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Streptococcus mutans Ingbritt straine A2l
o) v Estu e Bl AL FAEH O, F
NS e 52 7Azz BHE AL M1T
A ¥ 2] (Difco, Detroit, MI, USA)ell HZske] 37
collA 184171 w3l t.



2. Streptococcus mutans2| Q1Zx|E] Ao

ojxl= nlge| G

Yeast extract(0.25%)& 37kt M17 G A1) #] of
MOPS buffer (3-(N-Morpholino)propanesulfon-
ic acid, Sigma, St. Louis, MO, USA)E 718l 0.1M
o] H=& 31 pHE 7°] HEE 2F3tct. Hi
2} 40 mlol| 3% A3 2%, 4%9] A& B et
H7FekA . o719 2 x 107 Streptococcus mutans
& AFs2 0.5 mm 2H AP A2 Ao wP L
wire(Remomium, Dentarum, Germany)& 50
mg Wel7t HA Fxjste] 3 7|4 vjA oo} bl
A 7125 3tdt 37¢C M 71elA 30 rpm &
T2 3 HAIFIAA 8AZE, 24417 vk’ & 3 7<)
wire “dell B8 AFXE] FAE BFAT

3. Streptococcus mutans2} 4ol O|x|= XHgt

o} Digtel 3t

Tryptone yeast extract 2JAH=](1.7% tryptone,
0.3% yeast extract, 0.5% sodium chloride, 0.25%
potassium phosphate, 0.2% glucose)ol <18 =2
Ad L= B (1%, 2%, 4%, 8%)< 7183t} H)
21 10 miell 0.5 x 107 Streptococcus mutanss %
ste] 37°C w714 2, 4, 6, 8, 24413F v FaiTh.
kol o] &34 (optical density) S #3345 (spec-
trophotometer, Hitachi, Tokyo, Japan) 660 nm 3}
7ol A S8t o 38 AES utEsle PFg T
SFATE. Yeast extract(0.25%) & 71 M17 )
Z]ef] 0.1M MOPS bufferg 7}sti pHi 7¢] H=5
Z27883q k. viA] 10 mlell 3% A8z 2%, 4%<) =}
Y= B Artstdth. g7e 0.5 x 107
Streptococcus mutansg &8 37°C vl %714
2417t ket O, AMldulddg st M17
AERA] (Difco, Detroit, MI, USA)el A ZFstx 37C
HjF71o A 18413 w3t & A5 A8t

4. Streptococcus mutans HIZ42| thin layer
chromatography

Yeast extract(0.25%)& 71 M17 YA =]l

125

0.IM MOPS bufferg 7}tz plie 7°] HEZ 2%
stk wlx] 20 mioll 3% AT 2%, 4%2] &
Baste] "kt ek o7l 1 x 107 Streptococcus
mutansg B Esle] 37C w7104 24413 vl et
=, 3.000 rpm o2 2087 Y4lsle] AP Ae A
th 10812 843 A AE 04% A, 0.4% =
<, 0.4% 33 34 A7l 1.5 i loading
819tk 85% acetonitrile &l A A3 0.03%
e-naphtol® 5% HzSO0w7} & wlg-g-S T4 2
AR&3le] 121°C QB4 1587 SR A,

5. Streptococcus mutans Hifokoio] MEL 2M

Yeast extract(0.25%)& %7kt M17 6] =] o]
0.1IM MOPS buffer 7}Fétil pHe 70] 325 24
Aok, wl#] 20 mlol 3% AT 4% HFE E=
T et Hrleidoh 719 1 x 107 Strept-
ococcus mutansg &8t 37C vl G7]oAA 244]
g 3,000 rpm .2 208-7F YA Ele] vl

