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Tab. 1

Main components of Zanthoxylum armatum DC. essential oil

F5 eEwaR oy F CAS & 5 kB mAaR o3 F CAS &
1 S JRRIR P iR CyH;,0, 301-00-8 31 23 CH;30 10385-78-1
2 KRR R Ci5H360, 628-97-7 32 AR CyoHis0 562-74-3
3 EAWREEZRE Cy7Hy0, 29548-30-9 33 HEhER CypH30 470-82-6
4 TR R Ci6H3,0, 1957-10-3 34 FHMEE CyoHyO 106-24-1
5 AEMER Ci6H300, 373499 35 AAThEE CpH;g0 98-55-5
6 ke CisHyy 544-76-3 36 JifERE CiyH;30 78-70-6
7 RBAEREE C;sHyO 40716-66-3 37 KA CioH;60 21391980
8 M Ci5Hy0 1209-71-8 38 PRl CoH,c0 5392-40-5
9 s A e CisHy O 639-99-6 39 HE 4 IR I CioH;60 515-004
10 LR C5sHy O 106-28-5 40 R CioH,60 89-81-6
11 FHTHER Cy5Hy, 0 1139-30-6 41 4-ZIEIE AR CoH,,0, 7786-61-0
12 pMEEM CisH,, 33880-83-0 42 HEB C,H,0 322822
13 o-BER i CisHy, 17699-14-8 43 HiEEE C,oH,,0 536-60-7
14 ARG CisHy 6753-98-6 44 I CoH,, 0 99490
15 y-FERME CsHy, 1460-97-5 45 [E AR CoH,,0 4180-23-8
16 d-FHinE CisHy, 483-76-1 46 MiEEE CoH,0 122032
17 (E)-#& CysHyy 118-65-0 47 T CoH, O 124-19-6
18 A CisHyy 87-44-5 48 [ CoH,, 0 500-02-7
19 (2)-KIEAFIEH Ci2Hy 0, 77318480 49 AR CioHig 28634-89-1
20  ZERJSERR C12Hy 0, 11595-7 50  XEE CoHyg 3779-61-1
21 ZMREM g C1,Hy 0, 105-87-3 51 ke CioHys 338741-5
22 EXE CioHp, 04 90-244 52 SN CioHyg 586-62-9
23 o-FAVIE C,Hy 0, 80-26-2 53 kR CoHye 138-86-3
24 LTk AR R C;,H;50, 35670930 54 AR CoHye 123353
25 /W CyoH;30, 502476 55 ol CioHig 99-86-5
26 HIEEIET-F Cy HpO 112-129 56 S CioHe 99-85-4
27 R WE CpH,,0, 103264 57 KEM CoHye 99-83-2
28 M E CioH;50 29803-81-4 58 ks CoHyg 79-92-5
29 B CyoH;g0 16721-38-3 59 XtEfERR CioHyy 99-87-6
30 (E)-4A-fukaEs CioH;30 15537-55-0 60 % C,oHg 91-20-3
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GO “ 5k H , A& Ay #i # 4rF I ie a2
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24 (don binding) /N3 F-45 4 (small molecule bind-
ing) LT IhEE, M AW (intracellular ) | 4 g J5T
(cytoplasm) 55 4 L 2H 73 A7 ¢, 3 L4E985 K AR Wy AR g8
R P T A5 IRE S AN A AL DA R T
PR AR It 815 40 T A= Wk B FOE i R v
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HE— 20X VA ZFEFLAT BT Y 133 DTSR RE Uik
17 KEGG AR5 p% 5 2 20 #7142 HEA4 10 8 1Y 3%
EEG T K 2(b) ], RS 0N T 5
FAOCYETERE s M VE FT T RE 5 IR i A=) &
%, ( biosynthesis of secondary metabolites) | 2 % 2 %)
H: 96 h( biosynthesis of amino acids) A [F] FR5E T
At A= 94X 8 ( microbial metabolism in diverse envi-
ronments ) 55 " ACHHE FEAT G, 78 = AT
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Interaction network of Zanthoxylum armatum DC. essential oil compounds-potential targets

CB-DOCK2 FEZMR S5 # KU A T 401X 43, B2 &
AERY 2D PEIDLIE 5, BIEl S AT, KR 4h A Rk
PIINFEETF —20.93 kI/mol , FHH 45 24 BR2f A it
AIEEERS R PR B OdhA | CarB PurF 4545
AESTHI A —28.88 . —31.81, —31. 81 kJ/mol , 4= WK It
ZFEHES OdhA CarB  PurF 454 6E43 9N —32.23
-29.72, - 31.39 kJ/mol, JZ X ¥ JE BE 5 OdhA |
CarB ., PurF 25 & 68 70 il & - 31.39, - 29.72,
-28. 88 kJ/mol , KUK BE 45 K BE SRR 22X
B e EE 555 OdhA | CarB  PurF AHH.[H] 454 fig 155
5, A — 2D TE s S A 5T T ABURS i & FE BT A W
JIEST P A A O ST

SRtk — 2 o MRS T P o T S %O S R AR B
VRO, S O TS M o> T S5 0 S 25 6
BRE X E A, 2 o T XA EAE KL, &6
3 THEREURS T 6 4 435 4% 0 I8 557, 22 ] 1 A B A FH L
Kl 6, 18 Bife e Xt A 2 O 25 A T AS 21 L 3 i ok
B PSRRI A R LR 3, Bl 6(a) KM, R
KL JCEERERS [F] CarB 1Y) SCHE S IL IR AR 3L GLY 175,
GLU299 J& i A U5 | [ 5 THR173 JE AR $ Y



