BC10-CI 95.61 63.30
CP089743 BT01-97-27 95.61 62.80
CP089743 BT02-Al-Hakam 95.30 61.40
CP089743 BT03-BMB171 91.95 45.40
CP089743 BT04-CT43 91.69 44.70
CP089743 BT05-HD771 91.54 44.30
CP089743 BT06-HD789 91.55 44.30
CP089743 BT07-MC28 90.85 42.70
CP089743 BT08-407 91.71 44.70
CP089743 BT09-HD73 91.64 45.00
CP089743 BT10-IS5056 91.72 44.70
CP089743 parBAO1-TypeStrain 97.21 80.10
CP089743 parBA02-MN1F 97.71 79.30
CP089743 parBA03-CFSANO068816 97.69 79.10
CP089743 parBA04-PR1 96.64 70.80
CP089743 parBA05-BC307 97.72 78.90
CP089743 parBA06-Mn5 98.51 85.80
CP089743 parBA07-MGYG-HGUT02283 98.85 89.50
CP089743 parBA08-16-0193 98.57 86.10
CP089743 parBA09-44088 99.04 92.10
CP089743 parBA10-44107 99.01 91.90
CP089743 parBA11-DE0086 97.87 80.70
CP089743 parBA12-EFR4 97.67 78.70
CP089743 parBA13-C21 99.17 92.60

(1548)
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CP089743 parBA14-43863 97.67 78.90
CP089743 parBA15-ELWA3-3298 97.75 79.50
CP089743 parBA16-43858 98.51 86.10
CP089743 parBA17-M2 97.70 78.90
CP089743 parBA18-DE008S 97.68 78.70
CP089743 parBA19-43921 97.61 78.70
CP089743 parBA20-43848 97.84 80.40
CP089743 parBA21-16-00174 97.66 79.00
CP089743 parBA22-43909 97.65 78.80
CP089743 parBA23-16-00176 97.66 79.10
CP089743 parBA24-1CIS279 97.77 79.50
CP089743 parBA25-16-00221 98.48 86.80
CP089743 parBA26-43889 97.68 78.90
CP089743 parBA27-NCCP15910 98.78 88.30
CP089743 parBA28-MHSD3 97.92 80.80
CP089743 parBA29-A2 97.69 79.10
CP089743 parBA30-NEU1062 96.44 70.40

B. anthracis begins with “BA”; B. cereus begins with “BC”; B. thuringiensis begins with “BT”; B. paranthracis begins with
“parBA”.

Tree scale: 0.01 ———H

BT0O7-MC28 ST158 |
r BTO6-HD789 STl6 1
L{ BTO5-HD771 §T12 1
BCO7-G9842 ST56 1
BT04-CT43 ST10 3
BT03-BMBI71 ST184 1
BCOI-ATCC14579 ST921 1
BT09-HD73 ST8 1
BCO05-B4264 5T89 1
e BCO2-ATCC10987 §T32 1
BCO3-E33L STY908 1
BT02-Al-Hakam ST109 1
BCO09-03BB102 ST 1
BT01-97-27 STII3 1
BC10-CI S§T935 1
BC08-AHS820 ST460 1
BAODT-BF1 ST3 1
BAOI-AmesAncestor ST1 9
parBA11-DE0O086 ST1941 1
[E parBA20-43848 ST266 2
parBA28-MHSD3 X 1
parBA24-1CIS279 ST164 1
parBAO1-TypeStrain ST2117 1
= parBA30-NEU1062 X 1
parBAO4-PR1 ST2588 1
parBAO2-MNIF 5T26 14
parBA15-ELWA3-3298 ST1074 1
parBA09-44088 ST462 1
parBA07-MGYG-HGUTO02283 ST975 I
parBA10-44107 5T45 1
parBA13-C21 ST205 1
CP089743 ST205 1
parBA27-NCCP15910 X 1
parBAOG-Mn3 8T761 1
parBA25-16-00221 ST2104 1
parBA16-43858 ST182 1
parBAOS-16-0193 ST549 1