¢

A0 AAET 8490 A AL A%} v
B HFAES 67% e §922 sty 94
sto] A7) AHES 80C LEAA 4N Ax8E
o} $8A0 AR B 67% e &HS 1:28 4
I 3,000 rpm o2 2087 44 % v, HEL A
Ack 2 22g 29 vHEsta YAkl E A
25 80C QA 4A3 ARG vlREAQ
gD #8499 IHAEE 1 M HCl &9 7tst
of 121C LEA 20832 A% 1.5 d¥E 0.4%
¥=9, 0.4% 227 T Ael7H el loadingdtl

t}. 85% acetonitrile &<l A3 0.03% e-
naphtol® 5% HzSO0a7t & vgh&-& HAA 2 A&
slo] 1217 LEBONA 1583 EHAIH T

6. Glucosyltransferases 7}8t 9| thin
layer chromatography

M17 AAufA] o] 0.4% 223 0.4% s @5
st #A7tetivh 7)) AP &
8 1% glucosyltransferaseE d713k 37¢C. vhek
7)ollA 72X 7F wi ek &, 3,000 rpme 2 2083 ¢
Aot AAAE AUt AHAE 04% AT,

T
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0.4% Ex72, 0.4% 333 37 Aej7tdox 154
A 10ad1ng0}°d‘4 85% acetonitrile &ollA A5}
1 0.03% e-naphtol} 5% HS0u7} & wleh-&-& 24
A2 AHEEI] 121°C QEA 1583 28AI AT
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M17 HA A 0.4% AFH 0.4% dd< &5
Te Hstd Hrtsideh. A7)l ’é@"“’ﬂ’ﬁ Sy
3+ 1% glucosyltransferase® ¥t 37C Wl ¥
AA T2AZF B3 B AR S A 1 3,000 rpmeE
2057 AAste B84 AAET A 2
AL 2ok e84 AAES 67% Aee
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Halhoul 509 Wl o2 Alaqstsit. &3]
44 Fev AXEY £84 9o JAEA
&" 715 A& 50 dE 4ol Yol & Ald 87) o
B35t 4o 23521 anthrone A2F(150 mg
anthrone in 100 ml of 26.2 N H2S04) 1.5 ml& A
7kl Adg. dz7e 1.11 mM A9, 1.11
mM £=%, 1.11 mM 3%, 1.11 mM E=T34
1.11 mM #FS &3 & 22 Al@# 8700l 50 #

2331312 1.5 ml anthrone A 28-S ¥ 7Fele] 4

o}, Ao 10-15837 WA g &, 60T 3= &
A0, 2.5.5,7.5. 10, 15, 20, 30—«:01] zzo] A1

=2 g

B A $02 $7 287 YAl 1L 37
AlZeh Aol 1583 WX 5, 3324 620
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nm 3NN FFTE AT, FHT A
blank¥ 1.5 ml anthrone A2k A&t TH,

9. SAIH el

Z+79] 1FAEH FA &ol+ Mann-Whitney
test® o83t vt on BA A fel4de
p value7} 0.05 oJ3tQl ZA$-2 3kt

o4 H

1. Streptococcus mutans®| 1Ex|E] &Aoj|
0|x[= njete| HE

22 3% A7V M17 SAER] ol Streptococcus
mutansg HF3}d 8’\] FAg o A Bt e s
< WEvh A9 43 W Aot o Fig. 10014
o} Zo] glojo it ?‘“é% A7t AA P4
A Ak A7rE do] 49 AFAEH A=
124.3+3.0 mgldl ¥Hall, 2% #3-S ¥ Arstd
113.8+8.8 mg, 4% #3& W3 A7lshd 20.7+
10.2 mgl & 743 Y (p<0.05) BRI & 244171 H)
s Agst A7k weo FAE JAFAY FAe
176.4+10.6 mgleh vkl 2% H2-& W3 A7lst
A 83.8+17.3 mg, 4% H3& HE 718k 179
+1.41 mgo. 2 743t (p(0.05) (Fig. 2)

