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A STUDY ABOUT THE INDUCTION OF MUTANASE FROM STREPTOMYCES

Kyu-Ho Yang, D.D.S., M. S. D., Ph.D. Jin Chung, D.D.S., M.S.D.*

Department of Pediatric, Depariment of Microbiology®,
College of Dentistry, Chonnam National University

The mutan containing @-1,3 bond is an insoluble portion of glucan which is the main
component of dental plaque. The secretion of mutanase was assessed with mutan-digesting
Streptomyces isolated from soil, and the factors affecting its activity was studied, obtaining
the following result.

Mutan-digesting Streptomyces was identified as Streptomyces exfoliatus by its characteristics.
The effect of dextranase was identified on the media containing blue dextran. A clear
zone was produced by Streptomyces exfoliatus on the media containing blue mutan, so showing
the secretion of mutanase. A clear zone was significantly produced on the media overlayed
with agar containing blue mutan. A clear zone was produced at 2 days after the inoculation
of Streptomyces exfoliatus on the media containing below a concentration of 0.025% glucose,
at 3 days on the media containing 0.05% glucose, and at 4 days on the media containing
0.1% glucose. Mutan-digestion wasn’t appeared early by adding other carbohydrates.

The higher concentration of peptone, the later appearance of clear zone was on the
media containing below a concentration of 0.1% peptone.

These results indicated that the secretion of mutanase was identified from mutan-digesting
Streptomyces on the media containing blue mutan, and a clear zone was appeared lately
on the media containing higher amount of glucose.
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I. M E

9 gte] FRA L2 x EFsm T
F8 AFA XNol¢-AF(FAD Y FAYe
oA x Bol LAST glod, 53] LoldXE
Zo}4-2F0] 71 Fag AFe] Ha Q.
ol&|§t Holg-2lZ9 WA YN FaF
AL st Ay E Ao Aot 4= 7
AEo] Q. Helo] EAs= AT st
o AF(sucrose) &2 HE FAHE glucane
Aol-AFe] Ao QoA 27 AT
S Me) FAo T B ol AR
e 71dz 2435 gtk I o= glu-
can X oh-21Fe] Lo lojN FAARE
ZE3AMY, F3} X o} Fol g what
3 FeEj7 WskskA doee.

Glucane 842 dextran® ®B]FEA4<Q)
mutan®2 FET F glod, o] FoA mu-
tano] X ej¢] FA7} X)o}-9-2]F FA o glojA
H F8§ A¥elth. Mutan £ Streptoco-
ccus mutans®l 93} FPH L AT, Yakushiji
B"& Streptococcus mutansZ F6 A H glu-
can< single- =+ double-stranded fibrils&
T35 911, single-stranded fibrilst glo-
bule +ZZ Hof vty B3y, =3 gi-
ngle-stranded fibrils= dextranase(a-1, 6-glu-
can hydrolase, EC 3.2.1.11) ) &3l &3}/
=t} double-stranded fibrilsi= E3|HR] &
il 349 Double-stranded fibrils¥ mu-
tan® 2A dextran® o-1,6 2¥L Edlste
dextranased] W3] A3AHL Hole o-1,3 2
& 23 SlE glucanolth.

Ao} EHo FAHGE AT FFHL Xo}
$45 dA 9L A, gIdA Ao
Xole] Rl TEE FAHsh= AL A
FozA X 4L AAE & A Aok
ojgA XNEHE A8l 5t mAEe] B
Hjgle BAE o] &dhe AT aF¢ A=
so] g,

Waksmanoll 3} Streptomyces griseus=
¥-¥ streptomycin®] F&€ olg®, YHAFF
(Actinomyces) o] T3t 247} A& ),
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AR WAFHFE FE 24 FAEHL
500% oldoz FAEAY of 58% o]F&
247849, o] F 82% ol/do] AT F ] Strep-
tomyces & 8] TEOAZL PP, FEI
FA, ExAA, HYRFED 5 AT
FE o]&3 AAFYEZC] A MEH
Ao WAFFY FLA0 FRH: Yt A

£ Edte 4% PAHTFE FE 2
stEieE AlE7E AR, a8y 8 &
A2ELS F2 0-1,6 AFOE o]FF dext-
rand] #8383 dextranaseZA ©JHES A
At X AL dASHe gL TEH
ol AlPHFovt 1 ade dMe
=Po] glo] ko, AAE WFezd ¥
Qe & aHE A AP, =
A9 71AE P43t UE mutans £33t
£ A= ¥4 gAAC dig A7 AP
glq.l7.ls).

