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Comparison between Bacterial Culture Method and Multiplex PCR for
Identification of Fusobacterium nucleatum and
Actinobacillus actinomycetemcomitans from the Dental Plaques
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Department of Dental Hyvgiene, Chunnam Techno College, Chunnam 516-911, Korea

Abstract This study was carried out for the purpose of comparing bacterial culture method, single PCR, and multiplex
PCR for identification of F nucleatum and A. actinomycetemcomitans in subgingival plaque of adult periodontitis.
Targeting 20 patients with adult periodontitis, the subgingival plaque was collected in teeth, respectively, for #16, #36,
#44, A bacillus was cultivated by painting it over the solid selective media of F nucleatum and A
actinomycetemcomitans. Bacterial species were detected in 0 tooth with 12 pieces, respectively, Through single PCR and
multiplex PCR, the positive reaction was indicated in 43 teeth with 45 pieces, respectively, as for ¥ nucleatum, and in 1
tooth with 4 pieces, respectively, as for A. actinomycetemcomitans. In the comparative analysis between bacterial
identification methods, F nuclearum showed the more statistically significant difference(p = 0.000) in comparison between
single PCR and multiplex PCR. Even A. actinomycetemcomitans was indicated significantly(p = 0.067) in a case that is
based on 0.1 in significant level in the comparison between single PCR and multiplex PCR. In conclusion, as a result of
comparing the bacterial identification methods, the detection frequency was indicated to be higher in PCR than in
bacterial culture method. Single PCR and multiplex PCR showed the mutually similar detection frequency. Accordingly,
given thinking of economic efficiency, quickness, and reduction in labor force, it is thought to be more efficient method
to use single PCR as the bacterial identification method.
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1. X|HMZeh 2%

C gk x|paglo] Ullg 209 2] 4914 #5939
4715 pocket depth >4 mm, bleeding on probing(+)]
FAE Ol 77} #16, #36, #44 X o}e] A5} 2
HA S ¥l paper pointE ©]&3dle] #FHE ¥
1 xPBS 500 plell Fol th-2] Ag el AR8-3131t).

2. M3 ufe¥

Zkzhe] H-9lollM AT WEL FA] APAR &4 §
7174 AlzFaf k7] QtellA 198 50 plE 1<PBSE 10,0000
843 ohy dard W8-S olfsle] E nucleatumel )
g 3 HEnfz|(1% trytic soy broth, 0.5% yeast
extract, 0.5% NaCl, 0.2% glucose, 0.02% L-tryptophan,
1.5% Bacto agar. 5% defibrinized sheep blood, 4 pg/ml
erythromycin, 5 pg/ml crystal violet)2} A. actinomveete-
meomitans®l] thgk 328 e A [iryptic soy borth(TSB:
Difco. USA); 0.6% yeast extract, 5% horse serum, 1.5%
Bacto agar, 75 pg/ml bacitracin, 5 pg/ml vancomycin]ell
zbzb =aiolet. 37°C W71°3wid71(85% N, 5% CO..

Fig. 1. Phase-contrast microscopy of (A) F nucleatum subspecies nucleatum ATCC 25586, (B) F. nucieatum subsp. polymorphum
ATCC 10953, (C) E nucleatum subsp. vincentii ATCC 51190, (D) A. actinomycetemcomitans ATCC 33384,
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10% H,. Model Bactron I, Cornelius, OR, USA)°ll*|
2-3Y F<F wiFE e, zhzhe] dejuR|oll A =gt
21 FA487) flel E onucleatum crystal violetoll €]
s napde] §23, BSY, vjnele BFE de &
2O R A actinomycetemcomitans= B 2] NHE
o], el 43 B ¥ 2YE 2 2oE Y
sl aggaRle s Od 248 B, f44ARn

748 B3 FE nucleaume 2717} ofFol ujd} tpgsh,

& o] WESk(fused) WFHEN. A actinomyeetemcomitans
B A7l7F A5, #L0.01~1 pm), 2AY R
Bl E ER13IAck(Fig. 1). Aol A&slar, 489 548
218l 37k A3 colony PCRS HAlste] YA k-2
Kol A& F nucleatum®} A. actinomycetemcomitans=.
A% 3t

