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INHIBITION OF ARTIFICIAL PLAQUE BY MUTANASE
PRODUCED FROM Streptomyces exfoliatus

Do-Won Song, Kyu-Ho Yang, Jin Chung*, Jong Suk Oh**

Dept. of Pediatric, Dept. of Microbiology* College of Dentistry,
Dept. of Microbiology, College of Medicine™*, Chonnam National University

The main component of dental plaque is the mutan containing the a-1,3 bond. The follo-
wing results were obtained by using a blue mutan to assess the factors affecting the mutan-
digesting activity of Streptomyces exfoliatus isolated from soil.

A clear zone was produced by mutanase-producing Streptomyces exfoliatus on the minimal
essential agar containing blue mutan. Streptomyces exfoliatus digested more blue mutan in
the minimal essential broth at pH 7.0 than at pH 5.5 or 8.5. Streptomyces exfoliatus digested
more blue mutan at 37C than at 32C or 42C (P<0.05). When the concentration of CaCl,
was increased in the minimal essential broth, the digestion of blue mutan was increased
(P<C0.05). The optimal concentration of KCl was 10mM to digest blue mutan, but a similar
amount of blue mutan was digested at the range of 0.1mM to 6.4mM of MgCl. When
the culture supernatant of Streptomyces exfoliatus was mixed with 2X brain heart infusion
broth containing 0.5% yeast extract and 10% sucrose, less artificial plaque was formed
by Streptococcus mutans on the orthodontic wire (P<0.05).

These results indicated that the secretion of mutanase was identified in culture superna-

tant of mutan-digesting Streptomyces exfoliatus, suppressing the formation of artificial plaque
by Streptococcus mutans.
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X 9)8te] Al B BpEa F7h
ABQ Ao} FH NFAEL -] N
3al e, 53] AoldNs Xo}9-2ZFo)
- Fa% Ago] Hi gk, o]#F o}
+4F9 T QlojA T8 9L 3l Qe
A Add Adt 222 FAFY o
O, Ao EA3tE Aol 93t 2AF (suc-
rose) 22 RH A H= glucan xjol$-4=
o] wAlo glojA z7lo AFe S XH
o B But ol FAE Xel )
A2 ZAL33n vy, I YJUdE glucane A
ob$-2F9] LA glolA B4 F&3}
A, A Xol9-2Fo] AAH wat o
FE7L WA dghe,

Glucan2 F84< dextran® H]FEA¢]
mutan®. 2 & § Jon, o] FA mu-
tano] A ejo] FAdF X|o}-9-21F wra ol 9lo)A
o F8% A&olth. Mutane 3£ Streptococ-
cus mutans® 23 FFHL k. Yakushiji
S7& Streptococcus mutansE F-E Y glu-
can< single- =+ double-stranded fibrils®
T4 5o} 911, single-stranded fibrilsE glo-
bule 722 Ho| o Busgch, E3t si-
ngle-stranded fibrils<= dextranase (a-1, 6-glu-
can hydrolase, EC 3.2.1.11)9] )3l &3)7}
5v} double-stranded fibrilst= H3| 5] e
otir 3tYth. Double-stranded fibrilsE mu-
tan® 24 dextrand a-1,6 AL EIdt=
dextranase®] W&l HFAFE Bole o-1,3 2
& 23 = glucanolth.

Ko} ®HA FAHE= HNTY TFe o}
A5 A 9T v, gabq Aol
zoto)] Rt FEg PAshs AL oA
Bo2A e FAHL JATL & A €.
olFA XNeHE GAIE7] 93l njgEo] B
Hl3ls A4F o|83te Il 2% A=
Eof grw,

