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ABSTRACT

Comparison of the frequency of Fusobacterium nucleatum
in dental plaque betw een healthy region

and periodontitis lesion

Kim, Hwa-Sook, B.Sc., M.S.D.

Advisor © Prof. Kook, Joong-Ki, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Fusobacterium nucleaturn 1s a gram-negative anaerobic rod implicated in the
pathogenesis of periodontal diseases. /2. rnwucleatusrn has five subspecies and the
genetic- and phenotypic—characteristics are variable among the subspecies. These
observations suggest that the detection frequency of subspecies of /7 rnucleatim
might be different according to the degree of periodontal diseases. The purpose of
this study was to investigate the distribution of subspecies of /7 rnwcleaturn in the
subgingival plaques from the periodontal healthy region and periodontitis (gingivitis,
periodontitis, and periimplantitis) lesion. In addition, we evaluate the specificity of
Fu4-F38 and Fu4-R1189 primers, introduced in Shin (PhD paper in Graduate
School of Chosun University, 2005), whether they can be useful in the detection
and identification of /7 rnwuc/eatuzn. The subgingival plaques from total 346 tooth
sites (113 persons) were collected; 88 tooth sites (44 persons) of healthy region,
193 sites (36 persons) of gingivitis lesion, 45 sites (22 persons) of periodontitis
lesion, and 22 sites (11 persons) of periimplantitis subjects. The identification of the
isolates, growing on the /2 rnucl/eaturn-selective media, at the species level by 16S

rDNA sequencing comparison method. For the identification of the /2 rnwcleatum at
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the subspecies level, Fu4 DNA probe-like region were amplified from the genomic
DNAs of clinical isolated from the subgnigival plaques and sequences of them. The
species—specificity of the Fu4-F38 and Fu4-R1189 primers to the /7 nucleatun
were evaluated by PCR with the genomic DNAs from 7 other /Fusobacterium
species. The 56 strains of /£ rnwucleaturnn and 7 strains of F. periodonticiin were
isolated from the subgingival plaques. The five subspecies of /£ rnucleatum
exhibited relatively high levels of sequence similarity(the hemology range is 97.8 to
99.7%) by 16S rDNA sequences. On the other hand, the Fu4 DNA probe-like
sequences were significantly different among the subspecies of /2 nwcl/eatirn (the
hemology range is 89.7 to 99.0%). /. nucleaturn subsp. vincentii fusigorme was
associated with healthy region and both /. nwucleaturn subsp. rnucleaturn and /£,
nucleatin subsp. armalls were associated with periodontitis lesion. The PCR data
showed that Fu4-F38 and Fu4-R1189 primers were specific to the /7 nwucleatum.
These results suggest that distribution of 5 subspecies of /2 rnwucleatirn were
different in the according to the degree of periodontal diseases. In the further,
study, new methodology must be developed to the detection of /7. rnwuc/eaturm at the
subspecies level and try to reinvestigate the detection frequency of subspecies of Z.

nucleaturn with the more samples.
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Actimobacillus — actinomycetemcomitans, Porphyvromonas — gingwalis,  Tannerella
Jorsythia Bacteroides  jforsyvthus), PFPrevotella intermedia, ZFEubacterium rnodatum,
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1. A7d%

A etal 2 djer QA B A Il 8ol st A T AFEH o] A
Atgh 44 3 A A oA g 9 A FIe A9, AFH, B w2 A
o}F ¢ o (periimplantitis) ¢ | 7] Qe e #A zbzb 36, 22, 1WA S Ui
(A8t AxRr 2@ FREs HddE)o g2 &9tt. Gingival index(GL X &A] ),

pocket depth(PD; 5% Zlo]), bleeding on probing(BOP; ®© A AL £9)
attachment loss(AL; F244), WA AP A Y Xz 33 &4 5 9 9%
4 AAE AAE] Jin 5V B4 JFES nger AR AF2AL AL dE
9, Aed 8, AFE FHE Uk

1. A7 79 GI<1 mm, PD<3 mm, BOP(-), AL<1.0 mm, bone loss(-)

2. A&y F9: GI=2 mm, PD<4 mm, BOP(+), AL<1.0 mm, bone loss(-)

3. AF9 F9: PD>5 mm, BOP(+), AL>3.0 mm, bone loss(+)
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0.02% L-tryptophan, 15% Bacto agar, 5% defibrinized sheep blood, 4 pug/ml
erythromycin, 5 pg/ml crystal violet)oll =23ttt 37C & 7148 % 7]1(85% No, 5%

CO2, 10% Hs, Model Bactron I, Cornelius, OR, USA)olA 2~3Y9 F<oF nj%3slo]

s

crystal violete] <& HEZ}ME "He FHE AEEo]  erythromycineo] ¥
schaedler v %ol HF3sto] 37C @714 Advfd7]eol A 2~3Y &<t vjFste] o5 9
Aol AL§-3F 3T
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Genomic DNAE Lippke ¢ wt

g)dte]l Alvre] #AZlS At} Ao lysis buffer[5 M guanidine isothiocyanate, 50
mM Tris-HCI(pH 7.6), 10 mM EDTA/(ethylenediaminetetraacetic acid), 2% S-lauryl
sarcosinate, 140 mM 2-mercapto ethanoll® Y1 2 FAE3I} Zo EwW Y
phenol/chloroform FE&H ¥ o8& HAHS o] L3t F1A DNAE LAY. DNA
F X = UV spectrophotometry(Ultrospec 2000, Pharmacia Biotech, Cambridge, UK)=
260 nmeoll A A sk A},