3. Single PCRY

A48l AHAM et A 3 F S ABES] DNA FE5&
Lee 3¢ whye] w} dAAEch 919 50 plE 2
Lysis buffer(2 mM EDTA. 1% Triton X-100)%} &§}5}o]
10%- &<t #9A DNAE AT E nuclearums: 57 8}
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AAT-3%8} Fn-R6(5-TTG CTT GGG CGC TGA GGT
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TC-3) 2Egfe|E AMB-SIRIAL, A actinomycetemcomitans
& 4387 sl All-F6(5'-CGG GAG GCA GCA GTG
GGG AAT-3)2} ChDC-AaR(5-CAT CGC TGG TTG
GIT ACC CTC TG-3) Zele|Hg AME-Elen,
AccuPower” Premix[5 nmole deoxynucleoside triphosphate,
0.8 umole KCI, 0.2 umole Tris-HCI(pH 9.0), 0.03 umole
MgClL, 1 unit 7ag DNA polymerase](Bioneer Co., KOorea)
4! PTC-200 PCR machine(MJ Research Inc., USA)E ©]
83le] 16S rDNAE FE3al9ith. PCRY] 2412 o3
Z4oktt. 20 ule] PCR E§H-8-0] 55 20 pmoles ¥ 9]
Zglo|mgit 4 ule] AliF DNAE W3, F nucleatums
F4317] 913 16S IDNA FF-2 94014 287+ 27] ¥
AE AMT OF oCollA 187 WA, 659014 303k7H
annealing, 72°Coll~] 4537} extension ©HA]E 308] WHE-
gk F, vpxete g 72°CollA 1057k extensiond}SAT}. A.
actinomycetemcomitanss 54 817] 21§+ 16S tDNA 5%
& 94°Coll M 287 7] WA HAIE thE 9404 1
P A, 68°ColA 147t annealing, 72°CollA  1E-7)
extension T & 323] HHE §F & vpx|2to g2 72°Cel| A
1027} extensiond}it}h. 28] HF WHEES 4
1.5% o}7tR2 AoA 17]|9E5E AAE] 2 5% oy

& RIS E mucleatum?} A. actinomycetemcomitans

132328322343

fig. 2. Coincidence test of the multiplex PCR and single PCRs performed with the plaque samples. (A) Multiplex PCR for
simultaneous detection of F nucleatum and A. actinomycetemcomitans, (B) Single PCRs for the detection of A.
actinomycetemcomitans, and (C) F nucleatum. Lane; S, 100base pair DNA ladder; PC, F. nucleatum subsp. nucleatum ATCC 25586
and A. actinomycetemcomitans ATCC 33384 (positive control) The open and filled arrowheads indicate the PCR products of A.
actinomycetemcomitans(925 bp) and F nucleatum(495 bp), respectively.
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o] PCR FE%2| A7]= 742} 495 bps} 923 bpe] ., 1.5%
ol7fE 2 Aof 7)Y T8l TEAEE FRlsloit

4. Multiplex PCR

A524% gqAle] z2dst AHMFELel E nucleatum
2 A actinomycetemcomitans®] EA F5-5 SAlol Lo}
H7] $13le] All-F6, Fn-R6, ¥ ChDC-AaR Eg}o|wE
FAlel ALE-ERA L old] PCR 242 919 A actinomycete-
mcomitanss &4 387] 913t 16S rDNA 5% 273 5
3k Al skt

94°Col|A] 157+ WA, 68°CollA] 3027F annealing, 72°C
of]A] 1457} extension THA] S 30%] NHESE 9= final extension
S 918l 72°Cell A 1047 A8 Ekict

5. SAIEN

E nucleatum™ A. actinomycetemcomitans® 542 9
gk Allzul 9, single PCRY %! multiplex PCRY 7+o]

Comparison between Bacterial Culture Method and Multiplex PCR for Identification of Fusobacterium...

