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Effect of irradiation on the Streptococcus mutans

Ki-Dong Ahn, Gyu-Tae Kim, Yong-Suk Choi, Eui-Hwan Hwang
Department of Oral and Maxillofacial Radiology, College of Dentistry and Institute of Oral Biology, Kyung Hee University

ABSTRACT

Purpose : To observe direct effect of irradiation on cariogenic Streptooccus mutans.

Materials and Methods : S. mutans GS5 was exposed to irradiation with a single absorbed dose of 10, 20, 30, and
40 Gy. Viability and changes in antibiotic sensitivity, morphology, transcription of virulence factors, and protein
profile of bacterium after irradiation were examined by pour plate, disc diffusion method, transmission electron

microscopy, RT-PCR, and SDS-PAGE, respectively.
Results :

After irradiation with 10 and 20 Gy, viability of S. mutans was reduced. Further increase in irradiation

dose, however, did not affect the viability of the remaining cells of S. mutans. Irradiated S. mutans was found to
have become sensitive to antibiotics. In particular, the bacterium irradiated with 40 Gy increased its susceptibility to
cefotaxime, penicillin, and tetracycline. Under the transmission electron microscope, number of morphologically
abnormal cells was increased as the irradiation dose was increased. S. mutans irradiated with 10 Gy revealed a
change in the cell wall and cell membrane. As irradiation dose was increased, a higher number of cells showed
thickened cell wall and cell membrane and lysis, and appearance of ghost cells was noticeable. In RT-PCR, no
difference was detected in expression of g#fB and spaP between cells with and without irradiation of 40 Gy. In SDS-
PAGE, proteins with higher molecular masses were gradually diminished as irradiation dose was increased.
Conclusion : These results suggest that irradiation affects the cell integrity of S. mutans, as observed by SDS-
PAGE, and as manifested by the change in cell morphology, antibiotic sensitivity, and eventually viability of the
bacterium. (Korean J Oral Maxillofac Radiol 2007; 37 : 35-43)
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MAS Ag A% FAE ool AT A2 A 3
7F WS Feslnz 92100 v B wWAMAASAl S
SA%e A AP Sel7h =chm AEe,
ol & AFoAME X|o}$A2e] AF]) Streptoco-
ccus mutans™% Aoz WAL ZAF THe, AYFE

of A ok FAA A AT S AHALs o, A

o) 724, 994 WNe FRAAn AR 2ANE
7 e o4l B

JERET

Ho}-9-2]Z AlFel S. mutans GS58 AFAF= A
slg.o, o] AFEA ulel WAMIN| ZAEE 2T
o2 WP EARES AR Fos 47 veglew, ARE
< oA HhAPdzAMA ] wlhel 10 Gy 2AE, 20 Gy A}
&, 30Gy 2ARE Y 40Gy A2 A3loo-

1) HIAMMZEAL ® AE T3] HiQt

AT 59 53 3 A A5 AAE A8 S mutans
Al§)F#3F brain heart infusion (BHI) <4 A6 %] ¢} BHI &3
Hi x| A 37°Coll A 24417k 7|8 o= wlokslsich vk
AYFF3 B33 54 (Ultraspec 2000, Pharmacia Biotech,
USA)Z 600nmel|A &FZ=7} 0.1¢0] E§ == 2] BHI ¢4
Wz B A8l 9, AN @ EAYETH
BAE Y= AYFFE BHI A wf Ao HF3le] 37
°C §7] Wikl EFB=A2 600 nmelA FF=r}
047} = =5 wjF3ldc}.

