LA 4R (Jiangsu J.of Agr.Sci.) ,2026,42(2) :373-381
http: //jsnyxb.jaas.ac.cn 373

BIEAE, X FE AR AU THALC M AR S A PRI 2 [ 0] YTl 244, 2026,42(2) :373-381.
doi ;:10.3969/j.issn. 1000-4440.2026.02.016

M EF A E JHA1C I E SR = EEAENF 17

HAGE 2 &, @ K, =KL, & ¥, xRE' 4%xE', k', £ F
(LA RERE, B BRI 4300705 2.8 fe KT /R B A BRAF WIdE FRH 434008)

E. AU BTN B S A AR ZE AT B JTHA1C BB e S e RN A AT R G0, AN R IR 56
5K THALC RN 7= S IEMERR P | 4 2 (AR A BK B W 0 A A P v BOBOR € i 1B 45 R IE 52, JH41C
BIRRAE S BT R RK, FREEPERE /A4 R R THALC TR LA 7= A Wk Bl AP 4 RBFAIRE 1, & IR ALy 45
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Antibacterial characteristics and genome sequencing analysis of Bacillus li-
cheniformis JH41C
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WANG Dingfa', CHENG Lei'
(1. Wuhan Academy of Agricultural Sciences, Wuhan 430070, China; 2.Hubei Huada Real Science & Technology Co., Lid., Jingzhou 434008, China)

b

Abstract: This study presents a comprehensive analysis of the antimicrobial characteristics and whole genome of Ba-
cillus licheniformis strain JH41C. The results of in vitro antimicrobial tests demonstrated that JH41C strain exhibited signifi-
cant inhibitory effects against Closiridium perfringens and Staphylococcus aureus. High-performance liquid chromatography
analysis confirmed that the JH41C strain produced bacitracin. The strain also secreted amylase and cellulase. The 4 450 351
bp genome (G+C content 45.94% ) contained 4 387 predicted protein-coding genes, including numerous metabolic genes
and biosynthetic gene clusters for antibiotics such as penicillins and cephalosporins. Twelve secondary-metabolite clusters
were identified, four of which correspond to non-ribosomal peptide synthetase pathways. These findings highlight the poten-
tial of JH41C for pathogen control, enhanced feed utilization, and antibiotic substitution, offering a theoretical basis for
next-generation microecological agents.
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MR AR SC 00 S ARAE, (S AE (C18 41) I [ 24
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1.2 KEAH*
1.2.1  ARshap X% RO ZE AT B JH41C 1
7% 24 h R B DI WEW ., RN R A 1 2
LIRS EH R,
122 ZHgAEEEn T AEK (1) AT
L, WHL T mL WIEA RN 100 mL & KR
FEWGRFREA  ERE N 37 °C F# A 160 1/min
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FH0.45 wm AHIERTIEE A, (2) WAH A% 5
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FIBE R 0 22 R VR TR A W, R B L A1 170 £ 90 ¢

555 : 185; FE IR K 40 C, Ke U K~ 254 nm, #EAE
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1.2.3  FEp AR MK SERFT R JH41C 774
()RR 18 | o I | 1 2% 25 1 9 6 ) R U 3k an
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- 1 mol/L NaCl PER 15 min , I &7 I BB B A%, ¥F
i AR P A £ 4 Z B Y e
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1.2.5 4Ax%E@n 5 DNAFEAFKSKE, R
2% =A% Nanopore 38 &8 0 7 F & K AR P8R
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TPt —2P 0 E A B R A A5 0
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T, ASASFE N H /%) tRNA rRNA FRAIME AL
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Fig.1

In vitro antimicrobial activity of Bacillus licheniformis

strain JH41C

s N
0 T =

S HEE(mV)
=

G
)
T

f

' 4 — )

2.5 5.0

7.5 ‘ 10.0 12.5 15.0
I ) (min)

A AT BRERARMETR; B A2 FAT B JHA1C BRI
B2 HERKESIERNER

Fig.2 Chromatograms of solutions of bacitracin
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B3 ARFAEFE JHAC FEEETRENEESER
Fig.3

