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Abstract: Objective To study the antibacterial activity of flavaspidic acid BB on pathogenic bacteria related to skin and soft tissue
infections, and explore the antibacterial mechanism against Staphylococcus aureus. Methods The microdilution method was used
to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of flavaspidic acid BB
against pathogenic bacteria related to skin and soft tissue infections; Clinical strain of methicillin-resistant Staphylococcus aureus
(MRSA) and Staphylococcus aureus standard strain ATCC29213, which were sensitive to flavaspidic acid BB, were used as test
bacteria to explore the influence of flavaspidic acid BB on growth vitality and the morphological structure of tested bacteria. Effect
of flavaspidic acid BB on permeability of cell wall was detected by microplate reader; Effect of flavaspidic acid BB on cell
membrane potential was detected by fluorescence spectrophotometer; Effect of flavaspidic acid BB on expression of
penicillin-binding protein 1 (PBP1) mRNA was detected by qRT-PCR. Results MIC of flavaspidic acid BB against ATCC29213
was 10.0—20.0 pg/mL, MBC was 10.0—40.0 pg/mL, MIC values of MRSA clinical strains were lower than cefazolin. Compared
with control group, growth of ATCC29213 and MRSA in flavaspidic acid BB group were inhibited, morphological structure of
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bacterial cell was changed, and cell membrane potential was reduced (P < 0.05), expression of PBP1 mRNA was down-regulated by
1/2MIC flavaspidic acid BB and up-regulated by 2MIC flavaspidic acid BB (P < 0.01). Conclusion The flavaspidic acid BB
exhibits good antibacterial activity against MRSA clinical strains, of which antibacterial effect is related to the destruction of

bacterial cell structure, lowering the cell membrane potential and affecting the expression of PBP1 mRNA.
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inhibitory concentration, MIC). H] CAMHB & 7% A
DB FRE L & WGEAT MR, B 100 L 254t
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&1 HIRDE BB WZiXE KA MIC F1 MBC
Table 1 MIC and MBC of flavaspidic acid BB on tested strains

- MIC/(pg-mL™) MBC/(ug-mL™?)

E’ WAL BB kMg THER O ESIEEER RS YM BB kMt SiHEER  BEER
ATCC29213 10.0 0.710 2.00 2.00 10.0 8.000 8.00 4.00
MRSA1 20.0 320.000 3.54 2.00 20.0 2 560.000 28.28 4.00
MRSA2 20.0 320.000 10.00 2.00 40.0 5120.000 20.00 2.00
MRSA3 20.0 640.000 5.00 2.00 20.0 >5120.000 5.00 4.00
ATCC8739 10.0 1410  >32.00 — 10.0 16.000 >32.00 —
Kps#HE 1 >12800 1 280.000 >32.00 — >1280.0 1280.000 >32.00 —
KpEHEE 2 >1280.0 80.000  >32.00 — >1280.0 80.000 >32.00 —
KG%as% 3 >1280.0 1 280.000 >32.00 — >1280.0 1280.000 >32.00 —

3.2 HEZEOE; BB Xf ATCC29213 #1 MRSAL BB 5], SxIMA L, MIC 45 51K BB AbH# £ X}
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w1 FR, WA REER 2 h 5 FaE H L
XHEEK, 12MIC. MIC #4512 BB 4B bk 5L
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BB 4tk 24 h WA WA K. RIFTFHS LR BB 1
] ATCC29213 1 MRSAL A K, EFIEAH M.
3.3 FH4DE; BB Xt ATCC29213 #1 MRSA1 ZAff
RASHIZZNE

WK 2 fizs, XHEZL ATCC29213 A MRSAL
YT AS SR e, BE-JEAE R se e, i AR A 4 A

08 A

KW (4 h, MEEESLE, MR,
543 B - X AR SRR ; MIC 545 R BB AbFE S
ARKFES (18h), 4HMIpN IR T, Yetaik
45, AN KT 2 S A X
3.4 2D BB Xt ATCC29213 1 MRSAL 4AAf
ESt el oA

Wik 3 fron, SR, 4D BB 41
PG IR AKP JETEE I EAE, RS D
2 BB X ATCC29213 Al MRSAL 41 fifl B (i i 1 6