2. Streptococcus mutans2| 4ol o|x|= X}z
o} ool AE

E=2(0.2%)0] A7td AAujRAA Strept-
ococcus mutanse 2477k Wi o] djzato] w g
A EFTE 0.8250102 1% AT B H7HA
0.778, 2% A4 ¥ H7H1 0.837, 4% A3 HE
A7¥A] 0.776, 8% Ae W3 A7HA] 0.8532.2 ]|
sttt (Fig. 3)

ExY 0.2%7F #7td AA A A Strept-
ococcus mutanss 24X 7t v g o dlzat] wjok
& EH= 0.82500 vlastd, 1% 2 B3 F7HAI
1.412, 2% 3 W3 A7A 1.357, 4% =3 35
H7Al 1.273, 8% #3 W3 AH7HA] 12822 F719]



At (Fig. 4)

AF 3%S A7igr AR Streptococcus
mutansE AF3te 8AIZE vlFA] TSI mlB
3.7+0.7 x 10799 w3, Ade] 2% S HE
H7ve wo] s mld 14.3+4.9 x 107, 4%
F3E B A g ATFe mle 49.5+
21.9 x 10722 F7lelct. A9 3%S Ad7igt 4
A ujR] ol Streptococcus mutans® &t 24413t
HjFA] Ao miE 0.710.1 x 1005 &pgel]

2% 3L HE H7HE W] YBFE mT 11+
0.2 X 10, 4% H3& WE H7Hg M9 425E
ml? 1.6+0.8 x 10722 v]:3t9 et (Fig. 5)

3. Streptococcus mutans BiEH2]| thin layer
chromatography - .

M17 A A=l Streptococctis mutanss %3}
of 2417k wioke of | wiAlol| 3% Abd= AUk A

018 hours E24 hours

50

Mean weight (mg)

0% 2% 4%
PR |
Concentration of fructose

Fig. 1. Effect of fructose on the formation of artificial
plaque by Streptococcus mutans. Streptococcus
mutans was incubated in M17 broth containing 3%
sucrose in the beaker (Left), added with 2% fructose
(Middle) or 4% fructose (Right) for 8 hours. ‘

-O-Control

-8-1%
sucrose
2%

sucrose
8 4%

Optical density

0 2 4 6 8 24
Incubation time (hrs)

Fig. 3. Effect of sucrose on the replication of
Streptococcus mutans in the tryptone yeast extract broth
containing 0.2% glucose. The optical density was mea-
sured at 660 nm in the spectrophotometer.
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Fig. 2. Effect of fructose on the formation of arti-
ficial plaque by Streptococcus mutans in the media
containing 3% sucrose.

-0~ Control
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N

.- 1%
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Optical density

Incubation time (hrs}

Fig. 4. Effect of fructose on the replication of
Streptococcus mirtans in the tryptone yeast extract broth
containing 0.2% glucose. The optical density was mea-
sured at 660 nm in the spectrophotometer.



F(39)l wlmsted 3% A 2% & I A7t
g 744(3S2F)Y 3% A3 4% Hd= HE A7t

3 7S (3S4F) WA A e Abgero] Z7}atg
t}. (Fig. 6)

4. Streptococcus mutans Bijdeo| MEEM

M17 DA ujR| o Streptococcus mutanse &35+
o 24717 it AAEE vindd o, W] 3%
A2E A7HE 45 (39)el Hlwsted 3% A3 4%

W A7kek 74-9-(334F) H584 25719
G Hasta, 4% BR A7 A4 = vlg
443 = ehtto]l Uttt (Fig. 7) M17 A u)=] ol
Streptococcus mutansg 4 gt 24R17F v kgt 3
AN v wd o, wjxd 3% AFS A7 HE
(39 Blwdte] 3% A2 4% 32 B HUks
735 (384F) 784 2707 ¢844 T ofo]
vk, 4% H3R A7 A 5-(4F) $849 =9

gito] ugktt (Fig. 8)

80

[ 018 hours
524

70

Cell concentration (X107/ml)