8 SHOU-BCO1 K HAXITZE PRI MLST 547

Figure 8 MLST analysis of SHOU-BCOI and its related strains. Concatenated sequences for seven genes (glp,
gmk, ilv, pta, pur, pyc, and tpi) were downloaded from the publicly available B. cereus database at pubmlst.org.
Green strip represent B. cereus and B. thuringiensis, pink strip represent B. anthracis, and yellow strip represent
B. paranthracis.
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Table 6 Statistics on MLST typing of Bacillus
cereus group bacteria
ST Type BA
STI 192
ST3 18
ST2 12
ST933 5
ST2004 1
ST2005 1
ST2006 1
ST2007 1
ST26 0
ST266 0
ST1990 0
ST118 0
ST744 0
ST1576 0
ST506 0
ST1956 0
ST8 0
ST56 0
STI15 0
ST16 0
ST23 0
STI10 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

ov}
a
v}
—

parBA

S O O O O O o O
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— W W WL 9O O = W
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whn 9NN WO
—_
)

—_
3

ST206
ST12
ST213
ST25
ST13
ST1006
ST927
ST1148
ST1276
ST1578
ST1582
ST138
ST18
ST168
ST1957
ST1673
ST205 0 8
B. anthracis begins with “BA™; B. cereus begins with “BC”;

B. thuringiensis begins with “BT”; B. paranthracis begins with
“parBA”. Due to limited space, only part of the data is listed.
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[w]
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ST2. ST3 & BA M ST &; BC W% ST
Rk ST26. ST266. ST1990 %5; BT MY ST
®Ik ST8. ST56. ST15. ST16 %%; parBA AL
ST AUk ST26, iXt/Z BC MIPLH: ST #Y,
parBA 9 ST205 B H i H A7 2 #kpakk, Hrk
£ AR AT 23 B Bk SHOU-BCO1 ., 2 ik af )
F i —46 ST Al BC, BT M parBA (1 HR#R
A3 A (Ll ST26., ST8, ST56. STI15 45), X
T U U502 60T T7 9 4 R 56 8] 27K - 19 A
ARIAE B 3k A T v 20 R B 1 A 2 e

(4) &=FEHY SNP R4 K Parsnp
v1.2 X PRI BRI ZF AT T (10 BR) . BEAE 27
FRR(10 #8). 7R & 2R AT B (10 #F)FE] 5 H
AR (30 BR)MEATRFENLL SNP Rt
(K 9). MAFENL SNP KEFH, 4585 7 17
A MLST 20 i 25 A/ [F] L 432§ #k SHOU-BCO1
J& B I AT T . RS 2540 &, Pr
A 2550 B 0 R 5 AH ZE AT R 4 HB R B — A
Koy 3, IF 5 E ZE AT 1A AT AR 3 1
LXK F

(5) ®SIHF . B 11 E 8 % (the
virulence factors database, VFDB)ZEZE (http:/www.
mgc.ac.cn/VFs/main.htm)73 47 SHOU-BCO1 % /]
7. 50k 7, 5HALNRE 2R/ 7 AH H
BZRER S AR EARI, I5HEH
WEE T (SMase); 7 A HeJ% Uk ikt 1) AH & 7 7 K+
ffL4h 22 W (BPS)FI Z W LML s A7 4R IBOHE G 5
J1 TR F 2 1 FF 7 % (bacillibactin) Al 22 1fij 2 [
(IsA); EHREAMIDR L, REH NS
R (CytK)FHEF MM 5 3R (Nhe) 2 FHEER 3 i©
% A PlcR-PapR B 8 &4 i & 4t (PIcR-PapR
quorum sensing) Al VI %Y 73 W & 4 (type VI

secretion system).
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Tree scale: 0.1 ———
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BT02-Al-Hakam
- - - - - - - BT01-97-27

BCO08-AHS820

BA07-BF1

BA10-CZC5

- BA06-H9401

BA04-CDC684
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BAOS-A16R
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BA02-Ames

BAOI-AmesAncestor
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e BC02-ATCC10987 [ |

parBA04-PR1

parBA25-16-00221
parBA16-43858
parBA06-Mn5
parBA08-16-0193
parBA27-NCCP15910
parBA07-MGYG-HGUT02283
parBA09-44088
parBA13-C21
— CP089743
parBA10-44107
BC04-Q1 [ |
parBA20-43848
parBAO1-TypeStrain
parBA11-DE0086
parBA28-MHSD3
parBA15-ELWA3-3298
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parBA26-43889
parBA 14-43863
parBA05-BC307
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parBA29-A2
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9 SHOU-BCO01 REMEXIEGEHREERFE SNP BEH

Figure 9 Whole-genome SNP clustering analysis of SHOU-BCO1 and its related closely related strains.
Green strip represent B. cereus and B. thuringiensis, pink strip represent B. anthracis, and yellow strip
represent B. paranthracis.
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%7 SHOU-BCO01 & 71 E-F
Table 7 Analysis of SHOU-BCO1 virulence factors