3-2. PCRE ©] 8% 16S rDNA % Fu4d DNA 2B fAL 399 FZ

Fusobacterium %< 165 tDNA F-50] PCR Ze}olw*(All-F6; 5'-CGG GAG
GCA GCA GTG GGG AAT-3', Fn-R6; 5'-TTG CTT GGG CGC TGA GGT
TC-3)& ol&sto] deuixel et FF7F £ nucleatumn A= 573 5EA T
AccuPower” Premix[5 nmole deoxynucleoside triphosphate, 0.8 umole KCIl, 0.2
umole Tris-HCI(pH 9.0), 0.03 umole MgCls, 1 unit Zwzg DNA polymerasel(Bioneer
Co., Seoul, Korea)ol 20 pte] PCR =g & o] %% 20 pmoles &9 All-F6 %
Fn-R6 Zetolw el 100 pgel Al# %4 DNAE % i, PTC-200 PCR machine(M]
Research Inc., Watertown, MA, USA)E A}&3to] PCRE A3ttt PCRY =72
94C ol Al 2%t predenaturation Al gt & 94T oA 13t denaturation, 65T ol A 30
%7F annealing, 72Col A 45% 7t extension @A S 303 ¥rE3 & final extension<
s 72CoA 1083+ A3kt vk Ml tol A nucleatuno] ReEAES 2 A
1.5% of7km 2z~ Ao 2H3ke] 100 VoA 1527 M7l Este] 1 FHAEE &3
AT,

16S rDNA F-57°] PCR Z¥ Z nucleatun® = ¥ Mt 16S rDNAE T3
g 4 9l& universal PCR =& o] ¥ (27F; 5'-AGA GTT TGA TC[A/C] TGG CTC



AG-3', 1492R; 5'-TAC GGIC/T] TAC CTT GTT ACG ACT T-3)E o]&3}9
PCRS Al . PCRY =72 94Tl A 2%3F predenaturations A AS tha 9
4Co A 183t denaturation, 55C ol A4 30% 7} annealing, 72Col A 187t extension I
AL 3038 HrESo] Al YEtal, upx]T extensions 72TColA 1087 Al 35te] 16S
rDNAE S %343

RE F nucleatum® ZF-E]l Fud DNA ZT2ZH {FARLES FZ2T = Jr=
Fu4 DNA =Z=zBHo HAHrMds uwadoz dAxE PCR =Zeoly
(Fu4-F38; 5'-TTC TCC TCT ATA ATC ACT GTC AAC-3', Fu4-R1189;
5-GTA TAG AAA AAG AAA GAA ATG TGA-3)E o|l43td AccuPower”
Premix(Bioneer Co., Seoul, Korea)el]l 20 p9 PCR &8 o] FH L= 20 pmoles
Aol Fu4-F38 % Fud4-R1189 Zztolw e} 100 pge Al 4 DNAE %3,
PTC-200 PCR machine(M] Research Inc., Watertown, MA, USA)E A}&3lo) PCR&
Al &3ttt PCRY =42 95T A 287t predenaturation A8 & O5Co|A 1E
7t denaturation, 50 C oA 1%7F annealing, 72°Col A 1#7F extension @A S 303 ¥+

5H3le] TE3 v final extensions 72ColAl 103 AA AT HF WHE F 2

WA 15% ofbz s Ao A7l Eete]l 1 FEARL Heste] Yt
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9+ Fud DNA 223 {AHE9E pGEM-T easy vector(Promega Corp., Madison,
WI, USA)oll Al zs|Ate] A Aol wet F2938ta, £ cof DH5adl 32 W33
AzFE Zeav= DNAE $49 alkaline lysis#" o2 AccPrep™ Plasmid
Extraction Kit(Bioneer Corp., Seoul, Korea)Z o]&3to] A3 AL A Ao ule}
FEsAT. S, Adm gl 1 mE 3027 94 E802,000 x g8k, doj Al H
ol g ol 250 ulel resuspension bufferE 7}ste] & A & 250 ul lysis bufferE
A7 st AAS] ZF &3 S, 350 w9 neutralization buffers H7Fe A 2z 4
2 Fo Aol 53 WASATE o] AS 108 A E2(12,000 x gt FH A S

binding column tube°] %713, 1+3F YAE (12,000 x 23 F . AF RS W,



binding column tube®] 80% A &2 700 WS ¥ & 1 AAEF12,000 x 235+
At} binding column tubeo] Hol U &2 NS AAT7] A& o AS W

213, oA 38 AAEE 12,000 x 23 . Binding columns Al &% eppendorf

)

tube® 7], o] 7] 100 plol elution buffers ¥ i 17 7| S 187 94
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2 (12,000 x g3dto] oS -20CAA R#AsIe] A4 Y AA (Bioneer Co.,
Seoul, Korea)ol AF-&3}3t}.

3-4. Z9 16S rDNA 2 Fud4d DNA Z 28 A 299 AANA7NAG AR

16S rDNA #ibd7Ad 24 $slA 5 7EAe] AldA] ZeolmE o] §31%
(Table 1). T Fu4 DNA ZRH Fr A1 9] AL
ChDC-GEM-F('-TTC CCA GTC ACG ACG TTG TAA AA-3),
ChDC-GEM-R(5'-GTG TGG AAT TGT GAG CGG ATA AC-3) ¥
All-Fu4-Seql(5'-TAT CTC CTA CTA TTG TTT GTG A-3') ZglolHZ o] &35}
of A4t 2" A7 DL Ft9 contig® assembledt’] 3 SeqMan

Z 2 a3 (Version 5.0; DNASTAR, Inc.,, Maidison, WI, USA)S o] 83l A g1

16S rDNA 33471 €2 GenBank®l tlol¥ Hlo]x~E Fstol Ae4d HAAS sl
710 AR Z onucleatwn® 16S tDNAC @71 A A3 98% 0l a4 s Holv A