0% 2%
Concentration of fructose

4%

Fig. 5. Effect of fructose on the viable cell numbers
of Streptococcus mutans in the media containing 3%
sucrose. The number of viable cells was counted after
incubating for 8 hours and 24 hours.
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5. Glucosyltransferase& 71st vjtele| thin
layer chromatography

M17 AR glucosyltransferaseE 7}3}od
72X 7t vl ), wixlol 0.4% AASE TR AE
(S-GTE) vlwst] 0.4% 223} 0.4% IS
W3 A7 AL (SF-GTE) Aol 27} 25 of
Folsle Aggel 7ttt (Fig. 9)
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6. GlucosyltransferaseE 715t tfreio|

[=1
S

M17 HAuAl ol 0.4% A2E H7bskar glucosyl-
transferase® 4 7Fatod 8 %3t (Right tube) 0.4%
A 0.4% A3E B H7He 79 (Left tube) 9}
v wmate] v|e8A Eejeivt A EEsh (Fig.
10) o] R2 YA 8A iAol 0.4% A< 7K 3
9] AAE FAE 204 mgolle™, 0.4% A2
0.4% HF& W 2713 A5+ 16.3 mgelsith.
M17 A=) o] glucosyltransferase® 713k 724

.
38 3S4F 4F F G

G F

Fig. 6. Thin layer chromatography of culture
supernatants formed by Streptococcus mutans.
Streptococcus mutans was cultured in M17 broth with
3% sucrose(3S), 3% sucrose and 2% fructose(3S2F),
or 3% sucrose and 4% fructose(334F) for 24 hours.
Thin layer chromatography was conducted on sili-
ca gel plate using acetonitrile. S, G and F stand for
sucrose, glucose and fructose, respectively.
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Fig. 7. Thin layer chromatography of insoluble poly-
mer formed by Streptococcus mutans. Streptococcus
mutans was cultured in M17 broth with 3%
sucrose(3S), 3% sucrose and 4% fructose(3S4F), or
4% fructose(4F) for 24 hours. After centrifuging the
culture solution, the precipitate was treated by
67% ethanol and 1 M HCl. Thin layer chromatog-
raphy was conducted on silica gel plate using ace-
tonitrile. G and F stand for glucose and fructose,
respectively.

Fig. 8. Thin layer chromatography of soluble
polymer formed by Streptococcus mutans. Streptococcus
mutans was cultured in M17 broth with 3%
sucrose(3S), 3% sucrose and 4% fructose(3S4F), or
4% fructose(4F) for 24 hours. After centrifuging the
culture solution, the supernatant was treated by 67%
ethanol and 1 M HCI. Thin layer chromatography
was conducted on silica gel plate using acetonitrile.
G and F stand for glucose and fructose, respectively.

¥
SF-
GTF

-
GTE GTF

Fig. 9. Fructose affecting the action of glucosyl-
transferase on sucrose. Glucosyltransferase was
incubated in M17 broth with 0.4% sucrose(S-
GTF), 0.4% sucrose and 0.4% fructose(SF-GTF),
or 0.4% fructose(F-GTF) for 72 hours. Thin layer
chromatography was conducted on silica gel plate using
acetonitrile. S, G and F stand for sucrose, glucose
and fructose, respectively.

2ol AE
A A9 (s
04% #3= 9

B2 u)pd o, wxd) 0.4% AFS
GTF)ol vlwstd 0.4% Z}‘;hjr
3 A7V A-(SF-CTF) vl444
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Fig. 10. Fructose affecting the action of glucosyl-
transferase on sucrose. Glucosyltransferase was
incubated in M17 broth with 0.4% sucrose only(Right
tube) or combined with 0.4% fructose(Left tube) for
72 hours. Insoluble polymers were more formed in
right tube.
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Fig. 11. Thin layer chromatography of insoluble poly-
mer formed by glucosyltransferase.

