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ABSTRACT

Purpbse : The aim of this study was to observe a direct effect of irradiation on the periodontopathic Porphyromo-
nas gingivalis (P. gingivalis).

Materials and Methods : P. gingivalis 2561 was exposed to irradiation with a single absorbed dose of 10, 20, 30,
and 40 Gy. Changes in viability and antibiotic sensitivity, morphology, transcription, and protein profile of the bac-
terium after irradiation were examined by pour plating method, disc diffusion method, transmission electron micro-
scopy, RT-PCR, and immunoblot, respectively.

Results : Viability of irradiated P. gingivalis drastically reduced as irradiation dose was increased. Irradiated P. gin-
givalis was found to have become more sensitive to antibiotics as radiation dose was increased. With observation
under the transmission electron microscope, the number of morphologically abnormal cells was increased with in-
creasing of irradiation dose. In RT-PCR, decrease in the expression of fimA and sod was observed in irradiated P.
gingivalis. In immunoblot, change of profile in irradiated P. gingivalis was found in a number of proteins including
43-kDa fimbrillin.

Conclusion : These results suggest that irradiation may affect the cell integrity of P. gingivalis, which is manifested
by the change in cell morphology and antibiotic sensitivity, affecting viability of the bacterium. (Korean J Oral
Maxillofac Radiol 2008; 38 : 39-47)
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HAMMZEAL | Porphyromonas gingivalis O O|x|= 48t
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ccus sanguis, Neisseria, Fusobacterium®] 4% 7343}, o]
HY 7RTEY Wi PAAE FAE 4GY 27
T A&ddn otk £ Lacatus 52 F uka}
AR5, o] §9%ol A T Hoh3AZe) BRI T,
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ool £ AFelr XFAgke UlF Porphyromo-
nas gingivalis (P. gingivalis}& WAoo g v}oyst e
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1) WARMZEAL M Al iE=o| tlje

AT & 24 0 BN 4 A N9 AEEE
F yeast extract (5 mg/mL), hemin (5 g/mL) 2 wv])glq] K1
(0.2 ug/mL)e] A7} brain heart infusion (BHI) <4 1| u}) %] 2}
HeFAH 77 5% A7V tryptic soy (TS) HHv Ao A 37
"ColA] 24417F RAR L2 sy e AP EFE
A BHI HAufz]ef] )4 3}e] 5333354 (Ultraspec 2000,
Pharmacia Biotech, USA)Z 600 nmel| 4] &33x7} 0.1¢] =
=% 7 w28 24 8 SRAEng 9 Ea
ANH DAL AAAE AYTFE BHI GAM Ao 4
F3ted 37°C 7] Wikl EBBEA=Z 600 nmeoll A
F3x7} 0471 & g7t o) kst

2) AR ZEAL
wdE A7 79 100mLl vjo] A &7 &= &
BEFARY 2 AFAEX] (CIS Bio International, France)2 o] £-3}
o AgE 667 cGy/mine 2 10, 20, 30, 40 Gy9] &A1=k
o] H=5 HIAS 13 2AbslgH

3) Base

A% ojope) o 2ol wEo) B
H=% 7Pﬁﬂ] 3L VA 100 UL Hshed A4 ¢
4> 900 uL7} =7 1.5 mL microcentrifuge tubeoi]

vortexdte] 108 3| FN S wEgr) A FHL 1;};\]
100 uL #3}led A=l g94= 900 uL7F =71 A) 1.5 mL micro-
centrifuge tubeol] @31 vortexds AL ¥lE3le] 107
107742 gAHcz FAaea DA 4" Fd 100
HLE TS g3 u ol 23513 -8, d7d f2gdde ALe
ste] FAE A Ao e =deigde). =t g
FiAE 37°C 7] woFr1elA 3447k whoFst & A
H P gingivalis o] 2007 A=z Jephd SAuR=