H]3= SPSS 12,02 ©]8-3}a] y -test(Fisher's exact test)
2 Al B4 3?%1‘:—]-.

2
A AT B F 2089 607K AokE thFoR

&t E nucleatum3}t A. actinomycetemcomitans®] &2
Qe Mg, single PCRY 2 multiplex PCR'Y S
AN A, F nucleatume Z}2} 1271(20.0%), 4574
(75.0%). 4370(71.7%) Zotol|A] SRk, 4871 (80%). 15
M (25.0%), 1771(28.3%) *|olellA] 2/4d0he-S Nt 4
actinomycetemcomitans= 7z} 071(0.0%), 470(6.7%). 1
7R(1.7%) 1e}ol| A FAd0Hg- 607H(100%), 567H(93.3%), 59
7H(98.3%) ZlofellAl SN k-g-0] peptTth(Fig. 2, Table 1).

A e, single PCRY % multiplex PCRY Alo]2]
A B4 A3, F nucleatume single PCRY 3 multiplex

PCRYS] Blito|A BAHOoR O] folF AolE B

Table 1. The detection of F nucleatum and A. actinomycetemcomitans using multiplex PCR, single PCR, and bacterial culture

methods
Pt's Tooth Fn' Aa’ Pt's Tooth Fn Aa
No. Site(#) CC SP* MP CC SP MP | No. Site(® CcC SP  MP CC SP MP
1 16 - t + - - 1 16 - + - - - -
36 - + + - - 36 - + + - - -
44 + + + - - - 44 = + £ = "
2 16 - + + - . - 12 16 R + + . .
36 - + + - - - 36 - F + - - -
44 - + + - - - 44 + - + = =
3 16 - . - - - - 13 16 i + + = + s
36 + - ks - - - 36 - + + - - -
44 - + + - - - 44 - - + - 5 -
4 16 4 + + 5 + - 14 16 - + - - - -
36 - + + < 4 + 36 S - - - = =
44 + ! + - + - 44 - + 3 4 r &
5 16 - - . - - - 15 16 2 + - - - -
36 - + + - - - 36 - + + - - -
44 - + + = - * 44 5 = = - - =
6 16 - - - - - - 16 16 - - - - - -
36 - o+ - 2 . 6 + % # . .
44 t + + - - - 44 - - + - - -
7 16 - - - - - - 17 16 - - - - - -
36 - + + - - - 36 - + + * = =
44 - - - - - - 44 - + + = - &
8 16 - - - - - - 18 16 - - - - - -
36 - - - - - - 36 - * + - - -
44 - + B = - - 44 - - + - -
9 16 - + + - - - 19 16 - - - - - -
36 + + + - - = 36 = + -+
44 = + + - - - 44 - + + -
10 16 - + + - - - 20 16 - - - - - -
36 = + - - - - 36 + + + - . .
44 - - + - - - 44 + + . - - =

Fn'. Fusobacterium nucleatum: Aa, Actinobacillus actinomycetemcomitans; CC*, Cell culture method: SP*, Single PCR method; MP?, Multiplex PCR

method.
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Table 2. Comparison between single PCR and cell culture
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No. of sample(%)

Detection frequency of

Cell culture(+)

Cell culture(-)

the bacteria(%o)

