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The objective of this study was to evaluate the potential of Diospyros malabarica stem extract, a natural
materials, in oral health material. With this aim in mind, thin layer chromatography (TLC), TLC-bio-
autography, high-performance liquid chromatography (HPLC), electrospray ionization - mass spec-
trometry (ESI-MS), scanning electron microscopy (SEM), and real-time qPCR were performed. The an-
tibacterial activity of D. malabarica stem extract against Streptococcus mutans KCTC3065 was confirmed
in an n-hexane fraction with low polarity. The molecular weight of the antibacterial compound was
estimated to be 188 by ESI-MS analysis. The inhibitory effects of the extract on biofilm formation and
gene expression related to biofilm formation of S. mutans were determined by SEM and real-time PCR
analysis. The extract inhibited the formation of S. mutans biofilms at D. malabarica stem extract concen-
trations of 1 mg/ml, as shown by SEM. The real-time PCR analysis showed that the expression of
the ¢tfC gene, which is associated with biofilm formation, was significantly decreased in a dose-de-
pendent manner. Based on the above results, it can be concluded that D. malabarica stem extracts, a
natural materials, can be used in oral health products to suppress the formation of biofilms by inhibit-
ing tooth adhesion of S. mutans, a causative agent of dental caries.
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autography, HPLC, ESI-MS 5 & ©| &3t J=7vi £7]
FEEERH S mutansoll el FEgo] e T EES
ot FAAAH A 3 real-time PCRE o] &3t &
o S. mutans®] A" wAE FFS AT

o Ao

Mz 2w
ME 7F 4 FE2
B Ago] A& 3 Streptococcus mutans KCTC3065+

=
Fa A AT AEALAE (KCTO) oA £} brain-
heart infusion agar (BHIA; BD, Franklin Lakes, USA)ol At
& oF 37CoAA F7 i FetEA At AT AERYT &
7] FE2EL MEE FEEH A ITTATY AYA
£ 24 41 ] (KRIBB, Daejeon, Korea)oll Al +Futo} Al-8-319]

=3

QIR E7| FE29| ®IIEM 2

JEAUT £7] FE2E225EH Jad S 237 99
FEEL 718y 40 W& AREH & ¢AHE Fig
13 2ol &AH o7 Bt AU 27 FE=S
dFE5RFd 83 5 539 n-hexanes 713 & n-hex-
ane w83 FEAOE BZ5} hexane B ES A3 o
Al o] 84 E99 chloroform, ethyl acetate, n-butanol-&
£AH 02 718t chloroform, ethyl acetate, n-butanol, &
A EYES Atk BE E9E2 Y % F methanol 9]
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Diospyros malabarica (Desr.) stems

Extracted with methanol

Methanol extract

Partitioned with solvents

| | |

n-Hexane fraction

Chloroform fraction Ethyl acetate fraction n-Butanol fraction

‘ HPLC
1

F1 R

Fig. 1. Isolation procedure of putative antibacterial compound
from D. malabarica stems.

a3t o™ S, mutans KCTC30659) 3t &2 &9 73
A& disc diffusion method [7]0] wet 2 & FE7F 1 mg/
discql paper disc (8 mm diameter, ADVANTEC, Tokyo,
Japan)E @37} EZE BHI A WA o] ¢lof jgadt o
disc T MAH clear zoned| A71E ZA 3t skt

R7|120 2229 TLC ¥ TLC-bioautography
) RIE F IS JehE BYEZHE J7E
Z o

45 £g3t7] 98] TLC (Thin layer chromatography)$t
TLC-bioautography & 4334t TLCE TLC plate (Silica
gel 60F»s4, Merck Co.)9] 3t O ZEE 1 cm 99l n-hexane
EYES 45921 chloroform¥ ethyl acetateS 4:19]
HlE2 4 A& E ol &sto] Astlth. A7 TLC
plate= 245 nm$} 365 nmol Al UV lampg ©| &3} spote
Q13+ spot?] RfA|(Rate of flow value)E F3FATh. S. mu-
tans KCTC3065° Wt 7t spot®] & &4 Dawanjee 5[8]
o] & o] &3t TLC-bioautography & & <l th
[4]. AM7F B TLC plate= &WE &43] AAT £ S mu-
tans KCTC30657} =28 BHI A Ao F3of glof ujek
& o5 TLC plate =919 B8 E T (clear zone)®] F7]
€ FAsto FUstain