Al At A B, o) wiAel =3 79
HY4E GAstel 2o A 100uLT AF 42 A4
sotek.
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WAL S MR P. gingivalis®] Ao E 7H2aA
W3E B N3 disc FAHE APshach SAL.
Aellre} Ze] wle]A el N WAt EAM ] tha A
FAMR 7742 P gingivalis AR-FF) AF 47 445}
A HEs 23930 o8 A, LA AF ¢ A¥E E
3 10,20, 30, 40GyE 24K ¥ & 7o) A7 4 A
}E Bl2 Ad 47t 9 Ha2EH 10,20, 30Gy 24}
=2 ol A BHI 3AiA & A7l Xgezy nE
29 7 AF 7t 0Gy 2ARES] FA W AT 29}
Fspl 2590,

FAA A Akl $A CniAldE Fa) disc gt
Hoz vebhd )2 (inhibition zone)?] =77} 24 3}7)
$o1% 2040mm A=7} NS PUA S=E vl 24
atalet. o] &, HFE 8mm A7 9] paper discell A &
A& 20uLA Haksked 7 paper disc % FAA x5} 9
A A8 HAwxel amoxicillin 4 pg, ampicillin 4 pg,
cefotaxime 4 g, penicillin 8 pig, tetracycline 8 ugo] H==
A355e 2A90 FYA S0 Hahe paper disc
T 50°C i grIeN TR A=A F s=t 9
AslA =2 H P. gingivalis 74L& 100uL4 =25 TS 3t
e Aol HA =] §AA discE L8 Ael2 37°C
A WrIHoE 34U W T PYA disc ol
8 P. gingivalis®) AT H74¢ SYeee

() FHAALE B

WAL ALl 28t P. gingivalis®) M xd, Axet U A
24 729 Wzt BB 98 FAAANAE o
Skt WAL & 2AVRE P gingivalis AR 455 QAL
23l -2 F pellet-Z phosphate buffered saline (PBS, pH
742 MAZ X 2% glutaraldehyde$} 0.2% ruthenium
red2 4°Ceol|A] 1A|7F 39 A7A s}, PBS2 A&t
22F AN 2% 0sO,2. 4°CollA] 147} 308 E9 &7
Aslgd el TEE ethanolz ©4A)7]31 Epon 812, dode-
cenyl scuccinioanhydride (DDSA), nadic methyl anhydride
(NMA), tridimethyl amino-methyl phenol (DMP)-30& &3}
3lo] w3t &, F4} Awdkasled uranyl acetate2} lead cit-
rate 2. G T =3 2}1¥ )7 (M-7100: Hitachi, Japan)
& olgstel BARAT

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

@ Total RNA &2

HRARA ZAL B P, gingivalis A8 752] fimbriae $-3 2}
2l fimA<} superoxide dismutase (SOD) A A}Q) sod 28 9]
Hilg AAeEAM RA3)7] 98 RT-PCRE A83}7)
A total RNAE ¥ellgieh. $4 APZFS BHI 43
iAol A Fsted 37°CollA §17] A2 24A12F Wl oFst o}

Table 1. Primers to be used in RT-PCR of P. gingivalis

: Y Amplicon
Primers Sequence (5" to 3') size (bp)
fimA-forwmard  GCT TTT GGA GTT GGC GAT GAC 1024
fimA-reverse TTA CCA AGT AGC ATT CTG ACC
sod-forward CCT ATG TGG ACA ACC TCA AT 517
sod-reverse GGC TTC CTT ATG TAT TGG TG
gapA-forward  AAT ATC ATC CCC TCT TCC ACC 354

gapA-reverse  GTT GGA GTA TCC GAT TTC GTT

= wieke} 100pLE A AA¥iz] 100mL A F3 = F3
= 600 nmell A 047} B wW7bx) wjopsileh 7 wjopal e
40 Gy WAkl zAL 3= FA] 1mLY sl g8

A]Z] RNase-free microcentrifuge tubeol] £7 ©h-2, Qiagen
Total RNA Isolation Kit (Valencia, USA)E A}8-3lo] Az
A1) x) A u}E} total RNAE- &3]