o~ , p-
apecies Single Single Single Single . , value
PCR PCR PCR PCR e el
(+) (-) (+) (-)
Fn' 11(18.3) 1(1.7) 34(56.7) 14(23.3) 45(75.0) 12(20.0) .262
Aa' 00) 0(0) 4(6.7) 56(93.3) 46.7) 0(0) *
*Non available. Fn', Fusobacterium nucleatum. Aa’: Actinobacillus actinomycetemcomitans
Table 3. Comparison between single PCR and multiplex PCR
No. of sample(%o) Detection frequency of
Multiplex PCR(+) Multiplex PCR(-) the bacteria(%) P.
Species Single Single Single Single = c value
PCR PCR PCR PCR g N
(+) (-) (+) () ' T
Fn' 39(63.0) 46.7) 6(10.0) 11(18.3) 45(75.0) 43(71.7) 000
Aa’ 1(1.7) o 0) 3(5.0) 56(93.3) 46.7) 1(1.7) 067
Fn': Fusobacterium nucleatum. Aa*; Actinobacillus actinomycetemcomitans
Table 4. Comparison between cell culture and multiplex PCR
No. of sample(%) Detection frequency of
Multiplex PCR(+) Multiplex PCR(-) the bacteria(%o) P
Species - : : : »
Cell Cell Cell Cell . . « value
Culture Culture Culture Culture L‘(tv;I:tlllrc MuFI)t(lPFicx
(+) (=) (+) (=)
In' 11(18.3) 32(53.3) 1(1.7) 16(26.7) 12(20.0) 43(71.7) 151
Aal 0(0) 1(1.7) 0(0) 59(98.3) 0(0) 1(1.7) *

“Non available, Fn': Fusobacterium nucleatum. Aa™; Actinobacillus actinomycetemcomitans

(p = 0.000), A. actinomycetemcomitans= single PCR%Y 3}
multiplex PCR'H®] vliof|A] F-2]4=F 0.05¢4]= #}o]
7F DA 0.18 7IE2® & A oA JA vebt
CHp =0.067)Table 3). F nucleatum=} A. actinomycetem-
comitans 555 A7t FH 2 single PCRYH. Al 7ol o 2
multiplex PCRY 7}e] Hlatol| A= FA A28 f-2]3) 9
)= §l2ATH(Table 2, 4).

o F

A7t wdo] A2 Mg F48l7] 918 7+ A
SH 2 Al golnt. Ml gz
SO wiH oM AR Mg 2RANNE S 2%
FEH 2 S Mo r BRstaL, FuR oA g
w2 Bk A AL 9 Al oAbl o3 HE 4
0] BARE AAsle] Alitg A¥sks ol o)
& ASH Ml ohgE Al AAE = e
g 7HAAL QAR wiFzdo] ZhoRE oL, A Zbo)

Avl, @) 7hA) 71849 olel g 7T AT, e

3L 21 alloenzyme®, immunoenzymatic assay, $H9 2 #
7195 2 DNA-DNA hybridization 5°| A|:#+< %4
&7] flsf o] &= =AYk, o] WhHELS AR 3 9|9
(false-positive)2] Zx}8 Kol 2971 U, 4] 7)
FHFEH FRoNM MFE F(species) TR HFa}
=l o] 71Fo] HE w168 IDNA 997141Qu)a
o o=, )5 A &dd) A HAlEtolA AFAE 9
A#E AE37] A% 7P A3 Wde A2 168
IDNA @71 E g vpgo s HAE F.-Eo] iglo|n&
o]-§-3t PCR'Yol2}x & & UG,

Kim &' 16S DNA 97|M9S vigeog F
nucleatum3} A. actinomycetemcomitanss ‘5ol 574 &
T U PCR Zgo|HE /islgled 52 16S rDNA
7MY 7heE FEoE HEE F-9(AI-F6), 3 7}
7t 5f¢k 5-91914] Fn-R69} ChDC-AaR Ei}o]w & )
21218tk Multiplex PCR Eg}o]e] Eol4 L 17|
el aMe] E nucleatum 3E7=1-7(ATCC 25586, ATCC
10933, ATCC 49256, ATCC 51190)¢} 3712] 4. actinomy-
cetemeomitans LT T(ATCC 43717. ATCC 43718,
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ATCC 33384) 4 77 Woll sk 2d3A A7 &
7% 8772] A DNAE F32E PCRE AAIF A,
F nucleatunme- 495 bpoll X A. actinomycetemcomitans'=
925 bpell X w5 5ol4-& 7HA . WRE FAMY ojA
= 5 Ald 25 single PCRY % multiplex PCRYoIA
4 fg7HA AE 7Fsst A& Byt e A4
AFH @xpe] H2Ast AUAMZet HE 2008 o) g3}
& multiplex PCR'Y} single PCRY ] U=]4-& 7A}5H
A3 FHE9 F=9 2717t fAskA YEeRd Bloz u
k=S =