VFclass Virulence factors Related genes SHOU-BCO01
Enzyme Sphingomyelinase (SMase) sph orf04582
Immune evasion B. cereus exo-polysaccharide (BPS) bpsC orf00220
Polysaccharide capsule Undetermined orf00216;
orf00217;
orf00218;
orf00219;
orf00226;
orf00229
Iron acquisition Bacillibactin dhbA orf02998
dhbB orf02995
dhbC orf02997
dhbE 0rf02996
dhbF orf02994
IIsA ilsA orf03946
Regulation PIcR-PapR quorum sensing papR orf00144
plcR orf00143
Secretion system Type VIl secretion system - orf03148
- orf03146
essC orf03150
esxB orf03149
esxL orf03145
Toxin Cytotoxin K (hemolysin IV) cytk orf04161
Non-hemolytic enterotoxin (Nhe) nheC orf03428

3 itk

I SRS 2 AT TR A (Bacillus cereus sensu
lato group) EEALFE 21 FP UIAH A9 ZE I BY
Bt QPR , IR F SR i A
R B DL RO KRR RS, — A A2
SRR R R AR ZE AT B SR AR BT
Har e oD R U A3 R B, R
BRI I 0E 1 V5 975 A 56U, A ol — Rl AR
Fge stk . BHETM IR S . 3 Ak E
EREA AR A3 8 L B ROH 2R AT, HE T
BAE 2017 A B IR AE , BT DA i F AR
R Z LS RS SR, IR ZF AT TR
HA LYY G )1 e 2R 1+, GRS

A JHL b 350G 28 AT BT TR A1 B 28 R RS 1
A SCHR R 22 H 2 ] B T8 BT 70 15 Rl % 9 2 4
AR . SR P E ST 20 BUIE AL, X H:
IRESE A S 7 ) VEANAE oY S5 e A5 HitE

ANI 1 dDDH iX 2 Fh i 325 5 9 A%
4R 5144 DNA-DNA %55 (DNA-DNA
hybridization, DDH)H— AR 4. —MiA
HE LR B FHUE S ANI>95% , dDDH>
70%. MLST A& i3 X} 5-10 M5 5L K ) DNA
F Bl 7 X 43 B B AR HEA T 4 40 B O v
BRI FES) 5 MLST %08 1 b i 45 % B A%
BRIy 9 BEAT FERE, B9 9 2 AR AR HE O B A Isf
[ F 25 — 0T g, BV A8 508 R Y 45
PR SRS, A TR T A S5 e R 7Y

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



3628

Yuan Lu et al. | Acta Microbiologica Snica, 2022, 62(9)

Fe R I HESI R P ARk, T XA 7
5| #(sequence type, ST), XF:ASFNAJEEA ST
BIRF-HEFRENZTRITIIGEE ., D
FHF X AR A UEA TAR IS A L . AR5 R
ANI 1 dDDH % %€ 41 B ¥k SHOU-BCO1 J& Tl
BAHZFAUAFE, MLST 708 T ST205 7
AL, BETE MIFRE 2 5 5 R R HJH 2F 1
FFE LA 28 Bk, 40AifE ST26. ST45, ST164.
ST185. ST205, ST266. ST462, ST549, ST761 .
ST975. ST1074. ST1941. ST2104. ST2117.
ST2588 %5 15 Ff ST AU, o Il A JH ZE AT 1
FIPLF ST RIh ST26, A 13 HRE#E, XA~
o WA 2R AT I AL H ST #Y; ST205 RIS
2 HREHE, st A FEAAT G 95 Bk SHOU-
BCO1; I FAY 13 Fh ST AU K54 1 MRE k.

