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Abstract

Dental caries is an infectious disease accompanied by the destruction of teeth. It is
a multifactorial disease caused by the interaction between microbes in dental plaque
and food, with cariogenic Streptococcus mutans being one of the primary causes. In
this study, the antimicrobial and antibiofilm activities of Zactip/antibacillus plantarum
THK-j112 isolated from Kimchi, a traditional fermented food, against S. mutans were
investigated. Furthermore, this paper also showed the possibility of developing this
strain. After analyzing the 16S rRNA sequence, strain THK-j112 was named L.
plantarum THK-j112 as it shared 99.93% similarity with Z. plantarum ATCC 14917".
Both Z. plantarum THK-j112 and L. plantarum ATCC 14917" demonstrated MIC values
of 5 mg/mL and MBC values of 10 mg/mL against S, mutans KACC 16833". The study
confirmed that . p/antarum THK-j112 exhibited significant concentration-dependent
inhibitory effects on biofilm formation, acid production, and glucosyltransferases(GTFs)
production. Regarding hemolytic activity, Bacillus cereus ATCC 14579", used as a
positive control, was confirmed to cause hemolysis, whereas L. plantarum THK-j112
did not cause this phenomenon. Additionally, except for gentamicin, the antibiotic
resistance test revealed a lower value than the MIC cut-off value for each antibiotic,
indicating no resistance. Based on the findings, Z. p/antarum THK-j112 is expected to
be useful in the food industry, such as functional food, as a lactic acid bacterium with
antimicrobial and antibiofilm effects.
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Streptococcus mutanse 77& A& biofilm) B2 A T
of| Tojsto] FEIS WA= TS of, F tiriks Boff &
AbE st pHE RF0 4w AYAI7|e BA0& AJof &
AZ do7|= A 4 Aee] tiE URlHoE Z A=A itk
(Hahn et al, 1991; Kim et al, 2020a). 3] X|o} Hz2o] A
At RBETS 2 S mutans® glucosyl- transferase(GTFs)
o 23 F= glucosyl HHI= Fote] vl ST AJAtst
of A AR ey} PPEFS vHFE3 gF EH HYS
oA WE1L, A Alet 7] 14 EdvelE 4o 7he
S =0l= Ao IHA Ut} 3 S muranss E3GH AR AY
Alsh= guEEe] Qs A frlite] e Wil HEA
St YE=Z JT5E o7 E4of f Alo] AFEH= 28-S T ¢
Al FHeE= 5 Aof A4S XM= 9T gtKCho, 2021;
Rukayadi and Hwang, 2006).

w2bA] Aol gt Z|ol A5 asly] flsiAle X[ok-AlE
9] ZQ YA S muranse S W= AB o},
S mutans?] BE F3E AAISte] Aot L2lo] 71453} E A
A= A2 I a7t AtkKrzysciak er al, 2014; Lin et al,
2021).

ole} Fdsto] 7129 A= WA A& U AA U™ (scaling) &
5o B A2y} S22 284 (chlorhexidine) ¥ &5
L =251 (fluoride)e THRTH FFEAAE Adoks 3ok A=
Hkalo] QA51 O W Baker et al, 2017), o83t B 774 1]
BE A #3< TA7) L, 4 23S A 5
ARl 7 217 A9l ofgfZo] ko] olE HAIT M= A2
"o Aol hFEAHKIm er al, 2019). olo] wet 2t HAZEE
2 8% S mutans] Het ot D F GTFs A7 A==
5 Ag=E ol 8t At AR A2 (Park er al, 2011),
Lactiplantibacillus plantarum CCFM 8724 ¥]%¥2o] Rat9] -
252 JAlok= BAE Aol T FARFY] MRS o835t
gt Q4] At FE3] A= UK Zhang et al, 2020).
of2fgt kol E-o}al, X|okpAlE2 20204 I =4 A
A 9] 4915 ARok= 5 Aot 412 AfAdsk] 913t AlE 9
OORE N =87} A|&HolBR, HERT At AR olE
S5t E o] 48 202 WHAHKim er al, 2020b).
i & Atolals AokASE Rehks o § mutans®] H
oF gt 23 9 AT BP9t fANES AXERE &
2] 9 57gstod, 2JoRe-AE oS fJgt 7154 A=A Y] A
7Fs/3E HESIIA sIyith

A
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Aol AMSH Streptococcus mutans KACC 16833", Bacillus
cereus ATCC 14579" 9 Lactiplantibacillus plantarum
ATCC 14917" #5E 2957 5AvE2Y(Korean
Agricultural Culture Collection, KACC)Z} American Type
Culture Collection(ATCC)oIA] £F Hro} AR851ct.