Glucosyltransferase was incubated in M17 broth with
0.4% sucrose(S-GTF), 0.4% sucrose and 0.4%
fructose(SF-GTF), or 0.4% fructose(F-GTF) for 72
hours. After centrifuging the culture solution, the pre-
cipitate was treated by 67% ethanol and 1 M
HCI. Thin layer chromatography was conducted on
silica gel plate using acetonitrile. G and F stand for
glucose and fructose, respectively.
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Fig. 13. Thin layer chromatography of soluble
polymer formed by glucosyltransferase. Gluco-
syltransferase was incubated in M17 broth with 0.4%
sucrose(S-GTF), 0.4% sucrose and 0.4% fruc-
tose(SF-GTF), or 0.4% fructose(F-GTF) for 72
hours. After centrifuging the culture solution, the
supernatant was treated by 67% ethanol and 1 M
HCL. Thin layer chromatography was conducted on
silica gel plate using acetonitrile. G and F stand for
glucose and fructose, respectively.
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Fig. 12, Anthrone reaction curve of lysed insolu-
ble polymer formed by glucosyltransferase.
Glucosyltransferase was incubated in M17 broth with
0.4% sucrose for 72 hours, and the precipitate
was treated by 1 M HCI. Sucrose, glucose, fructose,
glucose plus fructose, and lysed insoluble polymer
were reacted with anthrone solution at 60C.

1.6
1.4

1.2 & tructose

rrrrrrr

0.8
0.6
0.4

Optical density

0.2 .~

10 15 20 25 30

Time in minutes

Fig. 14. Anthrone reaction curve of lysed soluble
polymer formed by glucosyltransferase. Gluco-
syltransferase was incubated in M17 broth with 0.4%
sucrose for 72 hours, and the supernatant was treat-
ed by 67% ethanol and 1 M HCI. Sucrose, glucose,
fructose, glucose plus fructose, and lysed soluble poly-
mer were reacted with anthrone solution at 60°C.
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Streptococcus mutans < G440l w2}t 8719
3 (a-h) 22 e & ded, o5 83 o}
AAAR 2 717 Beol Eelsa o, 77
el Aol 8 Alarelth? Streptococcus mutans

A

= glucosyltransferase®} fructosyltransferase®
waste] Alxe] gdRg Adste o3e i
AA dnjdoz AFsH T3 g iy
A 729 g92EF, T AR 729 FES
E 4 Aok JFehe Xobskde| Streptococcus
mutans 99 B2 AdE9] 54 S3A71H, d

o T2 T

2E@T a2 Al AXe] oAyA] FFdol
Ha ok A9 FF78-2 Streptococcus mutans

9o %= o} 2 Streptococcus, Lactobacillus$t 2& T

131

Aol 28l =, ol Aol ot &Y
o Batale] g FAst=d 78t ek
Streptococcus mutanst AT 9 FE glucosyl-
transferased EH|8lo] AFoRZEE a-1,3-glu-
cose linkage’} 8 A< vl¢84d 279, &
Feta} a-1,6-glucose linkage7} 78 239 84
SFME ALY Glucosyltransferase= AlE
F7} den, 2 F QTF-S& ¢844 2F0& 44
313 GTF-19} GTF-SIE His84 2508 448
T} o] FAE-L AN gtf FrdAtell s A
o, gtB 3 s GTF-I, gtfC F3Akl
o8l GTF-SI, gtfD Aol elaix GTF-S7t A
AE 18 T 719 7]5A domain &, glucan
binding domain(GBD)¥ sucrose binding domain
S 7k31 9lt}, Glucosyltransferase”} o|® £§2] 2
FM-E AAse7E o Ko primerell &1&2%1719)
o Bz 7HEA] Tl gl GBDSF ##H Aol wr} @
B AP S 718k iR oA Streptococcus
mutansZ WS u AFE& #HFE HrseldA
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o Streptococcus mutansg W I W) BFL Y
H7¥era AZe] thate] e vlA v)FgA 22
A9 YL AAste Aoz ALsEY vA 9 glu-
cosyltransferaseE 7Fetar 72417t v 4 off s <] of
At A7k Aol vlwstd Aga) oS Wt
73t 7% thin layer chromatography A 23 5]
A e AFEFE FURIGT. A% A3 HY
A7 e wiR ol M 9] Streptococcus mutans Wik A
=l EAshes B84 Zenlde Age Hoe
AR 2t o e AR el EAjshe 4
4 Fende FU1ET. Anthrone WS A
ol § A4H Hl¢8A Zevu 84 Zeuis}
B EERog P9 2FPA AL Hol 43
o 288} glucosyltransferase®) GBDdl| Zhgro]
& v Aoz AtgHEn)

