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Effect of Stewartia koreana Nakai Branch Extracts on the Biofilm Formation

of Porphyromonas gingivalis
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This study was investigated to evaluate the potential of Stewartia koreana Nakai as an oral healthcare
material. The inhibitory effects of extracts on the biofilm formation and fimbriae genes expression of
Porphyromonas gingivalis were determined by minimal inhibitory concentrations (MIC), biofilm biomass
staining, SEM, and qRT-PCR analysis. The S. koreana Nakai branch was extracted into 70% ethanol,
and bacteriostatic MIC of extracts against P. gingivalis were 0.6 mg/ml. In P. gingivalis cultures treated
with 0.2-2.0 mg/ml of extract, biofilm production rate was significantly decreased in a concentration-
dependent manner. The morphology of treated and untreated samples was observed by SEM, and cell
aggregation and biofilm were only observed in those treated with extract. Subsequently, qRT-PCR
analysis showed that the mRNA expression on fimbriae genes fimA and fimB was suppressed in a
concentration-dependent manner. Based on these results, it can be suggested that S. koreana branch
extract has the potential to be used as naturally derived oral healthcare material because of its bacter-
iostatic action and inhibition of P. gingivalis biofilm formation.

Key words : Bacteriostatic action, biofilm formation, fimbriae, P. gingivalis KCTC5352, Stewartia koreana
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B AL AABHA FHAG 27
Ad o8 sy A om o8
Az 99129 P LX:
#e 24990,

orphyromonas gingivalis KCTC5352¢ &
A LA E (KCTC) ol Al &-oFikol AL
tic soy agar hemin menadione
w 37CAA 7] skl
(213)0 g]}\].tﬂ o] g](ﬁ/x]—ﬂ-r:
AgFHGT A2 mAUE 7}
of FAZ T 80TAA 247t &<k 33 wt
+% 52 Whatman filter paper (No. 2)& o 2}
T 3| M7+ % 7] (Byela, Tokyo Rikakikai Co., Tokyo,
Japan)Z T80 =4UF 7HA 2FEE L dimethyl
sulfoxide (DMSO; Sigma Aldrich, St. Louis, USA)ol &3f
O 4Co HaAstaA Agstlt

do ¢
o
N m{n%

FAMEANH SZ=(MIC) ¥ FHAMFZE(MBC)
=Z4UE 7HA #2589 HAAAY9A F 5 (minimal in-

hibitory concentration, MIC)= A A v} 2] 3] 4 & o] &3}
ZAFSFATH15]. P. gingivalise 37 Coll A 4847k &< & 7]l
¥ th& 4.0x10*° cfu/mlo] E =2 TSAHM A A o 3
Astath AAAAIA FEE 402107 cfu/ml ZEE 34
¥ P. gingivalis W FY ol 0220 mg/ml £ FEES A
& ohF 37Coll A 4812 % F71a %S T 600 nmoll A &
3 750}04 P. gingivalis7t FAHA ¥ HA FER
gttt FEEY HAMT S E(minimal bactericidal
concentration, MBC)E FEEo W P. gingivalis®] #2743
?g}?ixﬂ FEE AT F HAAHRGA v= 9 1 oA
S F25 737} TSAHM 1A A
F7180 3 U5 colony7h UEREA &

o ﬂ* sE2 Jago.

P. gingivalisQ| colony morphology 3}

7 7kA FE580| P gingivalis®] colony morphology
o HXE= FEFS Ueda 5[26]9 S ol &3t zAeS)
. 0.02% congo red®} 0.04% coomassie brilliant blue7} % 7}
¥ TSAHM I A Ao FE25E& 1 mg/mlo FE& =L
3'? P. gingivalisS | E3ko] 48417 Bk Wl st 23

A7} A o} T4 7} #jA 9 colony morphology s #23t
‘3?\1’%.



58 BB ULRIX| 2022, Vol. 32. No. 1

P. gingivalis2| HIO|2EE HIO|20§A(biofilm biomass)
o AN

S0 74A 25 A &g P gingivalis®] o] 23
T 34 AATE Zhou F[30]¢] HHE o] &3ta] 2ASA
o} TSHM XA ) A| ol A 484 7F & SF & 7| ¥ P. gingivalis
£ TSAHM A5} A o] §EHeh4.0x10" cfu/ml) Th& 96-well
plated] ZF38Ath FE&2 P. glngwalzsﬂ 5 96-well
plated] 02-2.0 mg/ml =7} J 52 A3t R, FEE0]
2% 96-well plate= HIo] 2 Z & H}Olguﬁéﬂ RIS
37TAA 7)o %t Ath. 96-well plated] FAHH Hlo] LB E
Hioleuj 2 Wi SHRFE AMHAY tg A2 F 05%
crystal violet®. = 20 &<+ 945311, crystal violeto] 4
H Hpol e F Hpol e 2 70% olg-&ol &ali sttt vol
2L vtojeujx FA A FL spectrophotometer (Soft-
max M5, Molecular Devices, USA)E ©] &3t =43 70%
o ehgo] &3% crystal violete] FEE FOE FsAT