Waksmanoll 2J8}] Streptomyces griseus=.
5E streptomycin®] & ¥ o), PAFF
(Actinomyces) ol W& AF7F A& Yo},
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AR AT RE FEH 2hd FAEDLS
500% oldoz FHEA of 58% oS
22|84, o] F 82% o]’do] WAFH2l Strep-
tomyces39l 23] THEolA I QPP FEIF 7
GA, EAAHA, HIZHERD S HHATRE
o]-&% AAEAHEZ AL M= 99
AR FY F8A40 ZAxHI o, AHE
Tdle A4k YATFEZ RY RIdEe
AEZd Adeee, ey RE]ld 8452
F2 a-1,6 2o 2 o)]Fo]A dextrand] &
83t dextranase 24] o] AEE A A8l X8
FAAS JABlEE Be FEAFH AN
oy I g3 dsbe B =To] )9
gon, AANE Yo Ed AP & &
HE BA ZGgesr, HIe xHe 7
S P43 U= mutand B3 AH
B gAA ] g A7/ AP T P,

£ AFdAM s EFA 28] 7 Streptomyces
exfoliatus ] mutanase ¥4|9} 71 ZAJo] J-&
HXe oy JAES Hu AEFozH T
FH T8 A Hol¢2Fe Yelo] He
e A A 7o di QEhe thao
AAE LA7) Busdte wpolt},

Y

II. "= 4

Streptococcus®] WY | B AT oA = mutan
< VeV A3t Streptococcus sobrinus B-13
strain (serotype d)& FAIFJYon, wjge
4 122 259 AEE Brain heart infu-
sion (BHI, Difco, Detroit, MI, USA) brothol
HEdt 37C BA7E2 wigFrjol A 16417 b
&3t

Mutan®] #32] ! Mutang £&3st7] g3t
Takehara®] W@ el we} Streptococcus sobri-
nusE 0.5% vyeast extract®} 10% sucroseS
A7Fs BHI broth (BHIYS)®l 37C, 3zt
SAEE W Fr1o A Wl gsta T vl Fd-g 4,
000X g= ¥43te 3M KOH £ 100T,
2717 7hE3Eke 59 F, 13,000X g2 30837t
At FAES A AEY. KOH 902



de FHde WxAo g FIAF I TF
&S 7hste] Gl Hol gl uFLA
glucans FAMAIZY, 50% PlEes oy

FHAA d%

ARt BHBL

AzA .

Blue mutan® A= . Cibacron Blue F3GA
(Sigma, St. Louis, MO, USA) 0.4g< 12ml
Tl 7F8kiL, mutan 2g& 60T FHS
70ml°l 7}SIgiTh o1& F899E 3083t A1
9g2] NaClg 7I3te] 1A% 2. EgA S
Aoz YA F, 5CAAN ZFHFE AH

A4

3t W A ¥2 MAE AAAL.
a3 AREH FHFE 2018 EHS T,

AHE Y5 A2A1A blue mutang FHE
o}, 3 HAlo] minimal essential agar& -0}
=% oS, 1% blue mutan°] T4¥ 06%
FAE 2o blue mutano] 9 WIS A

Z3tA

Streptomyces exfoliatus®) vj%F : EFojA] &
2| o Streptomyces exfoliatus 2 SZY NFL
Bennett's agar (1% glucose, 0.2% peptone,
0.1% beef extract, 0.1% yeast extract, 1.5%
agar) ol Al wlj oFalsqch,

Blue mutan ¥-f 8 %o A ¢] mutanase £¥)
&4 1 1% blue mutan©] 3¢ minimal esse-
ntial agar (0.5% ammonium sulfate, 0.05%
K.HPO., 0.03% KOH, 0.02% MgSO0..7H.0,
0.001% FeSO..7H.0, 0.0001% glucose, 1.5%
agar) ol Streptomyces exfoliatus®F mutanaseS
FH)31A) &2 StreptomycesE A E319 37C)
A 159 wjoksio.