W ALg sl

Table 1. The primers used for the 16S rDNA sequencing

Name of Primers Oligonucleotide sequences (5'—3")
ChDC-GEM-F TTC CCA GTC ACG ACG TTG TAA AA
Seq-F1 CCT ACG GGA GGC AGC AG

Seq-R2 GAC TAC CAG GGT ATC TAA TCC
Seq-F16 TAG ATA CCC YGG TAG TCC
ChDC-GEM-R GTG TGG AAT TGT GAG CGG ATA AC
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4-3. Esculin test

o] 4L esculing 7lFEEdH & F Us ATY THES gotny] AT AdIFo=
WA schadler brotholl A 24A3t A nucleatun T 552 W gstal, o5 Alatu] g
20 wE 0.05% ferric citrate, 05% sodium chloride % 0.1% esculin®] =% %
schadler broth 200 utel % Fske] 48417k F<k 37C P71 Al 7ol A ol &3t
AMzke] Wsts BRI ojw AA M T e AAS HH AR %
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5. F. nucleatum F-50°] PCR Z& oo Eolx H7}

Fud DNA Z 28 §ARE Z2Zd 5 9 L= Fud DNA T2 H o a9y
NAEe weow HAW A aucleatun F-E° PCR Eeo] M (Fu4-F38;
5-TTC TCC TCT ATA ATC ACT GTC AAC-3', Fu4-R1189; 5-GTA TAG



AAA AAG AAA GAA ATG TGA-3)E o438t 7 nucleatum % 2 543 9
g zepoln o] F-FolAE dotm7] st A aucleatum 57FA obE £
carifelinum, F. periodonticum, F. necrophorum, F. naviforme, F. simice 2
Leptotriclhia buccalis B0 & HudF9 F743 DNAE 30 =Z 3o PCRE
Aastdth 28l Kim 570 M@ A nucleatum®) 165 rDNA £-Eo] PCR =
Zo] W (All-F6; 5'-CGG GAG GCA GCA GTG GGG AAT-3', Fn-R6; 5'-TTG CTT
GGG CGC TGA GGT TC-3)¢ Avila-Campos 5701 Ma A nucleatum &-5 0
Zglol FN5047(5'-CAA ATG CTT GTG TCA ATA ATA CT-3', 5'-TTT AGA
AGA AAT GGT AGA ATA AT-3)3 50598 Zeto] W (5'-ATT GTG GCT AAA
AAT TAT AGT T-3', 5'-ACC CTC ACT TTG AGG ATT ATA G-3') 9
Kiilekci 5%o] 7128 Zgo] v (FnF; 5 -CTA AAT ACG TGC CAG CAG CC-3/,
FnR; 5'-CGA CCC CCA ACA CCT AGT AA-3)9 7 nucleatun E-501% < ¥l

sl



m. 42

1. 16S rDNA @71 € xRV & 5 £ nucleatumn® &3
F 1139 9] 3467 Ao} E W o= sto] A2 X3t ANWMTLE 7 nucleatum
Ae)uf Aol A vl Fste] 39 O R HE A qaucleatun©l il AAAE HEANS HE A

T T2 334 TFE AAY. o] 334 HFE Fusobacterium F-E0°] ZglolHE o] &

stol PCRE Ald sttt PCR 23 WSS B 108 ¥+ 165 rDNAE 24
gto] APV EE AAT v GenBank®] ©lolE] Hlo]2=E o] &3dte] e AL

5 3 A}, 98% ol HEAE e 56 d T £ onucleatund T w9

Fusobacterium® ETT T YA A w8 AT TFE 165 rDNA AAHA 7] A
A& o]&3}lo] phylograme AAste] Al TS 1533 A3 oA B
o]

N X o) 2 pucleaturn TFEANAN F nucleaturm 5 YA obF a1E 3 £

periodonticum 1% °l 9ol e AMEE TFo] A AT (Fig. 1.
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Table 2. Isolation and identification of /7 rwucleatin and £, periodornticurn based on

16S rDNA sequences from dental plaques

Tooth site

Patient No. #) Strains Species

Normal o i 4 44 ChDC" F47" . nucleatum
of v} 5 35 ChDC F8" . nucleatum
Seong 3 36 ChDC F119” £ nucleatum
Seong 25 36 ChDC F288” 7. nucleatum
44 ChDC F289” . nucleatum
ChDC F290” £ nucleatum
g4 20 16 ChDC F300” . nucleatum
g4 21 16 ChDC F302” F. nucleatum
36 ChDC F309” . nucleatum
kA 24 16 ChDC F304” F. nucleatum
24 ChDC F305” . nucleatum
kA 26 16 ChDC F306” F. nucleatum
4 35 46 ChDC F324” . nucleatum
g4 36 36 ChDC F326” F. nucleatum
g4 40 46 ChDC F330” . nucleatum
ChDC F331” £ nucleatum

84 44 35 ChDC F334” . periodonticum

“ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University

Y Jang er al, 2003™; A 2005™"; Y In this study,

(Continued on next page)
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Table 2. (Continued in previous page)

