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Abstract

Whole genome sequencing analysis was performed on a previously isolated Bacillus cereus strain
from a hospital environment. Comparative genomic analyses including COG, GO, KEGG pathway an-
notation, CAZy, TCDB, and CARD were conducted to annotate functional genes. Results showed that
the genome size of this B. cereus strain (Z]J4) is 584,719,145 bp, containing 6063 coding DNA se-
quences (CDS), 107 tRNA genes, and 45 rRNA genes. The average gene length was 809.19 bp, with
six plasmids identified. The GC content of intergenic regions was 16.09%. 14 genomic islands were
detected, 10 located on the chromosome and 4 on plasmids. 124 carbohydrate-active enzyme genes
were revealed through CAZy database analysis. TCDB annotation identified 948 transporter genes
classified into seven categories. 353 antibiotic resistance genes across 11 classes were predicted by
CARD software. KEGG pathway analysis detected 13 secretion system-related genes, predominantly
in the Sec-SRP pathway, with fewer in the Tat pathway. Conclusion: The Bacillus cereus strain iso-
lated from the medical environment exhibits strong adaptability, hemolytic activity, complex pro-
tein expression regulation mechanisms, and a high abundance of antibiotic resistance genes, mak-
ing them prone to causing nosocomial secondary infections.
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1. 518

A 2 £ 14 B4 B (Bacillus cereus group) fE F AR F4 i U2 AFLE AP 7 B 22 R4 B R AR JE 2 AT R
WA ZF AT TR AN 95 2 4 S FOFF BRT [ 1] o R 20 FRUMF BT AT AR 20 1 10 B AR IR, KB — 2 1.8~7.8 pm, 3
JE— & 0.2~2.0 um, AKIEEEREZ 4°C~50C, F@dKIEE B 30°C, A& R (NaCl)yu Bl —k
& 0%~9% [2] [3]. HIERH A ZEf Rt s (IR pH DA A IAEE K 1A IR SR A 52 1k, DA bl o 2
FEFF R TR A B LE AR TR b A o)z, TRIEIE N, Sy 0. %K. K. CLRTCHHESIY)
B i R X S B R, EEE T ATE SR R 2 AP R BL[4]-[6] . MERE ZEAAT B A0 S0 M ST e —
FAVBURR R EERS L, X EEBUE R R AR T, S RIIANSBIR[T] [8]. S PSR ZE AT B A1
BREGBUAMEA S, BIHAT AL, DURMESFE SR B 0 8 R O IR S S R R A % IRLEER
SIS G E FUEFAE B )55 (1 f BRI B™ B U, G R — B AL S . S BRI 41 [9] [10]

ST WA ZE AT R 1A DS FELE & D RRN R BT R AR B DL AN, (H PR T B 8E R RAE SCHIE FLE A
RARZ, ARSI B 70 B T PR B rh B R S A AT B (35 A O, A AR IRHE DU 2 L. S
Je T AE S0 M R 2 AT 3 BT 51 R B LR B A T R SRS . S AT B T PR R R
SR BT AR B, i e oA B AR A B

2. ¥RlAEE
2.1. SCIGTEHK
I I 45314 2% T 355 PP EURE 43 B9 487 3 5 2 10— MRS BE 2F T AT 1 24,
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2.2. PHERRIES R RURBAEISEGH

Ko A A BEN B 10 mL NB ks IR rh, PR 597 12 hs 5535 )5 AN 800 pl B &5 L,
3000 rpm B> 3min, % _EiE, B 500 uL PBS %% 2~3 ¥R, FfJa MITEH NN 4% 8 1mL, 4CHE
i %; 3000 rpm &0 3min, % EiE; BEJE RIUTE PRI 2%/% 8 500 uL, 4°CiE 1h; 3000 rpm
B0 3min, fEH 20%, 50%, 80%, 100% ZEEHf:EEML/K, AR izK 10 min, 3000 rpm 5.0 3 min; A
THEEB S OWE 2~3 K, LEEWIEO G, 25 3, 0 200 uL 100%40 T B 4°C it E 30 min, FFH 3 R
JSM-7800F 32 it FiL 5% JEM-2100 43 H7E A 2 P AT B BT 420 T 245 FH 25 R ARRALE

2.3, HicHiIZ R

FIFH NAOH. HCL. Fr& R R4 AR pH (5~10) ) NB 55 7- 5 4 1 234 AT 7 M52 . FHAEN
SE I [R] BEAS I OD600 WL YEE, 22l ZEFAF B 204 7EARTE pH FIIZE K HIZR . K im b 5 s e 2F 1
FFE, HU5 pL BRI B & 8N 0.3%F1 0.5%) LB £ 775 PAR g, IEJE 30°CIE IR R 746 i
WEEFR, WSS RE 28 H AT B (19K 3 (Swimming) A3 5 (Swarming) A 18 0 5%

Vo ARSI < 9 A S IR R 2R R R RIS VR B T s e~ b, BB PBS XK, T 28°C
MRS, WA K i i A .