Mutan 2355l #] X vl x19) G3F : Strep-
tomyces exfoliatus= 1% blue mutan®] T4
minimal essential agar, Bennett’s agar, nut-
rient agar®l] FE3sl9 37T 159 w3}
At

Mutan 315 "X& pHY} &9 4%
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- Streptomyces exfoliatusE 1% mutan©| &
¥ minimal essential brothol A w3 ohe-,
2.3X10°/ml9] A7 ¥ 1mlE 1.5ml mini-
mal essential brotho] H£3}lx HE B}
1% 7} H %% 0.5ml®] blue mutan® & 713k
et o] | wiFee} pHE 55, 70,
852 FANPUL vy &=+ 32T, 37C, 42
Ttz 233t o] W WETOZ Streptomy-
ces exfoliatus ¥} ¥ ’3*8 < t)21 o] minimal esse-
ntial broth& ¥} & Z2@o = wjgalyt.
179} 25 ¥ F, blue mutan®] B2 A%
A Ao M7 W3LE spectrophotometer (Hi-
tachi, Tokyo, Japan)& ©]£€3}ld 610nmolA]
Z33g e, of FAAN dET FXE
3tttk ol AAHE 3318 wiEsle PYF
A& T3t

=

Mutan #3159l #|X& Ca, K, Mg ©]-29)
G . Streptomyces exfoliatusE 1% mutan©)
¥ minimal essential brotholA] uj<¥3

2, 2.3X10%/ml12] M wigd 1mlE 1.5ml
minimal essential brotholl dZ3lx1 HZE &
=7 1%7F 9= 05ml9 blue mutan®-g
7vste] vieFatict. o] W ¥ix] 9] CaCl, 558
025, 1.0, 40, 16.0mM=Z, KCl =& 25,
10, 40, 160mM=E, MgCl, =& 0.1, 04,
16, 64mME HASIA. Ao 22 oz
3xH wHE EA3t HEXE FI

UEXE F 4A 7AAH . Hamadad) Wg»

W3t Streptomyces exfoliatuss 05%
mutan©] 3-8 RL ¥1A] (0.05% Beef extract,
0.05% Yeast extract, 0.03% Peptone, 0.9%
NaCl, 0.2% Ammonium citrate, 0.01% MgSO
+7H;0, 0.005% MnSO,5H,0, 0.03% glucose)
oA 547+ %S 13000rpmSE 3083t
AT 1 FAHAE 0.22um 7 =719
o dtetel] QFHA 73, Ao AN} Fgo
2X BHIYS ¥iAIE ®]A WAt o7]o) oF
41mg®] 0.016 inch stainless steel 3§ wire
(ORMCO, Glendora, CA, USA)E 2|3}y
HFge F7=F vA itk wjA] 1

=2



ml2 2.5X 1070 ] Streptococcus mutans (Ingb-
ritt strain, serotype ¢)& FHF3} stirring&
BHA 37C W4brts wiFrIolA SAIZE wik
st v ¥ A o] pHS} Streptococcus mutans)
BaTE FAT F, FAE A9, o9
2o 2%E 3A wEdtd JAEXE 73N
t}. o] W] th=F 2 2 BHIYS vl A4l Streptococ-
cus mutanss JAEF3 I J3 & NP3}
Ak

TAA A= . ZF ] Aol Kruskal-Wal-
lis test®t Median 2-sample testE ©]&-3}o]
Huslg o SAEEQ FdAHe p valueZt
0.05 o3}l B¢-2 3t

m, &

=

Blue mutan &% ¥} )9l 2] mutanase £4)
74 : Blue mutan®] - vjA]doll Strepto-
myces exfoliatusE I o FHYE AT
S 24 mutanase FHIE FAE & U
22} mutanaseE £-Y] 3R] &S Streptomyces

I E FHHE 22 + AR (Fig 1.

Mutanase #¥]5 VX iAo G
Blue mutan®] #-%¥ minimal essential agar
Aol At Streptomyces exfoliatus’} FH &
%4393 Bennett’s agart} nutrient agar 4

dMe FHdE F4HA &ttt (Fig 2).

Blue mutan ¥39 v]X]= pH} %9 o
&g e pH7F 7.0¢€ 9 blue mutan©]
7HE & E3=32n, pH 554 85Y we
B3 A=rt ¥koy 94 gt (Fig
4). ¥ &7} 37C2¥ 9 blue mutan®] 7+3
Z FEKen, 32Ty 42€Y g 23 A
=7 94 30A @3kt (P<0.05) (Fig. 5).

