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Abstract — Methicillin resistance Staphylococcus aureus (MRSA) is a gram-positive bacterium, the most commonly isolated
bacterial human pathogen. JiYu-san is one of the natural products used to treat diseases in the folk recipe. In this study, we
investigated the antimicrobial activity of EtOH 70% extracts of JiYu-san (JYS) against MRSA. The antibacterial activity of JYS
against MRSA strain was evaluated using minimum inhibitory concentration (MIC), checkerboard dilution test, and time-kill
assay. The effect of JYS on the immune mechanism of MRSA was confirmed through cell membrane permeability tests and
energy metabolism tests, and the antibacterial activity mechanism was performed using qRT-PCR and western blot. As a result,
in the antibacterial test of JYS, the MIC was measured to be 1.9~1000 pg/mL, and synergistic or showed a partial synergistic
effect. In addition, JY'S showed antibacterial activity in a combination test with DCCD or TX-100. In a study on the mechanism
of action of antibacterial activity, it was found that JYS suppressed MRSA resistance genes and proteins. These results suggest
that JY'S has antibacterial activity and provides great potential as a natural antibiotic by modulating the immune mechanism

against MRSA.
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Table I. Primer used in this experiment

Primer Sequence
mecA F 5-GCAATCGCTAAAGAACTAAG-3’

R 5’-AATGGGACCAACATAACCTA-3’
blaRl F 5-ACAATGAAGTAGAAGCCGATAGAT-3’
R 5’-GTCGGTCAAGTCCAAACA-3’

blaZ F 5’-AGAGATTTGCCTATGCTTCA-3’

R 5’-AGTATCTCCTCTTTATTATTT-3’

F 5-ACACGACTTCTTCGGTTAG-3’

R 5’-GTACATTTGGGATTTCACT-3’

16s rRNA F 5’-GTTATTAGGGAAGAACATATGTG-3’

R 5’-CCACCTTCCTCCGGTTTGTCACC-3’
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W US 7AES] $13F Anti-PBP2a(DPAB26604)(DiNonA,
Seoul, Korea)& TBS-T &l 3]st Af-2o|x] 2 A7k
HESAIZ] - TBST=E 33] Al sttt HRP7F A3 23}
FAE 1:2200002 34510 d2ollA] 1 AIZE &<t REEAIZ]
T, TBST= 338] AI%d3l] ECL 71& (Amersham Biosciences,
CA, UK)#} ¥H-8- 5 ImageQuant LAS 4000 Mini Biomolecular
Imager(GE Healthcare, USA)E 53l <15} th.
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Table II. The MIC of JYS against MRSA

Kor. J. Pharmacogn.

MIC (pg/mL)

Strains
JYS AMP OXA GT AMK
ATCC 33591 62.5 62.5 125 1.9 31.3
CCARM 3090 125 31.3 125 125 62.5
CCARM 3091 125 31.3 1,000 62.5 31.3
CCARM 3095 62.5 15.6 250 62.5 62.5
CCARM 3102 62.5 15.6 125 1,000 62.5
DPS-1 125 31.3 500 125 313
DPS-2 62.5 500 1000 250 31.3

MIC; minimal inhibitory concentration; JYS, JiYu-San; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-
susceptible Staphylococcus aureus; AMP, ampicillin, OXA, oxacillin; GT, gentamicin, AMK, amikacin. Values represent the

average of three independent experiments.

Table III. The MIC value of antibiotic and synergistic effect of JYS combined with antibiotics

Antibiotics AMP OXA GT AMK
MIC (pg/mL) 15.6 250 0.9 7.8
ATCC 33591 FICI 0.5 0.5 0.5 0.5
Outcome Synergy Synergy Synergy Synergy
MIC (pg/mL) 7.8 62.5 7.8 7.8
CCARM 3090 FICI 0.5 0.63 0.25 0.75
Outcome Synergy Partial S. Synergy Partial S.
MIC (pg/mL) 7.8 250 15.6 7.8
DPS-1 FICI 0.5 0.75 0.5 0.5
Outcome Synergy Partial S. Synergy Synergy
MIC (pg/mL) 250 250 7.8 7.8
DPS-2 FICI 0.75 0.38 0.38 0.75
Outcome Partial S. Synergy Synergy Partial S.

JYS, JiYu-San; MIC; minimal inhibitory concentration; S. aureus, Staphylococcus aureus; AMP, Ampicillin; OXA, oxacillin; GT,
gentamicin; AMK, amikacin. FICI, fractional inhibitory concentration index; Partial S., partial synergy. Index interpretation: <0.5,
synergy; 0.5-0.75, partial synergy; 0.75-1, additive effect; 1-4, no effect; and >4, antagonism. Values represent the average of three
independent experiments. ATCC 33591 was obtained from the American Type Culture Collection (Manassas, VA, USA). CCARM
3090 strains were provided by the Culture Collection of Antimicrobial Resistant Microbes (National Research Resource Bank, Seoul, Korea).
The clinical MRSA isolates DPS-1 and DPS-2 were obtained from patients at the Wonkwang University Hospital (Jeonbuk, Korea).
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Fig. 1. Time-kill curves of the synergistic effect of JYS in combination with 4 conventional antibiotics at sub-inhibitory concen-