Identification of digestive enzyme production perfor-

mance of Bacillus licheniformis JH41C
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Fig.5 Phylogenetic tree of Bacillus licheniformis strain JH41C
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Fig.6 Statistical results of GO functional annotation classification for Bacillus licheniformis strain JH41C
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Fig.7 Statistical results of COG functional annotation classification for Bacillus licheniformis strain JH41C

253 KEGG #aeEB MACFAITR JHAIC Witk 30h HRRAUIASC RN B i 2 A7 877 4, 53
LA 2 606 DI TE KEGG @t P E &, W AU Hafd AL moRk A& O ACie 14 {5 SAL 21 40
AR AL PRI (G BACEE M R LR R A SEBRFIA DR G 5 A0 B IR B AR Ui
G NPT 6 KIFEVUR (K 8) . 7EXLEIIREST sk 1 Al LI, JH41C Wik SHUEREY AN

LIS



378 H K&k 2% W

2026 4F 5 42 5 2 W)

RIS E AT ko00261 (FRLABEIE LY A ) (ko00311

HERAKARZAEYE ) ko00332( 5k /ML
YA IR (ko00333 ( R L E AW 4 A k00401 (B
IR LY 4 ) (ko00521 (BE T2 Z AW 4 H0) .
ko00524CHi R . RIFR R MK KERAEWE ) |

ko01051 (ZISBRAMGIL) , GV Sz
PEAHSE A AT ko00980 ( A (212 P450 Xt AN
AR ) | ko00982 (25 18 -4 M 5 3 P450) |
ko02010( ABC #4123 1) . ko03320 ( %1k 4y Fil {4 184 5
YIaE 2 5588 )

BRRACH

kA s |

A AR

FESW]

Btrm i

S SERRA

HABRRERR A

B B S A

DR R A AR
AR ML & W1
HAb A A 5
SN 1 A= R A A
i fF AL H]

LLE

il

PrBe ey RS
HEHFEE

5 B Ak

I K
fF595 5
(&5 FRFEAEH
Elifjiokugin
iz 5o A
AR S50
MR - A
itz sl
HHLRS
RIERGE
WA FR S
HIL RS
Het R 50
FUEZEN
T
PRBEIE
S A A
JEEIE R I
FEYLI 7
feyps-4nnE |
FEYe: 751k U
GaREMEG
BT ||
YIRS
DAL |
P R |
2P bi |
25 |

uuuw - HUUWH HH UUUQHHUUHHU UUH

0 200

1 1
400 600 800 1000

SR (1)

B8 Etk JH4IC B KEGG EBH L GITER
Fig.8 Classification statistics of KEGG annotation pathway of strain JH41C