B 5200

—a—HHR

—+—1/2MIC ¥4} 5 BB
—4—MIC #% 5% BB
—e—2MIC H 4} 4 BB

B 1 #EZEDE; BB Xf ATCC29213 (A) 1 MRSAL (B) BYRTE-RE Lk
Fig. 1 Time-kill kinetics curves of flavaspidic acid BB against tested strains of ATCC29213 (A) and MRSAL (B)

ATCC29213

papicy

WY BB ALFE 4 h

i
YR TR BB ALFE 18 h

E 2 =|ZHDE; BB Xf ATCC29213 1 MRSAL RAZZSAVELNE (X 150 000)
Fig. 2 Effect of flavaspidic acid BB on cell morphology of ATCC29213 and MRSAL1 (<150 000)
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Fig. 3 Effect of flavaspidic acid BB on cell wall permeability of ATCC29213 (A) and MRSAL (B)
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PR B A3 A 220
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% BB REWS 515tE ATCC29213 A1 MRSAL 4 it i i,
A1 B A -
£ 2 HELOE; BB Xt ATCC29213 1 MRSAL 4B A% e {ir
A
Table 2 Effect of flavaspidic acid BB on cell membrane
potential of ATCC29213 and MRSA1

H 9 GEREIAU
ZH 5]
ATCC29213 MRSA1
X8 38.72+2.25 39.54+1.14
4 YR BB 58.81+1.23" 64.07+2.32"
JeAR 565.94411.85"* 625.58 +13.49"

x4 . "P<<0.05 *P<<0.001
"P<0.05 P <0.001 vs control group

3.6 =500 BB Xt MRSAL 1 PBP1 mRNA ik

WE 4 for, SR, 1/2MIC 345
2 BB 41 MRSA1 ' PBP1 mRNA Fik /K1 & 2 %
fit (P<<0.01), 2MIC ¥4} 5[k BB 41 MRSAL
PBP1 mRNA Fik/KFEEFm (P<0.01).
4 g

SSTI AR BRI Gy ivs, Bl & 00 254 ) Ik
., BURBE =L Z51E, Im AR FH ISP 24697
RORFEARES-16], 525 TR BB DU s v R ariel,
TR S8 TR A L AR PR, (B SSTI E0 B
R0 TR A T A B o CLSI 0 5 4 B 107 7 TR 1 %)
JdHERMN MIC<2 pg/mL BUAEUK, MIC 4~8
po/mL B A, AL R EIR, 3 7k MRSA I
PRI B 73 1 55 2% B S F BE, BEr i 24
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4 SR BB
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4 FHEHSEE BB X MRSAL 1 PBP1 mRNA FRiXHIF2T
Fig. 4 Effect of flavaspidic acid BB on PBP1 mRNA
expression of MRSA1
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ST B [0 TR A 4 225 4] e R A i TR D0 B SR A

MIC T 47 55 1% BB fE 85 i I8 B 1A 4 o B - S 245 440 1) 5
Bk, R EOARE SR, I, R R X
= WEEITF (adenosine triphosphate, ATP) FP=4:
FIgH T e B A 2 (9, MIC #4551 BB wf
335 PRI ATCC29213 Al MRSAL I P 73 15 Mk 44 ffu fie
HIAL, ATTISZIE ATP AR T HRgH B 1 15 AR .
PBP1 & MRSA #iiffl 72 et A, mifk PBP1
J& s B IR R0, AREFFREL, 112MIC 4
iz BB R N PBP1 mRNA £ik/KF, M
PN R 2, BHASANE 0 1% Z5H. 2MIC 3%
43 W% BB fE 3% L PBP1 mRNA Fis/KF, #
45 512 BB REfdf MRSA HI4 ik Rk A [ 46 . W7k
B, MRSA [ DNA 4i5| KR M2 ff PBP1 %
AR IR, KA 2MIC # 45 SR BB fighsis
i MRSA (1) DNA BJ4i4%, MIifi FiE PBP1 mRNA



¢EH 202437 $52% H6 Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 6 - 1667 *

RKiLKF.