[=} [LLS
2R3 XA RE Lactobacilli MRS broth(Difco Co., Sparks,
MD, USA) 5 mLell 1%(v/v)& &kl 30TlA 24417 S+
HjQFSFRITE o]3 MRS broth 5 mLoll 1%(v/v) 2 A A&t &
30CoA 24A17F & wiste] fAkt 78 BiZ|Q1 Bromo Cresol
Purple(BCP) plate count agar(EIKEN chemical, Tokyo,
Japan)oll E41 TERt & 30T oA 24417 viksla, AR 434
510] colony S+ LeaA & AT RS FHall o Bt
oh 223t w50] AYekeld E42 Eelshy] 91 API 50 CHL
kit(BioMérieux, Craponne, France)Z o]83lo] &3} g
HE HESHY O, o]F 16S rRNA §7] AES E4sto] 2T
BABFHTHBIOFACT Co., Daejeon, Korea). @748 £4&
el A3t pirmers 27F(5'-AGAGTTTGATCMTIGGCTCAG-3")
9 1492R(5'-TACGGTTACCTTGTTACGACTT-3')o]H, &AIst
A71M L EZBioCloud website(www.ezbiocloud.net)2] 16S
database toolZ 7|HEO & HF #59] A7|AG} v|wslo] £
55 5519 ABS(phylogenetic tree)= MEGA-X T2 71
9] neighbor-joining ¥ maximum-likelihood W< ARES)

o] AEIct

Kol (Minimum Inhibitory Concentration, MIC)2}

ZAAREE(Minimum Bactericidal Concentration, MBC) &l21
Wiegand 5(2008)9] broth dilution methodE ©]&3}o]
AT ZAFstF o, MRS broth 5 mLol 1%(v/v) HEdt]
Augst ARES MRS broth 5 mloll 1%(v/v) HEslo]
30ColA 24A17F 2HlF sk3itk o]F 4,000 rpmeflA 107t
AAEEElo] AF5HES F 8l 0.2 um membrane filter(Hyundai
micro Co)2 oIFt & 553 AL AEE ARSI S
mutans KACC 1683372 0.3% yeast extractE J7It tryptic
soy broth(TSB, Difco Co., Sparks, MD, USA)°l 3t &
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0.3% vyeast extracts F7ISt tryptic soy broth 5 mLof
1%(v/v) AE3t0] 37CoIA 2441 vigstP o, S mutans
KACC 16833™9] A& A4 A:E Hgo=® 0.85% NaClZ
ARgst] F4E 10° cfu/mLE 2Fsle] Ao AM8sHTh

96-well microplate(cell culture plate, SPL life sciences Co.,
Ltd, Korea)oll S mutans KACC 16833" sidn} NS 53F
£55510] 37ColA 24417t BiFsiih o H widAE 0.3%
yeast extracts 715t TSB agar plateo] X4 ELs}o] 37COfA
24 Bigsto] colony®] A oS ERIsSich AdZE,
colony A¥/go] AdlfEl= &5 AR sE(MOR gt om,

colony] o] BRI P BES HAUFSEMBOZ
ageIge

429 34 oM sat

S mutans’} A4/dske= A= IA G3E ERIsE] Y8l Kouki
et al (2020)9] WS Fasto] 34519t} S mutans KACC
16833™% 0.3% yeast extract®t 1% sucroseE 7}t TSB
brothel 10° cfu/mLE ZAe AL Agdo] A3
96-well microplate®] B4 100 uLe} A& 100 uLE 22 A7}t
Stof 2-fold serial dilution?F & #H& 100 uLE5st0] 37C
A 24X17F jeksolet. vk &, vk AASKL 7} wellZ PBS
2 23] AlAste] A=xs19.2H, 0.01% crystal violet solution&
7} wellol Z7Fslo] 15487 AA5HaL PBSE 23] Al&et & 15}
Ak AZH wello ZHF 33% acetic acidE 7Isto] EAH A
EuR& &3lA]A ELISA Microplate Readers(Molecular Devices
Filter Max F5; San Francisco, CA, USA)E Ak&3}] 595 nmof|
Al FB=E oIk