254 FEFARM  KEGG MERTERA G , W Mk
IKAEE PG R BE T HEAT 310 A, 2% 1O T (0 45 4 D)

HIRMERG (Y . EC3.2.1.4) A SRBETE (40 5 . EC3.2.
1.20 EC3.2.1.21) , B 1B 5 THHER /i,



HE A MR AT T THALC B 1 K 4 5 DR 0 ) 43 A

379

F1 MRFATE JHAC BRPRE . RRAREREXER
Table 1 The genes related to antibacterial and immune regulatory pathways in Bacillus licheniformis strain JH41C
KEGG i i
4 =} ol
H5 o n ) eIl HA D KEGG 3£/ 1D
1 ko00261  FfL PN LR A ¥ A B JH41C_02406 . JH41C_03689 . JH41C_01757, K00133, K05375. K00958, K00215 .
JH41C_01876 . JH41C_01877 .JH41C_01875, K01714 K00928
JH41C_03837 . JH41C_00494  JHA1C_04044
JH41C_03080
2 ko00311 HEZEMLMEZEAYER JH41C_00414 JH41C_00316 K01060 ,K17836
3 ko00332 ki EM YA L JH41C_02155 . JH41C_02156 . JH41C_01500, K00147 .K00931
JH41C_01501
4 ko00333 RELEAEYA I JH41C_01886 . JH41C_03683 . JH41C_03166, K00645 K00059 ,K00208
JH41C_00356 . JH41C_01586 . JH41C_01346 .
JH41C_01787 . JH41C_02854 . JH41C_02179 .
JH41C_01788 . JH41C_02863
5 ko00401 HrEFEHEAEMAINR JH41C_02419 JH41C_02418 JH41C_02394  K00812 K04517 .K00817
6 ko00521 HEFFHELEMANK JH41C_04371 . JH41C_01664 . JH41C_02680 . K01835 K00010.K01092 K00845
JH41C_01059
7 ko00524 FiEE KIWERMEKKEZEYWEM  JH41C_02680 K00845
8  ko01051 ZEWEHEAEYEIR JH41GC_02032 JH41C_00527 . JH41C_00526  K00615
9 ko00982 ZW{Li-4H i e Z P450 JH41C_01915 JH41C_03971 K00274 . K00121
10 ko00980 4NHIEaZE P450 X 4MEH 5 AL JH41C_03971 K00121
11 ko03320 “AALYBEHAIGE MsTE Z R 5 S %  JH41C_00338 . JH41C_01057 .JH41C_01175, KO01897 .K00864
JH41C_03087
12 ko02010 ABC #iz#E 1 JHA1C_01184 &5 118 HEH K23059 %
255 REBRKR#MEHERMELARAKL H an- BRARTE £ A5 VR 7 T e v e 1 FAN AL

HSMASH 7£ 2 T H X s ACEF AT I THA1C B BRI
BRI ZH EAT RGARI = ) b, S350t 12 STk
AR5 AR G BE DR, TR L3R 2, A X 2B AL A
A 4 A5 R DR A A AR RLE (AR B BE
H93% ~ 100%) ; 3 > 5 T I K R 7 09 A AL EE Sy
60% ~86% ; 7351 1 A FEIHFE B AR E S T I E A& DL
PC  AEAHABLRE AT 7% 5 AR 4 4> BE D72 DU O fig 4%
B TR AR . HAT 0T S A P 5 0
# (Fengycin) M4 % ( Lichenysin) FT 5 ik ( Bacitra-
cin) FULZS B B B R (Bacillibactin ) S i AR A% B
RIBAR (NRPS) & B, MO B AFFE T I I &
4] B AR | Amyloliquecidin GF610 S5 TR N P W R
FASCHERIE .

3 e

HOA AT BRI g — TR 2 T8 4 K™
A W 2 R A U ) 45 2B T, BT B IR Rl AR
Pris e o (W2 W58 (S MR RS A 1 3% i 7
FISE) HIRE ST o ASHIFFE I 3 %) A 2 AT 127 JHA1C
FETRR (000 B AP % 4 Ak DXL 2 AR A, #7173

F2 MRFEAE JHAIC BHOR R =9 & KX EE %
Table 2 Gene clusters related to secondary metabolite biosynthesis

in Bacillus licheniformis strain JH41C

R em woe s e EEEE
1 FEHAKT Amyloliquecidin GF610 923 26
2 AR Z Ik HACER 100 4
3 mMSEHUER TEHER 7 44
4 HERHIE Schizokinen 60 29
5 AREAEAZIL FIRR 86 41
6 il - - 17
7 HE3EREIGH - - 50
8 AREMHAZ K LAREVIN 100 43
9 EbEAMEMEE - - 14
10 F_fkAHE WAL 66 21
11 AEEERZ K [N 100 46
12 ERK - 20

— R AAEAE B A AL 3 R % AR TE N B Amyloliquecidin
GF610 ,Schizokinen & JL4E— W 304