Patient No. TOO‘ELI) site Strains Species
Gingivitis o Bl 4 35 ChDC" F37" F. nucleatum
ChDC F38" . nucleatum
ol % 20 34 ChDC PV-F37" 7. nucleatum
of v} 21 15 ChDC PV-F42" . nucleatum
ChDC PV-F45" 7. nucleatum
ChDC PV-F46" £ nucleatum
ChDC PV-F55" £ nucleatum
ChDC PV-F58" 7. nucleatum
ChDC PV-F61" 7. nucleatum
Seong 1 44 ChDC F113” 7. nucleatum
Seong 5 41 ChDC F145” £ nucleatum
Seong 6 44 ChDC F165” £ nucleatum
Seong 8 16 ChDC F171% £ periodonticum
Seong 9 41 ChDC F174” . nucleatum
ChDC F175” . nucleatum
Seong 10 36 ChDC F186” 7. nucleatum
Seong 13 44 ChDC F206” 7. nucleatum
Seong 16 41 ChDC F218” 7. nucleatum
ChDC F219” £ nucleatum
Seong 22 36 ChDC F267” . periodonticum
Seong 25 21 ChDC F286” . nucleatum
o ¥ P2 14 ChDC F310” 7. nucleatum
36 ChDC F311” 7. nucleatum
37 ChDC F312” F. periodonticum
*ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University
V Jang et al, 2003”7 P, 21, 200575 ¥, In this study,

(Continued on next page)
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Table 2. (Continued in previous page)

Tooth site

Patient No. #) Strains Species
Periodontitis of i 21 26 ChDC" PV-F48" £ nucleatum
ChDC PV-F49" 7 nucleatum
ChDC PV-F53" £ nucleatum
43 ChDC PV-¥63" A nucleatum
ChDC PV-F65" £ nucleatum
ChDC PV-F67" £ nucleatum
Seong 4 16 ChDC F128” 7. nucleatum
21 ChDC F130” . nucleatum
44 ChDC F134” 7. nucleatum
ChDC F136” 7. nucleatum
2]+ P8 26 ChDC F3177 F. nucleatum
A5 P11 23 ChDC F318” 7. nucleatum
ChDC F319” 7. nucleatum
25 P12 36 ChDC F320” £ periodonticum
2% P13 47 ChDC F321” 7. periodonticum
AA 1 ChDC F332” . nucleatum
ChDC F333Y £ nucleatum
Perimplantitis % % PI9 46 ChDC F313” 7. nucleatum
ChDC F314” £ periodonticum
% PII0 ChDC F315” 7. nucleatum
A5 PIl1 38 ChDC F316” 7. nucleatum
X F PI22 46 ChDC F335” F. nucleatum

“ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University

20). 2) Al

U Jang er a/, 20037 2, 21, 2005™;

53). 3)

, In this study,
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______________ [E::

ChDC F113
ChDC F186
ChDC F290
ChDC F309
ChDC F165
ChDC F286
ChDC F288
ChDC F289
ChDC F119
ChDC Pv-F44
ChDC PV-FB3
ChDC PV-F&T
ChDC PY-F48
ChDC PY-F55
ChDC PV-F48
ChDC F175
ChDC PY-F&5
ChDC PV-F53
ChDC PV-FE1
ChDC PV-F45
ChDC F320
ChDC F321
ChDC F314
ChDC F334

ChDC F267
ChDC F136
ChDC F145
ChDC F300
ChDC F134
ChDC F174
ChDC F128
ChDC F206
ChDC F218

0

Mucleotide Substitutions (> 100)

Species group

F. periodonficum

Fig. 1. Phylogram derived from homology analysis from 16S rDNA sequences of /2.

niucleatum and

plaque of Koreans.

o

periodonticum

strains

isolated

from

subgingival

(Continued on next page)
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Species group

ChDC F310 —
--E ChDC F331

ChDC F330
ChDC F302
ChDC F313
ChDCF28 | F nucleadum subsp. polymorphum

L choc Faos
ChDC F304
ChDC F319

L— choc F3os
= ChDC F47
ChDC F324 —
ChDC F332
ChOC F333
ChDC PVLF58
- ChDC F335
ChOC F315
ChDC F318

F. nueleatum subsp. animalis

ATCC 25586
ChDC F316
E:gg ';?;:—n Fnueleafum sibsp. nucleaum
ChDC F317
ChDC F38
ChDC F120 —
1 ATCC 49256] —
R e O e L—TATCC H1100] | F nuelontum subsp. vincensitf
———— ChDC FR F. nucleatum subsp. fusiforme
L ChDC PV-F37—

e e e F
23 ChDC F326

Mucleotide Substitutions (> 100}

Fig. 1. (Continued in previous page)
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2. Fu4 DNA Z=2 38 {FA 799 Q7148 &4

Fud DNA Z=2ZH A} 29 += 5'dUTPase ¥ zinc protease fFrdx}e] dRF o=
TAEol9dth Fud DNA Z28 9 Agd7 gL ugor 7 9xS B Fig. 29
2

Fu4d DNA ZT 22 FAF 249 AxNG7IA (LR 2] 5dUTPase % zinc protease

3l phylogram ZA¥+ 97% AL 71Fo=z 3o £

o
>,
2

o,
>
2

off

fFAADE

B o g
nucleatun °yF 3] 15 3E AT o] Wl Fud DNA Z 28 FAF F 319 iy 7]

i
Lo,

AqdL& 16S rDNA 2 A 7|4 D (Fig. 1) A3l ¥l £ nucleatum 5 7FA oFF
JolAdol f Zth 53] 5'dUTPase 1A A7 g B4 Ay ofF e Aol

el 7 A (Fig. 3-5).

