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Abstract: Staphylococcus aureus is a prevalent foodborne pathogen. However, it has exhibited increasing tolerance to
common preservatives. The aim of this study was to analyze new natural preservatives to combat this issue. In this study, sanggenon
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C and D, derived from mulberry trees, were investigated to understand the inhibition mechanisms involved in the cell membrane
biosynthesis of S. aureus by using scanning electron microscopy, quantitative real-time PCR, and parallel reaction monitoring. The
results indicated that the minimum inhibitory concentrations of sanggenon C and sanggenon D against S. aureus were 70.60 pmol-L™
and 17.60 umol-L™', respectively, demonstrating significantly superior efficacy when compared with that of cinnamaldehyde.
Furthermore, sanggenon D disrupted the cell structure and morphology of S. aureus. Notably, sanggenon D exhibited a stronger
inhibitory effect on S. aureus than sanggenon C for the expression of genes and proteins related to phospholipid biosynthesis. In
particular, sanggenon D exerted a more significant inhibitory effect on the expressions of Fab H and CdsA within the phospholipid
synthesis pathway. Based on molecular docking results, the interaction between sanggenon D and PlsX probably involved the
formation of hydrogen bonds at Lys290, Glu233, Gly293, and Ser294, with a greater interaction strength than that of the hydrogen
bond interaction between sanggenon C and PlsX. This mechanism may account for the enhanced inhibitory effect of sanggenon D
when compared with that of sanggenon C. Therefore, sanggenon D holds potential for development as a natural food preservative.
These findings offer a theoretical foundation for the application of sanggenon D as a novel type of natural preservative.
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Table 1 Primer sequences for S. aureus 16S rRNA and genes involved in the phospholipid biosynthesis pathway

Gene Primer-F Primer-R

16S rRNA AGCTCGTGTCGTGAGATGTTG TCGCTGCCCTTTGTATTGTC
fabH GTGTAAAAGCAATCGCTGACG CAACTTTGCCCGTCCCTAA
fabl TAATATGGAAGACTTACGCGGAC GCTTTAGCAACACCCATCACA
fabF GTCGTCCATTCCAAGAAGGTAG TATTGGCACCTCGAGCTTGT
cdsA GGTGGCTTGTTCTGTAGTTTGATA AACGCCGAAATGACGCTTA
plsY ATGGTTACCAGTTCACGCAGAT ATTGACTCCCAAGACGACACC
plsX TGGAAGATGAGCCTGTTAGAGC ACTACTAAAGCCGGTCTAGCTACAC
plsC CGCACATCGCAAGAAGGT CGTGAATCTTAGTAGGACCAACAT
pgsA CCTTAGCGATTTTGTTGATGGT TTACCTAATTGACCAGCTGCACT
mprF AAACGCCCAGTAAGAATGAGAA AAAATCGTAAGCCAGAAGTAATAGC
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Table 2 Determination of MICs for sanggenon C and D toward S. aureus
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Fig. 1 Scanning electron microscopy images of S. aureus cells

after exposure to sanggenon C or sanggenon D at 35.30 pmol L
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Fig. 2 Expression of cell membrane phospholipid synthesis-
associated genes in S. aureus after exposure to sanggenon C or D

E: BY AR R HATEFEE (P<0.05). THR.

2.4 FMECHZREADAIE 7% g £ 45
tx & E KL

R T RERIEEE R, K AT SO IR 7 %
AR C M SARER D 4b B J5 <5 08 0% %1 2R 1 5 0 16 2
Vi MO AE AR 8 BRI K. i 3 s, 5
XFHEZHAHEL, 2 ZARE C L35, BENE A & g
FEAHSC B FabH MM H —BERR - AL H &8 A
(Cytidine Diphosphatediacylglycerol Synthase A, CdsA)
AR R B R IE K 5 IR A LR A B2, Ta
SARER D AL FLJS, FabH Al CdsA FrIAH XS R IA & R 1%
ik (P<<0.05), 703 FFE T 39.06% A1 63.34%. SR,
— L PR R AREE C MRARER D AL 2 f5 I E,
{541 FabF. Fabl. PIsX. PIsC. fiff ARTHE H il & Bl A
(Phosphatidylglycerol Synthase A, PgsA) 1 MprF. iX
Begh NI RER I, SAREA C AISARER D AbFE 5 3245 1)
HNREEBEIR 5 K T IR IE R RS L. AN SR ARER
CHEM AL, FARE D 45 1) Fabl. PlsC. PgsA
A MprF 58 A 5T ) B SO0 2 PG CHESARAR C ¢
IR T 53.18%- 52.02%. 60.13% 1 45.56% )

