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This study was conducted to investigate the potential of Stewartia koreana as anti-microbial materials.
The branches, stems and leaves of S. koreana were extracted into 70% ethanol and their antibacterial
activity against P. aeruginosa was confirmed. The leaf, branch and stems extracts (1 mg/disc) showed
the antibacterial activity against P. aeruginosa and leaf extracts showed higher antibacterial activities
than those from branch extracts. The MIC against P. aeruginosa was 0.8 mg/ml and showed bacterio-
static action. The inhibitory effects of extract on biofilm formation and gene expression related to
biofilm formation of P. aeruginosa was determined by biofilm biomass staining, SEM and qRT-PCR
analysis. The biofilm biomass and cell growth of P. aeruginosa in the cultures treated with 0.2~2.0
mg/ml of S. koreana leaf extracts were significantly decreased in a concentration-dependent manner.
We observed that the extract had an inhibitory effect on the formation of P. aeruginosa biofilms
at concentrations of 0.8 mg/ml by SEM. qRT-PCR analysis showed that the las/ and rhll gene ex-
pression associated to quorum sensing (QS) in the cultures treated with 0.2~2.0 mg/ml of S. koreana
leaf extracts were suppressed in a concentration-dependent manner. Based on the above results, it
can be concluded that S. koreana leaf extracts can be used as anti-microbial material derived from
natural materials, as demonstrated by the antibacterial action and inhibition of biofilm formation of

P. aeruginosa by QS inhibition.
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sion method [3]° W& FEE(1 mgml)°] TFF paper
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P. aeruginosa®| colony morphology s}

FEE 23 P. aeruginosa] colony morphology 3}
= Ueda 53319 W< o]-&3sto] &<Qlstith. LAHIA] ]
A 24X B3 S P aeruginosa= tryptone (BD,
Franklin Lakes, USA) A8} =] ol 1.2x10™° CFU/mMIY] 2=
2 34590k 34
0.4-2.0 mg/ml T2 A3  0.004% congo red (Sam-
chun, Samchun pure chemical Co., LTD., Pyeongtaek, Korea)
2} 0.002% coomassie brilliant blue (Sigma Aldrich Co., St.
Louise, USA)7} 7} tryptone LA WI X o] HF3+ Oh&
37C oA 24417 5<F vl St A] colony morphology ¥
sl& A3

3t P. aeruginosa W Yo FEES

FE=0| 28t P. aeruginosa®| HIO|2EE HIO|20HA
(biofilm biomass) &4 |
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Atk vlol FE nlo] euj = S FE5H7] sl 96-
well plateol] P. aeruginosa (1.2x10”° CFU/ml)E B &
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= B SHRTE 338 AAHI v A2 F 0.1% safranin
(Samchun, Samchun pure chemical Co., LTD., Pyeongtaek,
Korea) 0. 2 104 ¢t A8t G HE 96-well plates
U SHFE MFHST g2 AZR3H o, safranin®l ¢
A Hlo] 9 FE Hlo]l QU] 2E 30% acetic acid (Sigma
Aldrich Co., St. Louise, USA)°l &3]t
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FZ2E9 23 P. aeruginosa® ¥Io| LB E A A
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ning electron microscope, SEM; JEOL LTD., JSM-6701F,
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Ltd., Pochen, Korea)o] ] & 24-well plateol] 1.2x107°
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FEE< Agsa, FE50] A2 24-well plate= 37
Coll A 48717 Bt M gatAaA Hlo] B & FHE fr =
StATE vloleFEo] FAH coverslip PBS (Phosphate
buffer saline, Bioneer, Daejeon, Korea)Z 33| Al &g+ T3
2.5% glutaraldehyde (Sigma aldrich Co., St. Louis, USA)=
88k coverslipoll A1 Bl ¥FE P. aeruginosa®} H}o] 22
< 1A4sA L, 30, 50, 60, 70, 80, 95 E 99%2] TS
A 2 A8t P.oaeruginosa®t o] LEF2| T
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numl 2 FEI F FEEA I P. aeruginosa] ¥lol
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FEE AMalol [ P. aeruginosa®l quorum sensing
2 mRNA &8