714t M| s34

S mutans’} AAreH= §71ARE ool A4 k= 1A A
ORAlE 718} A7l AR dPA Slrh wEbA THK-j112
@57} S mutans KACC 1683379 At AL QA 4= A=A
SRISIAT. 0.3% yeast extract?} 1% sucroseE 718t TSB
broth 500 uLoll Al&E 500 uL# Z7Fste] 2-fold serial
dilution3t ¥ 0.85% NaCl2 #45 10° cfu/mL2 Fe 7%
2 500 uL £33}l 37ToA 24417F Bl & pH meter(Seven
Compact Duo S213; Switzerland)Z ©|-835}o] pHE 243191
11, UV-Vis Spectrophotometer(Mecasys Co., Seoul, Korea)
£ o]&sto] 600 nmollA FFEE SHI

folr
_'t—__l
@m%%
4
—

(SLABP.

Glucosyltransferase(GTFs) 444 2ix| s}
S, mutans®] AL & 5 B/dcks G491 GTFsY] A4 4
= SRIsH] sl GTEsS] Al B4 B71E AAlsialon, Ad
W2 Mukasa er al. (1987)2] W& st Sucrose®
7147 ARgsto] 37CoNA 24417 ¥iFst S mutans KACC
16833'E 4,000 rpmellA] 158 F<t FAIEEH A5 9] pH
£ 0.1M NaOHE ARga}e] 7.002 BAs19Ih B 5 0.02%
sodium azideZ #7Fsto] GTFs coenzyme solutionS £H|5}
Act. A= GTFs coenzyme solution 230 2.0% sucroseS
H7tote] 37ColAl 24417t BEGAIZ] & UV-Vis Spectrophotometer
£ o851 600 nmelK FBEE SHoIql

LIS 9] Yl 5% sheep blood(Kisan Bio Co.,
Seoul, Korea)”} 3% blood agar plate(Kisan Bio Co.,
Seoul, Korea)ol] £2] 5 THK-j1129} 834Jo] 9l= Aoz
A B cereus ATCC 14579'S AU RO E 3lo] A =
T 3 37COA 48AIZF vt o1F colony 919 8&5HS:
< FIiRT} vlwste] 84 RS WSl

A L Bt

w0 A W EAS Telel] fe ARAERPAE
(FEEDAP, 2012)9] 7to]=gtlo] wet, E-test strip(Kisan Bio
Co., Seoul, Korea)& Argsto] MIC #H2 =513t o3 &4
H MIC %+ EFSA 7Iol=8k19] cut-off value®t H|Ws}LY.

SAEN
2 AdolA 22 A SAH £42 Graphpad prism

5(GraphPad Software, San Diego, CA, USA)E o|-&3}o] H+
(mean) ¥ FFHXstandard deviation, SD)Z ¥7|5}H.0H,

BAREA(ANOVA)S AAEHT) Tukey?] thab]al ¥ AR
Slo] AR AZ3I99.0H, p € 0.05 SR04 94 wetsiolch
2 Y ag

x| Qi AR 22| U 3™

B A3]ofA] st F= THK-1129] 16S rRNA S-342 €714
o 84 A3t . plantarum ATCC 149173} 99.93%2] A

Yehfio] THK-j112 955 [. plantarum THK-j1122 g5}
HchFig. 1). API 50 CHL kitZ 0183t . plantarum THK-j112

