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Abstract — Methicillin-Resistant Staphylococcus aureus(MRSA) is a multidrug-resistant(MDR) strain. (+)-Usnic acid(UA) is
uniquely found in lichens, and is especially abundant in genera such as Usnea and Cladonia. UA has antimicrobial activity
against human and plant pathogens. Therefore, UA may be a good antibacterial drug candidate for clinical development. In
search of a natural products capable of inhibiting this multidrug-resistant bacteria, we have investigated the antimicrobial activ-
ity of UA against 17 different strains of the bacterium. In this study, the effects of a combination of UA and permeable agents
against MRSA were investigated. For the measurement of cell wall permeability, UA with concentration of Ethylenedi-
aminetetraacetic acid(EDTA) was used. In the other hand, Sodium azide(NaN,) was used as inhibitors of ATPase. Against the
17 strains, the minimum inhibitory concentrations(MICs) of UA were in the range of 7.81-31.25 pg/ml. EDTA or NaN, coop-
eration against MRSA showed synergistic activity on cell wall. UA and in combination with EDTA and NaN; could lead to
the development of new combination antibiotics against MRSA infection.
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Alef U SFHE| — 3ol A8-El UA, minocycline, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT),
dimethyl sulfoxide(DMSO), sodium azide(NaN,), ethylenedi-
aminetetraacetic acid(EDTA)+= Sigma Aldrich(St. Louis,
MO, USAPIA, o==2] ull=ll AR Mueller-Hinton (MH)
broth & MH agar= Difco Laboratories (Baltimore, MD,
USA), phosphate buffered saline(PBS)< Gibco-BRL(Grand
Island, NY, USA)IA g2 o2 U= AThEFig. 1).

T ¥ Y - Aol AR FHEERTHS T 175
S ARgsIlen, FEdEA WS BT MRSAHTI
ATCC 33591 2 Wj”do] fli= MSSA(Methicillin-susceptible
Staphylococcus aureus; MSSA) 4521 ATCC 259232
ATCC(American Type Culture Collection, Manassas, VA,
USAPIN FABIAL, WA] 1552 gtslar B (Iksan,
Korea)ollA] MRSA HA}F 155 2K e zkz; Halsle] o
TR ARSIt BE Al 10% DMSOE ©]4-3t
of —70°Cell BT E, AF A 33 At AA A
&3k

gk &1 £ (Disc Diffusion Method) — &t & 3= T
23 2P H(Disc diffusion method)ol]l 2]sle] <A &
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E2 (.5 McFarland standard(approximately 1.5x10% colony-
forming units(CFUYmNZ Zg3sI3oH, FE2Ho=7 °F 1.5
x10° CFU/spote] S35 3|48l mdsigit). gos ¥
1 ¥ paper disc(6 mm)oll UAS 2tz 10 ug 2 100 pgo]
HEE FYste] €8] 554170 F 37°C incubatorol A
24X]7F vl s1o] paper disce] 910l E4E inhibition zone
o] A7 (mm)S 43I
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Fig. 1. Chemical structure of (+)-Usnic acid (UA).
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Z| 29 M| s = (Minimum Inhibition Concentrations,
MICs) &4 - Clinical and Laboratory Standards Institute
guidelines®l] 7]< ¥ broth microdilution method®l =}
MICsE &4 3t th MICsE 54 UA= DMSO(diluted
using MH broth; v/v)E ©]-8-3t 8413} 32 MH brothol]
AL onlf 31X 07 96well-platesol] FH] 5+ T MRSA 2
MSSA HEE-2 0.5 McFarland standard(approximately 1.5
x10® colony-forming units(CFUYmN)Z ZA3tgom, HE
2o & oF 15x10° CFU/spoto] H =2 348t B3t
37°C incubator®ll X 24A]17F v S & 5 mg/mle] MTT Al
°K(diluted using PBS; v/v)& 20 uL & F7Fste] 3087+ o
Al A ZTE 28] AL Rk o] R el o 2 v 5} E of
MRSA 3 MSSA®] Zd7go] AAHA e Fs &<ls)
A, o o] AA|E = Y e TEEA A
°JskAt.