Zinc Protease gene (275 bp)

!||||i]|||‘II-|0[L||I|IIllzlnllll!llIlslullIIIllIl‘qlnllilIII115IDIIIL]IIIIE!DJIIIIIIII‘?In

GTATAGAAAAAGAARGAAATGTGATCATAGAAGAAATAAARATGTATGAAGATATTCCTGAAGARATAGT| 70
ACATGAAAAAAATGTTGAATATGCTTTAAGAGGAGTACATTCARATTCAATATCTGGTACAGTTGCAAGT| 140
TTARAAAAGATAAACAGAARAGCAATTTTAAATTATTTAGAAAAATATTATGTAGCTGAARATTTAGTTA| 210
TTGTTGCATCTGGARATATAGATGAAARATATCTATATAAAGAATTAAACARARAAATGARARATTTTAG| 280
AARAACTARAARAGAAGAAGTGTTAGATTTATCTTATGAAATARAAAAAGGTAAGARAGTTGTTAAGAAA| 350
CCTTCARATCAAATACATCTTTGTTTTACTACAAGAGGAGTTTCTTCAAAGTCAGAACTAAGATATCCAG| 420
CAGCAATAATTTCAAATGTTTTAGGTGAAGGAATGAGTTCAAGACTATTTCAAAAMAATAAGAGAAGARAG| 490
AGGACTTGCTTATTCAGTTTATACTTATCTTACAAGATTTGAGAATTGTGGATTACTTTCTGTATATGTT| S60
GGAACTACAAAAGAAGACTATAAAGAAGTTATAAAACTTATAARAGAAGAGTTTAAAAATATTAAAGRAA| 630
ATGGTATATCAGAAAGAGAGCTAAGAAAAGCTAAGAATAAATATGARAGTGCTTTTACATTTAGTTTAGA| 700
AAGCACAAGTTCAAGAATGAATAGATTAGCCTCTACATATATTATTTATGGAAAAATTATAAGTCTTGAT| 770
AAGGTTAGAGAAGATATAGAAAAAGTAACTTTAAAAGATATTAAAARAGCTGCAGAATTTTTATTTGATG| 840
AACAATTTTATTCACAMACAATAGTAGGAGATATATAAARTGARAAAAGTAC ARG TARARGTTATTAGAG| 910
AAGAAGGTGTAGAACTACCTAAGTATCARACAGAAGGTTCTGCTGGAATGGATGTTAGAGCAAATATAAA | 980
AGAGTCTATAACATTAAAATCATTGGAAAGAATTTTAGTTCCTACTGGACTAAAAGTTGCGATTCCAGAA [ 1050
GGCTATGARATTCAAGTTAGACCAAGAAGTGGACTGGCAATTARACATGGTATAACTATGCTTAATACAC| 1120
CAGGAACTGTTGACAGTGATTATAGAGGAGAA 1152

5'dUTFPase gene (273 bp)

Fig. 2. Nucleotide sequence of Fu4 DNA probe, derived from the /Z  rnwucleatum
subsp. rnucleaturn ATCC 25586T, is composed of partial 5'dUTPase and zinc
protease genes. The upper and lower boxes are the open reading frames of

5'"dUTPase and zinc protease genes, respectively.
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Species group

ChDC PV-F48
ChDC F165
ChDC F330

- ChDC F305

- ChDC PV-F55
ChDCF119
ChDC F308
ChDC F188
ChDCF313
ChDC F304
ChDC F318
- ChDC F306
~ ChDC F310

| ChDC F37

| ChDC PV-FES
ChDC F218
........... E ChDC F219
ChOCF175 —

ChDC PV-F46
ChDC PV-FE3
------------- ChDC PV-F49
ChDC PV-FS3
-------------- ChOC PV-FBT

ChDCF113

ChDC F246
- ChDC F283
- ChDC PV-Fi1

—— ChDC F290

F onucleatum subsp. polpmorphum

74

Nucleotide Substitutions (= 100)

Fig. 3. Phylogram derived from homology analysis from the Fu4 DNA probe-like
sequences of /7. nucleatum and F. periodonticusn strains isolated from subgingival

plaque of Koreans.

(Continued on next page)
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Species group

ChDCF318 —

B ChDCF315
ChDC F332
L cnocras
ChDC F324

ATCC 49256 |7

ATCC 51190 F nucleatum sibap. vincenfiif

ChDC F8 Fonucleatum subsp. flsiforme
ChOC F47

ChOCF326
ChDCFHE —
ChDC F317

ChOC PV-FA2 | nucleasum subsp. mucleafum
ChDC Fan

ChDCF130 —
ChDCF134
ChDC F136
ChDC F128
i ChDC F145
ChDC F300
-- ChDC F206
ChDGC F17T4
ChDC F314
ChDC F321
ChDC F312
ChDC Fa20 F. periodonticum
ChDC F334
— ChDC F267
74 {ATCC 33693 | —

F nucleatum subap. animaliz

L=
+=
Pt
(=]

Mucleotide Substitutions (= 100)

Fig. 3. (Continued in previous page)
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Spectes group

ChDC F306
ChDCF310
ChDCF319
— ChDC F219
-~ ChDC F330
- ChDCPY-FA8 | 7 sncleatum subsp. polpmorphnan
~- ChDCF218
- ChDC F305
-~ ChDC F165
- ChDC PV-F55
ChDCF119
ChDCF303 —
ChDC PV-FG3
ChDC PY-FE7
ChOC PV-F46
ChDC PV-F48
ChDC FV-F&3
== ChDCF1TS
ChDCF37
I—EChDC PV-FG5
ChDCF313
l—ChDC F186

ChDC Pv-F61
ChDCF113
ChDC F286
ChDCF289

— ChDC F290

10 8 & 4 2 0

A(CNDC F304

Nucleotide Substitutions (< 100)

Fig. 4. Phylogram derived from homology analysis from the partial sequences of
5'dUTPase gene of /F rnucleaturm and /F. periodonticurn  strains isolated from

subgingival plaque of Koreans.