2.4. EFEL DNA R HL R

Hi#E Vazyme FastPure Bacteria DNA Isolation Mini Kit DC103 i B H 2 BV ZJ4 JE[K4H DNA, it
AT HLERAS I . R 2N 16S rDNA J:[K 38 FH 51 #7338 47 16S rDNA J7 %1 PCR ¥4 . 3 & R (/A F: 50 ul)
IR ddH,0, 16 ul; 31% 8F, 2pul; 5% U1492R, 2 pul;: 2 x Rapid Taq Master Mix, 25.0 ul; ik DNA,
5ul; T PCRAY L, #EFEF 95CHIAYE, 5min; 95CAE, 50 sec; 58°CiBk, 20 sec; 72°CiEfd,
40 sec; 35 MEH: 72°CHEMH, 5 min. ¥ PCR WA AL . # DNA M 745 R A\ 3] NCBI /it k47
AR, FIH mega #2E(version 11)iE47 HEAL R 4 2

25 £EEBNF

Wb R R BAA S, ISR R RS AR VIR IR A Rl AT 2 B I, R P45 58 COG.
GO. KEGG #%/#r T H. CAZy. TCDB. CARD #:4TX%FEb /0y, SRAGHH N JER A A5 .

3. BZREHh
3.1 HEESLEEER

HRTEASE R AT RANE 2)4 WIKEOR, BALAG, RIETE, WRAEHE, WEARUREE
SRR AS A T LU Y Z)4 AR M BE A TS N = RS54, JA A AR/ BEE s 3 A T DLER L 5 Z04
(I ST AT 25 D FPIR R R RE AN i (14 1)

3.2 MEAEKHMEREIMESRMESLEE

RABAHEEAR pH (5~10)AEKAEM, LK Zg@nE 2(A), 4 pH 78 7 4R 234 A KRS &
If. 4 pH £ 6.0 LUF B 4B A2 2P A, 1104 pH 7E 7 BL BB ZJ4 BA pH =7 B A KRR, 1)
ATDABREE A K. ST AR R B Z04 & — P AN TN R () T o [ B 122 B PP 22 A KIITE 0~6 h BF, b3k
KIATE 6~18 h I, FasE B KWIZE 18~24 h s}, 24 h 2 Ja ik N2

30°CH R IEFE, WIEE 2(B) AT LLE HiZEAE 0.3%35 I8 (19 LB “FEHuIE 7R 5 vh Wl b K, 78 0.5%35 5
LB “Fh gt rh A KA P22, &1 2(C)rh 4l 234 7T LA AB W T, 35 W40 T8 e 0% 1A AR i B g 48 9 3,
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BAEMIIRE. Hml i) Eisma — S g(K 2(D), RYIHF 234 R4 P aTae S A w xR
SE, JF HAEW A M A

Figure 1. Morphological characteristics of Bacillus cereus strain ZJ4 revealed by electron microscopy. (A) Transmission elec-
tron microscopy (TEM) image of ZJ4; (B) Scanning electron microscopy (SEM) image of ZJ4
1. WEHEZFIAATE 204 ERESHHE. (A) 24 BB FEBREKR(TEM); (B) 2)4 3B FREMKEER(SEM)

A 1.5-

- pH10
104 & pH9
<o 4 pHs
S p
3 ¥ pH7
[a]
O 0.54 + pH6

Figure 2. Growth characteristics, motility, and hemolytic activity of bacterial strain ZJ4. (A)
Growth curves of ZJ4 under different pH conditions; (B) Swarming ability assay of ZJ4; (C) Swim-
ming ability determination of ZJ4; (D) Hemolytic activity analysis of ZJ4

E 2. 4E 204 £ KN BRI IIEMSE . (A) RE pH FHT 214 B9 KHH%;
(B) Z)4 JEENRENMM; (C) ZI4 JkhRESIME ; (D) Z)4 iRIMIEME ST 4

3.3. 16S rDNA FFFIEL 3t 5L i B S R

16S rDNA FE[X PCR 4 343l - 45 B B /R 4l 18 24 16S rDNA K/NA 1457 bp (4] 3(A)). BELHT 45 B 3%
HIZH A 234 5 2TM-6. BC-1. JY2 BEFEZFHIAT 18 R 2008 KRB (14 3(B)).
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HQ833023.1 Bacillus cereus strain JY2 16S ribosomal RNA gene partial sequence
4|——|: HQ833025.1 Bacillus cereus strain JY7 16S ribosomal RNA gene partial sequence
1 ON000553.1 Bacillus cereus strain 2TM-6 16S ribosomal RNA gene partial sequence