olde] AA= B u), Streptococcus mutans®] A
2 A HBE W HrtekE 3ol glucosyl-
transferase®l] 2830 24 B84 FF0 A o]
AAE o] JAFAE FAo] S Ho Fn),
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ABSTRACT

THE EFFECT OF FRUCTOSE ON THE METABOLISM OF
SUCROSE BY STREPTOCOCCUS MUTANS

Jig-Hyeon Shim, D.D.S., Mong-Sook Vang, D.D.S., Ph.D., Hong-So Yang, D.D.S., Ph.D.,
Sang-Won Park, D.D.S., Ph.D., Ha-Ok Park, D.D.S., Ph.D.,
Jong-Suk Oh, D.MD., Ph.D.*, Jai-Bong Lee, D.D.S., M.S.D,, Ph.D.**

Department of Prosthodontics, College of Dentistry, Chonnam National University
*Department of Microbiology, College of Medicine, Chonnam National University
**Department of Prosthodontics, Graduate School, Seoul National Untversity

Statement of problem: Streptococcus produces energy and forms extracellular polysaccharides
by metabolizing sucrose. Insoluble glucan, a kind of extracellular polysaccharide, is the impor-
tant material of dental plaque. Fructose affects the metabolism of sucrose.

Purpose: The purpose of this study was to evaluate the effect of fructose on the metabolism
of sucrose in Streptococcus mutans.

Materials and methods: To determine the effect of fructose on the formation of artificial plaque
by Streptococcus mutans Ingbritt, S. mutans and fructose were placed in beakers containing M17
broth and sucrose. The wires were hung on frameworks inserted into cork stoppers, and then immersed
in each of the beakers. After the incubation with gentle shaking, each wire was weighed. To ana-
lyze the effect of fructose on the sucrose metabolism by S. mutans or glucesyltransferase, S. mutans
and fructose were placed in M17 broth containing sucrose. After the incubation. the remaining
sucrose and polymers were analysed by thin layer chromatography.

Results: The following results were obtained:

1. When Streptococcus mutans was cultured in the media containing 3% sucrose for 8 hours,
the mean weight of formed artificial plaque on the wires was 124.3+3.0 mg, whereas being
reduced to 20.7+10.2 mg in the media added with 3% sucrose and 4% fructose(p<0.05).

2. When the control containing glucose was added with sucrose, the optical density of
Streptococcus mutans solution cultured for 24 hours was not increased compared with the
control, while being increased by adding with fructose.

3. When Streptococcus mutans was incubated in the media added with sucrose and fructose for
8 hours, the number of viable cells was increased compared with the media added with sucrose.

4. The amount of remained sucrose was increased in Streptococcus mutans culture supernatant
of media added with sucrose and fructose than with sucrose only, but the amount of produced
insoluble glucan was decreased.

5. The amounts of remained sucrose and produced soluble glucan were increased in the culture
of glucosyltransferase-contained media added with sucrose and fructose than with sucrose
only, but the amount of produced insoluble glucan was decreased.

Conclusion: These results indicated that the sucrose metabolism and the production of insol-

uble glucan were inhibited in Streptococcus mutans by adding fructose in the media containing
sucrose.

Key words : Streptococcus mutans, Sucrose, Fructose, Glucan
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