2) HIARMZEA}

Meky APFFS 27 100mL v]o)A &2 F &
A upAL 2AFAFA] (CIS Bio International, France)3  o]-4-3}
o] MFE 667 cGy/mine g 10, 20, 30, 40 Gy F5Ak
o] H =2 WA S 13] 2AFEgH

WAL S 2AREE A Fd W 79 =t 9
H=E 7PEA RS VA 100uLE FH3ke] A=A g
4> 900 uL7} 971 1.5 mL microcentrifuge tubeel] @31 vor-
tex3le] 10v] 3|MFdg wHESi) M FRE A 100
uL #3led A=A g4 900 ul7t H7Z) A 1.5 mL micro-
centrifuge tubes] Yl vortexdl: AL ubE-sle] 107-
107717 RAd ez A siee) oA A" F9 100uL
£ BHI 3w A]ell A38t ohg, 949 F2d& A&
slo] g AR Aol 2F =Tsct =4d §
Huf A& 37°C 7] wiekr]elM 297 wiekd F 34"
S. mutans o] 2007 A=z vehd AR A3}
o HFpE A HGL, o] wiRle] =LY 72 FAu)
$E Jalste] # A 100uLF A 5 AAesich



(2) FAA A AA
WA S 2ALEE S mutans®] YA HEE ZheA
e #As17) $4shed disc Fabge AlBskTh $A,
oA s} Zro] wjo|A WA WA zAMIRRe] HEA 2
g A7) S mutans AR FFL) A 7F A H
=3 2431500 ol & 94, °‘H A 5 AgEE T8 10,
20,30, 40GyE FAMS ¥ A& 7o) A7 + 2HE =
Y AF 27} B rﬂavwr 10,20, 30Gy2 2AVR 7
Aol ) BHI JAufAE 7}, s|Hgezn 40CGyE 24
g 7l ) A ok FUsA 245

FAA A Al A cnlAEE B8 disc BAk
W o= vJehd <43 (inhibition zone)?] Z7]7} &4 3}7)
o3 20-40mm H =7}t HEF FAYA F=E 7] 2A
stgdch o] &, HE% 8mm R 72 paper discol] YA &
& 20uLH A 3}sled 7k paper disc & YA =7t #
A AAZ HAe=,

© &

N
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Z amoxicillin 5 ug, ampicillin 5 pg,
cefotaxime 15 ug, penicillin 5 ug, tetracycline 15 uge| =
2 H% x=8 2ASA A4 490 Hste paper
disct= 50°C 7)ol A} Rl 2 ARAR & =7h
dAsA 2489 S mutans FHE 100l =L BHI
AR AA Rz A discE 23 & Az
37°Coll M #71H ez 2-347F wiokdk F FAA disc FH
o HAR S muans®] AT AL SR A

3) EHAAE ] FF
WAL A el Q)8 S mutans®) AEF, Az W A=

A Fxo Wiz #AFslr) &) FHAAARNAE ol%
kgt AT & =418 S, mutans APTFE DA RS
o AL A pellet—— PBS (phosphate buffered sahne pH7.4)

2 MAS = 2% glutaraldehyde2t 0.2% ruthenium red 2
£CoN 1A AnAskgw, PBS2 MAT o4& 23 3
Aol 2% 0sO2 4°CHlA] 14 3087 FuAsldrh &
2o ethanol® BH4=A]7Z] 3 Epon 812, DDSA (dodecenyl
scuccinioanhydride), NMA (nadic methyl anhydride), DMP-
30 (tridimethyl amino-methyl phenol)& &£38ste] =wl3t v
& 2wl Axksie] uranyl acetate$} lead citrate= FAEE
& =3} 2}& )7 (M-7100; Hitachi, Japan)-&- o] 8-5le]
SRS

(4) Reverse transcription-polymerase chain reaction
(RT-PCR)

@ Total RNA =

WA ZAL Z S mutans A @ FFE] glucosyltransferase
(GTF) $- A2l gifBs} B-2-E2 9l Pl AR spaP Ed
o] Wss AASLFd A F2E7] 913 RT-PCRE A s}
71ol] 24} total RNAS E)3lgdet. -4 AgAHFS BHI
oA Aol Efe] 37°CAIA W7 el 24412k e
& ok ekl 100 uLE A AARA] 10mL FFF F