A R A TR T 24 Y R, A ARG L
2k, SSRFURBLERK, B —-ENET, &
] b 3RE G R GE R Al P ARBIR I XT A A
o R 5 K PR — BR R O ZE AR R
SHOU-BCO1 #A 7AW EIE B | 2850 % v S T
0 i . A R BIEH SHOU-BCO1
HA Y R Ee )1, 5 EHE i E 5 2
AT R EARAT S, eAh, X A 2R
Mif 25 3 A, ANt 25 HERE S L B- PN Ik S
Ti i B R IORAT R KSR R 51 258 R
NEAR SHOU-BCO1 Xfilfi bR - ZFp i i E %
B2 R RRm 25, iEHE G, AN,
TR KWW 250 X T8 Sl IR
A EEE L, 810 H /" SHOU-BCO1
B VR &G B W IR I (SMase) . ZWESEIR | ZE AT
[# % (bacillibactin) . KA & 1(1IsA) . HMEEER
(CytK). AE¥# I % 7 % (Nhe) . PlcR-PapR
JEEK N Z2 48 AN VRS 4316 22 4t (type VI secretion
system)3F Z 8 S . SMase JEBEAE ZFHLAT
TR P 200 B R 71 200 i R P B0 P 1 B [
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T, eSO EER . MR T BH L 40 R
BETE R AN AT, S S 2R AT R
J1IHFBY, Bacillibactin F1 TIsA 7E8k8 IR 5
TTMRIFE R, 3 A7 e T 2T B & it B2,
CytK LR, TSIt T, AEEs1K
EREY b EE, SRR AT R N
T, Nhe 776 T R EZHOEFEZEMAT A, 2
T3 ST —, SMase I Nhe 7605 bRp
AR ERER, FEpREY . PlcR-PapR
FF BN 72 0 45 Tl e A 2 MOAF AR PP A [ 4
AN R 3Rk, B UE L AEAT B 38
I A 25 ke 5 EmEAE MDY, Type VI secretion
system BRI E Y EE T, X
PERVAEAFRE I o 2L, A BRI A e e
HhE L REDY, A SE AR SHOU-BCO1 1
PRIEOHR 7, ANREHIWT 0% 15w, (AR
HA A i 2 b 1 7 nT % o A s 20w T
MV FERTBE . X85 1 IR 7 B 40 M vl ol I 22 B0
BLHI IS 3R — 2 525 . AR SCRIHZ B bk
Fr WYL SE G, Pk SHOU- BCO1 2 75 20k
Ji A T B — 2 (R SR I E

ARWFFEXT 7 Bk SHOU-BCO1 43 [H 4
FP 510 2 B 65 Sl 4 A1 B ) R L 2 AR AT B A
fn o ISR R AR R S, AREIYE IR
R 5B 4y B M R AR 2RI I, ARl
PR 5 B 1 A ZF AT PR 200 B R 2 1 o —
SE AN T8 LK Sk I 1 IE ZF A B8 1 43 BT B 41—
SE B S

%3k

[1] RZAE, WS, SCWY, BB, 1Rm. REIEURE M
g 7K TR B 0 S M E S T 2 e A RV E
W B EE ) 2014(7): 108-110.
Wu XX, Wen GL, Wen M, Gong XY, Xu Y. Isolation,
identification and drug sensitivity analysis of
pathogenic Aeromonas hydrophila in giant salamander.



TG | MR, 2022, 62(9)

3629

(8]

Heilongjiang Animal Science and Veterinary Medicine,
2014(7): 108-110. (in Chinese)

EICH, XE, S|ERFE, B, T, HEE, G
Je, A&, KR PR REAT L. KA
274k, 2021, 45(2): 464-472.

Wang WB, Liu P, Dou LL, Wang P, Ning Y, Hui RM,
Feng YL, Li AH, Zhang YB. A survey of Chinese giant
salamander (Andrias davidianus). Acta Hydrobiologica
Snica, 2021, 45(2): 464-472. (in Chinese)

AR, FEAGAT. o R A G e LA B 5
J&. TR ENE, 2014, 41(3): 136-139, 144

Li W, Dong CF. Research progress on pathogens of
infectious disease in China giant salamander (Andrias
davidianus). Guangdong Agricultural Sciences, 2014,
41(3): 136-139, 144. (in Chinese)

Marrollo R, Fazii P, Savini V, D’Antonio D, Astolfi,
Polilli. About the Bacillus cereus group. Internal
Medicine, 2013, 52(5): 649-649.

Yang L, Du J, Lai Q, Zeng R, Ye D, Xu J, Shao Z.
Proposal of nine novel species of the Bacillus cereus
group. International Journal of Systematic &
Evolutionary Microbiology, 2017, 67(8): 2499.
Bukharin O, Perunova N, Andryuschenko S, Ivanova E,
Chainikova 1. Genome sequence announcement of
Bacillus paranthracis strain ICIS-279, isolated from
human intestine. Microbiology Resource Announcements,
2019, 8(44): e00662-19.

Matson M, Anzick S, Feldmann, Martens C, Munster V.
Bacillus paranthracis isolate from blood of fatal Ebola
virus disease case. Pathogens, 2020, 9(6): 475.