MRSAO]| CiEt M=Z9t F2td R ATPase oM 8 -
UA9] &+2/3¢] membrane F31/3<] &3} ATPase A
o o= A& Aol A=A KB71918 membrane T3
S S3IA7)E 9FE<] EDTAZ ATPase inhibitor® AHS-%
= NaN;& 717} UASH ¥-8-319 37°C incubatoroll A 24A]
2k o] % uHH|glole] A =g ST UA, EDTA B
NaN;9] F%& OD 600 nmE |83k MRSA®] 44
3] AASHA] = oA AR

SAME| - 2 d¥Ad= ol A4S Ha B BF
HAZ BA 8521, SPSS(Statistical package for Social
Sciences, SPSS Inc., Chicago, IL, USA)9] one-way ANOVA
(Dunnett’s multiple comparison testys &-8-3lo] 5% 2|4
oA HlaL B A4S AAlERIT
an U g

Disc Diffusion Test - 71& A 59 FHEZ-2 Al
FHM A B g3, e g oA, tiatd Al 54
71Me= vEzlole] AL A e o3 &
d=29] g tisled MRSA= HIEF Fallas 2 Al
o] WijE T W71 er As danzlen, o5
g AAE M2 A TS Al 8kl

Ao A g dHA T Foll ARSE oFgA =l o
sto] TAHME A st FRAYS AWt Disc
diffusion testg 53t &S =3 st wet
A FRA FolA FetE/do] Hojd UAE el 3
T T 2% B DT 1550 tiste] UAS] tads
JAgko 2A SABISTE H7HEAA el thate] oA
3ho] FHAE 12-20 mm= H7FERA S UAS 22} 10 pg
2100 pge] =S FYS A, A BE #5olA] 3

TE 7} ER1E ATH(Table ).
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Table 1. The disc diffusion test of usnic acid against S.
aureus

Inhibition zone (mm)

S. aureus strains

10 ng 100 pg
MRSA ATCC 33591 12 16
MSSA ATCC 25923 13 17
Clinical isolates ~KWMrl 1" 17 20
KWMrl 2 13 15
KWMrl 3 15 17
KWMrl 4 13 15
KWMrl 5 12 13
KWMrl 6 13 13
KWMrl 7 13 15
KWMrl 8 13 15
KWMrl 9 17 17
KWMrI 10 13 15
KWMrl 11 15 17
KWMrl 12 12 15
KwWMrl 13 13 17
KWwMrl 14 15 17
KWMrl 15 14 15

PKWMrI indicates staphylococcal strains from the Department
of Plastic. Surgery, Wonkwang University Hospital.

Z| 29 M| s = (Minimum Inhibiton Concentrations,
MICs) - MIC= &+t38g S78sh= 7P 7123 AR=E
A3 Al 724 ZAAKGn vitro sensitivity test)ell A Pl
AEL] WS AT F U= A HAeEE 9
Bk wehd HaAFEE e Al S48 oA
& e IAlY] THE W wRolH, HAATE &
e 7 A1l ik X g8t w2 dAE Y
she Al dAAL 71Eele & 4 3

MICs testE ©]83t] SE HAaAl s == F 15719
Tl tiete] UAE 7.81-31.25 ug/mlz H7kE9le.
™, minocycline A FL3H 7.81-31.25 ug/ml= H 715
AT} Minocycline tetracylinesA| 2] 24|t A3 A 2 A] B}
glglofe] gy 2 AkslE thAbAs), thalel] B83 Ca™'
o] Ay o|EV} 270 R & AFolM e RO E A}
ST ¥3 MSSA #5olliE UA 2 minocycline 2t
Z} 15.62 pg/ml 2 31.25 pg/mlZ 371 A THTable 10).

Membrane F2H40f CHSF UA2} Membrane-permea-
bilizing Agente] 253} — Membrane-permeabilizing agent
o} UA®] W85 53t membrane F34743t AH-5 =
A3}7] 95kl UASE MIC 552 1/49] 3.9 pg/ml2 %]
&taL EDTA 0.09 mM<= 385115 ™¢] membraned]] thgt
UA2] 335 eIt} B3k UAQ] 3+ a7} membrane
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Table II. The MICs of usnic acid (UA) and minocycline
against S. aureus strains

Minimum Inhibitory

. Concentrations
S. aureus strains (ug/ml)
UA Minocycline
MRSA ATCC 33591 15.62 31.25
MSSA ATCC 25923 15.62 0.97
Clinical isolates ~ KWMrl 1" 7.81 15.62
KWMrl 2 31.25 15.62
KWMrI 3 15.62 31.25
KWMrl 4 31.25 62.50
KWMTrl 5 31.25 7.81
KWMrl 6 31.25 7.81
KWMrl 7 31.25 15.62
KWMrl 8 31.25 7.81
KWMrl 9 31.25 15.62
KWMrl 10 31.25 7.81
KwWMrl 11 31.25 15.62
KWMrl 12 31.25 15.62
KwWMrl 13 31.25 7.81
KwWMrl 14 15.62 15.62
KWMrl 15 31.25 15.62

YKWMrl indicates staphylococcal strains from the Department
of Plastic Surgery, Wonkwang University Hospital.