QIEALR 57| $&520| HPLCY ESI-MSEA
ARAIR 27 F2EERE FRELS B A%

of 14% JAIAZvEITYI(HPLC High Performance
Liquid Chromatography)& ©]-83] n-hexane &8 &= 5-H
FHEAS E3H T n-Hexane £ E2 HPLC ©] 54l
2 mg/ml®] =2 &3 t5 02 um membrane filter
(ADVANTEC, Tokyo, Japan)Z ¢ #}3t & HPLCO 2 ml&
FY3st% . HPLCE ODS-AP column (20x500 mm, JAI
Tokyo, Japan)©] 4-2¥ 23 % HPLC (recycling prepa-
rative HPLC; JAI NEXT, Tokyo, Japan)& AF8-3t% 1 o] 574
& chloroform ¥ ethyl acetate (4:1, v/v) EF&4 L A-4-3}
Ao F4-& 50 ml/min, HZ7]= UV detector (255 nm)E
A&ttt 22" HPLC 859 S. mutans KCTC30659]



92 BBULRIX| 2019, Vol. 29. No. 1

=

3 AL L disc diffusion method [7]5 o] &3l &4
StAT FFEAo] FlE HPLC #3&9 AT
spray ionization - mass spectrometry (ESI-MS; Waters Model
3100, USA)E o] &3te] F<lst3it.

& electro-

ofr

FAERIEOES 0188 MY B

A=FUF 7] FFE0] S, mutans KCTC30659] A &2t
of vAs FFE doki7] As) FAHAE A (Scanning
electron microscope, SEM; JEOL LTD., JSM-6701F, ]apan)—%
ol g3t FEE Aol I S mutans KCTC30659] Hpo] &
& ko] v 2 (biofilm biomass) M3} &3t T Cover-
slip (12 mm, SPL Ltd, Korea)o] &0°1%l+= 48 well-platec]
ODe=04¢] BEZ BHI AAufj 2o A S. mutans KCTC
3065 Ml FY = APF F FEES 1 mg/mlo] HES AT
T 37CoA 33 Azt T F71W ekl wjefo] g
T coverslip2 PBS (Phosphate buffer saline, Bioneer, Dae-
jeon, Korea) $+%-& 9ol 23] A A3}l 30, 50, 60, 70, 80, 95,
100%9 oet&e ¢AHoZ AT thg 100% hexame-
thyldisilazane (Sigma Aldrich Co., USA)2.2 ¢ 3] &3t
T A2 Azt AxH AEE platinum 2 TH T
T FARAINN G S ol gt FEE S AYA gLtz
T 1 mg/mle] FE&< A AedFoAA S mutans
KCTC30659] Hko] 8 & who] euf 25 22} 50004 ¢} 10,000
He) v &2 #Eeg.

Real-time PCRZ 0|28 M=at MM

.I.
ic]

o REA
Hlm

o

LHJ— FZEE0] S mutans KCTC30659] A2 A4
A e vAs E3E AS37] A8 glucosyl-
transferase A AFE primer [32]2 AH4-3}4] real-time PCR&
34tk Total RNAE BHI dAujA¢] #EHOD
600=0.4-0.6) S. mutans KCTC3065° 0.2-1.0 mg/ml =< F

= AYT o5 37CAA vk F S A2t
of A& pellet® ZHE] RNeasy Kit (Qiagen, Hillden, Ger-
many)E ©] 83} £83}%21 DNAE superscript VILO
cDNA synthesis (Thermo Fisher Scientific, USA)E ©] 83}
4334t Real-time PCR-S CFX96 touch™ real-time PCR
detection system (Bio-Rad, USA)& ©| &3t} a3} on
Ao AH8H primere Table 1-»]- Zt32]. PCR FH&&
ssoadvanced™!