Blue mutan £33l #]X& Ca, K, Mg ©]
29 JF I uiAY CaCl. TE7} F71EFE
blue mutan®] ¥3) A=t F7stth (P<O0.
05) (Fig. 6). KCl ¥%7} 10mM<¥  blue mu-
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tan®) 3 F=EJF #Rou FHe A
(Fig. 7). MgCl, 35 0.1mMolA 64mM¢]
oA blue mutan £33 =7} H 3 AT
(Fig. 8).

AFH ) FA A AL BHIYS vl Ao St-
reptococcus mutansS 5A1t vR g3 hRFo
vju 8t} RLU\ XN Streptomyces exfoliatusE
v & 44 A 3} 2X BHIYS broth} §3te] St-
reptococcus mutansE 5217t WG AL
Me ZAL wire 49 AFAH &Fdo] A
AR (Fig. 9). hZFA A= wiFd 9 pHI}
6.62.2 S Streptococcus mutansS BT
t ml? L1X10°e8 F713iyen, F714
AF A=Y FA HIAE 77.3mgelReM,
AYTZAME BFA e pHYl 6622 FHUL
Streptococcus mutansS] A5 mlg 25X 10
o2 F7hetden, 7td 43 e 7A
HaAE 23mgl 2 2T vstd {24
AA A3 (P<0.05) (Fig. 10).

v, o &

Streptococcus mutans= AFgAA FN X
o}AF S dodle FoFT AT R 4 A
A}, Streptococcus mutans= 2o+ A7 (re-
tentive) 9ol #&& I Pt FAY
Avtde d2 & ¢ . & o] Alde
FA%td e FAIHE Aoyt Slejor
giok, webA Xjolrt wEEE fote] Tl
M Streptococcus mutans?t LAHA Fi
Aol AP Golwd BRolx 7oA Strep-
tococcus mutans< AFERT. frofell A EE
Streptococcus mutans® T3 ZFL Fol9
oMUz A= glon ofmue F7h e
AT Streptococcus mutans TAZ FAAIFRA
o172} Streptococcus mutanss ZA H & =9
AZE Z2AE F Aol AT, Stre-
ptococcus mutans TF= 8719 AH (g-h)
22 YF I o]FeAM AP ot HAAH R
7V gol EYH1 gr. Aol FgFE &

215 9 AP EEQ 77l Streptococcus mu-



tansE JFAE W, Xo}$2Fo] 4sHA
BASHEE, oA Aot Streptococcus
mutans7t S7¥ste] 4to] ol WAH7| HgE
ot > Streptococcus mutanss o] HA 4
Ao 2 HEl AE9 tFF2 glucan® fruc-
tans PATA?, Toda T2 EFHAR &
U] 73E o83t Streptococcus mutans type c7}
[T AL OdFFY v F2E B2
st FFIE AZEA 4 AR, & globule
729 fructan, single-stranded filament -
%9 dextran, double-stranded fibril T2
ZE mutano 2 T kil B asigc
E3 FAHA dujRoege FEHO FE,
5 globular body$} amorphous substanceZ
#Estg . vl=8A glucan?) mutane X o}
R Streptococcus mutans 2o HE AT
9 4 FAAN7IH, £84 glucan$] dex-
tran? fructand A2 M E9] duizx FF
o] Hi k. M ES glucan Streptococcus
mutans 2N THZ Streptococcus species, Lac-
tobacillus species®t & TN o8] 3
AE e, olF Aol xot FHo| R3]
A E st rodstn o,

FAR AL AE3 aoht AL
A2 e Ao 91o)M = mutano] ¥
|74017] Wil Balgx @1 e A=
2O A op¢- 253 XFAFo] WAy}
of Aol Aolrr] g 7o o]& Fo
B A0 A 28A Askx g,
olF BFL THE o|FE AN YR
mutan$ ¥3)3}= €29 mutanase (endo-1,
3-a-D-glucanase, EC 3.2.159)7} =3t &3}
7] W&olt}. o]#3} mutanaser S} 2o
qEL o ANE mutanS 2330, A
2 mutan® FAFS =3, AAZ mutand T
E+ glucosyltransferase (GTF)2] #-&o] 4
&S vAIY, VAL Streptococcus mutanse)
SHE Z2AY, IAAZ in vitroo) A Stre-
ptococci®] F-FE& AA|Sa oy B®,