3.1 MESHES
MoK ZEAUAT B JHA1C AR S0 e G 56 25 2R 3
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IHIEH . P AR RS 3 W B R 1 &
SRR R — MK ZEARAT TR A I T P A i Ik
VG MRS X7 R TR TR 1 A B AR SR A
PERTS, PG ba 323 6 45 S 2 W, e ARk v 8 i
AT T AT DA B 7 RO EAR T 5 1
KUY RO AR, &R AR A ERE TR
SNYIPIR I E AT | RS- T BB A R
EPOl R E A E N JHALC BT AR
Ji T A VR P 2R W1 R B T TR Y 45 AR Thig, UL
FIAEE PSR D, RE %38 1 40 o JAL o 1) A Kok
AeFr Y 8 A I A AT I D R A

WEAR  ASHIF 5 38 3 755 0B AH £ 3 vk A e B
JH41C TEARRERE 7 LEAT BRI, X2 — R ISP ik,
RERS T Z2Fp 22 P PHME T A0 A K, e B BRI IR
L EA B A E R IR A 7 A i — 4
HY9% T THALC WERRBYMEBE ), HAE RS 5]
U PR A T e R
3.2 FERMEBESHT

JHA1C TRAREA B0 1 7 A VE M il | £F 4t 3= il
MIRE T, Je R AL L7 4 R WA 7 T, R WX R PR g
B A S50 Ak v I 21 A 25 v R 1 T A D
XTI A3 K S )RR R B S
X REASIE 4 S DR R AR i s A1

Kok itk 2T 4 2 B A ) B 7 4 Rl — 2P 9T 1
i JF B3 & &7 5o 2 48 25 B DI RE TR ik
(e S D BE & A5 7 IS T — ik, At
FEH N FRPE T 42 th B o i A 4E 2 e 0 i
A ZEAMUAT R, I L e B & 7 il T 2 64T T F
et AN, B 4 5 DRI B R B R R N
FH €1 4 2 e ik 2k DR 19 2 0 % T AR ) 6 1) F 58 A,
FETR AFERRS 2021 el v I8 47 24 2 i v A $
1RGSR WT RS ) R A3 ol 2 S T W i
B EEOR AR A K P B AEETE T A IR
PEAF 2 Z BN e AR b A A K IR B R b
FLA IS 2E A GRDRL R SRR P Y RS R
FW | L1 e B S W A 7 N R SUsR A iz B AE
[,
3.3 2ERFEAST

ABFFEIE 3 X JHA1C R 17 4 FE D 4l D 5
RPN, HHE R 2H K /N4 450 351 bp, G+C S H
45. 949 FEFUN 24 3874 g KL A, BE 4 T fig

HRE R IR JHA1C MR R FE mRlhiseE, 5
KA G Wiz PR | S0 R e i AR AH G 1
BRI L X 5 HARTER (27 4L R K7 1 1 RE
TIAESF. M, it KEGG il i VE R, & B JH41C
PR AR 22 L R B SR TE S H0AE A 0 JR 6 1) il
M A B F R R AR R RE S EShUE
EEYA BRI AE At — S T
JHA1C EARAEDT B 5T A BT T Y T
34 REKRBF=MEBEXEEES T

T antiSMASH {4 X% JHA1C B #E 1 IR AR
W= A B AR T 3B, B AT ] 12 MR K
TR 6 B G EE R %, e 4 AN R (A
F FERE FFRECRLAS i B g2 R ) il i IR
IR G B, XY i HA T ISP e A
R 2 B B B 1 A K LR TE S g aE b &
FETEEAE,

4 %

L LR MACEF fUFT IR THALC IR ARRS 7 < e
FEAR B < o (0 B 4 PR B WL i A A, LR
A A AT RARAIRE ST o 4z R 2 I e R0 S RE E R
ERATLAE T JHALC TE bR AT F o AR R A2
IRGACH =5 AR SEHE %

AAAIBIETE A LA — AL THALC B B A 7
FEFRE T, LA 5 FEAE ARDREAS IR b 8 B ACR . e
b, Al DL o 5 D TR T Bt — 2 2 i R Ak
JH41C BRI PACH ™ W & g Ae, P A R
ISE FHA LB i 25 81 15, O 78 A0 BB M 9 4 T
PR R TT S

SE Lk
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