Ho Pﬂr

4]
oo
29

universal SYBR® green supermix (Bio-Rad,

Table 1. Oligonucleotides used for real-time PCR in this study

USA)E A&-3te] 95°C ol A 30%, 95°Coll A 10Z, 60°Coll A 20
% A 35 cycleS WHEStY £ PCR ¥HE T4 F
melt-curve analysisE #38te] 44 FEo AH & A&
et om FAAe ArA HHFE endogenous control =
A& S, mutans®] housekeeping gene<l 165 rRNA| o g
gifBst gtfCel Ao A FAA EE goz vehfth

SHE
RE A9ARY B £F 2= 53] o] wHEAY
= T35t dolzl A3}E SAS (Statistical analysis system
USA) program&.Z T390 544 24 #4E Dun-

can’s HEHAAMOE p<0.05 FEoA FA A,

QIEZLIF

o] A Oﬁ[moﬂ AT
of sl Aol Y-S0 ] gl ?_EZ:LLP?— =7 —?%%E
RH IFH4EAE £Yst7] Hstd e}
n-hexane, chloroform, ethyl acetate, n-butanol, &4 &9
EwoE HAHCE BYst TYES doH 4 BYE
o g £&& 584 £9=(65.8%), n-butanol =
(16.5%), chloroform ¥ =(8%), n-hexane +< £(5.6%), eth-
yl acetate &8 =(3.8%) =22 UESTH 279 n-hexane,
chloroform, ethyl acetate, n-butanol, &4 £ && 4%
%3 & disc diffusion method®l W2} S. mutans KCTC30659]
et BYE59 F7424 S §AF A, n-hexane £ =(1
mg/disc)®| &Aool M $8kATh(Fig. 2). ol A

ZRE S, mutans KCTC306590 T3] &4 0] e =7
UF F2E9 454 T4 92 n-hexaned] —%%ﬂ[ﬂ
S. mutans KCTC30650] tiate] Hlaa ¥ 7 34& e
He Gttt S mutans®] A&E AAskE LA FAE
Zeo] £ & AA o #3 Shin F[31]2 AFANAE S. mutans
of sl &l Ae LA FEELS F40] W& nhex-

ane ®E°|%t}.

QIEZLR E7| FESERH
S. mutans KCTC3065°1] oj s & =
JERH gAELS 371 s TLCE
217} 03, 08¢ 270 01“«] spote g &

F:LJ 00k
it
ox
i-3

Gene Forward primer (5'-3') Reverse primer (5'-3')

gtfB 5-AGC CGA AAG TTG GTA TCG TCC -3’ 5-TGA CGC TGT GIT TCT TGG CTC-3

gtfC 5-TTC CGT CCC TTA TTG ATG ACA TG-¥ 5-AAT TGA AGC GGA CTG GIT GCT-¥
165 rRNA 5-CCA TGT GTA GCG GTG AAA TGC-¥ 5-TCA TCG TTT ACG GCG TGG AC-¥




Fig. 2. Antibacterial activity of partitioned fraction (1 mg/
disc) with solvents of D. malabarica stems against
S. mutans KCTC3065. a: Methanol as a negative control,
b: Methanol extracts from D. malabarica stems as a pos-
itive control, c: n-Hexane fraction, d: Chloroform frac-
tion, e: Ethyl acetate fraction, f: n-Butanol fraction, g:
Water soluble fraction.
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Fig. 3. TLC (A) and TLC-bioautography (B) of n-hexane fraction
from Diospyros malabarica stems.

autography™ & ©| &3] 7} spotell tf & &8-S &<
A3 REA7E 0891 spotoll A &g o] &<l ¥ Ut (Fig. 3).
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S. mutans KCTC30659] o3 % &
Y& &2 5H recycling preparative HPLCE ©] &3t 27] 9 &
g E(F1, F2)= &85t 1 agar diffusion method®l &3} S.
mutans KCTC30659] W& 28-S 543 A th(Fig. 4). S
mutans KCTC30659 th&t HPLC £ &(1 mg/ml)S F+<
AL Fol AT ERlE Ao Flo A e 24 YERA
gokth FgA ol YEhd 29 72 £4 & A3l RE 73
g B ESI-MS spectrum< &4 3+ 23} Fig. 59 419 2ol
molecular ion peak’} m/z 18841 UERL} &2 7Fo] 188%

844 0] %48 n-hexane £

ZAZUT 28y F2 £8 &9 57} n]&35a NMRY 9
¢ A& FRENL BIFEAH AFA JIERYUR &
7oA Belg 35 ha Rue glod ol i =7}

4ol A77} Waw Aoz Andy,

FANXISO0|AE 0|28t S. mutans KCTC30652] HO|
QLE HIO|2UHA ZHE
AEFYF £7] F250] S. mutans KCTC30652] 1}o] &
& ko] 2o Ulilé FEE dotr7] Yl =TT
2 A3 S. mutans KCTC
—Zr%%a XMOPZI e EHZ
& Ao vl Azt ZHE o] Fa 2o 93
FHA A= ‘j‘Ol ‘5““5‘ i% #HEY 5 9}0;{;(]13}
1m /ml«l

288
#29 7;545 Fig, 65+ 2.