ZE LR, AR LAIE A SSTI 1 3 95 Ji 1A
S B EERE A KGR A RN AN R, iR T
AR IR BB YU EE AL, AT SSTI # 2 K
PE AL PR LA . 2T BN 24 1 L AR TR R T R
YIRS J5 S0 4R SR BB HH] A4
s B FH B WLREEAT ER AR TT

RBFR AR ENRGEEARZFR

Sk

[1] Salatin S, Lotfipour F, Jelvehgari M. A brief overview on
nano-sized materials used in the topical treatment of skin
and soft tissue bacterial infections [J]. Expert Opin Drug
Deliv, 2019, 16(12): 1313-1331.

[21 &g, XK, (1iE, & ARG Bk AR T
Rz E 59T [0 RS2 ESRE, 2020
29(1): 76-81.

[81 AT, SXRET, MRAEGE. BRI ZURGE N S5
oA 5 Hm A A [0 T EBERE 2k &, 2019,
39(20): 2073-2076.

[41 F%7, Fxl, R4E, & EHRKALREREEE
PO & ER T B IOR LT L 0], AR EE B i e 2%
&, 2019, 29(1): 32-35

[6] BRE=Er. 589 BRAL X SRAGIE K Jk B A SR IR 1 23 Afi
K255 4T [D]. X 8 X EFRERY, 2019,

[6] EEE, Zad, HR, & KFEHRm 20 T HLH o
Judkke [J]. AEM) LARE3R, 2018, 34(6): 832-838.

[7] HuHC, Kao K C, Chiu L C, et al. Clinical outcomes and
molecular  typing of  heterogenous  vancomycin-

Y

RO

intermediate Staphylococcus aureus bacteremia in patients
in intensive care units [J]. BMC Infect Dis, 2015, 15: 444.

[8] Chung D R, Lee C, Kang Y R, et al. Genotype-specific
prevalence of heterogeneous vancomycin-intermediate
Staphylococcus aureus in Asian countries [J]. Int J
Antimicrob Agents, 2015, 46(3): 338-341.

[0 FR¥eFe, Rz, MEW|, 55 BRILAEBEH A
FAR G ATHOFPRESE M 4 [3]. AbJ7 [ 2, 2016, 40(24):

[10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

70-76.
Apbah, UK, G, S EERRAI R 2
IR R [J]. " EZips, 2017, 28(10): 1418-1423.
RESERE. P2y [M]. dust: o E A R 2 A,
2003: 115.
IR, AREAE, W, S BT ORI AT B A S 5
BB REARENEE 0] &R TR, 2014,
35(23): 54-58.
B, INRE, KRR, & EIVERETTE 2N £ H
i 247860 2 AN S AT T AR MDY R S [3]. P E 2
2018, 29(22): 3129-3134.
AEIGRIR. 7 % 7 BORS THURT 1) 28 = 8 8 e 4 SR B 20 B
HANENETERT 7T [D]. MRV ZRAbHRoll k22, 2012.
HER, Wz, Wik, % B R SR G E06 T R
MR ARSI T [J]. BRI 2T 2% 38
2014, 21(1): 29-33.
E&, I, ZROE, S5 OGP R TR 9
WM S ZPEDT T [0 R R A, 2020,
15(7): 846-849.
RELE, RIEGR, HEN, & FEEEMAY D L
PRANUE AR B PERT T [3]. RORP= W0 7 5T R
2019, 31(10): 1758-1763.
JAARZ, g, AT, & HRIURE A PUREE &
XA RSB IR B I BTEALEI R R [3]. T EBE R
2%k, 2018, 38(23): 2429-2433
KR, T, VeUERE, AF. CRIRM N Sl LA
P AMBE AL AR [J]. IR [ B E 24, 2019,
30(6): 1302-1304.
Pereira S F, Henriques A O, Pinho M G, et al. Evidence
for a dual role of PBP:1 in the cell division and cell
separation of Staphylococcus aureus [J]. Mol Microbiol,
2009, 72(4): 895-904.
Plata K B, Riosa S, Singh C R, et al. Targeting of PBP1
by B-lactams determines recA/SOS response activation in
heterogeneous MRSA clinical strains [J]. PLoS One,
2013, 8(4): €61083.
Fu, KAE, THE, & MR Tt R
[J]. Zh¥is 2=t i, 2019, 40(9): 74-79

(st  FTAh)