O} ¥27229 1. plantarum ATCC 1491779 & ol84 A4 2
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Lactiplantibacillus plantaruum ATCC 149177
g Lactiplaniibacillus plantarum THK-j112
g | Lactiplantibacillus argentoratensis DSM 163657
Lactiplantibacillus pentosus DSM 203147
Lactiplantibacillus paraplantarum DSM 106677
ot Lnrlrphmnbnrrlhlspm npfmm un DSM 106677
Lacrip 15 herbarim TCF032-E4T
Lnrnpfmrl:bnrr”ws Sabifermentans DSM 211157
Enrnpfmmbar illies garii 1113697
Lactiplentibacilius xiangfangensis LMG 260137

-
m Lactiplantibacillus plajonni NBS3T
2 Lac illus modestisalifol

Lactiplantibacillus pingfangensis 382-17

NB466"

"y Lactipiantibacillius dacliensis 116-1AT
& Lmnpimmbm.nmmmg,mwm 381-77
Lac jensis 203-37
Lactiplantibacillus ud
{ Lacriplantibacillus dongliensis 218-37

110507

Lactiplantibacillus songbeiensis 398-27

Levile illus fuf is218-67
Levilactobacillus yonginensis THK-VST

e —
0.01

Fig. 1. Neighbor-joining phylogenetic tree of strain THK-j112.
Bootstrap values(expressed as a percentage of 1,000 replications)
> 65% are shown at the branch points. Bar, 0.01 substitutions
per nucleotide position.

QELE- 012K - HAR - OfeHE - 22

IHTable 1), TEZIQI Fol-&A4 0|9 7. plantarum THK-j112
& L. plantarum ATCC 1491770] 08314 5t D-xylose2}
gentiobioseZ 0188 4= UL, L. plantarum ATCC 14917
L. plantarum THK-j1127} o]-83}A]
a-methyl-D-mannoside, melibiose, sucrose, melezitose,
raffinose, D-turanose ¥ D-arabitol& °}-&& 4= Uit o]
g AAE Higo s, 2 Ao Eefet ¥ THK-j1129F #3+F
ZFL o o] 8A]of| O3] Algsl XjolE Holmr g AJgjskal AYslshA]
o8 tE EA4S 7 Zo= .

B3}t mannitol, sorbitol,

MIC ¥ MBC &4

S mutans KACC 16833 thsto] . plantarum THK-j1129}
L. plantarum ATCC 14917"9] HAAs=MIC)S} Zaikdt
S=(MBO)E &35ttt 11 23}, L. plantarum THK-j1129F

Table 1. Enzyme assay for biochemical reactions of L. plantarum THK-j112 and L. plantarum ATCC 14917 using APl 50 CHL kit. Both

strains are negative for acid production of glycerol,

erythritol,

D-arabinose, L-ribose L-xylose, adonitol D-adonitol, methyl-3

-D-xylopyranosicle, L-sorbose, rhamnose, dulcitol, inositol, @-methyl-D-glucoside, inulin, starch, glycogen, xylitol, D-lyxose, D-tagatose,
D-fucose, L-fucose, D-arabitol, L-arabitol, 2-keto-gluconate and 5-keto-gluconate

Substrate

L. plantarum THK-j112

L. plantarum ATCC 149177

L-Arabinose
D-Ribose
D-Xylose

D-Galactose

D-Glucose

D-Fructose

D-Mannose
Mannitol

Sorbitol
a-Methyl-D-mannoside
N-Acethyl-glucosamine

Amygdalin

Arbutin

Esculin

Salicin

Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Trehalose
Melezitose
Raffinose

Gentiobiose

D-Turanose
Gluconate

+1
+

+ + + 4+ o+

+ 4+ + o+ + o+ + o+

+

+
+

b

B T T T T T S S S S S S S s T T s T s =

Y+, positive, 2 -, negative.
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L. plantarum ATCC 14917%& 2% S mutans KACC 16833"
o tigl 5 mg/mLe] MIC % 10 mg/mLe] MBC & LERfo]
T @57} S mutans KACC 168337 tisl] GARH Hwo] 3kt
& Hole AL ERIT &+ Ak

M= Y AN =3t

S, mutans KACC 168330l tigt . plantarum THK-j112 &
L. plantarum ATCC 14917'9] &4 g4 oA & dvk=
Fig. 20 YetiQit. A¥4, = 5 25 v 57t =
opgo] whet sk A2AHOE § mutans KACC 16833"9] B=at
B/do] Asfi=o] 2.5 mg/mL ol3e] FEolA thEE tiH] £<
SHA ABE gAo] AAE= Ao FRIFALE E5] 5 mg/ml,
10 mg/mL ¥ 20 mg/mLolA L. plantarum THK-j1129] S5
L= 0.2740.04, 0.08£0.01 % 0.06+0.01& ERI=|giom, L

A) 0 06312525 5 10 20 (mg/mL)

YY)

— it
308

0.