o 2Hg-sh= Al ERIskiT
EDTA= -9~ AlgHo)7]= sh Aej2dsret
At adE e Zyolds 8l S IR
<] biofilm? membraneS AT 5= ek 53] o)A}
A dlglel 7-8- Gram-negativedtol] thet g 9%
membrane®] &l 2]g U5 membranecl] FE A %
= 3 47 AR Tt meld Permeabilizing agents
4 BE&E Foto] A efAle] Ses st o sleH,
At ofAlS] ARES FolWA B S AT T e
2, oM s 2HA 5 B35 9% EDTAS] HxH
AMgo] FHE L ek 3k EDTAE v Ejole] HlE
ol 9JX]3h= o]-A 7 21X (cation-binding sites)ol| 4]
Ca™' 7 Mg®™ 59 27} 0] & chelator® ZH&-3}A| 7 Y=
_,_JJro}x] 5351, *2]¥l EDTAS membrane®l] A3}
Ca’" channele]t} pumpell ZH&-8F1AY o]® QF3ke =
O 2H Ca” signal transductionS =8 5= T} °]x4
o] ApoM g, k7| A EEl=E HA Ca® channel
blocker?] tetrandrine, EDTA ¥ NaN, 52| membrane-
permeabilizing agent 9 ATPase inhibitorE ©]-8-3}e] A|3Z
ot Z3ld 271 2 energy RIS 18195V (Fig. 2).
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OControl

BUA 1/4 MIC

EEDTA 0.09 mM

m Combination (+ UA 1/4 MIC)

T
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Fig. 2. The effect of membrane-permeabilizing agent (EDTA)
on the susceptibility of MRSA (ATCC 33591) to usnic acid
(UA). Bacterial viability was determined by the absorbance at
600 nm after incubation for 24 h with UA (3.9 pg/ml, 0.25
MIC value), EDTA 0.09 mM, or their combinations UA+EDTA.
The data are presented as the mean+S.D. of three independent
experiments. *P<0.05 compared to UA alone. CON, untreated
control MRSA.

Energy CHAFMSHO| CHEH UARF ATPase-inhibitore|
281 - ATPase(EC 3.6.1.3.) ADPS} Qlalo] (P2 b
B ATPE $/d3l= 4 (F F,-ATPase)?l ATP synthase$}
ATPE ADP$} PiZ 7HriEallobe E4(F,-ATPase)®| &3
O =2, ATP synthase= membrane] UAEo] )= F, group
3} Oligomycin Sensitive Conferring Protein(OSCP)ol| 2]3}
o] F, groupell 4=]o] Q= F, group &2 /d=]of 9lO
™ lipid bilayer! membranes 53+ proteing &gk
¥ Buse] ok weba YATIALS] Energyd o2 ATP
£ 3/d3sk= ATP synthase®] F, groupF’J- pie] A3re Wl
3t YAIA©]l™ Fe emzyme 9A| ¥ cytochrome oxidase
o] 743t AzY JAARZ Z gzl NaN;oF UAS ¥
45 53] energy HAAE B3R5 S8t
UAE MIC 5% 1/42] 39 ugmlZ 2] 3}aL NaN,

0.001%= H”’“/\]-J MRSA 737 <A & spectrophotometer
o]-&-3to] 600 nmeollM Akl em, 7 A3 0.001%
NaN;& @508 A2sls wWrrh UASH H-Ess o
MRSA®] “37go] Al=e 21E &1 & = U3t weA
UA®| &<+a37} membrane ¥5F o2} energy HIAFAIE]

mlru
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O Control

BUA 1/4 MIC

BNaNs3 0.001%

B Combination (+ UA 1/4 MIC)

1.5 -
T
12 4
E 09
E
@)
[—]
=0
306
0.3 A
0
CON UA NaN; UA+NaN;

Fig. 3. The effect of ATPase-inhibitor (NaN,) on the suscep-
tibility of MRSA (ATCC 33591) to usnic acid (UA). Bacterial
viability was determined by the absorbance at 600 nm after
incubation for 24 h with UA (3.9 pg/ml, 0.25 MIC value),
NaN, 0.001%, or their combinations UA+NaN;. The data are
presented as the mean+S.D. of three independent experiments.
*P<0.05 compared to UA alone. CON, untreated control
MRSA.

A= Zgsh= S IRIsHATHFig. 3).
uhEbA], MRSAS] X 5ol UAZF AlFSHEZ 0] 7H5A]
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MRSAZE H]| &8 M E A 17522, Disc diffusion
test, Z4#|5 =, Membrane-permeabilizing agent®} -$-2=
dAte] W8S E3 membrane T 73S Hrtsla,
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