MW559475.1 Bacillus sp. (in: Bacteria) strain 298 16S ribosomal RNA gene partial sequence
OR594229.1 Bacillus tropicus strain HR59 18S ribosomal RNA gene partial sequence

OR392980.1 Bacillus sp. (in: firmicutes) strain nts-12 16S ribosomal RNA gene partial sequence

OR392989.1 Bacillus sp. (in: firmicutes) strain nts-21 16S ribosomal RNA gene partial sequence

OR392962.1 Bacillus sp. (in: firmicutes) strain nrh-17 16S ribosomal RNA gene partial sequence

OR392982.1 Bacillus sp. (in: firmicutes) strain nts-14 18S ribosomal RNA gene partial sequence:

OR392988 1 Bacillus sp. (in: firmicutes) strain nts-20 16S ribosomal RNA gene partial sequence
2

MG371987.1 Bacillus sp. (in: Bacteria) strain CO-3 16S ribosomal RNA gene partial sequence
OR392985.1 Bacillus sp. (in: firmicutes) strain nts-17 16S ribosomal RNA gene partial sequence
ON000579 1 Bacillus tropicus strain 8TM-12 18S ribosomal RNA gene partial sequence
Becmus cereus ZJ4 16S rDNA

5 ON000559.1 Bacillus tropicus strain 3TM-4 16S ribosomal RNA gene partial sequence
JX544748.1 Bacillus cereus strain CP1 16S ribosomal RNA gene partial sequence
50 MH569447.1 Bacterium strain GIm17 16S ribosomal RNA gene partial sequence
99 MH569425.1 Bacillus sp. (in: Bacteria) strain GIm17 16S ribosomal RNA gene partial sequence
——

KYB49402 1 Bacillus anthracis strain ES-9 16S ribosomal RNA gene partial sequence

4 ]_': 0Q103381.1 Bacillus cereus strain BXC26 16S ribosomal RNA gene partial sequence
28 MT921732.1 Bacillus cereus strain DPBS059 16S ribosomal RNA gene partial sequence

(A) (B)

Figure 3. Molecular identification and phylogenetic analysis of strain ZJ4 using 16S rDNA gene. (A) Agarose gel electropho-
resis of PCR-amplified 16S rDNA fragment; (B) Phylogenetic tree constructed by neighbor-joining method

3. ZJ4 ¥k 165 IDNA EELESRKZ LB HH. (A) 16S IDNA PCR i HF=4R ImAS VR AR B KBl ; (B) &F
PEEEMEM R SR

34, BEFRAESERENFIH

G LRI &5 3 R 234 (F 3R 20 K /Ny 584,719,145 bp, 4w DNA 741(CDS) A& 6063 1>, &
107 4~ tRNA J:[A], 45 4~ rRNA ZE[Hl. 7£ COG 732K, DhReR A IR R 2 A 1136 Ff. fEIEFKAE
AN A ¢ DNA P, BRI COG 4 R R IR i ia AR, &4 365 MEREE[H . 7E GO yEREH,
Y ZH R AR ) 2329 MR, T IhRER L E LR 3304 NEEA, FHAMEA 2973 AN BRI B E L RIEY)
HFERAIY . KEGG BRI, f 2471 NEF B EES] 42 > KEGG Rh@EsgH . T2 R,
WEE AT, MRS, RS ITh e R 24 F 14 MERA S, ok BF 10 4,
kL A 44, kS iR B R 222 4.

il 4(A) s Z34 75 CAZymes HERE i 2 KR KL G IERRE, A 47 AR, OO 21,
32 NI, BEEOKIREE, 28 MR, SIS LR, 16 NIER, DL ZHERMES, 1R, Bt 204 B
KA G VIEGIE KBRS N 124 4>, I8 4B)Fs 234 B A B2, BiEEO RN E PR
EZWRESFZEN, 412 /l\%l, HUCtk A R Eh i B, 280 MR, WIEEAH, 65 &
K ¥z A, 37 NMEE, %6 Z)4 #HaE A IE 948 MNER . i 24 55 K T 2 SR 3R W H 44 353 4>
25K (] 4(C)), A T RIS BRI R WA REIAER . RERRAERSEIERW M. ik
B 12 PR RIZE B P AR 2T B/ N BRI S50, 45 SRR WA 28 R B 0 DR A R S0 A 3R T 24 2 ot o
4. ¥1ig

