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Abstract: The aim of this study was to investigate the target and and molecular mechanism of action
of berberine (BBR) against Staphylococcus aureus (S. aureus) infection. This experiment first screened
common targets of BBR and S. aureus infection based on network pharmacology, constructed a PPI
network, and performed GO/KEGG enrichment analysis. The binding activity of BBR and core
targets was verified through molecular docking. Finally, a mouse infection model was constructed to
observe pathological changes in the liver and spleen using tissue sections, and qPCR was used to
validate the expression levels of the selected target genes’” mRNA. The results showed that: 1) A
total of 109 common target points between BBR and S. awreus were successfully screened. Through
network pharmacology analysis, 251 GO entries and 62 KEGG entries were ultimately obtained,
mainly enriched in the MAPK, PI3K-Akt, and GnRH pathways. Molecular docking results showed
that BBR had good binding energy with six proteins, including Casp3 and Jun, among the intersection
targets. 2) BBR can alleviate liver tissue lesions caused by S. aureus infection; at the same time, it
can significantly upregulate the expression of Casp3 mRNA and Jun mRNA in mouse liver. In
summary, this study preliminarily identified Casp3 and Jun as potential targets for BBR’ s anti-S.
aureus activity. Additionally, a mouse model of S. aureus infection was established to further confirm
that BBR can alleviate liver and spleen lesions by regulating the mRNA expression of Casp3 and Jun.
The findings of this study provide a theoretical basis for the development and application of BBR as an
anti-S. aureus infection drug.
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Tablel Primer sequence
S R 51951 (5—>3") P /bp
Gene GenBank ID Primer sequence Product length
Jun-F NM_010591. 2 GCACATCACCACTACACCGA 127
Jun-R GGGAAGCGTGTTCTGGCTAT
Cdknla-F NM_007669. 5 AGTGTGCCGTTGTCTCTTCG 147
Cdfknla-R CAGACGAAGTTGCCCTCCAG
Esrl-F NM_001302531. 1 GGTGCCCTACTACCTGGAGA 188
Esrl-R CATTGCACACGGCACAGTAG
Src-F NM_001025395. 3 CGGTTACATCCCCAGCAACT 198
Sre-R TTGGCATTGTCGAAGTCGGA
Trp53-F NM_001127233. 1 TGGAGGAGTCACAGTCGGAT 117
Trp53-R CGTCCATGCAGTGAGGTGAT
Casp3-F NM_001284409. 1 CTTCCATAAGAGCACTGGAATGT 183
Casp3-R ACAAAGCTGCTCCTTTTGCTATG
GAPDH-F NM_002046 GAAGGTCGGTGTGAACGGAT 233
GAPDH-R CTCGCTCCTGGAAGATGGTG
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Berberine

1 /NEEFEINS. aureus LR S EE
Fig.1 Venny diagram of the common target of berberine

and S. aureus
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Fig.4 PPI network of berberine and Staphylococcus aureus targets

L AL TTRERHE MR B 1, BURTE SO & AR R P RO 2> 1o TR L6 S JUN L CASP3 SRC Al
ESRL. B35 s AR 506 B R 7 0 80, B AT P00 266 v 17 S T e M AIR T 20 69 L (BT SR J2 T B 32 LAk
P FERE P AT S TP53.CDK4A . CCNA2 F1 CDKNIA . 2 4,95 61 . AT REAR 3 I 45 b iy Al o 22 50 o2, & 1T FT REAE 4
E WA W R R R AR T B0 S A G R T S R A AR T . R P, B A 245 ANXAS CDK1 A CDKNIA
Red nodes. Potentially key regulatory proteins or molecules that play a central role in the onset and progression of disease. Red
nodes in the figure include JUN, CASP3, SRC, and ESR1. Orange nodes. These nodes represent targets directly connected to
red nodes. They may be slightly less important than red nodes in the network, but they are still important interaction partners. In
the figure, orange nodes include TP53, CDK4, CCNA2, and CDKNIA. Yellow nodes. These nodes may represent other
important targets in the network, potentially playing roles in specific biological processes or having indirect interactions with red
and orange nodes. In the figure, yellow nodes include ANXAS5, CDK1, and CDKN1A

B 5 PPI#ZEE = M 45

Fig.5 PPI core target network diagram
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Table 2 Molecular docking information

it H (20 L 4 A g/ (kJsmol ™) ERE e
Item Core targets Binding free energy Combination mode
JINBE B Tp53 —8.0 K05 Tp53 . Jun Ser i A E FlF 43 1] 32 222 AU
Berberine Casp3 g9 AR EAE
) F0 5 Casp3 Fl Esrl 40 &l B A1 D 43 8] 22 222 B K /E H
Cdknla —82 Bl HL% Cdknla W16 C 7R 50 TR AE7E S HAE Ak 6
Esrl —8.8 115 0B R K R LA T
Jun —9.3
Scr —9.1
A

———— i )

Sl e e

A.BBR4rF5 TpS3 & MW H K # HAEH ; B. BBR 20 5 Casp3 2 [ BB /K A BAE T ; C. BBR 4> F 5 Cdknla 25 [ A9 55 7K AH
HAEM;D. BBR M 745 Esrl 8 [ BB KAH AR T E. BBR 2375 Jun 8 1A 8K AR AR T F. BBR 20 15 Sre 2 11 6K A
HAEA .

A. Hydrophobic interactions between BBR molecules and Tp53 protein. B. Hydrophobic interactions between BBR molecules
and Casp3 protein. C. Hydrophobic interactions between BBR molecules and Cdknla protein. D. Hydrophobic interactions
between BBR molecules and Esrl protein. E. Hydrophobic interactions between BBR molecules and Jun protein. F.
Hydrophobic interactions between BBR molecules and Src protein.