} 600nmel &) 047} 2 w7tx] Wi eFssiet. & v
20, 30, 40 Gy 2 u‘,}/\]./qz/\]-s} ZA| 1 mLA
35} g% ol 4} W 7+A]Z] RNase-free microcentrifuge tube
o %7 th&, Qiagen total RNA isolation kit (Valencia,

USA)E AHe-3te] Al 234k A|Alell wle} total RNAE

Qiagen RT-PCR Kit& ALg3le] RTS A)s)slgict Ak
sled RNA =2 ¥9sA 2% Total RNA (50 ng-100
ng/ul), RNasin (40 Units/uL) 0.2 uL, 2 mM NTPs 2 uL, oligo
dT primer (10 pmol) 1 uL, MgCl, (2-5 mM) 2-4 uL, RNase
inhibitor (40 Units/uL) 1 uL3 &3} E752 HETHS
20 uLz 2A-slg Tk o] RT &3&FB-2 50°Cell A 304, 95°C
o)A 1587 As)sta 4°Col A wHe-& AAAIA cDNAE
At

® PCR

WA A} S, mutans2) AL WEHE

Haslr] $18) S mutans2] W
@ SAUAE Aoz fAA LU AE Ae
oA Fastedet. $A1 sucroseE °l£~6}°ﬁ w2449 w

o Az g1fBE

@& a5 99 Hua ’44 oifB 270 A714 o)

z3}ed 79k PCR AHE- Z27]7} 517bp&. ol A5 for-
ward®} reverse primer® A|zHslgc). g AlgwEFe] ®
aAzael Ple] Al spaPg 1A= PCRAMES] &
717} 106 bpE | AF= = forward$} reverseE A zsked ok
(Table 1).
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Table 1. Primers used in RT-PCR of S. mutans

. e Ampli
Primers Sequence (5' to 3') 5{25 (lgg)n
gifB-forward TAC ACT TTC GGG TGG CTT GG 135

gtfB-reverse  GCT TCT TGC TTA GAT GTC ACT GCG

spaP-forward TTT GCC GAT GAA ACG ACC AC

spaP-reverse  TAC TCG CAC TCC CTT GAG CCT C 106

PCRE $)3 c¢DNA (10-50 ng/uL) 1-5 uL, primer 77} 10
pmol, Taq DNA polymerase (5 Units/uL; TaKaRa Korea) 0.25
uL, 2mM dNTP 2-5 uL, 10 x buffer 2-5 uL, MgCl, (2-5 mM)
24 uLe EFly ZF5E HEYE S0uLE 22
o} PCR £89]& 95°CellA] 582k WALl =&, PCR
cycle 94°Cell A 30-60Z, 52-55°Cel| A 30-60%, 72°Cef| A
60-9022 25-303] WhE-sl3, 72°Cell A 108-7F W& &
4°Col| A wke-& A A sked PCR ALES Agiet. PCR A
1% agarose gelAtol| A A 7]9] 53t & ethidium bromide (0.5
uglul) = GAT The Al sl et wle] =7)sh
AbeiAel ope BQsha elR ARE Aoz )
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=349,

(5) Sodium dodecy! sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

WA 2N} S mutans®] A 9 Zjer 34 24 0
el WEE zAs=AE FEF37] 48 SDS-PAGEZE
A3t WAL & AN S, mutans ARFFZ YAE
g F #AE 2399472 187 BA7] o8, 4
AEgste 42 AENE Bradford oz Agste] 74
Alze] A 2eke FU =AY =0t 24
¥ A=A sample bufferE FH71sle] 100°Coll A 10£-7¢
2§ &, SDS-10% polyacrylamide gel Aol 4] A 7)] =8}
A= #A7jedEe] Byt polyacrylamide gel2 Coo-massie
blue (Sigma Chemicals, USA)Z. A3 o1&, A5 o=
BN,

z o

1. YWAIMZEA}L & S, mutanse| Mo

dz2Zd e S mutans®] AF 57 100l 1.77 x
10°0)gl 01}, 10 Gy RAMZANE AF 27} 147x10°2
2, dzF) vls] AF 7t Ha Fhaste] o 83%2] A
E4E 20Gy =AM E AF 47} 45x 10022 d=
2ol B AF 7t FASA FFAsle] o 25%2) =g