AW T I8 43 B ORI T ik 204 J& TS FE SR AUAT TR &, SIS 28 AT I 2TM-6 SR 2K R
i, 7E 0.3%I IR LB “PAUE = A KORES I, BA W IMTEY:, 16SrDNA K/ 1457 bp. I Hlumina
FIEL 7 ¥ PacBio 25 & AT A 3L R 245 B 7R 204 IWEE R4 K /N 584,719,145 bp, 4w DNA J7%1(CDS)
2 6063 1>, ixX 5 IR A FC R Bk GW-01 [11]15E K 20K /N 5,244,145 bp, FL4wfid 5314 ANFEEH, 7%
DR 2H 55 43 Mt v 234 S5 BRI 20 rp S TR0 21 1 AR DG BRI 4 5 14 /l\, 10 M F 294 Jeta R dl b, 4 AN R
g, L& gmid i RGN 222 A JERIA 5 1T iE s R 5P A Pk LA R AR I 1 e vk
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Figure 4. Functional genome annotation analysis of strain ZJ4. (A) Annotation profile of carbohydrate-active enzymes (CA-
Zymes); (B) Functional classification of transport proteins; (C) Distribution characteristics of antibiotic resistance genes

B 4. 204 EIRINBEERLBF RS, (A) BKUEMELEIRSH; (B) BEEARGMENX; (C) MEEMY
ERE S HEHE

FHIR[12], AEETE SRR o, 3507 B VE R R A 5 (W — AN, b Ji B (1) B PR 2 &8 G B 1 [13]
FEDR A 5 2 20 T G A i I R KRR 3R A3 10 DNA B, BRI PLA RPUHERN, &%
[14]. FEBESTIREE K HAME AP AR 3R AT Re 2 O 4l iR 234 BERI4H 5 B SOS maSiof, f itk
HHAGSHMERM . HAh, XL S bR R AT REEAS RIS ) TS B R, DL R
B B B R85 38 o7 1 A kAL 1 [15] .

ik COG. GO. KEGG %5##i i 5¢ B 1 D BevERe 5 LU 70 Hr ol A A 2 FAT 18 294 B B AR
WASE A 2T Re . kKA SV MR R B & I 124 A, TR R 2 I 2 BoK AL & ) IR
(Carbohydrate Esterases, CEs) 47 N:[Al; #iz iR ALK, 948 NMER, HiiERRZ 2ahFiz &l
(Primary Active Transporters)f5 412 A& . i 253 K 3L 353 A4, 4300 11 28, o d7 by Al R I TE K
R 2541 4E 2 (macrolide antibiotic)f 52 NJER, AT WIS FE ZEFEAT B ZJ4 Refe it 2 Mpi A &= 2Bt
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itk

HT AT AR SIEBR6F PR 7 A B rH A 2 AT R 0 1 A IS 2D ey, AT SRR 28 AT 18 42 D2 T 34
SR AT B AT AE [P AT o X35 ) BRI EATIR AN BT, BRATTRERS R A1 Hh 5 R0 e 25 £
FFE B 70 R 7 AN TR AR AR RS o K R B g ik DR e o 2 AR AT o B2 3 B o P s SR PR AT a1, i
ORI b HAT S (A AL AR T 7 [16]-[19] « 3 i 4= FE DR 200 Fr DL ARAR 230#, 9 i ice 2 A
FE BT B A AE R BEAR SC IR Al o 30— 20 S1E R BR Y7 PR vh o SR G 075 e OGNt B 7 345
M a8, B RE R AL

5 RE

XA FE, Ok BT R B BRI A 2 AL T 2 DR LA L S A s R AR SE BT RRCR ()
R AW FEHL D BERE o TN ARREBE XA 2 AT 81 (1 Bl SRS S2 LT R 7 T o i 88 ] R A LA AL
SEE B IR — D IRNARTT, W A R AR A L R BUm AL, LR Bk b R 55 73 5 R At
s KCPERE AL, A2 S BERAR IR 2 AT R T T ARGE A 2 AT IR R R D RE, 456 HL A
K BPRSESLIR BT AU VR R YO IR ST BRI RE o AR 2 AT BRI 245 V1 DA e R 2 ST R A T —
PEUA FRARPEOCHE AR SCHF . AT DA AR R EAEF 2 FRUAT B 00 A8 B 7 R85 1075 G 1) LA Hh ik

EHEWH

AR R BEM BT 2024 F R 2AABUH NI R, THSS: 2024CXXL127. ZHE &S F R R
SERIH, THSS: 2024AH051415, BINFBER RS TH, TH%S: 2024qd43.
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