B dpoiMe Xohe-4Fe d<lo He
Aol 28 7142 FEshe HFEEY
glucan & mutan® 35S mutanased A
T37] 8l EFOX £ Streptomyces
exfoliatus 2 5-B] mutanased] Y& St
mutanase A 9FL vXe 98 4F
Ao d&] dFetarat At

b
o -

I, oA7x=z 3

Streptococcus mutans2| HHF

E ATAE mutanS THE7) 98+ Strep-
tococcus mutans B-13(serotype d)& A3+
o, Hlge TZA ARE HEAF ATE
brain heart infusion(BHI, Difco, Detroit,
MI, USA) brothell HEste] 37C ©4lrk:
vl F7lol A st BigstT

Mutan2| 22|

Mutang £2)3t7] 9138l Takehara®] ¥
wol| ulz} Streptococcus mutanse 05% yeast
extract® 10% sucroseS 7} BHI broth
(BHIYS) 9| 37C, 393+ &h4t7l2 w7 oA
wokstact. wiokel-& 4,000X g2 ¥413r 3M



KOH &0l A 100C, 2417t 71438t = ¥,
13,000X g2 30%7t 94 JAMES AA
3t¥ch. KOH €02 de JAde U4
o2 23N L FF9 weELE Jletod &
ZE)d Zo} sl vlFE4 glucans AAAZ
t}, 50% WEEE A A} JHES
ZF5o ¥H/AA ¥F A=A

Mutan Edlls w32 EHM

B A BB StreptomycesES Bennett's
agar(1% glucose, 0.2% peptone, 0.1% beef
extract, 0.1% yeast extract, 1.5% agar)°l
AZ3te 27CHA 597 MIFdET. BRH
Aol Streptomyces2] A5-9 B8 minimal es-
sential agar(0.5% ammonium sulfate, 0.05%
K.HPO,, 0.03% KOH, 0.02% MgSO0,7H:0O,
0.001% FeSO,7H.0, 0.0001% glucose, 1.5%
agar) 20mé9l] 1% %7} A mutang ¥
A 2Rt G710l IR StreptomycesS A
Z3hod 27CoAA 59 WA L oA wijFdts
mutang E33tq FHUE V=E IFES
mutan 35 FFE AF3A.

Mutan 238l Streptomyces2 S8

vh x| ] mycelial pigment2] M2, 45C
dqrel F4] o¥, 7% sodium chloride ¥
iR 2} 0.01% sodium azide - ¥iAoA<]
%4 %, neomycin®l W& Z44, neomy-
cin °l¢ &% 52 BASIA Streptomycese]
& EA35Yc}t. Mutan 2305 Streptomyces
£ Bennett’s agarol A vl st A o 4
A+8-3tQ ot

Biue mutan2| =

Cibacron Blue F3GA(Sigma, St. Louis,
MO, USA) 04g€ 12m¢ FF<59 7}8hiL, mu-
tan 2g2 60CS FH/4 70nd9l 718t °lE
Zgoe 3087 43 9g9 NaClg 7H8ted 1
A AUk EFAS Aoz YAAYD F,
5ColX ZFF2 AFH3Y we-g A e
ALE AASFT. 2L dESd FHRT

£ 212 EHF F, AFHsta YF A=A
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blue mutang TEUch. B# HAl9l minimal
essential agarg -0} 2% %, 1% blue mu-
tano] H-¥ 06% THHE €] blue mutan©]
ghd wAE Az

RIS MY

Mutanase 4] StreptomycesE 0.1% <t 1%
glucoset} mutan®] ¥-%¥ minimal essential
brotholl 16 WA 65 A7t wjst &, wjg A&
AL P45t 20m0E 1mg mutano] FH-E
02N sodium acetate £%(pH 5.5) 380mo]|
7¥stach. 37Tl A 147 vk 3, 5-dinit-
rosalicylic acid reagent(40g dinitrosalicylic
acid, 8g phenol, 2g sodium sulfite, 800g Ro-
chelle salt, 2% sodium hydroxide®} 2liter&
E gliter2 A E 715t 1587 €& M
o, Aeoez Yyzste] spectrophotometer
(Hitachi, Tokyo, Japan)& 7}X i 550nmell Al
1 EF5eed 3.