Sousa L. Genomic and pathogenicity of a Bacillus
paranthracis isolated from book page
Infection, Genetics and Evolution: Journal of
Molecular Epidemiology and Evolutionary Genetics in
Infectious Diseases, 2021, 92(20): 104867.

Fukuda D, Nolasco-Hipolito C. Draft genome sequence
of Bacillus paranthracis strain DB-4, isolated from

surface.

nukadoko, fermented rice bran for Japanese pickles.
Microbiology Resource Announcements, 2021, 10(40):
e0070521.

UL, AR Ry, B SR I Y 20 B S
K5 aAE. SR RR 2, 2014, 42(6): 109-112.
He SY, Ye H, You L. Isolation and identification of
pathogenic bacteria of gill rot disease from Andrias
davidianus and drug sensitivity test. Guizhou Agricultural
Sciences, 2014, 42(6): 109-112. (in Chinese)

FAAE, BURE, O, AR, e, xR
BRI 25 FLAT AT 010 0 3 08 S H A= W2 S REWIE Y

[13]

[14]

[17]

[19]

TR BHIFSE, 2021, 44(14): 88-92

Wang BT, Quan SJ, Yang WL, Li SS, Lei G, Liu DH.
Isolation and identification of a strain of Bacillus
cereus and study on its biological function. Feed
Research, 2021, 44(14): 88-92. (in Chinese)

s, T, R, WU, A TER BT G AR
AT R EEE. CRURIEARE, 2015, 43(13):
263-266, 312.

Zhang F, Yu Q, Xu Y, Gu M, Yang J. Isolation and
identification of Bacillus cereus in starches. Journal of
Anhui Agricultural Sciences, 2015, 43(13): 263-266,
312. (in Chinese)

Saran S, Isar J, Saxena RK. A modified method for the
detection of microbial proteases on agar plates using
tannic acid. Journal of Biochemical and Biophysical
Methods, 2007, 70(4): 697-699.

Pomerantsev AP, Kalnin KV, Osorio M, Leppla SH.
Phosphatidylcholine-specific phospholipase C and
sphingomyelinase activities in bacteria of the Bacillus
cereus group. Infection and Immunity, 2003, 71(11):
6591-6606.

Peng H, Ford V, Frampton EW, Restaino L, Shelef LA,
Spitz H. Isolation and enumeration of Bacillus cereus
from foods on a novel chromogenic plating medium.
Food Microbiology, 2001, 18(3): 231-238.

REAT, RS2, AAMG. WA ve F A B A T 251 S
APEIE UM DGR . BEAEAE L, 2021, 34(13): 65-69.
Lu Y, Zhu ZJ, Zhu M. Drug resistance of Klebsiella
pneumoniae and its relationship with biofilm formation.
Journal of Medical Information, 2021, 34(13): 65-69.
(in Chinese)

Ehest, ERE, BF K, H/R®R, B8, K, £
fEAR, XISEHl. BEFEZFMIATTE pleR BEPR hfE & HTE
SMRAEMRFRIE BT, ZESRBEE, 2020, 44(2): 116-121.
Wang XJ, Wang DS, Li YF, Feng EL, Pan C, Zhu L,
Wang HL, Liu XK. Biological characteristics of
Bacillus cereus plcR gene nonsense mutant strain.
Military Medical Sciences, 2020, 44(2): 116-121. (in
Chinese)

Liang XD, Zhu J, Zhao ZZ, Zheng F, Zhang EM, Wei
JC, Ji Y, Ji YD. A single nucleotide polymorphism is
involved in regulation of growth and spore formation
of Bacillus anthracis Pasteur II strain. Frontiers in
Cellular and Infection Microbiology, 2017, 7: 270.

Hu Q, Dou MN, Qi HY, Xie XM, Zhuang GQ, Yang
MDetection,
cadmium-resistant bacteria based on PCR-DGGE.
Journal of Environmental Sciences, 2007(9): 1114-1119.

isolation, and identification of

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



3630

Yuan Lu et al. | Acta Microbiologica Snica, 2022, 62(9)

[20]

(21]

[22]

(23]

[27]

Wayne L, Brenner D, Colwell R, Grimont P, Kandler O,
Krichevsky M, Moore L, Moore W, Murray L,
Stackebrandt E. Report of the ad hoc committee on
reconciliation of approaches to bacterial systematics.
International Journal of Systematic Bacteriology, 1987,
37(4): 463-464.