5B C ML, FARET D 41 PgsA Al MprF
B ERARR B B BUR, He T EA. XA
RE S PR SR D Xof 40 B €0 76 4 BR 1A 1 i i 48 S i A2
WYL SARER C S5 B4 AE o AR A S R 240 1
RAFEE RIS R R G . 2 4o (0 41 BR 1 1) 40
SEry AT, AR 3 B REENE], SRR
B RRAME ZAH I K] et 3 B Rk K-F A4 . SR
FEOR 3 R 3k A R L RIE IR A — B X R
SR R R S B M 0 B BT pr e 8. 534,
N4 B €0 5 2 2R TR SR RNA AR ASDOR H 5 20,
T 2 A AS 76 775 40 FDZE 20 L Hh 2 e 4R B, Xt m
RE- Bk KA E 0 22 ) s 7K1 B A — 2

8 ——control
— sanggenon C
I sanggenon D

a a
a

b2
b

il ol s il

FabH FabF Fabl PIsX PIsC CdsA PgsA MprF

[\S]

Protein Relative Expression
S

(=]

Protein
3 RIRFN C A RN D IEA T £ EBEHEH KR AR
WERE & B EX E A RIEKE

Fig. 3 Expression of cell membrane phospholipid synthesis-

associated proteins in S. aureus treated with sanggenon C or D
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Table 3 Types and ion pairs of phospholipids in lipid extracts of S. aureus

No. Retention time/min Molecular weight m/z * Adduct Compounds

1 9.40 819.63 [M-H] PG39:0 | PG19:0/20:0

2 8.11 777.57 [M-H] PG36:0 | PG17:0/19:0

3 7.82 763.56 [M-H] PG35:0 | PG15:0/20:0

4 7.22 749.54 [M-H] PG34:0 | PG15:0/19:0

5 6.94 735.53 [M-H] PG33:0 | PG15:0/18:0

6 6.32 721.51 [M-H] PG32:0 | PG15:0/17:0

7 6.05 707.49 [M-H] PG31:0 | PG15:0/16:0

8 5.50 693.48 [M-H] PG30:0 | PG15:0/15:0

9 5.13 679.46 [M-HT PG29:0 | PG14:0/15:0
10 4.73 665.44 [M-H] PG28:0 | PG13:0/15:0
11 7.64 877.63 [M-H] L-PG34:1 | L-PG15:0/19:1
12 7.38 863.62 [M-H] L-PG33:0 | L-PG15:0/18:0
13 6.75 849.60 [M-H] L-PG32:0 | L-PG15:0/17:0
14 6.42 835.58 [M-H] L-PG31:1 | L-PG15:0/16:1
15 7.29 647.46 [M-H] PA32:0 | PA15:0/17:0

2.5 EMRECHEZMREDIER T L& €HH K
B W e i

K FH R R GRUAE — AT B (] PSR T R ARER C 1
SR D X 4 B €0 ] % BR B IS T s . 45 R
3 o, LRI 15 A sk, Hh s 10
T PG. 4 Fl' L-PG 1 1 1 PA. WK 4 i, X4
R 7 BR B 0 B ) PA32:0/15:0-17:0 347 T E B, &
SARE C A3 5, S5XTHEZIAEL, PA32:0/15:0-17:0 (]
SREERN. SR D 45 PA SEM 744 pgg!
TR 576 ug-g” (B 4).

20 [ control
[ sanggenon C
a I sanggenon D
=15t T
20
2
% 10+ b b
g ——
O S5+
0 1
PA 32:0[PA 15:0_17:0
Compounds
B 4 RiRME C ARRFEA T EBHE KB NBEER
(PA) &8

Fig. 4 Phosphatidic acid (PA) content of S. aureus after

exposure to sanggenon C or D

L-PG 2 41 Mo JE< 8 i 1 = 22 e 0 ™2 o il s o,
2 MR C A BH )5 S 3 (08 & BR B S L-PG &M
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35239 ng-g FREZE 327.82 ugrg'. HXTHBAIMLL, ZFMR
fii D 4b2E 5 L-PG S &R E K (P<005). fE4iEE
H A ER B T I L 4 F L-PG, 43 )9 L-PG15:0/17:0.
L-PG15:0/19:1, L-PG15:0/18:0 F1 L-PG15:0/16:1 (JLFE 6).

o, L-PG15:0/17:0 1) & & #% &. 4 AR B D 4
5, L-PG15:0/17:0 & m B X WA B & T %, H
181.25 pg'g' % % 114.46 pg'g', 1 L-PG15:0/18:0
A L-PG15:0/16:1 1) & & 5 %J B8 20 48 b 23 0l Bk T
40.01% H151.55%, L-PG15:0/19:1 §ELEEEZER.
2 MR C 4bF 5, L-PG15:0/18:0 ) & 5 v R 4
BEREAC (P<<0.05), T H Al L-PG 1) & U A W %2
FIEEFERMN. A, ZFZMEE C FSEMWE D L# )5,
PG M EREZE RN (P<0.05), M 1787.90 pg'g' 4>
R B A 89236 pgeg A1 701.57 pgrg! (E5), Horp
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