(Continued on next page)
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ChDC F332

ChDC F335
L chocFazs

ATCC 5119

__: ChDC F318
ChDC F315

Species group

ATCC 49256
ATCC 51180
""" ChDC F326

ChDCFB
ChDC F4T

~ ChDCF316

~ ChDC F311
—[E ChDCF317
ChDCF130

r ChDCF128
~ ChDCF134
|— ~ ChDC F136

— ChDCF174

ChDC F145
ChDC F300

- ChDC F208
ChDCF312
ChDC F334
=~ ChODCF314
- ChDC F320
ChDC F321

ChDC F267

~ ChDC PV-F42—

ATCC 25586

ATCC 33693

Mucleotide Substitutions (= 100}

Fig. 4. (Continued in previous page)
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F nucleaium subsp. animalis

F nucleatum subsp. vincenfiil
F onucleatum subsp, fisiforme
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Species group

ChDCF165
ChDC F330
ChDC PV-F48

- ChDC F305

- ChDC PV-F58
ChDC F186
ChDCF33

F wucleatum subsp. polymorphum

ChOC F119
------ ChDC F209
— ChDC F304
— ChDC F319
-+ ChDC F206
- ChDC F310
— ChOCF175
— ChDC F218
- ChDC F219
| ChDC F37
[ ChDC PV-F65 —
— ChDC PV-FB1
— ChDC F286
ChDC F113
- ChDC F289
ChDC F290
ChOC PY-F45
ChOC PY-F48
CHOC PV-F53
] CHOC PY-F63
ChOC PV-FB7

6.8

B q 2 i}
Mucleotide Substitutions (> 100}

Fig. 5. Phylogram derived from homology analysis from the partial sequences of
zinc protease gene of /2 rnucleaturn and /F. perrodonticurn strains isolated from

subgingival plaque of Koreans.

(Continued on next page)
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Species group

r— ChDCF318
‘—|ATCC 5119
ChDCF315

ChDC F332

—l ChDC F335
ChDC F334 —
I ATCC 43256 |7

I —{ATCC 51190 Fonucleatum subsp. vincentiiy
ChDCF8 F. nucleaium subsp. fisiforme

ChDC F47

ChDCF326 —
7
ChDCF130
ChDC F317 F nucleatum subsp. nucleatum
= ChDC PWV-F42
L ChDCF36
ChDCF31 —
ChDC F134
ChDC F136
ChDC F128
| ChDC F145
ChDC F300
ChDC F206
ChDC F174
ChDCF314
ChDC F321
ChDCF312
ChDC F320 F. pericdonticum
ChDC F334
ChDC F267

68 ATCC 33693

Fonucleatum subsp. animalis

|

b 4 2 0

Mucleotide Substitutions (< 1007

Fig. 5. (Continued in previous page)
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3 XNFAH N WE Z nucleatumn °}F S ¥d ¥ T
Fu4 DNA probe AF 791 A4 A7IAES et o =z Zhzbo] X F 320 2474 e ol
WE  Z aucleatun 57VA otFel oA WILEE RHW A nucleaturm  subsp.
nucleatum B F. nucleatum subsp. animalis 79 72 XF9 3 w2 X o}
A F AN, A nucleaturn subsp. vincentii/fusiformes AT X F XA A F
A

=2 A& WNEE B9 a8y A nucleatum subsp. polvmorphums 77T

N
N
BN
0
HE
rE]
_|O_4
A
I

1249, A5F9 2 AT g FHAME =2 HE =S

B tH(Table 33 Table 4, Fig. 6).
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Table 3. Identification of /2 rnwucleaturn based on the nucleotide sequence of Fu4

DNA probe-like sequences at the subspecies level

Patient Tooth site . .
Species or subspecies

No. (#)
Normal % 4 44 F. nucleatum subsp. vincentii/ fusiforme ChDC™ FAT
o 5 35 F. nucleatum subsp. vincentii/fusiforme ChDC F8"
Seong 3 36 £ nucleatum subsp. polvmorpiumn ChDC F119”

Seong 25 36 ND* ChDC F288”
44 £ nucleatum(NT™) ChDC F289”

£ nucleatum(NT™) ChDC F290”

g4 20 16 . nucleatun(NT"™") ChDC F300”
&4 21 16 ND™ ChDC F302”
36 7. nucleatum subsp. polymorphum ChDC F309”
kA 24 16 £ nucleatum subsp. polvmorpiumn ChDC F304”
24 £ nucleatum subsp. polvmorphumn ChDC F305
Al 26 16 £ nucleatum subsp. polvmorphum ChDC F306”
Al 35 46 £ nucleatun subsp. arimalis ChDC F324”
A 36 36 £ nucleatum subsp. vincentii/fitsiforme ChDC F326”
g4 40 46 F. nucleatum subsp. polymorphum ChDC F3307

ND** ChDC F331”

“ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University

“ND, not determined

NI, did not identified at the subspecies level because the homology of the Fu4d DNA probe-like
sequences was beyond the rage of 97%.