@RT

Qiagen RT-PCR KitZ Al4-3le] RTE A)g)3sleic) Ak
3l RNA ¥ =& $U3A =& total RNA (50 ng-100 ng/
mL), RNasin (40 Units/mL) 0.2 pL, 2 mM NTPs 2 uL, oligo
dT primer (10 pmol) 1 uL, MgCl, (2-5 mM) 2-4 uL., RNase
inhibitor (40 Units/mL) 1 UL& &3 sln 2H452 FFeo)
20uL7) 5 =% A3t} o] RT &3S 50°Ce| A 308,
95°Coll A 1582F AlPstn 4°Coll N wH3-& A=A A)A
cDNAZ o9}

® PCR

WA ZAY7} P. gingivalis®] WA o] WS zd s
15 B237] A P gingivalis?] WAL AHA L
FT83 FAJAE ddez FAA 4R zolE A}
T A ARASAT. A P gingivalis® fimA 71L&
E = ste] fimA AAES T8I primer® A= T, =
gt sod’= Nakayama™7} X138} P. gingivalais ATCC 33277
2] sod 9714 AAZ 8= primerE Azsloiet 1
2|2 FFY total RNAE AMSAE=XE 837 98 9
ZAAAR] gapA H71N L& BN gapA AAE T3t
= primerE A28k} (Table 1).

PCR-E $J3] cDNA (10-50 ng/uL) 1-5 uL, primer 22} 10
pmol, Taq DNA polymerase (5 Units/uL; TaKaRa Korea) 0.25
ML, 2mM dNTP 2-5 uL, 10 X buffer 2-5 uL, MgCl, (2-5 mM)
2-4uL% EFELT R4 HFHo] S0uL7) H=s £
Aot PCR E¢94& 95°CollA 587 HAAR e,
PCR cycle-2 94°Colj A} 30-60%, 52-55°Co) A 30-60%, 72
°Coll A 60-902= 25-303] ¥FE-3)} 3, 72°CollA 10%7F v}
S8 F 4°CollA ube-& AHAste] PCR AME-g it}
PCR AFE-2 1% agarose gelol] A7) %3t & ethidium bro-
mide 0.5 pgMD)E AT 2. 494 sl el o

N
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(5) Immunoblot
WA ZAL} P gingivalis®] A 9 71e} 74 BA
Bade) Wehe 2AS=AS FFe7] Jo) immunoblots:
Al8)ald et BhAbA . #FAVEE P gingivalis A3 #FE ¥
4P 5 S 28Tz 197 HAAT e,
]

)
7 Alne) A 34 FUsA 2Asdn vt =
J

A5 Ab=dl 2 gof sample buffer® #7}8ked 100°Ce A
1027 A=l3t %, SDS-10% polyacrylamide gel Aol 4] A

719 zslgdc}t. A7) Ee] Bt geld semi-Dry blotting
unit (FB-SDB 2020, Fisher Scientific, USA)S ©]-2-3}e] 14]
7+ EoF 25mA/em’ gel®] & o2 nitocelluolose} (Bio-
Rad Laboratories, USA)ell A o]A]Z]c} sl Alo] o] X]
¢k-o. ®olo] pjtocellulose™t2 1% BSA-TBS (20 mM Tris-
HCI[pH 7.5],0.5M NaChz 1A|7F =gt o}8 1% BSA-
TBSel] 1:500% 3] A3} rabbit anti-P. gingivalis 2561 whole
cell, = rabbit anti-P. gingivalis 2561 fimbrillin 88 A&
A7 & 4°Col| A st vE-e-A| F o} o] & nitocellulose
w8 Tris-Tween 20 $}&£-9 (10 mM Tris-HCI [pH 8.0],
0.05% Tween 20 [v/v], 0.01% NaNy) ez uf 584 33 A
23 vh-& 1% BSA-TBSo]| 1:1,0002.2. 343} goat anti-

Table 2. Effect of irradiation on viability of P. gingivalis

Radiation dose (Gy) Number of viable cells (%)
0 178127 (100)
10 1622+74 (91)
20 1101 £119(62)
30 825184 (46)
40 320+22(17)

P. gingivalis cells grown up to optical density of 0.4 at 600 nm were irra-
diated and 100 pL of the irradiated bacterial cells were smeared on an
agar plate. Number of the viable cells (colony forming unit: CFU) was
counted after the 48-h incubation. The results shown here are the repre-
sentative of several experiments unless otherwise indicated.