Table 2. Effect of irradiation on viability of S. mutans GS5

Radiation dose (Gy) Number of viable cells (%)
0 177 (100%)
10 147 (83.05%)
20 45 (24.86%)
30 44(25.42%)
40 44 (25.42%)

S. mutans GSS grown up to optical density of 0.4 at 600 nm was irradiated
and 100 pL of the irradiated bacterial cells was smeared on an agar plate.
Number of the viable cells (colony forming unit: CFU) was counted after
48-h incubation. The results shown here are the representative of several
experiments unless otherwise indicated. a; indicates CFU at 107 dilution
(%)

Table 3. Change in antibiotic sensitivity of S. mutans GS5 after
irradiation

Antibiotics 0 100Gy 120Gy 330Gy 40Gy
Amoxicillin (5 ug) 38" 38 38 37 39
Ampicillin (5 ug) 36 36 36 34 36
Cefotaxime (15 ug) 42 42 40 44 46
Penicillin (5 pg) 39 39 40 40 44
Tetracycline (15 ug) 26 26 28 28 30

Change in antibiotic sensitivity of the bacterium was determined by
measuring inhibition zone created by discs containing different anti-
biotics. *: diameter of the inhibition zone (mm)

< 39}t 289 30Gy 2AMEF 40 Gy A=A+ 20
Gy ZALZl vla] AE§2] 2bo]E HolA]| U3kt (Table 2).

CHIMZEAL & S mutansQ| SHA| 2k

5= N
B
#d

off ula] AgPFANA FAYA FHpAle] HAH o=
Z7}sh= AsFS B9} cefotaxime®] S GA)
7ol HzFoNME 42mmo]$) ot 40 Gy ARl
6 mm=z A5 ¢]3, tetracycline?] 7-$-oll = A3
o] AEFAME 26 mme] .21, 40 Gy AR A
Omm= FA =], dA|ge 27| 77} 4mm¥ 7t
t}. S. mutans®] penicillinol] W& Zr5Al-2 wlapAd 9

& 7P o] e Aoz vEged, dEdedAs
A gHe] 27 e] 39 mmojgl ok, 40 Gy ZARCIAE 44
mmz A=, qA|e] A AHe] S5mm F7HE Aoz 1}
ehge}. 28y} amoxicilling} ampicillin®] 7 -$-ol] &= 344 4|
Al o) whaAle] o dRE WhR) g Aoz ey
(Table 3).
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Fig. 1. A transmission electron microphotograph of S. mutans
without irradiation. S. mutans grown up to optical density of 0.4 at
600 mm was fixed, embedded, ultrathin-sectioned, and then
stained with uranyl acetate and lead citrate. Notice that the cell
wall and cell membrane of the cells are discernible (arrow head)
and ribosomes are evenly distributed in the cytoplasm. Some cells
are undergoing cell division revealing that the membrane is
invaginating and growing toward the center of the cell. ( X 40,000
mag.)
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of T FTUE T TN s =T dReME Al
Frto| 7 Fob& A3 vtz A F i ME=A R
g57] Axe) Fee Bela AT 4o Wiy A=A
AR s & BEgoz AGA e, oz
FAHE BT AW AN dojH 2k FE
ez AZHASA (Fig. 1). o]l wsh AP e WAt
Adaabsgel F7Hdel wet v Helg 2t ol

Fig. 2. A transmission electron microphotograph of S. mutans
irradiated with a single absorbed dose of 10 Gy. Morphologically
abnormal cells (arrow head) appear, which have thickened cell
wall and cell membrane that cannot be distinguishable from each
other. A few lysed cells with sparse remnant of the cell body
(small arrow) are observed and abnormally smaller sized, de-
generated cells (big arrow) are also detected. ( X 40,000 mag.)