FZEE0°] P. aeruginosa®] QS H mRNA T3 1] X
= 9FLS qRT-PCRE ZAF3IATE Total RNAE P. aeru-
ginosa (1.2x10°° CFU/ml)oll &2 0.2-2.0 mg/ml &
2 A o 37C oA mIed & FEE ﬂﬂlﬂP
aeruginosa WM FN-E PAEE Tt AL pelleto ZH-E
RNeasy Kit (Qiagen, Hillden, Germany)Z ©] &3} &3}
%t} ¢cDNA< iScript cDNA synthesis kit (Bio-Rad, Her-
cules, Califonia, USA)E o] g3l A% AL, qRT-PCR
& ssoadvanced™ universal SYBR® green supermix (Bio-
Rad, Hercules, Califonia, USA)S AF-&3}o] CFX96 touch™
qRT-PCR detection system (Bio-Rad, Hercules, Califonia,
Uusa)e. 2 st o, Ao AF8H primer= QS &
A FAARI lasl (Forward: 5-GTGTTCAAGGAGCGCAAAGG-
3’, Reverse: 5’-ATTCGCCAGCAACCGAAAAC-3°)%} rhil
(Forward: 5’-GGTTTGCGGATGGTCGAACT-3’, Reverse:
5’-GCTACCGGCATCAGGTCTTC-3)Z Al 2 t)z}2l
39 TH32]. qRT-PCR2 95C ol A 302 E<F denaturation
Sk o2 95C Al A denaturation 10, 60C oAl annealing
20x9] 2722 39 cycles T F 60C oA 202 &
QF extensiondF AT}, lasi®t rhill A2l mRNA Td &2
P. aeruginosa®] housekeeping gene?l 16S rRNA (Forward:
5’-CATGCGTACGGAACCGATTG-3’, Reverse: 5’-GGTAG
ACTGGGTGCACTTCG-3’)S endogenous control 2 AR-&
slo] golstglon, ZZH Ao AFAH L
£ EAst Feleainh

melt-curve

SHAE|
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o
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t}. P. aeruginosa®l U3t =R 9 F=EE2S] MBCE
g<lslr] f138) MICE &<21g 3 MICY 0.8 mg/ mle} 1
ool %2l 1.0 mg/ ml, 2.0 mg/ mloll NBFSE P. aeru-
ginosa MFA-& FE2E FH7} DA MR o wj g Ao,
MIC?] 0.8 mg/ml ©]’2] F=olAl colony”} &= 7]
o Zof| =2 F A FE2EL P aeruginosa®l 3l Ao
285 e Ao R AHETK(Table 1).

Lim & Kim [27]2] Eare) 2J3}4A 28] E(Portulace oler-
acea) MEL FZE2E-L 300 mgmle] F=NA P. aerugino-
sa°l tal &g GEbN AL, P aeruginosa®l ™k

A B FEE FaA o B3I Lee 52319 Raro|
ot A¥ & FEE2 FEE v=7F S wet
Fig. 1. Antibacterial activity of S. koreana extracts against FHIAE =r1sitty R sty ek = 2UgE o
P. aeruginosa KACC14021. a: DMSO as a negative 2280 uo %A P aeruginosad] T AEAEE
control, b: ethanol extracts of S. koreana leaves (1 _ C B
mg/disc), c: ethanol extracts of S. koreana branches HERHZ] Wzel dde frEl et A2 A A
(1 mg/disc), d: ethanol extracts of S. koreana stems Al A& Aow Add

(1 mg/disc).
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o
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Z QI 7] FE2E| P. aeruginosa®l U3
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1A= el “EH AR (Fig. 2). o= A=At
[e)

FaddE 3 FEHE AEHAA R, =2 o F2E o4l DMSO
Fgdol 7 Fstath £ H71s =72 colony morphology= rugosedt HE|Z
| ? galactoside? raffinose

FHAANZE AR vEE FE2E31], AU Qo 7} P. aeruginosa®) o] 2B E Ao v|X &= Il &
2 70% NS FEE2], dvlE WEE FEE127), 3} Kim 5{15]¢] 19 % dXx]sl= AFo]H, Kim 5{15]

%% =
A B FEE[23], THA olAE, JlE olA B0 E,
o gk o] Ru¥ u} At}

o == =
=AU FEE S AT

< YEMNA W, P aeruginosa®l
g = ZUE o FEE2 MICE 0.8 mgmlN L, 0.8-2.0
SN A P. aeruginosa®| g =7t
2 FREHOZ FUEHA

9] B 1) o3 raffinose (10 uM) H7FH|R] ol A wj) 2F3k
P. aeruginosa®] colony morphology = smooth$t & Ejj $1 S

), #o] 2 E A o] A= AT Colony morphology+
P. aeruginosalll st =L 9 £E29| F|AMEIN| EPS®] overexpression®} THHE ZozZ A lom,

smooth¥t & B 9] colony morphology= EPS7} 74 Tt

ZE9| P. aeruginosa®l th3| = Z1g o3t} EpSE F2 gu-Fel vhE x3,

eDNA So= FAH e A L&A EFE==A T
e ol Fa e TF 54 Al Al Aol
S vl E MEY: F2E AT
o, Al 224, £E/E} pH, =2

Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of ethanol extract of S. koreana
leaves against P. aeruginosa.