¥ 97 Kim §'7¢] 938 vlgeg g=9le] A9l
259 gzte] Aedst AWM A olM E nucleatum
A actinomycetemcomitanss 5433817 9% Al
9. single PCRY % multiplex PCRY-S Y523l 322} A]
FE At A 2FH FxpllA AF3 F 607 AEF
% R F nucleatuma} A. actinomycetemcomitans®)
T4 Slal Mg, single PCRY % multiplex
PCRYUS AAE A3t E nucleatume 7ZH2E 1270(20.0%),
4571(75.0%), 4370(71.7%) ZofellA] FNES HIAA)
Bk, A actinomveetemcomitans= ZYZ} 074(0.0%). 471
(6.7%). 170(1.7%) Aol FAnkgo] vepyich F
nucleatum 6732 913 AlvtvlFH 3} single PCRY, A+
vl multiplex PCRY-S H]aL 84§ Z3 AE0E
o eire AlFaidge] vlsl single PCRY %
multiplex PCRYo] & & YEE Bol & o 8%
A A7t YR YZEHAAYN FAHLREE: Fo
apol 7t QUATE. A actinomycetemcomitansi= M|+ 4y
oA AEHA ¥tk By FAHCR ARY 5 UL,
Mt F8M7ke] HaE o2 vt o]ef 7] F Alate]
gk F4 vlatel] dojA] FAA Fold-E Bl K
gk ol AEel ol8¥ AEFSFTF U FHojA YERd
Aaps AB7HE . Single PCRY 3 multiplex PCRY 7He]
iz glojAMe F Al BF AE WEd JdoMe 2
Zlol & Kol YA, FAIHOE Fol§ Aold B
A, E nucleatum®] 739 p=0.0002% ] f2d A
VERRCE ©li= E nucleatum®] 733 WE7} A. actinomy-
cetemcomitans®l| V3] A A LeRE7] wfiel] FA 2
Q! zlolE uYepd Ao wgltt, 22]i Kim F'9&
single PCR¥ 2} multiplex PCRY E5 RIS FAlolA]
4 f7hA 7% 7hsatal, FEE9] skt A7% {AlS
thal ERARE, . A= Foonucleatumst A
actinomycetemcomitans 55 multiplex PCRYoll ]3|
single PCREONA zHzt 270, 37] A @o] A& slo] <
ko] Alolg Bt ol A-2sk Aol 2
gk AEA Lee 570 Wol o} DNAE F&3lo
4pie] M+ DNAE ©l8dle] PCRE AHA&%=d,
DNA 42 dA3AIRE, FEol ojr 7zt FHujr} ofzh
o] zlo]& Ko vERd Axear Azber.

Abgel 7 WellX E nucleatume 5714 olEo 7 &
A== E nucleatum subsp. polymorphume A73a )
ST, F nucleatum subsp. nucleanume X523k 5.9
oM AR §02 WM, E nucleatume 25
ejo} FAIgle] AMolA) B W7} o Aoz} &
4 Utk 4. actinomycetemcomitans’= F4 34 %
FHe 72 YRIHeR FAA X599 34 A 2
TG F9olM ¥t oy @ £ . & 97 4
7 AR AFE WEANA E nucleatume) ¥ ¥l wi=
EUAIGE, HEFH SR A actinomycetemcomitanss S
vebgedl, 2 olfie el Fa4 394 259
&zt @49 st ] wifol 4 actinomycete-
mcomitans®] WEE A BA] e o Yzt

ool AdE T, §ele] AlA (3] A
A8t AR DN E nucleatums A. actinomycete-
meomitanss E3387] Slall Mlat S vag Az
A& ks Al st PCRYICNA 7] Vel
single PCR® # multiplex PCRY-S A& F-AFgH 714 Wl
EE BT ek Al 5L Qs AEA, 444,
A5 P 2FY AE A7t #AA7H1= multiplex
PCRY BT 2-37] 5 FFEEo] U9 single PCRY &
ol g-3l= Zo] F 1] &LFHQ Wholg} Azt