Dextranase2| 23l H|m

Dextranase(Sigma, St. Louis, MO, USA)
o] &IE 1Y) 918 1% blue dextran, 1%
blue mutan, 0.2% cibacron blue, 1% dext-
ran# 02% cibacron blue?] EFo| £
QE HIAE THE U3, 2unit?) dextranaseE
A8t 37CNA 308 wigY ¥, 1 AAE
vl 23R}

Mutanase2| 23l H|m

Mutan £31%5 Streptomyces®] mutanase
H|E B7] ¢35} wlx]¢] 0.2% cibacron blue,
1% mutan® 02% cibacron blued] E¥E,
1% blue dextran®]} 1% blue mutan©] £
e vhR ol StreptomycesE HF 8 37CANA
1579 w3ty

£

Mutan 2350l O|X|= HHX| X2 HE
Minimal essential agar$]°] 1% blue mu-
tano] 49 06% agarE overlayst #AE&
WHEAY 1% blue mutan ¥+ minimal essen-
tial agar® THEA Tt 979l mutan ¥3)5 St-



reptomycesE FFII 37CAA 1579 w3}
Ak

Mutan =350 0jXl= glucose ST2| &
£

Minimal essential agar$ill 0, 0.005, 0.01,
0.025, 0.05, 0.1, 0.25, 0.5% < glucose & 7}t
1% blue mutan ¥ 0.6% agarS overlayshed
WAE TERT 979 mutan B35 Strep-
tomycesE T8I 37CAA 1F7Y HIFR
o},

Glucose ZXi5|0|lA mutan Eals0] O|X|=
carbohydrate2| &t

1% glucose®} 1% blue mutan ¥ mini-
mal essential agar®ll 1% &%9 raffinose, ni-
geran, melizitose, panoseZ 7}t HAE
=tk 97 mutan £31% StreptomycesS
HE3 37CAAN 1579 v F3act.

Mutan 2850 O|Xl= peptonel d&t

Minimal essential agar¥]* 0, 0.01, 0.025,
0.05, 0.1, 025, 0.5, 1% 2] peptoneg 7}3
1% blue mutan ¥+ 0.6% agarE overlaydho
A& =k 97]9 mutan 2% Strep-
tomyces& BFdT 37CAA 132Y wlgsty
o},

Mutan S35 Streptomyces®] T3

B} o A ¢] red-orange pigmentE AJAFshiL
(Fig. 1) 45Co) A 4319}, 7% sodium ch-
loride ¥ WiX|9} 0.01% sodium azide &
Hj o X} F2lo] AAHN LD, neomycind
Wal 244< UYERHI neomycing ©]4X)
XL BAE Bol Streptomyces exfoliatus=. E
A3

Y A
Streptomyces exfoliatus®] mutanase E1)S

FLF ANdeg By 9819 glucose$t mu-

767

Fig. 1. Streptomyces exfoliatus incubated on
the Bennett’s agar for 1 week.

16hrs
B 65hrs

0.5+

Gpticsl Density at S50nm

0.0
G’ 6 M

G+M GeM
Added Carbohydrate

Fig. 2. Assessment of mutanase by dinitrosa-
licylic acid method. Streptomyces exfo-
liatus was incubated in minimal essen-
tial broth added with 0.1% and 1%
glucose(G’ and G) or/and mutan (M)
for 16 or 65 hrs. The culture superna-
tant was incubated with mutan at 37C
for 1 hr, and reacted with 3,5-dinitro-
salicylic acid reagent. The reagent was
measured at 550nm with spectropho-
tometer.

tang 95 == HY XA, a2Y 2049
o] 1% glucose7} 7181 A W= Srgigo] &7
ko1t 0.1% glucosett mutano] 718 & =
R U} mutanase BHlE FUF AjPos
TAE & gk



Dextranase =5l= B|ul

Cibacron blue ¥t ¥}=], dextran¥} cibac-
ron blue 3 ¥lA], blue mutan T Wi
A EFHNE & 4 2123 (Fig 3-A,B, D),
blue dextran 3§ ¥ X Aoll A= dextranase®l
9}ty cibacron blue®} dextrano] E3]3 o]
FHUE & 4 A2 (Fig 3—-0).