E6 HFHELERE

Fig. 6 Molecular docking results
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Table 3 Body mass and organ index of mice (x=s)
WHEH] / . " ;
a5 e S WERE pkde WMENU% WEEUY HEEUY
. . Weight before . . - . .
Group Initial weight Final weight Hepatic index Spleen index Renal index
challenge
NC 19.2240. 16 20.52+1.16 23.20+1.99 6.1240. 39 0.29+0.03 1.224+0.07
MC 20.6040. 22 21.4941.16 19.90+1.59 6.52+0.45 0.3340.11 1.23+0.04
BBR-MC 21.06+1.10 21.32+0.70 19.96+1.28 6.2840.79 0.24+0.03 1.21£0.09

A

A.NCH;B.MCH ;C. BBR-MCH

A. Control group (NC); B. Model control group (MC); C. BBR-treated model control group (BBR-MC)

7 INRIFEREYIE (FRR=50 pm)

Fig. 7 Pathological section of mouse liver (Bar=50 pm)
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B YA TR I . NC 2 /I BRUFF IOE 440 i T 8 v o i
VKA R 1 55 4 HE A 20 A L A R 30 3 W L T
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ANERE MC 20 L 2 HE 5 0 000, JFF 448 i 45 44 3
BT, B0 2 43 A B MC 4l 88 39 55, & W] BBR X S.
aureus H — & W BT i6 97 HOR
2.2.3 BBRX/NEFIE Casp3 . Jun . Trp53. . Esrl .
Src.Cdknla mRNA %% 5% 1) 52 ZRIE S, 5
NC 41 4 b, MC 21 T ik 41 21 Casp3. Trp53 . Esrl,
Cdknla e K- i 2 8, Sre i S KOF .3 F
W, Jun 55 SRR 2% Bl . RIS, auwreus 7] 7
B B 6 MO REE R . SMCH
FHEE , BBR-MC 2/ B E 1 Casp3 5% sk K F- 1 2
R Tum B SRR AR 3 TR

DL b 45 R B BBR Al 3 1 Casp3 F1°F 14
Jun B W6 5% S, aurews B 1 B I JIE 452 03
PR IZ B IE H R B K- o
2.2.4 BBR k5% Mg s 2451 ZiR WK 9,
NC 20 /) BUWUIE 2H 2L 2T 46 | 1 6 SRR 20 B, R AR 52 (B
T2 sl 1 s MC 41708 BRUZT | P 6 A BRI 3, (H B

T AR NC 2H /N B /NG5 A7 B 2 0820 NC 4 A0 ik
ARG A3 A0 F AT MC H TN E % . W S, aureus
J Y T B0 0 R B 40 i 32 B . BBR-MC
2 RS R W, BRI IR & S 1 T AR
MC 41K, B AR /NGS5 MC 44 Bk 2 545 1 NC
/N, BBR-MC A AU AR EA M. 25K 3R
W1 BBR AT LA {5 32 453 14 9 00 D8 v K 42 o

2.2.5 BBRX/NRMNE Casp3 . Jun ., Trp53 . Esrl.
Src.Cdbnla mRNA ¥ 5§ [ 5% Wi 25 B E 10,
5 NC @ A b, MC 21 JLIE 240 21 Casp3 . Esrl mRNA
B SR E M B % EVH Jun ., Trp53 ., Cdknla mRNA
SRk PR E T, 5MCYIM L, BBR-MC 4 /)
BRI UE 2H 20 Casp3 mRNA # 5K F % B2 T,
Jun Esrl .Cdknl mRNA % 55Kk V- 23 F 8. BBR-
MC 4 5 NCH I, Jun . Cdbnla mRNA [ 5% 5 & &
Z T, Casp3 Esrl mRNA#F & FREK AN EE .

4 it it

S. aureus 2 H PR K A LA E WAL A
RIE. BMEHW,S. awreus {358 & FE N AN B 51
K ARAFPE R R I B AN 22— G WA g
R, B TR S S e bk A e, 2 e B A
AHLS. aureus YL E™ . Hrh BBR 32 205 i3



14 U T A T 2 24 B A R 8 58 3 BT /DN BRE BT B B €0 4 Bk IR A 1 0 T BL 021

A B C
1.5
N.S. 49 1.59
w 8 e _ ra—ral . e
25 1.0+ g.e 3 Iel—.a e NS
3 25 g Ly
g % 2 N 2
sE w8 2 ¥ g
SR 0.5 =8 ol
g &Y S s D 0.5
SRS S5 awn
o < 1 = S
0.0- 0- 0.0
C ¢ ¢ @] @] @] (S SN ]
£ S £ S £
2151 Group 2151 Group 215 Group
D . E F
159 fee i R 151
& £ _ .
oS = B2 s
2 E 1.0 w2 067 < £ 104
# 5 i 2 04+ s
< =
37 05 % 5 5 <054
i 4 2 024 S£
O
00 T T OG T OO'
@] O & @] (G O L
€ € s €S
§ § §
2131 Group 4151 Group 415 Group

¥ P<<0.05, A Gt of 2 5 0. P<<0.01, ZFE R o0 P<<0.001, 25 3% oo, P<0.001, 2257tk B3NS, 4T

He. T

*. P<Z0.05, indicates a statistically significant difference; **.

P<20.01, indicates a more pronounced difference; ***. P<C

0.001, indicates a significant difference; ****  P<C0.001, indicates a highly significant difference; NS. Denotes non-

significant. The same as below

8 BULBRERENRFENERE

Fig. 8 Transcription quantity of core target genes in mice liver
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Fig. 10 Transcription quantity of core target gene in mice spleen
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