P. gingivalisQ| morphology %}

SR 74A FEE 97 P gingivalis® morphology
W5t E FAR A1 7 (Scanning electron microscope, SEM;
JEOL LTD., JSM-6701F, Japan)& o] &-3te] 8+218t3ith. Cover-
slip (12 mm, SPL Ltd, Korea)o] E°] %l 48 well-plate®]
40x10*° cfu/ml B2 P. gingivalisE £F3 TS 0.6 mg/
mld FEES AR, FE2F0] APH 48 well-plate
37CAA 48N 7 5 F7IwjfetEA vl o8 F A #
EatAtt wj o] $kEF coverslip> PBS (Phosphate buffer
saline, Bioneer, Daejeon, Korea)2 A A& ¥ 05% glutaral-
dehyde (Sigma Aldrich Co., USA)E A ] 3te] coverslipol 4]
W ¥ P. gingivalis®t vkol B &S 1A 3HF 1, 30, 50, 60,
70, 80 2 9%9] e =AH o2 A st P. gingivalis}
Hho] @ &9 & AAY tg d2oA Azt A

=

28 NE< P gingivalis®] ¥Ho] LB F FA 75 &Als}]
A8l platinum® g AR & FAAAANF o2 #H3R
=3

MIREXL fimARt fimBOl CHE mRNA L&

SZUE 7MA FE50] P gingivalis] AR A vlXE
Ve ARHE FAA fimAS} fimBE primer® AH-&%
qRT-PCRE #4135} 1T} Total RNAE RNeasy Kit (Qiagen,

Hillden, Germany)& ©] &3} 02-2.0 mg/ml¢] F&&0°] A

Table 1. Oligonucleotides used for qRT-PCR in this study

29 P gingivalis MFYC2HE R DNAE
iScript cDNA synthesis kit (Bio-Rad, USA)E ©] &3t 373
3tk qRT-PCRE Table 19| primerE AH&3te] CFX9%
touch™ qRT-PCR detection system (Bio-Rad, USA) .2 2+¢l
89t} PCR #H3-2 ssoadvanced™ universal SYBR™ green
supermix (Bio-Rad, USA)E AH-&3to] 95Tl A 5& &<t de-
naturation A]71 & 95T A 18, 52T A 18, 72Cl A 30
24 30 cycles M8k S8t GTH10, 26]. A SF 9
A& PCR ¥H&o] T2 % ¥ melt-curve analysisE 3
atol glstglon, A Hid EAF S endogenous
control AH&-3 P. gingivalis®] housekeeping gene (165
tRNA)S 3t fimASt fimB frd k2] 42 mRNA 28 gho
Z Yerfold.

SAAZ

BE AYLE 33 o)} vEAPE Fsion, AP AR
of HAFI XFESAE SAS (Statistical analysis system,
USA) programe AH8-3tef 8¢l APd3e 542 2
3& p<0.05 & A Duncan’s 1’4—%75, AW o7 A=

21 9 D&
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':(MlC) Y FArMFSE(MBC)
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ER Lo, P. gingivalisol H&t =2 717
%9 X‘ﬂi':.‘::_(MIC)E 0.6 mg/mI$ 2, 0.6-2
SA P. gingivalisell W =7
9l 'oL‘EL%L"é% %_L«lz?qoi "7}’:‘5}9\31:}

flo
i

o
o
-
by

~

X,
o P

2
B
off
b
ro,
o
(o) \./

= P. gingivalis M FH & 32
sto] st on, Ha44Y
=21 0.6 mg/ml ]2 F=oIA colony7} #2E A7

of 274Uy F5EE P gingivalis®] s H2EE

2y
r d oF o

QL

Gene Forward primer (5'-3')

Reverse primer (5'-3')

165 rRNA

5-ATC ACG AGG AAC TCC GAT TG -¥
fimA 5-GCG CAG CCT ACG ATA ACA TT-3

5-CGT TTA CTG CGT GGA CTA CC -3
5- AAT GIT ATC GTA GGC TGC GC -3

fimB 5-CGG ATA TCA GAT GGG TTG TTG-¥ 5- GIT TCG TTC CTA CCA GCA GC-3
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Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of branch extracts of S. koreana

against P. gingivalis

Concentration (mg/ml)

0 0.2 04 0.6 0.8 1.0 2.0
Minimum inhibitory concentration G G G s NG NG NG
Minimum bactericidal concentration G G G G G G G

G", growth on test medium; NG’ no growth on test medium; S, slow growth on test medium.
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F71FE=E 5 mg/ml °] 49
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A =4 7 FE
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2P 74 FZE% 0| P. gingivalis®] colony morphology
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g colonydll A& FEo| #ZHA F3th(Fig. 1). Colony9
F 52 exopolysaccharide (EPS)9] overexpression¥} ¥ ¥
AOE A 9lom, exopolysaccharidew T T Fo} ©
WAy, A4, extracellular DNA (eDNA) 2.2 FAH e