2 o

A7 AN AT $ake] xedst xwAlaet
& & 607 HoloA ANFBId E nucleatum} A
actinomycetemcomitans®| S8-& 918l Az, single
PCR® %! multiplex PCRY-& A8, Alat 547
o] v E S8l o e s A

I. E nucleatums} A. actinomycetemcomitans®) 4%

Slsll Mgy, single PCR 2 multiplex PCRS

AN A3t F onucleatume ZHz} 1270(20.0%), 45

M (75.0%), 4370(71.7%) Z]otolA] Fdukg-e B

ARk A, actinomycetemcomitans= 712} 07](0.0%).

H(6.7%), 170(1.7%) HotellA] F/dnt-go] viebyt

c}.

. E nucleatum? Mzt Fgell vl&) single PCRY 4!
multiplex PCRYOIA ¥ 7& VILE Ho F ¢
EEAH] Al PR AZAEIAT, FA3HL
2 #o] g Aol7} AT

3. A actinomycetemcomitansi= Mool 13

HEHA g TAACR AT + ¥, A+t

T vEE ot
4. F nucleatum®} A. actinomycetemcomitans®| 4%

918k single PCRY 3} multiplex PCRY 7Fe] 5ol

A 5 Al BT HE Y QlojMe & Ajolg B

o|A] ARG, FAIHORE F28 AolE w9},

|3



(]

9.

10.

13;

. Socransky  SS.

. Roberts

Jowrnal of Dental Hygiene Science

HIEH

. Kazor CE. Mitchell PM. Lee AM, Stokes LN. Loesche WI.

Dewhirst FE. Paster BJ: Diversity of bacterial populations on
the tongue dorsa of patients with halitosis and healthy
patients. J Clin Microbiol 41(2): 558-563. 2003.

Haffajee AD: The bacterial etiology of
destructive  periodontal  disease:  current  concepts, )
Periodontol 63(4 Suppl): 322-331, 1992.

.Dzink IL. Socransky SS. Haflajee AD: The predominant

cultivable microbiota of active and inactive lesions of
destructive  periodontal diseases. J Clin Periodontol  13(5):
316-323. 1988.

. Haffajee AD. Socransky SS: Microbial etiological agents of

destructive periodontal diseases. Periodontol 2000 5: 78-111.
1994

. Bolstad Al Jensen HB. Bakken V: Taxonomy. biology. and

periodontal  aspects  of  Fusobacterium  nucleatum.  Clin

Microbiol Rev 9(1): 55-71. 1996.

.Diaz Pl Zilm PS. Rogers All: Fusobacterium nucleatum
supports the growth of Porphyromonas  gingivalis — in
oxygenated  and  carbon-dioxide-depleted  environments.

Microbiol 148(Pt 2): 467-472. 2002.
GL: Fusobacterial infections: an underestimated
threat. Br J Biomed Sci 57(2): 136-162. 2000.

. Mandell RL: A longitudinal microbiological investigation of

Actinobacillus  actinomyveetemcomitans and Likenella corvodens
in juvenile periodontitis. Infect Immun 45(3): 778-780. 1984,
Conrads G. Flemmig TF. Seyfarth 1. Lampert I Litticken R:
Simultaneous detection of Bacreroides forsvthus and Prevotella
intermedia by 16S rRNA gene-directed multiplex PCR. J Clin
Microbiol 37(5). 1621-1624, 1999,

Kim MK. Kim HS, Kim BO. Yoo SY. Seong JH. Kim DK.
Lee SE, Choe SJ. Park JC. Min BM. Jeong MIJ. Kim DK.
Shin YK, Kook JK: Multiplex PCR using conserved and
species-specific 168 rDNA primers for simultaneous detection
of" Fusobacterium nucleatum and Actinobacillus actinomyce-
temcomitans, ] Microbiol Biotechnol 14(1): 110-115, 2004,

. Seong JH. Kim DK, Shin KY, Kim BO. Kim MS. Kim MK,

Kook JK: Simultancous detection of Prevotella intermedia
and Prevotella nigrescens by 165 rDNA-directed multiplex
PCR. J Korean Acad Dent Health 26: 323-533. 2002.