Y Jang et al, 2003*; A, 2005™; P In this study,

(Continued on next page)
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Table 3. (Continued in previous page)

Patient Tooth site . .
Species or subspecies

No. (#)
Gingivitis <3 4 35 F. nucleatum subsp. polvmorphum ChDC F37"

ND” ChDC F38"

ol 20 34 ND™ ChDC PV-F37"

o vk 21 15 £ nucleatun subsp. nucleaturn ChDC PV-F42"
ND* ChDC PV-F45"
7. nucleatum(NI™) ChDC PV-F46"
£ nucleatum subsp. polvmorphum ChDC PV-F55"
ND* ChDC PV-F58"
7. nucleatum(NT™) ChDC PV-F61"

Seong 1 44 . nucleaturn(NI"™) ChDC F113”

Seong 5 41 £ nucleatum(NT™) ChDC F145”

Seong 6 44 £ nucleatum subsp. polvmorphumn ChDC F165”

Seong 8 16 ND" ChDC F171”

Seong 9 41 F. nucleatumn(NT™) ChDC F174”
£ nucleatum subsp. polvmorphum ChDC F175”

Seong 10 36 £ nucleatum subsp. polvmorphumn ChDC F186”

Seong 13 44 F. nucleatumn(NT™) ChDC F206”

Seong 16 41 £ nucleatum subsp. polvmorphum ChDC F218”
£ nucleatum subsp. polvmorphum ChDC F219”

Seong 25 21 F. nucleatumn(NT™) ChDC F286”

o B} P2 14 £ nucleatum subsp. polvmorpium ChDC F310”

36 £ nucleatum subsp. nucleaturnn ChDC F311”

“ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University

“ND, not determined

NI, did not identified at the subspecies level because the homology of the Fu4 DNA probe-like
sequences was beyond the rage of 97%.

Y Jang er a/, 2003*; DA 20057, P In this study,

(Continued on next page)
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Table 3. (Continued in previous page)

Patient No. TOOEZ) site Species or subspecies
Periodontitis o % 21 26 7. nucleatum subsp. polvmorphum ChDC™ PV-F48Y
7. nucleatum(NI™) ChDC PV-F49"
7. nucleaturn(NI™) ChDC PV-F53"
43 7. nucleatum(NI™) ChDC PV-F63"
£ nucleaturn subsp. polvimorp/uun ChDC PV-F65"
7. nucleatum(NI™) ChDC PV-F67"
Seong 4 16 7. nucleatum(NI™) ChDC F128”
21 F. nucleatum subsp. nucleaturn ChDC F130
44 7. nucleatum(NI™) ChDC F134”
7. nucleatum(NI'™) ChDC F136”
A5 P8 26 . nucleatum subsp. nucleatum ChDC F3177
2 P11 23 F. nucleatum subsp. animalis ChDC F318%
£ nucleatum subsp. polvmorphumn ChDC F319”
A4 1 £ nucleaturn subsp. anonalts ChDC F332%
ND™ ChDC F3337
Perimplantitis *] 5 PI9 46 F. nucleatum subsp. polymorpfum ChDC F313”
2= PI10 F. nucleatum subsp. animalis ChDC F315”
A5 PI11 38 7. nucleatum subsp. nucleaturn ChDC F316”
2| PI22 46 F. nucleatum subsp. animalis ChDC F335”

“ChDC, Department of Oral Biochemistry, College of Dentistry, Chosun University

“ND, not determined

NI, did not identified at the subspecies level because the homology of the Fu4 DNA probe-like
sequences was beyond the rage of 97%.

Y Jang et al, 2003”; A, 2005"; P In this study,
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Table 4. Detection frequency of /A rnucleatirn isolated from subgingival plaques
according to the degree of diseases of periodontal tissue (based on Fu4

DNA probe-like sequences)

Diagnosis Detection frequency
(No. of total No. of tooth site (No. of person)
tooth site/ .

No. of total person) Fnn Fnp Fnv/Fnf Fna NI Total
Normal (88/44) 0€0) 6(5) 3(3) 1(1) 2(2) 14(11)
Gingivitis (193/36) 2(2) 7(7) 0(0) 000) 6(6) 14(13)
Periodontitis (45/22) 2(2) 3(3) 0(0) 2(2) 4(2) 7(5)
Periimplantitis (22/11) 1(1) 1(1) 0(0) 2(2) 0(0) 4(4)

"NI, did not identified at the subspecies level because the homology of the Fu4 DNA probe-like

sequences was beyond the rage of 97%.
Fnn, 72 nucleaturn subsp. nucleatum, Fnp, F. nucleatum subsp. polvmorphum, Fnv/Fnf, £

nucleatum subsp. vincentii/fitsiform, Fna, . nucleaturn subsp. animalis
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Fig. 6. Detection frequency of /. nwucleaturnn isolated from subgingival plaques
according to the degree of diseases of periodontal tissue (based on Fu4 DNA

probe-like sequences).
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4. F. nucleatum® A 83 A
7 nucleatum 57VA VY23 £ periodonticume) E EEAF WL oA B
T AT EY] esculin ZhEEdT 23 BFE SR Ugth 293l catalase test
gl

A= ChDC F171& A9d EE dFFolA FARES, indole test

#ChDC F171 #FE& AQstis 5 4 fFeS B

5. F nucleatumn®| 93 Z-Eo] PCR Z o]l
SN FF £ nucleatum -5 0 PCR Zetelm & ol &3t /1 nucleatum 35t

D onucleatum™ A A 082 TV VWb 8 Fusobacterium FE° BTt

I N

g o ® Sol4dg Hrhed A7 Fud-F38% Fud-R1189 o] v (Annealing &%
: 53C)TVo) A nucleatum E-E014 S wPth 18} Avila-Campos S70] A7 %
FN5047 Zgfolm] %2 FZ£A719 05 Kbp ool ®= wkgE& w9, 1 Kbp9
5059S ZEtol v AL 2 nucleatim subsp. nucleatumn TN A WSS HolA] grgkTh

(Fig. 7).