FEEO0| P. gingivalis2l colony morphol-
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Fig. 1. Comparison of colony morphology on tryptic soy hemin
menadione agar plates with congo red and coomassie
brilliant blue. Colony of P. gingivalis KCTC5352 grown
without branch extracts of S. koreana (A) and with 1
mg/ml branch extracts of S. koreana (B).
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Fig. 2. Bacterial growth and biofilm for-
mation of P. gingivalis KCTC5352
in tryptic soy hemin menadione
broth treated with branch extracts
of S. koreana (0.2-2.0 mg/ml). Growth
and biofilm formation were meas-
ured under anaerobic condition.
All assays were performed in trip-

0 0.2 04 0.6 0.8

Concentration of extract (mg/ml)

Fig. 3. Scanning electron microscopy (SEM) micrographs, at
10,000X magnification, of P. gingivalis KCTC5352 in the
absence (A) and presence (B) of branch extracts of S.
koreana (0.6 mg/ml). Scale bar, 5 pm.

omaticum (L.) Merr. & L. M. Perry) £ 4 (oil)1 A &4 eu-
genol® P. gingivalisell T3+ 243 vio] LFE oA ol
#& Zhang 5[29]¢ 47945 YA st Aot} Zhang &
[29]9] ol <3}H eugenol FH 2T P. gingivaliss 3
S o] FHA Hol QB &S FA AT eugenol AT P
gingivalis= A Z7F FoA 911 vio] LA Fo] Fyjg} F77}
Zasgn. ol A% TR, A4UF A FEE
< ol 2 E A 27] SA o Bdste] A2 3 (auto-
aggregation)& A F o2 Ho] R HE A4S A= A
S wdHE,

SAUR JIX| FEE A2|7t P. gingivalis® M2 (fim-
briae) FHEXIM CHSH mRNA 280l Ol F&

SZUE 7HA 355 A7} P gingivalis] A EHE A
Aol thet mRNA 8o vA= Y AR F44E primer
2 o] &3 qRT-PCRE &<lstth F5%(0.220 mg/ml) A
27 A2 FHAF fimAS} fimBoll Ui gk mRNA 2 & o] | x &=
FEFE FAF AFE Fig 49+ 2o, P. gingivalis®] fimAS}
fimB frA Ao t1g mRNA B8 F2E59 $57} wold4

licate, and mean values and stand-
ard deviations are shown.

7 k% YERH AT

29 d¥dA F4£7)(pro-
teinaceous appendages) & %}L}i/\'] A9 &7 (aggrega-
tion), A& <FHZ 9| A F(adhesion), SFHZE9 A<
(invasion), WFo] B & FA Tl #HAdTh. P. gingivalis®] A
Ee ol edF FANY T 27] RALAANA P. gingivalis
7h Aob ko] BAsted Fag AES kM, P. gingivalis
JARE ARG B ARE o] FAA §l1L P, gingivalis
,]7] 1:!.‘: FimA subunit®. 2 :rL/H}JoJ 9\10111 E\]-_O_)ﬂtl‘—
Mfal subunit®. 2 FA = It} P. gingivalis®] 11 A B+
P. gingivalis ©] Aote] A& AFEAZ| HAet=r 2
oW P. gingivalis$} S. gordonii® &= #HART[3, 7]. P
gingivalis®] 71 AEE F5 38t fim AR E fimABCDEE
o] £ fim ¥ 2¥(cluster)©] ™, Nagano 5[22]¢] H o]
et fim S 2EHE ORI = KA F fimA FHAT}
ALEHY P gingivalisS A2 A RAE G Y] Az 73
o] ZtA =0} P. gingivalist A& 3} (subgingival) o A HFo] 2
AE< 4T 7 it A =4UF A FEE AYT
oMM fimAS} fimB Ak e mRNA 2@ o] ZHaHdthe
2 P. gingivalis} A2 AFEAE 9 49 Ax Hio]
Fads Uer] gEd 24uy 7HA] 228 vho] ol
T 84 27] @AA vo] B F e At Aoz

ofl
e o o

A} (virulence factor)g ZH3
5 U FAA} AAZA AR 7
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fects of phenolic compounds from stems of Stewartia koreana
Nakai, M. S. dissertation, Chung-ang University, Seoul,

120 O Control
00.2 mg/ml
00.4 mg/ml
100 4 ] ] m0.6 mg/ml
L — m0.8 mg/ml
80 P &1 mg/ml
e @2 mg/ml
6 | o géﬁ 7 Fig. 4. Effects of branch extracts of S. kore-
R 35 ana on mRNA expression of fimA
%%g %%% and fimB genes in P. gingivalis KCTC
40 g%gé §§§§§§ 5352 by qRT-PCR analysis. The
B B mRNA expression was normalized
E§§§} §§§§ to 165 rRNA gene used as a refer-
So303o% K
20 K e ence gene. Results are shown as
§§§§§§§§ E§§§§§ the = SD of five replicates. *p<0.05,
. :§§§§ E§§§§} as compared with the control.
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