Ho) ARFEo] +Yas 79 4 Ve
B3R = oz JAASA HEA Syvate

£ 58 Ay oheel Mg FFE SEIR

=]
ofFT—
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Z1E F e ROH2E x4 7143
HATh ol AEFTHE FHAAE Aaldx
71 A5 9 B o838 AB3A gow
SEA HAh x99 BX 9 AFdl digk
HAilo] FUHHEA 17 A i3 AME
ZF21gd me} ARFNAMe ojn] 7]&e] W
HE o] 83 774 A% it bR 7
AFAY] AEFTYH AFES &3

HdFol ek dAl AMEET e A
AFY e vAEY drIEE 1H
Ndd Aoz vAEY AANEHEHY,
HAEL OYgs AdAar Hez £g&
TR ANEHED S BEAT ol FoA
=53] gRvo] AR AFEE 9t oj&Hu
Ak, WA JoezE AR gARME F
Al Eo] o] & Sl AXNEHAEARAY o
Aol Alg3s] aFHI gled, g AA o
A A 24 9] mutanased] B4 1 YA §x9
H3 A7e FAAHGA olF F98 Zlow
Alg E},

B AT M= mutang B35 Streptomy-
ces exfoliatuso A HH| 5 E2o] Ayjerael
Zt-go] 93t mutanasedE AL EHIn
4 AHE JASE AL FHdtey 1 =
Ho| k. Streptomyces exfoliatus’t blue mu-
tano] FHE WANME FHAE FA3)=
A Eol mutand| 9t FL3= Aoz Algd
t} (Fig.1). Blue mutang T3 Axu)=)
AME thhe & F49 Zo] pH 7.001%
37C wjF&E oA blue mutand 7P & &
a3t H Tt Blue mutan®] E3h] glojr o]
E9 FFE B3-S o, calcium o] tisiA
F57t S71E 5 blue mutan®] E37F F
A UA F7H 28 Ko} mutanase”} cal-
cium o2}&X4 &4 % Alg "

AFAE S A= ZAAE AAS
A3k, RL¥WA| | Streptomyces exfoliatusS Y
sk A elat 2X BHIYS brothe &3k iz
ToAAE S7HE ¥ A¥ FA Hdo] 23
mgo 2, BHIYS Wl X9 Streptococcus mutans
& g 2T 77.3mgol Blsle F-9A
QA AT (P<0.05). ©] o Streptomy-

il
ks
o
=

=



ces exfoliatus ¥} % 37 A o] Streptococcus mu-
tans®] FAo FFES A wgF 5/ F 9
Adss mlF 25X1000.82 EF' mlE 1.1
X10°Eh =4 HEHAG. ojAoz Ho}
wire’de] Q1F e JA= Streptomyces exfo-
Liatus W% 33 Aol A= mutanaseo] 23
Ro g2 ASHAY. o2 Streptomyces exfo-
liatus7} ¥-¥)31= mutanaseS AA s 1 &
HAAE cloningd3le 98 A& Aoy, &
Ago A9 nutan ¥3%F F7°] mutanase ¥
Hle] W3le] 719038=71 mutanase A E9)
Hste)] 7]18kerte | F7E Aot

V. 2

of

Streptomyces exfoliatus®) mutan £3) 53l
FEFE A= AR & Lol B3l blue
mutanS o} &3 4PE A} L 2
A3E I

Blue mutan©| 9] & v A Streptom-
yees exfoliatus©l] ¢ FENE B2 2 muta-
nase®] ¥HIE A 4 UATh. Blue mu-
tan°] 9] U= o] F7 viA FNA mini-
mal essential agar “ll A Streptomyces exfolia-
tus7} FHUE 3443l Minimal essential
broth®] pH7} 7.0¥ ™ pH7t 554 85% WK}
blue mutano] & FdHJoH, I %7}
37C = 32T} 42T "R} F B HAT (P
0.05). Minimal essential brothol*¢} blue
mutan®] ¥ CaCl, 571 718 2
(P<0.05), KCl =7} 10mMY o Z7}3t
o1}, MgCl 3%E 0.ImMoA 64mMe] 8
Sl A w1z Tt. Streptomyces exfoliatus B
& FAHHE 05% yeast extract? 10% suc-
roseE 713 2ule] BHI brothol 713t 7%
WAL wire’dNA) Streptococcus mutans)
o3 AFAE FAo] FARUA dAHUG
(P<0.05).