- 29 -



16

® o e

o Ty
D5 =

o i Sl L ek | LIS
10 ==

o »:EECC T TN

Fig. 7. Specificity test of (A) Fu4-F38 and Fu4-R1189 primers. Four ng of each
bacterial genomic DNA were used as PCR templates. The PCR reaction products
were electrophoresed on 1.5% agarose gel. (B) All-F6 and Fn-R6 primersz4>, (@)
FnF and FnR primers’’, (D) FN5047-F and FN5047-R primers”, (E) 5059S-F and
5059S-R primers”. Lanes: S, size marker; (=), negative control; 1, 2 nucleatim
subsp. nucleatirn ATCC 25586"; 2, £ nucleatum subsp. nucleatirn ATCC 23726, 3.
£ nucleatum subsp. polvplun ATCC 10953%; 4. £ nucleatum subsp. wvwcentir
ATCC 49256"; 5. 7 nucleatum subsp. jfusigorme ATCC 51190%; 6. Z nucleatum
subsp. animalis ATCC 51191%; 7. 7 canjfelinum CCUG 49733"; 8. 7. periodonticum
ATCC 33693"; 9. 7 necrophorum ATCC 25286'; 10. 7 naviforme CCUG 50052';
11. £ simize CCUG 16798%; 12. Leptotrichia. buccalis CCUG 34316".
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V. %% 2 1

L

2 odTe @Y AAT AFzAR Aed, AFE 2 mAAerFH Al U=
WA Aedst AWATR SRS £ onucleatums ©oFE FEOE FAE]
$5}e] 16S rDNAS Fud DNA Z 28 fFAF F(dF 2 5'dUTPase % zinc protease
A2 AR VI DR S o] &t = AFHe o] lojA TH 2

4 degel g obEe walux AAH

n

garQlol A e dATFe 16S rDNA 4714 9 S GenBankoll A BLASTn

AMEe] AFA HAAE AAS A £ onucleatum™ 98% oo ATALE ZEE 56

9 £ nucleatum™ T 79 F periodonticums 25 4 A QT (Table 29 Fig.
=

D. Z8Y A nucleatum B73751 7§ 98% o] 9] < BEAEE BAAN

phylogram ZA ¥ E M2 2o]S zte= TFE0 A8 AY. 28359 GenBankol
A ATIE £ onucleatum ©YE H F periodonticum HZETFEC WE 16S rDNA
A7) EE v ol B Bkt 1 A A nucleatumn subsp. polvmorphum
ATCC 10953T, £ nucleaturn subsp. arnimalis ATCC 511917 2@ & periodonticum

ATCC 33693" #F< 71 gelA A=z 98 Ax &2 nucleotide’t 27+ 1271,

1578 2 2070 A& ATk. 2:WA £ nucleatum 5 7HA otF Y R ETFY 1 7Y
F. periodonticum E=TFE NEA 16S rDNAE F2Y3dte] AXNA7/ 1 E S AAHT

% GenBankollA] BLASTn #AME AANS A} A nucleatwrn subsp. nucleatum
ATCC 25586" 2 7 nucleatum subsp. vincentii ATCC 49256" @352 AA 5244
DNA @7IMde] e oA 22 obF53 99% oo s Eiv. 1y
7 nucleaturm subsp. jfusiforme ATCC 51190" #3 = £ nucleatum subsp. vcentir
ATCC 49256" [FNU696419} Z nucleaturm subsp. polvmorphwn ATCC 1095371 5=
. canfelinum strain RMA 1036 [AY162221] w59} 99%9] %<& 454 291,
£ nucleaturn subsp. anmnalis ATCC 511917 3= 7 nucleatum subsp. zucleatim
ATCC 25586'[AE00995113} 7 periodonticum ATCC 33693° 3% 7 nucleatum
subsp. nucleaturm ATCC 25586 [AE010643]1% © =& AEAS BTl o2 npg o
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2 GenBankoll S E2F Fusobacterium spp.d] 16S rDNA Ho]& wo] A7} &4 357
Zhgo] A A gvta Azt =B 4 A HAdw 2dER B AT A 24
S £ nucleatum 5 7VA oV E R A periodonticurm =T FE tdF 16S rDNA
219719 " olEHE GenBankol SE3A W thH Ausodacterium sppx ARG B
Fotetl Qo] BAYE SRS HAS & F US Adom AT

7 onucleaturn FETF T3] 16S rDNA @714 €9 HFAS wus] ®HW, A
nucleatum subsp. vincentii ATCC 49256" 3 £ nucleatum subsp. fisiforme ATCC
511907 Alole]l A%Aol 997%= 7V =i, A nucleaturn subsp. polvmorphumn
ATCC 10953' 3%} 2 nucleatum subsp. anmimalis ATCC 511917 7+e] A5 A4S 97.8% =
NAA ok yty. wln £ periodonticn ATCC 33693'S £ nucleatwm  subsp.
polymorphum ATCC 109533+ 98.8%°] 4544 BT ©l& Bolstad %0 21
RNA Fdx G714 L2k 1.3 Kbp)E ol &8t £ nucleaturn 4 7VA oV F (nucleatum,
polvmorphium, fusiforme 2 animalis)te] 3 F3 S vlaer A3(97.3~98.4%) H Ul ¢
=o AEAo]l 98 B Fu gtk 183 Bolstad 570 £ periodonticum™ F.
nucleatum subsp. nucleatum ATCC 255860 Abolol 995%(16S rDNA 71 dS 7]
o2 & 2 AY dFelM= 98.0%)9 vt =& FeAde dets BastE Ao
7F 99t 28y Fud DNA Z=2H {2} B (LF9 5'dUTPase % zinc protease
AR WAANME S RO R S 2 pucleatumn ©oYF TN A AdE
16S rDNA A7 el o3 Aaprrt opFite] AolAo] o & Aoz &A%
th. 53] 5'dUTPase f+dza AAA7I DL of T3 AolAdo] 7 Zth(Fig. 3-5).
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