-o MRS
= THK112

g
o

et
N

Biofilm formation (OD g5
o
&~

1=
-]

0 063125 25 5 10 20
Concentration (mg/mL)

(B) 0 06312525 5 10 20 (mg/mL)
MRS @a Q@s‘@fg’@;
ATCC 149177 Q{e@@@ﬁ 2
] 0.8

0.6

* MRS
= ATCC 14917"

0.4

0.2

Biofilm formation (OD 4

04— T T T T T T
0 063120 25 5 10 20
Concentration (mg/mL)

Fig. 2. Inhibition of biofilm formation of L. plantarum THK-j112
and L. plantarum ATCC 14917". Using 1% sucrose as a
substrate, the biofilm formation inhibitory effect of L. plantarum
THK-j112 and L. plantarum ATCC 14917 on the biofilm produced
by S. mutans was confirmed. After treatment at the indicated
concentration, incubated for 24 h. The biofilm formation was
measured using a microplate reader. Values are mean + SD. *
p < 0.05 ** p <0.01 and ** p < 0.001 vs. MRS-treated group.

plantarum ATCC 14917"9] 4=%= 0.34+0.03, 0.08+0.00
2 0.07+0.002 ERI=o] 5 mg/mL °VF9] IskLolA L
plantarum THK-j1129} 2415 55 50% o149 <=5t A
9 895 Hol= Ao gRIFqth

"q0u.

718 4 x| g1t

S mutanse g HAEPYONA 714 AJ4tsto] Z|of HS] pH
£ W dwg 837 T Aot A ket AHE 9
TS vHh wEbA 2ot 941 sl Yl S mutans’t
Aok f71A] S IAIE g98/dol itk wEA L
plantarum THK-112 957t S, mutansel|l 2Jgt A AA3E A
of=A] oJRE pH meter?} UV-Vis Spectrophotometerg AR
Slo] Z7gsieirt. 1 A, Fig. 30 Uehd Hiel 2ol L. plantarum

(A) _

L. plantarum THK-112
-~ 15- ~5.0
E P Py *iE - *kE
S - - ™ -
=]
s L45
8 1.0 sar
S—
g ta0 3
o 054
5 L35
% e e | .

O o AN TR 1H I o | R
0 063 125 25 5 10 20
Concentration (mg/mL)

(B) )
L. plantarum ATCC 14917
1.5- -5.0
8
© 4.5
8 ik
—
40 O
g w0 3
9
o 3.5
E &k & * & &|
8] PN oy 1 1 P

0 063 125 25 5 10 2h

Concentration (mg/mL)

Fig. 3. Inhibition of acid production of L. plantarum THK-112 and
L. plantarum ATCC 14917". After treating S. mutans with the
indicated concentration, incubated for 24 h. The amount of acid
production was measured using a pH(right Y axis, [(J) meter and
bacterial growth(left Y axis,ll) was measured using a
spectrophotometer. Values are mean + SD. *** p < 0.001 vs.
untreated group.
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THK-j112%} L. plantarum ATCC 14917" MBC Hlgte] B
(0.63 - 5 mg/mL)eIAE sEolE oz Alo] AJAEo] BRIHQ
I, MBC o9 %%(10, 20 mg/mL)oAE AF A34o] oAES
RIS &= e