Concentration (mg/ml)

0 0.2 0.4 0.6 0.8 2.0
Minimum inhibitory concentration + + + + +/ - -
Minimum bactericidal concentration + + + + + +

° growth on test medium; °,

c

slow growth on test medium; °, no growth on test medium.
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Fig. 2. Comparison of colony morphology on tryptone soy
agar plate supplemented congo red and coomassie
brilliant blue. colony morphology against P. aerugino-
sa KACC14021 grown without (A) and with (B) etha-
nol extract of leaves from S. koreana.
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o2 fo
N o 2
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037%% FE=2] $57F ZoHdF 5 vlo|dF Hiol &
s AL FEEZHCE JAHE AS Q’?l?—:l’ T
A A THFig. 3). ©] A3 += P. aeruginosa®l 3+ A7} -2
zingerone2] FH#&A H wioloIE FA JA A #g
Kumar 5[20]8] B9} YX|sl= AH o], zingerone=
FE2E T57 BoldFE ulo]|23E P4 ¢ Hiolo
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AAE = A7) ol AAE Fre I AN AT
7FeAdel dvha deEoh
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LZH IR 9 FE20| P. geruginosa®l HIO|2EE M0

=Z4UR 8 FEE0| P aeruginosa2] vlo| LB E P4

2 FE2ES A3t gt P. aerugino-
sa®t FZEE U2 DMSOE A Elste] vl P aerugino-
sa(Z2THE FARARER A o= AFsto] gelstadth
(Fig. 4. =25 8 F2E A vl8) qiz2TolAe
P. aeruginosa ¥l EPS9} o] @8 Fo] 2= YA L
FZE2E ATl A= P. aeruginosa Tl EPSS} Hlo] &
ZdEo] BEEHA st o9} 2 AFE A= Tl
H8] F== A7 Al F A EpSS} vio] &
o] AAEA Gethe oA o] ATFEF IX| 5
t}. Zingerone2| P. aeruginosa Vo] 225 A As) o
3k Kumar 5[20] B A= zingerones H7}8tA] &2
P. aeruginosa PAO1 (W ZT)A = AZ7} - & o] F
I i vlo] e F Fo] JHEAA T
A Foll e AZZF E4A A2
A eksk

P. aeruginosa ZF % A 57t AHE ol P. aerugi-

, zingerone= 7}t

dho] 2 o] B

Fig. 3. Bacterial growth and biofilm formation of
P. aeruginosa KACC14021 in LB treated
with ethanol extracts of S. koreana leaves
(0.2-2.0 mg/ml). Growth and biofilm for-
mation were measured under anaerobic
condition. All assays were performed in
triplicate, and mean values and standard
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S 60 A —
<
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40 4

20 4

0
0 0.2 04 0.6 0.8 1.0

concentration (mg/ml)

2.0 deviations are shown.
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Fig. 4. Scanning electron microscopy (SEM)
micrographs, at 10,000X magnification,
of P. aeruginosa KACC14021 in the
absence (A) and presence (B) of etha-
nol extracts of S. koreana leaves (0.8
mg/ml). Scale bar, 5 pm.

00 mg/ml
002 mg/ml
00.4 mg/ml
80.6 mg/ml
m0.8 mg/ml
o1 mg/ml
B2 mg/ml

Fig. 5. Effects of ethanol extracts of S. koreana
leaves on mRNA expression of las/ and
rhil genes in P. aeruginosa KACC14021
by qRT-PCR analysis. The mRNA ex-
pression was normalized to 16S rRNA
gene used as a reference gene. Results are
shown as the = SD of five replicates.
*p<0.05, as compared with the control.
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AHL®] A7go] A HAth= Z1o]aL AHLS] /g o] A
9wl so] AR o] Wl vy o FEEL
QSS9 NeHEEAR AHLS AAHE AAFoEZHN P
aeruginosa®] HIO| A E FAS JAgte= o= BT
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