% number of viable cells at 107 dilution (% relative to the number of
viable cells of control)

rabbit IgG (H+L)-alkaline phosphatase conjugate (Sigma
Chemicals, USA)Z Ar&ollA 1417 vbgAIZe: whe &
Tris-Tween 20 £+ 9 © 2 nitocellulose™H-g o} 1024 5
3 Ax38 ©}L, substrate BCIP/NPT (Sigma Chemicals,
USA)Z Helste] HAEE i wE Basch

4 243} A 7HeA AR wiplicate 2 A3
), 227 AF 7] 2ke]= one way ANOVAR.
ee AFshee

o
32 o
& fo Mt

Z
1. SFAMMZALOY QB P. gingivalis2| Mt 4= B35

Y z2FAAM = P gingivalis®] AF57F 100mLe 1.78 X
10°0]gl o}, 10 Gy RAFZAAE AF 471 1.62x 10°2
2 iz vs A 47t vha Faste] o 91%2] A
288, 20Gy 2AFZIME A $7F 1.10x 10022 62%
9] =8-S, 30CGy ZAFEAIE 8.25x10°2.2 46%2] A
ZEE, 40 Gy RAMZIIA = 320%10°2.2 17%2) AEE
& Bo WA EAMI ] Z71Eo wet Ad 7 34
A ZAsF T (Table 2). 7k £248] At 429 2ol =
EAM o $9)3 Aoz el (P<0.05).

ot

2. HAPMZALO| 2IEt P. gingivalis | EHUHM| 2+
#5}

H ol wls] Aol A Zead o] WA EAL
Hepol wldshe] okt ZAbehe A%E RGeSt Tem
cycline®] 79 AA|ge] A A o] YoM 34 mmo|g]
01}, 40 Gy FAMZA A E 38.6 mmE &A= ¢ 7, penicillin
o Aoz dAB Are] hETAME 283 mmolg]
ou} 40 Gy ZARAAE 327 mmz 2AEe] elA e
ZAA o] 27t 4.6 mme 4.4 mm 27159} Cefotaxime2)
Aol Azzolrl AR H7e] 333 mmolglent,
40 Gy AN A= 363 mmE &3 He] 3.3 mme] 718
Bt} Amoxicillin®] A9 227 40 Gy ZAMES] 9A)

Table 3. Change in antibiotic sensitivity of P. gingivalis atter irradiation

Antibiotics Control 10 Gy 20 Gy 30Gy 40Gy
Amoxicillin (4 pug) 24.7(£0.04)" 24.7(+0.04) 23.0(+£0.04) 25.0(£0.00) 26.7(£0.04)*
Ampicillin (4 png) 31.3(£0.04) 31.0(x£0.00) 32.3(x0.04) 31.7(+0.04) 32.7(x£0.04)*
Penicillin (4 pLg) 28.3(£0.08) 28.7(+0.04) 30.3(£0.04) 32.7(4£0.04) 32.7(£0.04)*
Cefotaxime (8 ug) 33.3(0.08) 34.0(40.00) 34.3(£0.04) 36.0(£0.00) 36.3(£0.04)*
Tetracycline (8 ug) 34.0(£0.07) 34.6(£0.04) 36.3(x£0.08) 37.6(£0.04) 38.6(£0.04)*

Change in antibiotic sensitivity of the bacterium was determined by measuring inhibition zone created by discs containing different antibiotics.

% the average diameter of the inhibition zone (mm)=+S.D.