T &

AR e s wo] Z71E g 10Gy RALZAAME Hx2d
o wjsl A=z} =7)7} wekshA e, Al
A% Rolx= T F dRoME AlZHI Mzt FF
o] BRI, AlEH o] dgslA} A=W} A Zeo
7 el ol o AFEHoH, o] F dR 72
98] ga=o] AEe] ZRAbgte] Vel ® sl
3 A A E g Helx F FoA 2 =]
B Holn WAEE JHE Hol: AERE A5 FAFH
ot} (Fig. 2). 20 Gy 2AFZAME A oA Azt

Fig. 4. A transmission electron microphotograph of S. mutans
irradiated with a single absorbed dose of 30 Gy. A higher number
of cells reveal thickening of the cell wall and cell membrane, and
cell lysis. ( X 40,000 mag.)

Fig. 3. A transmission electron microphotograph of S. mutans
irradiated with a single absorbed dose of 20 Gy. Cells with the
thickened cell wall and cell membrane are more frequently found
and number of lysed cells is increased. ( X 40,000 mag.)

Fig. 5. A transmission electron microphotograph of S. mutans
irradiated with a single absorbed dose of 40 Gy. Cell lysis be-
comes prominent and appearance of ghost cells (arrow head) is
noticeable. ( x 40,000 mag.)
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517bp

106 bp

M 1 2 3 4

Fig. 6. RT-PCR of S. mutans with or without irradiation. S.
mutans was irradiated and further incubated for 2 h. The cultured
cells of S. mutans were centrifuged to collect the cell pellet. Total
RNA was extracted from the cell pellet and subjected to RT-PCR
as described in the text. Lanes: M, 100 bp DNA markers; lanes 1
and 2, RT-PCR of g#/B; lanes 3 and 4, RT-PCR of spaP; Lanes 1

and 3, S. mutans without irradiation; lanes 2 and 4, S. mutans with
40Gy.
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M 1 2 3 4 5

Fig. 7. SDS-PAGE of S. mutans with or without irradiation. S.
mutans was irradiated and further incubated for 6 h. The cultured
cells of S. mutans were centrifuged to collect the cell pellet, which
in turn boiled in sample buffer for 10 min and subjected to SDS-
10% polyacrylamide gel electrophoresis. Lanes: M, protein mole-
cular markers; 1, S. mutans without irradiation; 2, Streptococcus
mutans with 10 Gy; 3, S. mutans with 20 Gy; 4, S. mutans with 30
Gy; 5, S. mutans with 40 Gy.

Az Abol7} ML Aol vehix, gad 7ol
2% 2715900} (Fig. 3). 30Gy ZARZAAE A E9 3 4
=5 apol9) el B4 YolAk 73 $a7 29 %

= 719905 (Fig. 4). 40Gy =AM 4809 9] &
7} 7 9T, Q8 7] Aol Axde] A9 §3)5
o AlEbgl e, Azt Mxe] MxAdz g2id ¥ ¥

HEHA g doldle AHEAEY = Po] AR
o} (Fig. 5).
4. RT-PCR

s 5494l a4 GTF
o) $AAQ efBst o RF B2 P19 fAAK
spaP2] W& RT-PCRZ AT A}, AP ZelA gifBo}
spaP AR W Ax: iz Zeolrl ¢l (Fig.
6).

S. mutans®] $-A]HAlS

5. SDS-PAGE

AgZel A2l S. mutans®] A 2] W3E SDS-PAGE
2 BAg As APFAA il 2 A= Jxid
Akt 2hol7t Agieh 2} 190kDa o] 4] il
A 2l ulE AP WA RAMIF] F7HE
435 A2} Zraslg v (Fig. 7).
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FEEe e, 93, £330 W7, Aok A, &
A wpstEe) A3 AR, AN AH 5 A3 2
A dEge Wed, Y o] F eldo] s Fo 29l0
2 7+3E 3 Qo) ukey R AA R Al el
o) HAdzALoke] AF EFEY, oj2 s} etAAle)
7% o)Al fEe] el RuE AxE, £ioldy
A4 9 F7)A5 §712 AR Wspl veht, o
Wl 2o As e doF 4 sl Aok
F9 ade] AT =g wA L A RS0
AEd B u|AE9 AT FrP) FukEe] vehd
E3), S. mutans, Lactobacillus, Staphylococcus B Can-
dida®} 732 QA w2 $7}1 F74E = I, Strepro-
coccus sanguis, Neisseria D Fusobacterium®] 7} ZF4F
), Actinomyces®] 47} Z7}E=d, 0|83 T 7E] ¥
3= WAHRR Fellx et 717 B ASEHE A
2 ByEy 31\:}?12