Mutanase =3ls Hl

Cibacron blue 3 ¥l X, mutan® cibacron
blue ¥ ¥iA], blue dextran ¥-f Hi XA A
mutan 35 Streptomyces exfoliatusl <%+
E3UE B F A} HFig. 4—A,B,C). Blue
mutan ¥ B x| A9 mutan £3)%5 Strepto-
myces exfoliatus®l] &}3 FHNE B2 2H mu-
tanase®] EH[E & £ A (Fig. 4—-D).

Mutan @280l OJX|= UiX| 2o &t

Minimal essential agar$lol] 1% blue mu-
tan°o] FF+2 0.6% agarE overlaydt ¥l X 7+
(Fig. 5—Left)°1A] 1% blue mutan ¥ mini-
mal essential agar(Fig. 5—Right)A] 2t}
3¢ FHUE B = dATh

Effect of dextranase on the media con-
taining a variety of components. Two
units of dextranase were added to the
media containing cibacron blue (A),
a mixture of 1% dextran and cibacron
blue (B), or 1% blue dextran (C),
1% blue mutan (D). The plate was
incubated at 37C for 30 minutes.
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Fig. 4. Effect of Streptomyces exfoliatus on the
minimal essential agar containing a
variety of components. Streptomyces
exfoliatus was inoculated to the media
containing cibacron blue (A), a mix-
ture of 1% mutan and cibacron blue
(B), 1% blue dextran (C), or 1% blue
mutan (D). The plate was incubated
at 37C for 1 week.

Fig. 5. Effect of media structure on the deg-
radation of mutan by Streptomyces exfo-
- liatus. Minimal essential agar was ove-
rlayed with 0.6% agar containing 1%
blue mutan (Left), or minimal essen-
tial agar was mixed with 1% blue mu-
tan (Right). The plate was incubated
at 37C for 1 week.



Mutan £381S0] 0|X|= glucose sz &
£l

0.025% ©]3}9] glucoseS &3 vf o A=
Streptomyces exfoliatusE HE R 2 gkl
FEUE YA IT 0.05% glucose T i
ANME 3Y, 0.1% glucose T HiX A=
4490 FPRE FA3AH(Tab. D).

Glucose EXY3}0l|A mutan £54=0] 0)X|=
carbohydrate2| &t
0.1% glucose 3 minimal essential agardi]

1% 5% raffinose, nigeran, melizitose, pa-
noseE 7}t % Streptomyces exfoliatus€]
mutan ¥3sle Zol7t gl

Mutan #8150l O|X|= peptone®| &t

0.1% ©]3}9] peptoned FF3F HiA A=
Streptomyces exfoliatusE FETA 24t F
FUE F93FHI 0.25% peptone TH HRA|
g 39, 0.5% peptone T HjA A=
447to] FHE ¥R H(Tab. 2).

Table. 1. Effect of glucose on the degradation of blue mutan by Streptomyces exfoliatus.
Glucose of various concentrations was added to overlay agar containing 1% blue
mutan. The plate was incubated at 37C for 1 week.

Conc. of Duration
glucose (%) 2days 3days 4days 5days
0 +* + + +
0.005 + + -+ + +
0.01 =+ + + +
0.025 - + + + +
0.05 - + + +
0.1 - - - —+
0.25 - - - -
05 - - - -

* Positive means the formation of clear zone on the agar by the degradation of blue mutan.

Table. 2. Effect of peptone on the degradation of blue mutan by Streptomyces exfoliatus.
Peptone of various concentrations was added to overlay minimal essential agar
containing 1% blue mutan. The plate was incubated at 37C for 1 week.