*. Difference in the inhibition zone formed between non-irradiated and 40 Gy-irradiated P. gingivalis was observed to be statistically significant by one

way ANOVA (P<0.05).
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Ao

Fig. 1. A transmission electron microphotograph of P. gingivalis
without irradiation. Bacterial cells of P. gingivalis grown up to
optical density of 0.4 at 600 nm were harvested, fixed, embedded,
ultrathin-sectioned, and then stained with uranyl acetate and lead
citrate. Note that the inner and outer membranes of the cells are
discernible and electron-dense ribosomes are scattered in the cyto-
plasm but more toward the cell membrane. Some cells have under-
gone degenerative change. The other cells in normal shape have
highly electron-dense granules which are thought to be polyphos-
phate reserve materials. ( X 40,000 mag.)

Fig. 2. A transmission electron microphotograph of P. gingivalis
irradiated with a single absorbed dose of 10 Gy. Number of mor-
phologically abnormal cells has increased. However, cells in nor-
mal shape are still found, in which granules of the high electron
density are more distinctly detectable. ( X 40,000 mag.)

o|&tE o

o

2] A x| 31.3mm, 40 Gy RAFZC] 32.7 mm= =
AH el 400Gy ZAFEANAM L4mmrt Z718F Zlos el
o} (Table 3). H2FZ} 40 Gy 2AFES] A 279 wis}
E one way ANOVAZ 723 23} 5% SAHoz §9
g Aoz viehtel (P<0.05).

3. BEARMZTALO| 2|8} P. gingivalis 2| SEY 15}

W&l P. gingivalisg F3AAER Aoz Ry
< o, Wetst ote] eistA] RAEAD, Bugo] Al
o oz AFH Az 79T ¥EE 2 A
e AT 4% S o] 2AHE § WA Aol
el T, & g2 FellAe Azl Yo AL} o
F=lo] A (Fig. 1). ofel] Hls] AP LA A}
AzApde] 7189 aiet w)AdAQ Julg 2= 7
of A"z ol F7HAR. 10Gy ZARZAA &= 1A
ARl e HEHE By FEo| VSR EH, a2
of vjal) WAE MFEe] Lelzlon) A3l Mz mef
< Z3 e FTEE SR =3 A4 YYE g
TlME AAE=rE 2 A9 2o ©S T3
#AE G (Fig. 2). 20 Gy ZAFZAME 5 719 = Afol g
kel WA JEhta, g Ee] Wie AANEsl B
o 57 vebdch =3 479 Rt BFAT 5536

BolZl= stgiet. d8e Al Az R 43
8 A= WA (Fig. 3). 30Gy A2 E W

Fig. 3. A transmission electron microphotograph of P. gingivalis
irradiated with a single absorbed dose of 20 Gy. Cells with the
electron-densely stained cytoplasm are predominant. The cells
also have distinct nucleoid and the widened space between the two
membranes. Irregular waveform of the outside envelope of the cell
is discernible. Separation of the cell membranes from the cyto-
plasm is undergoing in the degraded cell. ( X 40,000 mag.)
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Fig. 4. A transmission electron microphotograph of P. gingivalis
irradiated with a single absorbed dose of 30 Gy. Some cells show
that the cytoplasmic contents are completely leaked out, leaving
two distinct membranes. Inside these ghost cells highly electron-
dense granules are more prominent and extracellular vesicles of
the outer membrane are found near the ghost cells. Cells with nor-
mal morphology still have the widened space between the mem-
branes and the electron-dense granules. ( X 30,000 mag.)

Fig. 5. A transmission electron microphotograph of P. gingivalis
irradiated with a single absorbed dose of 40 Gy. Shape of the cells
with 40 Gy irradiation appear to be similar to that of those with 30
Gy. More vesicles are observed. ( X 40,000 mag.)

=2 FEAEE B3
d AMEEFE b FAFE Ae Mol
N AR89 2 Afels] F2bel Kol ol A
WErt e Fo] wr} ol FHAEYT (Fig. 4). 40 Gy

1Kbp

500 bp

Fig. 6. RT-PCR analysis of expression of fimA and sod in P.
gingivalis with or without irradiation. P. gingivalis was irradiated
and further incubated for 2 h. The cultured cells of P. gingivalis
were centrifuged to collect the cell pellet. Total RNA was extract-
ed from the cell pellet and subjected to RT-PCR as described in
the text. gapA was used to confirm that the same amount of the
amplified gene was loaded in each lane. Lanes: M1, 100 bp DNA
markers; lanes 1 and 2, RT-PCR product of gapA; lanes 3 and 4,
RT-PCR product of sod; lanes 5 and 6, RT-PCR product of fimA,
M2, 1 kbp DNA markers. Lanes 1, 3 and 5, P. gingivalis without
irradiation; lanes 2, 4 and 6, P. gingivalis irradiated with 40 Gy.