418 %ol

TRAE LT . FET 4 24 B2 — 73 X0 132 B4 TR PBOKS 1ih B 7 A9 28 ST B0 A ) B L 93

Mt i o
~IgFDR
LGN UL - ©
iR i o 15I
fEE - @
At - 10-
SR R A -
T4 - g
N T - ® g
AR , - o AR
R - . o 1
oKL AT : ° 3 .
S : g o ®
ﬁﬂ%%ﬂ:ﬁ%éﬁé‘ - @ @ o
Forkapsa - @ —9kH
M - ® | ERZEs
IS - & B v
e ‘ - o W sy
004 006 008 010 012 014 o0l6 018
R
(a) CORTHAHT
~1gFDR
W R i . (1)]
2 2
B AR R i
;I‘HE 5
Rl 6
i) - @ 75I
Il W0 SRR
RIS Rt ® 5
®
PR KA ARV AR ° @ -
i 24
2 R A m A AR o ®
z @~
¥ cmmin— g ° . »
ESSEUN TN
008 012 016 020 024 028 032
HEAT

(b) KEGGX i i w5 /0
ARG AR RO R R B BE B, OB Ot R AR R AR A R R R

& 2

PETERD S GO I KEGG 3l 3% 5 &40 07

Fig.2 GO and KEGG pathway enrichment analysis of potential targets
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Fig.3 Interactions network of potential targets
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Tab.2 Topological parameters of interactions Larh
network of core targets
. FEAE 1] 4 $ir
Fo A R X . X
AR S VY S AV 4
1 GuaA 20.0 0.49 1 007. 33 0. 050
2 GltA 14.0 0.31 278.17 0.048
3 PurF 12.0 0.41 168. 83 0. 049
4 GlyA 10.0 0.10 526. 00 0.048
5 CarB 10.0 0.32 304. 50 0. 049
6 odA B0 013 18733 0.048 4 A R S H R0 B TR
7 PdhD 8.0 0.11 157.67 0.048 Fig.4 Interaction network of core targets closely associated
8 FolD 8.0 0.18 508. 33 0. 049 with biofilm formation
THE 4.7 0.07 92.44  0.038
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Fig. 6 Binding model and 2D interactions of Zanthoxylum armatum DC. essential oil compounds with core targets
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Fig.8 Results of biofilm biomass quantification
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Fig. 9 Inhibitory effects of farnesol acetate and trans-farnesol

on swimming and swarming motilities of Bacillus

amyloliquefaciens DY1la
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Tab.4  Inhibitory ratio of farnesol acetate and irans-farnesol on swimming and swarming motilities of Bacillus amyloliquefaciens DY1a
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Study on Antibiofilm Mechanism of Zanthoxylum armatum
Essential Oil Against Bacillus amyloliquefaciens Based on
Network Pharmacology and Molecular Docking

ZHANG Yingfan, LU Xinyu, XIAO Yuhan, YANG Lu, SHEN Guanghui”
( College of Food Science/Key Laboratory of Agro-Products Processing and Nuitritional Health
( Co-Construction by Minisiry and Province) ,Ministry of Agriculture and Rural Affairs ,
Sichuan Agricultural University , Yaan 625014 , China)

Abstract; To elucidate the key antibiofilm components of Zanthoxylum armatum DC. essential oil
(ZAEO) against Bacillus amyloliquefaciens and their associated intracellular mode of action, the
PharmMapper server was used to screen potential targets and these predicated targets were then refined by
genome annotation information, to predict and select the key active components of ZAEO and action
targets involved in antibiofilm. The interaction network between ZAEQ’s active components and potential
targets was constructed by using Cytoscape software. The GO function and KEGG pathway enrichment
analysis were further performed using the String database. The core targets were obtained through
potential target interactions analysis by STITCH database and performed network topology was analysed by
Cytoscape software. Additionally, the CB-DOCK2 web server was used to carry out the molecular docking
between the active components and the core targets. Finally, the in vitro antibiofilm activity of key
components of ZAEO was assessed through culture experiments involving crystal violet staining and
bacterial motility test. The results showed that a total of 21 active ZAEO components, 133 potential
targets and 8 core targets were obtained by network pharmacology analysis. GO enrichment analysis
yielded a total of 17 subcategories, including 6 subcategories related to biological processes, 8
subcategories related to molecular functions, and 3 subcateories related to cellular components. KEGG
pathway enrichment analysis revealed 8 signaling pathways, including secondary metabolite biosynthesis,
amino acid biosynthesis and other pathways. Molecular docking analysis demonstrated that three key
active components, namely uncineol, farnesol acetate and trans-farnesol, exhibited strong binding affinity
to the core target OdhA, CarB and PurF through intermolecular forces such as hydrogen bonds and
hydrophobic interactions, forming stable complex conformation. Furthermore, the in vitro biofilm culture
verification experiment confirmed that the range of 0.32 to 1.28 plL/mL of farnesol acetate and trans-
farnesol displayed significant antibiofilm effects against Bacillus amyloliquefaciens. These results aimed to

provide new technical routes for the intracellular molecular mechanism of the antibiofilm of ZAEO.

Keywords: network pharmacology; molecular docking; biofilm; Zanthoxylum armatum DC. essential

oil; Bacillus amyloliquefaciens
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