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Antibacterial effect of santalol on methicillin-resistant Staphylococcus aureus

GU Kexin, ZHANG Tianyi, HE Jingzheng, YUAN Zhongwei, FAN Wei, YIN Lizi"

(College of Veterinary Medicine, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)

Abstract: The minimal inhibitory concentration(MIC) and minimal bactericidal concentration(MBC) of santalol to
methicillin-resistant Staphylococcus aureus(MRSA) standard strain USA300 were determined by colony counting and
broth dilution methods, respectively. The effect of santalol on USA300 cell membrane and cell wall was measured by
conductivity and DNA content in liquid. The effect of santalol in the process of soluble protein metabolism of USA300
was studied by SDS-PAGE. The ultrastructure of USA300 treated with santalol was observed by scanning electron
microscope and transmission electron microscope. The effect of santalol in the formation of USA300 biofilm was
determined by crystal violet staining. The results showed that santalol could inhibit the growth and reproduction of
USA300. The corresponding MIC and MBC were 32 and 64 pg/mL, respectively. Compared with the control group, the
electrical conductivity of the bacteria treated with 64 ug/mL santalol for 1 hour increased 3.40%+0.54%; the intracellular

DNA mass concentration of bacteria treated with 64 and 32 pg/mL santalol for 6 h increased significantly, while the
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soluble protein decreased significantly after 2 h and 6 h of treatment with 64, 32 and 16 pg/mL santalol(P<0 01). The
micrographs of scanning electron microscope and transmission electron microscope showed that the cell proliferation had
obvious abnormality with no changes on the USA300 cell membrane and cell wall. The results showed that the formation
of USA300 biofilm could be inhibited significantly by giving santalol with subinhibitory concentration. In summary,
santalol could significantly reduce the soluble protein content in the bacteria by interfering with the protein metabolism
process, and affecting the life activities of bacteria. Santalol has great potential in the development of new anti-MRSA
drugs.

Keywords: methicillin-resistant Staphylococcus aureus; santalol; DNA exosmosis; soluble protein; conductivity;

ultrastructure; biofilm; bacteriostatic effect

(Staphylococcus aureus)

1 MREREE

g 1.1 ##
MRSA USA300(ATCC® BAA-1717)
(2]
[3]
(Co )
DMSO(Sigma-
Aldrich ) 40.96 mg/mL
(1xPBS pH=7.0)
(methicillin-resistant Staphylococcus
aureus MRSA) 1961 MRSA MRSA BCA
b . 1.2 1R USA300 MR /MITBTREERR NS
5 BIR B & USA300 4 BhZk I E
USA300
MRSA
(minimum inhibitory concentration MIC)
6] MIC 100 pL
37 C
24h 5

(minimum bactericidal concentration MBC)™

3
USA300 (BHI)
1 100 BHI
MRSA
(37°C
USA300
200 r/min) A600 nm:O.3

0 2 4 8 16 32 64pg/mL

01 2
MRSA

4 6 8 16 24h 600 nm



596 ( ) http://xb.hunau.edu.cn 2020 10
(A600 nm) el pg/mL 1 10 16 h
1.3 USA300 B SR AME PBS 3 (TEM)
(SEM) [15-16]
USA300
[17] USA300
USA300
DMSO
USA300  (Agon=1.8) 2%
TSB
3

37 'C 200 r/min 16 h

16 32 64pug/mL  37°C
01 2 4 6 8h
5 mL 4 500 r/min 10 min
5% 40 (1ol
DMSO
3
1.4 USA300 HJ DNA SMEERINE
DNA
USA300
USA300  (Ago0nm=1.8)
PBS 2
107 cfu/mL [l
16 32 64 pg/mL 37 C
01 2 4 6 8h  4500r/min
10 min DNA
[12] DMSO
3
1.5 USAS300 AIAMEHRE ERNE
YUAN [V BCA
SDS-PAGE
16 32 64 pg/mL 2 6h
DMSO
3
1.6 USA300 FASLEHRI M 22
[14] USA300
(4600 nm=1.8) 64

1.7 USA300 444 & = 2 R E

MIC [18]
USA300
USA300
USA300 BHI
37 C 16 h
2 4 8 l16ugmL BHI
(37 C 200
r/min)  Aggo nm=0.6 BHI
10 uL 96 3% BHI
290 uL
2 4 8 16ugmL 37°C 18 h
10% 100 puL
0.1% 100 puL 0.5
h
33% 200 UL 96
96 490 nm
(Ass0 )" DMSO
3
1.8 HiENIE
Prism 7.0
t
2 HR595H

2.1 fE&EEEXT USA300 7 BHI ik FmEPEK
b
USA300
64 ng/mL 1

MIC MBC 32
USA300



46 5 USA300 597

i | g o tingm e sh s 3264 ug/ml
—o— 64 pg/ml. 16 ug/mL USA300
: Y e 2 4 8pg/mL  USA300
Ew |
1.0 -/
e X ) 2.2 {EEEENT USA300 EiRE SERIFI
00 L—m o v o . e
0 2 4 6 8 10 12 14 16 18 20 22 24 1
/h
1 USA300 £~ TIEEBEH BHI iRkt
FrE PR E KL
Fig.1 The growth curve of USA300 in BHI liquid medium 1h
with santalol 64 ng/mL 3.40%:+0.54%
* 1 HMEEEE USA300 ERHIBSE
Table 1 Electrical conductivity of USA300 bacteria solution after adding santalol
A(uS-cm™)
/(ng'mL ™) 0h 1h 2h 3h 4h 6h
0 479.00+12.17 480.67+8.08 478.00+10.39 479.67+11.93 490.33+4.16 507.33£11.37
16 476.33+17.62 481.67+12.74 481.00+13.89 488.67+8.39 500.67+£9.29 509.67+13.58
32 477.33+£16.07 493.00+14.80 483.67+10.12 487.67+11.37 503.00+8.72 514.33£11.24
64 480.67+11.15 497.00+7.81 490.00+1.00 493.00+2.00 501.67+8.50 515.67+0.58
2.3 {EEEXT USA300 DNA ShESEHISNT (P<0.05) (3.17+1.07)
5 64 32 ugiml (1.94+0.32) pg/mL USA300 DNA
6h DNA
*2 RMMEEER USA300 # DNA SMEE
Table 2 DNA exosmosis of USA300 after adding santalol pg/mL
DNA
0h lh 2h 4h 6h
0 1.37+0.21 1.83+0.15 2.30+0.26 2.27+0.11 2.03+0.11
16 0.83+0.55 2.73+£0.42 3.03+0.06 2.17£0.15 2.87+0.23
32 1.13+£0.45 2.87+0.21 2.80+0.06 3.97+0.63 (3.97+0.38)*
64 1.07+0.21 3.03+0.11 4.2340.49 4.73+1.18 (5.20+£0.95)*

ok (P<0.05)
2.4 *Eéﬁ__‘?‘xrj- USA300 ﬂ';@.ﬁ%ﬁ}ﬁg%a\ =AU 26.95%+0.15% 15.74%+0.14% 26.79%+0.18%
13.49%=+0.22% 14.78%=+0.17%
USA300

2
64 32 16 pg/mL
2 6h
(P<0.01) 17.08%=0.23%
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Fig.3 Morphology and structure of USA300 cells after adding santalol using SEM and TEM
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