%i‘}iD}(Fig 6). S. mutans
KCTC3065°1 23 A% AEZe tfg glycyrrhetinic acid
o] B3l adto] A3 Yu F[35]¢) Bl oJ&td glycyr-
thetinic acid& Agst# & iz 3¢ 2 ¢ BoldE
Z 7459 & A glycyrrhetinic acidg 15 ug/mlZ # 2]
& A7 S, mutans KCTC3065E 7 Bolg So] 2A =7}

Fig. 4. HPLC chromatogram of hexane fraction from D. malabarica stems (A) and antibacterial activity against S. mutans KCTC3065
of HPLC fraction (1 mg/ml) (B). a: Methanol as a negative control, b: Methanol extracts from D. malabarica stems as a positive
control, c: HPLC fraction F1, d: HPLC fraction F2, e: HPLC mobile phase (chloroform ethyl acetate=4:1) a negative control.
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Fig. 5. Electrospray ionization - mass spectrometry (ESI-MS)
spectrum of D. malabarica stems extract.

T g

Fig. 6. Scanning electron microscopy (SEM) micrographs of
Streptococcus mutans KCTC3065 biofilms in the absence
(A, B) and presence (C, D) of D. malabarica stems extract
(1 mg/ml). Magnification is shown by the bar (1 um).
Two different magnifications are shown for each surface;
x5,000 for the upper (A, C) and x10,000 for the lower
images (B, D).

[35]9] RaLsh dAstGlon o & AFAEol ofHe
oA Tl JI=gURF &7] FEeo] A% #d A=
TS ARG = AT dBA0l e AR HA(17].

Real-time PCR2 0|88+ M20f MM 23 RAXl &sl

HI
4w 1z

(

0] S mutans® H=7 YA AE FAA LA v
YEFE gifB FAAY gfCHAAE primerE ©] &3 re-
ime PCRZ #<lstHom 1 A Fig. 79 Yebd it

]
-

9]
-

2 00 mg/ml
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c 15 A 0.8 mg/ml
o a1 mg/ml
g e B2 mg/ml
g
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2
& 05
&
0
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Fig. 7. Effects of Diospyros malabarica stems extract on the genes
in relation to the biofilm formation of S. mutans KCTC
3065 by real-time PCR analysis. The genes in relation
to the biofilm formation of S. mutans KCTC3065 in the
absence and presence of extract of D. malabarica stems.
Results are shown as the SD of five replicates. *p<0.05,
as compared with control.

Real-time PCR& ©] 83t (0.2, 04, 06, 0.8, 1.0 mg/
ml) A2 5o WE gfBs gfC A T WEE F<
& A, S, mutans KCTC30659] gifB FA4 L2 FE2E9
FEol wet 2 W) AT ofC AR BELS FE2EY
TR oA E Fadte A S YEHUHIAL 0.8 mg/ml
559 3253 97 S mutans KCTC30655 Hj %3S o)
FEES AYstA &3 WS S, mutans KCTC30651 Bl 3]
gifB T2 wdo] IA 74 AL FAT & YA S
mutins® ThF FA4 7 FAE 3F 7 glucosyltransferase
(stfB, C D)E AdstH gff TAAES] HdL AE A
AolA S, mutans®] A Hzhol| Aot off= ME B
A a-1,3 linked liner chain?l Hl84 mutans A4 3k1
gifCe T2 AWM HFEA /584 glucans Y4 sHH
gD a-1,6 linked liner chain¢! dextrans A4 gHTH[9)]. Fuji-
wara 5[10]¢] Hilo] o9 ofC gifDe 7] F-3ol Fas)
o gifBe B F7)o Lol Frketd 27] A F5hA7]
I AEY FAAAHNAM S mutanse] A H F3Zo] FA
gifB, C, D A2 A& 9o A AELS AT + 4
oo metA e ZuF F2E9 A s wet gif C A

£ 20179 ARSI gt ga s A a7l A
Aol oJstel £AR Ane oln e FAEFUL,
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