Glucosyltransferase(GTFs) 24| it
GTFs oA a3 A¥4%, [ plantarum THK-j112+= 0.63,
1.25, 2.5, 5, 10 ¥ 20 mg/mLoﬂlﬂ Z¥2¥22.42%, 26.72%,
58.95%, 80.65%, 91.24% & 91.24%9] AA &S B3O, L
plantarum ATCC 14917 0.63, 1.25, 2.5, 5, 10 € 20
mg/mLoAA 22 33.36%, 32.42%, 52.09%, 79.28%, 91.76%
% 91.90%°] GTFs AAIE Holi= A o= gl=glrt. ofof wat
A7) I. plantarum THK=j112 2 L. plantarum ATCC 149177
o HIJAZ GTFs AkS JARICEA S murans®] &9t 3
A& IAZ A oE 7=, 3] 5 mg/mL o9 w=olA L
plantarum THK=j112 2 [. plantarum ATCC 149177 2%
90% o139 =2 AAELS Ho] AR S muransel| 23t A3
9 P4 A 710 Ao s ZHEHFig. 4).

L. plantarum THK-j1122| 28 =101

FAE 9 OAREES AlEARC] € % 7] o= 888 9 &
A Wit 22 QbR B7 P FaAolot weha £ :rLoﬂ/ﬂ**
L. plantarum THK-j1129] €34 o5& gRlsiitt. ol
G417} wjEo] fHFERo] L HIO R §EE s YR,
ol gbd HiR] AdollA ek 889 f30 Wet e, 2 &
g5 ESE S ol o882 AP FEA 8oiE WohH, &
HHZ] AJoflA colony Ztﬂo] M0 2 Hol= 0] glom, g-
|82 47t o] EolEl=s AR WA AollA colony
FHo| FrgskA Halth y- ‘é% §o] dojuA] = WO =
colony 80 offd ®Ws7} gl= Zo] EFo|thKim et al,
1995). ol|&st 7|50l ulet S8AE EQIst A3, L. plantarum
THK-j112+= €82 HolA| &2 why, c}:omz'ﬂ__"ﬂ B. cereus

e

T
o
=

oZ:%

ATCC 14579™= B-§3& Yov|= Aoz FIHckFig. 5).
w2bA L. plantarum THK-j112+= £8& 21—9-7] A o= os
o A BrP)Eo] Felehs AoR SRIE .

L. plantarum THK=j1129] SMdix| LiA &0l

A V8 71 A= Table 29} Fig. 6ol LRI EFSA 710]
TERloA ARG A AL 71 nPES] A W 71EA
(cut-off value)?} WIS
Erythromycin, Clindamycin, Tetracycline 2

), Ampicillin, Kanamycin,

! Chloramphenicol
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Q=Lt- 02K - BHE - OfFS - 228

(A)

L. plantarum THK-112

1504

GTFs activity (% of confrol)

0 063 1.256 25 5 10

Concentration (mg/mL)

(B)
L. plantarum ATCC 149177

150+

100

#EE wEE

GTFs activity (% of control)

T
0 0863 1.25 25 5 10 20

Concentration (mg/mL)

Fig. 4. Inhibition of GTFs activity of L. plantarum THK-j112 and
L. plantarum ATCC 14917". GTFs inhibitory activity was
measured using a spectrophotometer of water-insoluble glucan
produced by S. mutans using sucrose as a substrate. GTFs was
pretreated with the indicated concentrations for 24 h. Values are
mean £ SD. *** p < 0.001 vs. untreated group.

B. cereus

L. plantarum _
ATCC 14579

THK-j112

Fig. 5. Hemolysis of L. plantarum THK-j112 isolated from Kimchi
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Table 2. Antibiotic susceptibility values for L. plantarum THK-j112 obtained by MIC test

Antibiotics” AMP GEN KAN ERY CLI TET CHL
MIC cut-off value(mg/mL) 2 16 64 1 2 32 8
Detection value(mg/mL) 0.47 32 48 1 1 8 4

Y AMP: ampicilin, GEN: gentamycin, KAN: kanamycin, ERY: erythromycin, CLI: clindamycin, TET: tetracycline, CHL: chloramphenicol

Ampicillin Gentamycin

Kanamycin Erythromycin

Clindamycin Tetracycline

Chloramphenicol

Fig. 6. Comparison of MIC test of L. plantarum THK-j112 using various antibiotics.

2 FFSA 7o|EeR] 7|&A|Het MIC #lo] @AY 22 Ao Rl
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