Chun J, Oren A, Ventosa A, Christensen J, Arahal D,
Da C, Rooney A, Yi H, Xu W, De M. Proposed
minimal standards for the use of genome data for the
taxonomy of prokaryotes. International Journal of
Systematic and Evolutionary Microbiology, 2018,
68(1): 461.

Jain C, Rodriguez-R LM, Phillippy AM, Konstantinidis
KT, Aluru S. High-throughput ANI analysis of 90K
prokaryotic genomes reveals clear species boundaries.
Nature communications, 2018, 9(1): 5114.
Meier-Kolthoff JP, Auch AF, Klenk HP, Goker M.
Genome sequence-based species delimitation with
confidence intervals and improved distance functions.
BMC Bioinformatics, 2013, 14: 60.

Goris J, Konstantinidis KT, Klappenbach JA, Coenye T,
Vandamme P, Tiedje JM. DNA-DNA hybridization
values and their relationship to whole-genome sequence
similarities. International Journal of Systematic and
Evolutionary Microbiology, 2007, 57(Pt 1): 81-91.
Richter M, Rossello-Moéra R. Shifting the genomic
gold standard for the prokaryotic species definition.
PNAS, 2009, 106(45): 19126-19131.

Liu Y, Lai QL, Du J, Shao ZZ. Genetic diversity and
population structure of the Bacillus cereus group
bacteria from diverse marine environments. Scientific
Reports, 2017, 7(1): 689.

Diale MO, Kayitesi E, Serepa-Dlamini MH. Genome
In silico and in vitro analysis of the probiotic
properties of a Bacillus
paranthracis strain MHSD3. Frontiers in Genetics,
2021, 12: 672149.

Torres Manno MA, Repizo GD, Magni C, Dunlap CA,
Espariz M. The assessment of leading traits in the
taxonomy of the Bacillus cereus group. Antonie Van

bacterial endophyte,

<l actamicro@im.ac.cn, & 010-64807516

[30]

[32]

[34]

[35]

Leeuwenhoek, 2020, 113(12): 2223-2242.

JAIEER. 2T AR M IR ——AR R T 25 R 8. AR gR AR
A8, 2014(2): 21.

Zhou XH. Bacterial biofilms — a weapon for bacterial
resistance. Chinese Health Care, 2014(2): 21. (in
Chinese)

Doll VM, Ehling-Schulz M, Vogelmann R. Concerted
action of
enterotoxin in pathogenic Bacillus cereus. PLoS One,
2013, 8(4): e61404.

SRESHE, R, PR, EFRL I AR
WEFEE . IV E B IR, 2020(15): 43-47.

Zhang LY, Song LL, Jia WJ, Wang XL. Research
advances of Bacillus anthracis. Heilongjiang Animal
Science and Veterinary Medicine, 2020(15): 43—47. (in
Chinese)

Segond D, Abi Khalil E, Buisson C, Daou N, Kallassy
M, Lereclus D, Arosio P, Bou-Abdallah F, Nielsen Le
Roux C. Iron acquisition in Bacillus cereus: the roles

sphingomyelinase and non-hemolytic

of IlIsA and bacillibactin in exogenous ferritin iron
mobilization. PLOS Pathogens, 2014, 10(2): e1003935.
WHTRL, BRRESE, XA, SRR, BEVLAR. 3 PR
FE 2 FURT TR 4 53 18 2 Bt g ik TR A B0 M A
e E oA Wl s S22k &, 2020. DOL:
10.13200/j.cnki.cjb.003211.

Fan PC, Lu YF, Liu CY, Ma DH, Xue JD. Isolation and
identification of three strains of Bacillus cereus and
detection of gene
pathogenicity. Chinese Journal of Biologicals, 2020.
DOI: 10.13200/j.cnki.cjb.003211 (in Chinese)
Bouillaut L, Perchat S, Arold S, Zorrilla S, Slamti L,
Henry C, Gohar M, Declerck N, Lereclus D. Molecular
basis for group-specific activation of the virulence
regulator PIcR by PapR heptapeptides. Nucleic Acids
Research, 2008, 36(11): 3791-3801.

Winden V, Vincent J, Ummels R, Piersma S, Connie R,
Konstantin V, Bitter W, Houben E. Mycosins are
required for the stabilization of the ESX-1 and ESX-5
type VIl secretion membrane complexes. mBio, 2016,
7(5): e01471-16.

virulence distribution and