. Tran SD. Rudney JD: Multiplex PCR using conserved and

species=specific 165 rRNA gene primers for simultancous
detection  of  Actinobacillus — actinomyveetemcomitans — and
Porphyromonas  gingivalis, 1 Clin Microbiol 34(11); 2674-
2678, 1996.

Ashimoto A. Chen C. Bakker 1. Slots J: Polymerase chain

Vol

f=)

20.

. Chen

. Amann R,

9. No. 2. pp. 249~235 (2009) 255
reaction detection of 8 putative periodontal pathogens in
subgingival plaque of gingivitis and advanced periodontitis
lesions. Oral Microbiol Immunal 11(4): 266-273. 1996.

. Conrads G, Mutters R. Fischer J. Brauner A. Liitticken R,

Lampert F: PCR reaction and dot-blot hybridization to
monitor the distribution of oral pathogens within plaque
samples of periodontally healthy individuals. J Periodontol
67(10): 994-1003, 1996.

. Slots J. Ashimoto A. Flynn MJ, Li (i Chen C: Detection of

putative periodontal pathogens in subgingival specimens by
16S ribosomal DNA amplification with the polymerase chain
reaction. Clin Infect Dis 20(Suppl 2): S304-307. 1995.

. Bakken V. Hogh BT. Jensen HB: Utilization of amino acids

and peptides by Fusobacterium nucleatum. Scand 1 Dent Res
97(1):43-53. 1989.

. Bakken V. Hogh BT. Jensen HB: Growth conditions and

outer membrane proteins of Fusobacterium nucleatum. Scand
I Dent Res 98(3):215-224. 1990.

. Holm A, Rabe P, Kalfas S. Edwardsson S: Improved selective

culture media for Actinobacillus actinomyveetemcomitans and
Haemophilus  aphrophilus. 1 Clin - Microbiol  25(10):1985-
1988, 1987.

cLee SE. Kim SY. Kim SI Kim HS. Shin JH. Choi SH.

Chung SS. Rhee JH: Direct identification of Vibrio vulnificus
in clinical specimens by nested PCR. J Clin Microbiol
36(10): 2887-2892, 1998.

Savitt ED. Strzempko MN. Vaccaro KK, Peros W, French
CK: Comparison of cultural methods and DNA probe analyses
for the detection of Actinobacillus  actinomycetemcomitans,
Bacteroides gingivalis, and Bacteroides intermedius in subgingival
plague samples. J Periodontol 59(7): 431-438. 1988.

C. Slots J: Microbiological tests  for  Actinobacillus
actinomyeetemcomitans and Porplnromonas gingivalis. Periodontol
2000 20:53-64. 1999.

Ludwig W. Schleifer KH: Identification of
uncultured bacteria: a challenging task for molecular taxonomists.
ASM News 60: 360-365. 1994.

. Jousunues-Sinerm HR. Summanen PIHL Finegold SM: Bacreroides.

Pophyromonas. Prevotella. Fusobacterium. and other anacrobic
gram-negative rods and cocci.. In: Murray. F.C. and Yolken.
R.H.(Eds.). Manual of clinical microbiology. 7th ed. ASM
press Washington pp.690-711. 1999,

. Gharbia SE. Shah HN. Lawson PA. Haapasalo M.: Distribution

and frequency of Fusobacterium nucleaium subspecies in the
human oral cavity. Oral Microbiol Immunol 3(6); 324-327.
199(),

2]
=

. 2009
. 2009)

¥

(Received May 7, 2009: Revised June
Accepted June

()
ra