duAes WHIRPE 42T a9 ot A
491 Aie] B A ] AR AN
Ae] dAsH, AlF FAY wWEate] vehtE: Aoz ¥
293 kPP Liory 72 Wbl #12% 24
2] XefollA] kAL A Aol A A streptococci & S. mutans
9] uvlgo| 0.6%0\gort MAMIX R 6F Fol 438%E
FA43%) 2715915k3 §1ed 3, Brown 52L& S. mutans®] W)
Fo] MAMAXE A 1.5%0A HAMIAR 34Y Fole
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Lo
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Lo o 2t
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25.8%, 12714 Zell= 83.3-94.4%9 F71E HgTia 3}

B AR Aol ek e 4
el AEo) Wzl A AU YRS kR )
Aob 28] waol Z7hEs e B @A 7}
E A8 Al S mutansE HAoz eflAl
7)ol 8E wX|E= WA RAMIE R oAl 10, 20,
30,40Gy8) FAFE TAksel oo AURSEE B
Astl s, et ol 1020 Gyl WAl o] AL By
A Aws AR Aol ds) el $)o) T4 Fa
7}, 20-30 Gy] WAbAl o] ZAbE|™ Wizt ApAle], 12]ar 40
Gy S1438) MApe] 2ALER Shade GFAY Aol
7)HE Aoz BaHT g
2 Q7o E WAARA F S muans®) AT E F
Qg Az, dzFel vl APFAME 10Gy 2AREANA
ok 83%2] AEEE, 20-40 Gy ZARFAME oF 25%2) A
Z28¢ ¥, S mutans7} 20Gy o}AFe] ¥l AV ERYE-
HE A3 AT 71 gassden, bzl e
Z7lol W& S mutans®) AFE ¢ i ehgR] ek
]ﬂif_ £ a7 Ags AR RAL A F S mutansel
g wpatAle) A A AFESE FAT HowA A
A o}°ﬂ7\ﬂi- WAt zA 2. QF] ARGl S mutans 9]
Zhart dehdAut, dQAzE A Felle 77 37 |
32 S mutans®] ZAo] GAFA o) FolRE Aoz T
DE e, ol M ERALR QlE Elele] $%3zhg, Y
g, atg, 4324 9 AsEhgo] A7) dEa
Aoz gdex glom,” =3t el Rue] Fhiel vlEe]
el o) Sdo) ey rA40) Atz Qs AolAlEE 4
o7 4 9 QB FAEy] el Aoz RIS
gy} 12
2 otsAlZ e 9Alg Welwy YA Ao glo=
—r7§—“i— WA A B A] A5 WS A 4
g oFAl9] &= F 03 BAle) thAte] Hoigwt whebA
FaHQ B3A, PUA 3 AE B2ANL Aol BE
A ge] A Al Wt dEAE B A7)
w3 w} gled, Jones BUS SAR AAAR Bl
A RAA AT BEAPAAE AT FoiT A,
8. mutans®= A3 7345 9o}, Lactobacillus’= 72 <3

é-ﬂ

3k A okgietw shode}. & Epstein 50 WRAMAIA]
22 e FxliA Bas) S mutans®t Lactobacillus®]
=

\

=zl dA|H oz FAaAZITtT dhglor, Emilson’*-2
chlorhexidinesl] 2}8} S. mutans®} Ztasel] WE Xjolg-A3F
o] ojut &2 ¥k ul 9ok 1eh} Al-Nawase} Grotz'®
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