ol }e] ARE FF3IA Streptomyces exfolia-
tus A BAEE ¥ A B 2] mutanase’}
UEAE A A FLo] Jvte AL &
A 5 YAt

10.
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Effect of mutanase produced by Streptomyces exfoliatus on the minimal essential
agar containing blue mutan. Mutanase-producing Streptomyces exfoliatus (Left) and
-nonproducing Streptomyces (Right) were inoculated to the media containing 1%
blue mutan. The plate was incubated at 37C for 1 week. A clear zone was formed
by mutanase-producing Streptomyces exfoliatus.

Effect of media on the production of mutanase by Streptomyces exfoliatus. Streptomyces
exfoliatus was inoculated to nutrient agar (A), Bennett’s agar (B), or minimal essen-
tial agar (C), containing 1% blue mutan. The plate was incubated at 37C for 1
week. A clear zone was formed by Streptomyces exfoliatus inoculated to minimal
essential agar.

Digestion of blue mutan in the minimal essential broth by Streptomyces exfoliatus.
Streptomyces exfoliatus was inoculated into the minimal essential broth containing
blue mutan (Left). After incubating for 1 week, clear broth was changed to blue
one (Right).

Effect of pH on the activity of mutanase produced by Streptomyces exfoliatus. The
pH of minimal essential broth containing 1% blue mutan was adjusted to 5.5, 7.0
or 8.5. The broth was inoculated with 2.3 X 10°/ml Streptomyces exfoliatus, and incuba-
ted at 37C for 1 and 2 weeks.

Effect of temperature on the activity of mutanase produced by Streptomyces exfoliatus.
The temperature of minimal essential broth containing blue mutan was adjusted
to 327, 37C or 42C. The broth was inoculated with 2.3X 10°/ml Streptomyces exfolia-
tus, and incubated at 37C for 1 and 2 weeks.

Effect of CaCl: on the activity of mutanase produced by Streptomyces exfoliatus.
The CaCl: of minimal essential broth containing blue mutan was adjusted to 0.25,
1.0, 4.0 or 16.0mM. The broth was inoculated with 2.3 X10°/ml Streptomyces exfoliatus,
and incubated at 37C for 1 and 2 weeks.

Effect of KCl on the activity of mutanase produced by Streptomyces exfoliatus. The
KClI of minimal essential broth containing blue mutan was adjusted to 2.5, 10, 40
or 160mM. The broth was inoculated with 2.3X10°/ml Streptomyces exfoliatus, and
incubated at 37C for 1 and 2 weeks.

Effect of MgCl on the activity of mutanase produced by Streptomyces exfoliatus.
The MgCl, of minimal essential broth containing blue mutan was adjusted to 0.1,
0.4, 1.6 or 6.4mM. The broth was inoculated with 2.3X10°/ml Streptomyces exfoliatus,
and incubated at 37C for 1 and 2 weeks.

Effect of the culture supernatant of Streptomyces exfoliatus containing mutanase
on artificaial plaque of orthodontic wire. Streptococci mutans was incubated in the
BHIYS broth (Left) and in the mixture of 2X BHIYS broth and culture supernatant
of Streptomyces exfoliatus in the RL broth (Right). The 0.016 inch stainless steel
wires were incubated in the stirred media at 37C for 5 hrs.

Effect of the culture supernatant of Streptomyces exfoliatus on artificial plaque of
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orthodontic wire. The BHIYS broth (Control) and the mixture of 2X BHIYS broth
and culture supernatant of Streptomyces exfoliatus in the RL broth (Experimental)
were inoculated with Streptococcus mutans. The 0.016 inch stainless steel wires
were incubated in the stirred media at 37C for 5 hrs, and measured. The result
was the mean of triplicate cultures.
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