Conc. of

Duration

glucose (%) 2days

3days 4days S5days

0
0.01
0.025
0.05
0.1
0.25
0.5

1

+*

+ + + +

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

* Positive means the formation of clear zone on the agar by the degradation of blue mutan.
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v,z &

T Xo}e-45g dosEd F25A
Zr-g-3h= A0 2 43 3 Streptococcus mutanss
lote] A F(retentive) F-Holl F&S T ¥
et 77 HudAMe dg B & Qo
g o] AFg& F43td TFE FAskEA X
of7t 3ejop g}, wEA Xoprt miEE
Fole] T M Streptococcus mutans7t L
AHA @3 Xolg HE oWy Ffdx
T2 A Streptococcus mutans= AR
Frotoll 2 = Streptococcus mutansS) T2
4L Folg ojruz Azt glow o
Hy F3H A= Streptococcus mutans
ZAE A S F-ol7) Streptococcus mutansE
ZAgE £59 JEE Z2AZ £ 089
EILHEJ, Streptococcus mutans T5F 8
Ne] @3 H(a-h) o2 YH I o)FolA BHY
gt AAAALR 713 &e] =2 AT,
AZo] FHE 28 Y AT EY 74
Streptococcus mutansS AFIIE o, Xo}
$2Z0] AstA A st e, ©o]RAL Xold
Streptococcus mutans7t F7Yske} 4to] w@olAl
A7) g Eolt>®  Streptococcus mutans<
o] }A Fo| AFoZRE AME ThFFQ
glucan® fructang FAATF?. Toda T2
SR AAAE L 0|83t Streptococcus mu-
tans type ¢7F 3% AX9 thFFo ZulA
TZ2§ TFsS dFR7E AZEA 74 A8,
% globule 739 fructan , single-stranded
filament T739] dextran, double-stranded fib-
ril %9 mutan® 2 FAH Itk B is}
Ak, = FAHAERBLEZE FERY
TZ, & globular body$®} amorphous substa-
nces B3Pt MES glucane Skreptococ-
cus mutans SN = & Streptococcus species,
Lactobacillus species$} 22 F72Awo] 23}
FA=E e, ol& MAde] Xof EHe] F&} s}
Ay #2g J4ster Zlodsta o= .
H)4+&4 glucan?! mutand- Xjo}EHol Strep-
tococcus mutans 99| THE ATEY F4&
EZA71M, 484 glucan?] dextran® fruc-
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tane AT AES oA FFLe] HAL
t}. Xejd] A o2l dFHE Y
NARA o] &3] A ATd tIF
Elshe S48 Y82 vk IzH A
A ZAsle ¥ Aol dextrand EHE
_/;; %lE]—_T_’_ ';5]"{.‘13 12.15—17.27.28), ola_]{ﬂ_ %Q% H
ol MTd-& NE-E Actinomycetaceae, Strepto-
cocct, Haemophili, Gram-negative anaerobes
2 g=A U

FAHE 283 & & Ue Lot A
A& A7A2A & AF JoJAE mutan©]
HlegAdoly] W) FIEA & A
NAZ ZFEFozH o454 X FA o]
WA st Algho] Arolrly] T@E A A olE
Aozx AAHAT AAE IFA 43R
2}, o3 dYL FFE olFE AAY
HAWE mutand EAsHE 42 mutanase
(endo-1, 3-a-D-glucanase, EC 3.2.1.59)7} %
3 22 817) gFolrt. o]# ¥ mutanases T
&3 2o 48 3ok AAE mutans £
3oy, EAE mutan® IS =3, AAHZ
mutan® T=E glucosyltransferase?] 8-
Q&g AW, YA Streptococcus mutans®)
$ 38 ZAA7H, AR in vitrool A Stre-
ptococci®] FFE AA S glepe=r,

2o ARFEC] £UYEHE 79 | 7Ie
AR ddzmoz AARSA HEA E2 59
Az olg 2] njAE FF 53 5HE BE
& e BUu2E o 7MYt ol
BETYY FAAEFE APA= 78S
EQ o) $EE ABSA god A=A HYh
ZRel BX¢ Aol tig #Ao] FUHTEA
T7 BA U s FXE w 437
FAME olu] 7|E9 WYL ol &Y 7 2
8L g 4 e WERg sty &%
A AETY AFL ol &3 e ML
Zol itk A AMS-H I Qe BETY AFY
gy P gAMIER FE AgE
Rog uEe YAGHEZT. WYELS
ks QEgArAe s £8S 59 AA
ZHERE HEAT o] FoA I3 ¥

gre] @A AMgEe] o]&stn Unh. wWEA

o

g X ¥e



oz UAEY YANE 2 AESo] o
€8 F U= AALHEA gl AT
2753 Jed, Ag B A ZAH Y mu-
tanase®] @43 1 B fxo g3 AF=
AN olF Fo¥ Aoz Al EL.