trations against MRSA (ATCC 33591). (a) AMP, Ampicillin; (b) OXA, oxacillin; (¢) GT, gentamicin; (d) AMK, amikacin. JYS,
JiYu-san; CFU, colony-forming units; MIC, minimum inhibitory concentration.
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Fig. 2. Time—kill curves of the synergistic effect of JYS in combination with 4 conventional antibiotics at sub-inhibitory concen-
trations against MRSA (DPS-1). (a) AMP, Ampicillin; (b) OXA, oxacillin; (c) GT, gentamicin; (d) AMK, amikacin; JYS, JiYu-san;,
CFU, colony-forming units; MIC, minimum inhibitory concentration.
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Fig. 3. The effect of membrane-permeabilizing agents and ATPase inhibitors on the susceptibility of MRSA (ATCC 33591) to JYS.
Bacterial viability was determined by absorbance at 600 nm after incubation for 24 h with JYS concentrations of 15.6 pg/mL JYS
in the presence of 0.001% TX-100 (a) and 7.8 pg/mL JYS in the presence of 62.5 ug DCCD (b). The data were presented as the
mean + standard deviation of the three independent experiments. *represents p < 0.05. CON, untreated control MRSA; DCCD,
N,N'-dicyclohexylcarbodiimide; TX-100, Triton X-100; OD 600, optical density at 600 nm.
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Fig. 4. Effect of JYS at sub-concentrations on the expression
of penicillin-binding protein 2a (PBP2a) in MRSA (ATCC
33591). CON, the control was treated without TCA; PBP2a
production after treatment with TCA at 1/8 MIC, 1/4 MIC,
and 1/2 MIC, respectively.
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Fig. 5. The expression of mecA, mecR1, and mecl in MRSA (ATCC 33591) cultures in the presence of sub-concentrations of JYS.
The relative gene expression of mecA4, mecRI, and mecl was reduced in a dose-dependent manner. The data were presented as the
mean + standard deviation of the three independent experiments. *represents p < 0.05.
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HE Al AeadE 2Y Ut A ¢ 5 U} Fig
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3] A=) U262 PBP2a2] L& MRSA2] Ao
o Y1Xg MecR1°] 2% 54 E2S A8t AXE el
Aol 2sHE FAHE AA stapylococcal chromosome
cassette mec(SCCmec)oll $13]3+ mecA2] AALS FE=31H,
mecA®] HAR= 7+ SCCmecdl] X3 mecle] AAl ¢
8 =4 =)0 webd JYS7F MRSAS] WAS 4k
& 2AsheA gobrr] 918, PBP2a HdS SISkt
£3], MRSAE= B-lactam A sl 7Z3st WS 714
3 9o, JYSel W8 Al T FAAe] Ferdidol Fash
HAFErt Aashe Ae RIS o= JYS7F MRSA
o] Aol d&Fs & Aolgt F531aL, western blots 3
3t MRSA2] B-lactam WAdell #edsli= proteiny! PBP2a
s ERlsinh. 2 A3, EF#52 ATCC 33591
o JYS A&3I3S wl, PBP2a2] W3lo] H oj&F o=
Zesle A4S BAKFig. 4). ©1& IYS7F MRSAS] B-
lactam A Udell S8.8F Q1A1Q1 PBP2a°] S 7Has
A7 "ol Jee FU3, 22 28] JYSS} p-lactam 3
YA Atelell synergy EX7F LRSS A0 2 HRITH WA=t
FHH PBP2ao] WL mecd A 93] dastE,
mecA 5] LEHL mecl-mecR] Z74 A|2=Ho] oJ8] %
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.

lo

Lo

93

AP Jyse] wre rx 2 o] A oA T MRSAY T
b st AR8-S VR webs] TYS7E MRSAS] R R
PR 2] Aol edsl= mRNAS] WHalel] mx|&= QS
17] 918 qRT-PCRS AAI&ISITt. 2 A3}, 7+ PBP2ad} B-
lactamase®] Aol #odEH= mRNAS! mecd, blaRl, blaZ
mecR12] & o] JYSS AElst9s W A== Ae gl
& 4 AATHFig. 5). ol JYS7F MRSA9] WA ##
mRNAS] ALl FaFS FU5L, 2= <l&l PBP2a9t 22
F2 UAIAte] ik o) Ao 7]odsdthe AS Bl
T ASATh MRSA®] A Aol thgh TySe] Al av=
MRSAS] B-lactam A e 75438 STIAZL, o] =
13| B-lactamA FAYA Q] FFEH S FUAT= EHE
NS Ao R ALE ATk

ol Ry

ot

FAE 7K 9o, Al AMP, OXA, GT, AMKS}

A 25 FIE 4= QJAT) o= AlEE
3kS Fr= OFE I ATPase inhibitor &3S &}
7 HE Al 2L AUAE BY $ ke S 9
ujgtt}, 28] JYSH B-lactamAl YA 9F At U
Ehk= dlell= JYS7H MRSAS] Al W 4 A
oz Yehes Ao AL Hr) o= JYSTF ¥
MRSAS] 79SS X Fsh=t] o] Fast $REZ] &

T 9hee A,

rr
1S
i
X o2

A A

o] =2 S AFANTEE] o] F ok ZAFAFY (NRF-
2021R1I1A1A01058728)3 AH-(FH3t7]44 HEAIH)o] A
do = FxAFATe] XS wol FE AU (No.
2020R1F1A1054227).
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