ZAFEA M e 30 Gy 2AMZIE AbolstAl 7] 2dte] E
Z3 ] AAFHE 2%} HeFo g BAE YA (Fig. 5).

T
%.
S
o
=
S
=
172
o

AA}e) wao] 2840} (Fig. 6).

(&}

. BEAIMZEALO 2|8t P. gingivalis 2| THHZE profile]
B3}

40 Gy ZAWES P. gingivalis 25612] =h8 A profile g P.
gingivalis whole celle)] W18k 38 A& A}&-3} immunoblot
o2 FAT A, g2 Hi) s Aoz Jehydt(Fig
TA). AR d A o8] Z71eE wh Al oF 140kDa =7
9] Az, WA zAMA Y] wEel Absgle] FUd
A= F7He Bk o 15kDa =7]9) ghde wiapA
o] ZAMH7] e]AeE vehtA gkgron), WA AL}
Az A webstet el 36 kDa, 23kDa 9 17kDa %
YA Hhatd o] FALEHAMNE #REXA goie) =

immunoblotol] 4} 713 =2s1A BR=EE ¢ 50kDa =7
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Fig. 7. Immunoblot analysis of P. gingivalis with or without irra-
diation. P. gingivalis was irradiated and further incubated for 6 h.
The cultured cells of P. gingivalis were centrifuged to collect the
cell pellet, boiled in sample buffer for 10 min and subjected to elec-
trophoresis on an SDS-4-10% gradient polyacrylamide gel. The
separated proteins on the gel were transferred to a nitrocellulose
membrane, which was incubated with anti-P. gingivalis whole cell
(A) and anti-P. gingivalis fimbrillin (B), followed by goat anti-
rabbit 1gG (H+L)-alkaline phosphatase. Lanes: 1, P. gingivalis
without irradiation; 2, P. gingivalis irradiated with 10 Gy; 3, P.
gingivalis irradiated with 20 Gy; 4, P. gingivalis irradiated with 30
Gy: 5, P. gingivalis irradiated with 40 Gy.

o

rlok

b 9|

QA F 79 s 35kDa AL Az 29
Aasig o), APzl THE Aol =7 gt
33 120kDa, 43kDa, 33kDa % 28kDa A& Al =
AbiEke] F7tel whet baefe] ZhAstdeh °F 120kDa
Z719] A2 10Gy 2AMEF 20 Gy AR 23
9 ovt, 30Gy 2ARES 40 Gy AN A& HehtA] o
Sttt o9} w43 A oF 125kDa =7]2] ghiiA % 10Gy &
A3t 20 Gy ARSI £ 2bol7) glol o), 30Gy =
AbZ 40 Gy ZAREIME dEcke] FAMA s
o vl AR o] F7kE A A e ofe] Zhagt
43 kDa AL fimbriae?) wefd| Q] fimbrillne] =7]9}
7o} fimbrilline 2 2% ¢} o|& F9lalr] Y3l fim-
brilline]] ©j8F 3F&A o2 immunoblot-& A3+ A}, 5=
A3 Hgubgo] Yebd oz 43kDa ¥hA-2 fimbrillin
o2 #915)3ic(Fig. 7B).

&
FAFEE B A e A%, 7 AR, B
e HANE, 579 Fol71A Fol oJs) Jge P

o, o] F elfo] 7b} Fog 2o AFHI Y
mebx] el el wabde] xASE el )% o4
1 °H‘EM Bl o) Fujek fhact gl FAQYE A3
A FAEFE AT At vepta, A
gl gebeh Y 53], 2 edst AT A
Az 3¥E 3SR F ¥ A AR A
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