¥ ATAAME mutang F354= Streptomy-
ces exfoliatus A F8]=E = E&o] A8tz
ZEo] 939 mutanasedis AS Wz
AT AHE dAse AL FHsi=y 1 2
o] 91t Dextranase’} blue dextrano] &
F8 WjAANMT cibacron blue$} dextran®
38150 Streptomyces exfoliatus7} blue mu
tano] TF-A vix] Fo Mgt EFUE A=
A& Bo} mutandl| ¥ FE3le oz Alsd®
T (Fig. 4). Minimal essential agar$jo] 1%
blue mutan®] ¥F¥ 06% agarE overlaydt
v} R} PO A Streptomyces exfoliatuss W FA)
A7V 47l 1% blue mutan T minimal
essential agar AollA B} £33 o] & Stre-
ptomyces exfoliatus?} ¥-¥]3HE mutanase’} F
=71 B2 §H9A blue mutand) F£31717}
£olgt Aoz AlgdHFig. 5). Glucosest
glucose?] polymer¢! glucan©] 312 9 catabo-
lite repressionol &3t MFL $AHFHo=
glucose & ©] 8314 |}, ¥ AFX%x 0.025
% ©]3l9] glucoseE F-H& vl A = Strep-
tomyces exfoliatusE 3E{A 2 o] EHUE
BAASYI 005% glucose FF wiAdAE 3
Y, 01% glucose T HiRME 4T
FR0E AT 025% ©143 glucose
i HAdMe FHUE A gUd
(Tab.1). 0.1% glucose -f minimal essential
agar®ll 1% ¥x9| raffinose, nigeran, melizi-
tose, panoseE 7}3lH9 %= Streptomyces exfo-
liatus®] mutan B35 )7l Qe A
€ ", mutanase ¥ 23 ARAE glucoseE
A2 ¥}, Streptomyces exfoliatus®] 48
&70317] f3A wiAe] H7}3= peptone
0.1% ool Me AlTe HAETA 2¢9 &
FUE A3 0.25% M= 39, 05%9
A 4Pt FEUE 348 o2 A pe-
ptoned] ¥&=7 S/ +£5F FRU7 =A
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B3 A2 peptone &9 glucose’} S
27 qEoz AL (Tab. 2).

o2 Streptomyces exfoliatus7} Ev|3E
mutanase®] 48E A& 713 mutanaseE
A8 FAAE cloning® A o]},

=2

[ —

v, &

EgolA R StreptomycesE mutans
£33 StreptomycesZ FE EulHE EFS
THEL 1 2o FFE vX]= AR o3
Bazxt 8-S st O3 2 FHE 4k

Mutan® £33 Streptomycess & A
A2 Rol Streptomyces exfoliatus® F33Q
t}. Dextranase®] &7} blue dextran©] £
A= v Ao Mgt & = 19121, blue mutan®]
E9 d= viA A Streptomyces exfoliatusl
o3t EPE EoZH mutanased #HE
% 4 921t Blue mutan©] ¢ agars
overlaydt Wix] FxAA £33 FHE &
T AN 0.025% o3t glucoseE T3
vl x| A= Streptomyces exfoliatusE QAETA
2Ygtel, 0.05% glucose & i Al A = 3¢,
0.1% glucose ¥+ HjA|A= 4ggte] £
HE ¥R 9719 Y& carbohydrateE
7}8t9 & mutan #3159 hol7} gl ). 0.1
% ©]3}<] peptoned T3 HIR M E FEI}
718 5 Fhu9 &8 A7 =9

ol¢el 27E T3 mutan E3l5o] N
= Streptomyces exfoliatus= blue mutan®] &
F8 ¥iHoN FHUE Eo2M mutanase
FHlE &g ¢ d9ew, glucosett pep-
toned] F=7 718t Ul &8 Al77F
=0

= Nk
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