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Ab st r a ct

Iden t ificat ion of or a l spir och et es a t t h e species- level a n d

t h eir a ssociat ion wit h ot h er ba ct er ia in en dodont ic

infect ion s

Department of Dent ist ry , Graduat e School , Yonsei Universit y

Direct ed by Prof. Chan-Young Lee , D.D.S . Ph .D.

Recent molecu lar appr oach es h ave r evea led t h at fa st idiou s organ isms

su ch as B act eroid es forsy t hu s an d or al t r epon em es a r e fr equ ent ly foun d in

t h e r oot can a ls wit h ap ica l p er iodont it is . Th e pur pose of t h is st u dy was

t o iden t ify t h e isolat es of or a l sp iroch et es a t t h e species- level in

en dodont ic in fect ion s an d det er min e t h eir a ssocia t ion wit h B act eroides

forsy t hu s an d Porp hy rom on as gingiv alis . Sevent y- n in e t eet h wit h apica l

p er iodont it is wer e select ed for t h is st u dy . Aft er samplin g fr om t h e root

can a ls a sep t ica lly , P CR amplificat ion for t h e 16S rRNA gen e wa s

p er form ed wit h eubact er ial u n iver sal pr im er s . Sub sequ en t ly , dot - blot

h ybr idizat ion was p er form ed wit h 8 sp ecies- specific oligon ucleot ide probes .

Th e micr ob ial a ssociat ion s wer e an alyzed u sin g t h e odds r at io .

Th e most fr equ ent ly foun d sp ecies was P . gingiv alis (27 .4 %) , followed

by Trep on em a m alt op h ilum (26%) , B . forsy t h u s ( 16 .4 %) an d Trep on em a

socransk ii (2 .7%) . Th e ot h er t r epon em es in clu din g T rep on em a dent icola

wer e n ot det ect ed in ou r samples .
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Significan t microbia l a ssocia t ion s wer e iden t ified bet ween T . m alt op h ilu m ,

B . forsy t hu s an d P . gingiv alis by ut ilizin g an alysis wit h t h e odds r at io .

Th e r esu lt s in dicat e t h a t T . m alt op h ilu m sh ould be inclu ded in t h e

et iologic st u dies of en dodon t ic diseases .

Keywor ds : Spiroch et es , En dodon t ic in fect ion , Dot - b lot h ybr idizat ion , P CR
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Iden t ificat ion of or a l spir och et es a t t h e species- level a n d

t h eir a ssociat ion wit h ot h er ba ct er ia in en dodont ic

infect ion s

Department of Dent ist ry , Graduat e School , Yonsei Universit y

Direct ed by Prof. Chan-Young Lee , D.D.S . Ph .D.

Il-Young J ung, D.D.S ., M .S .

I . In t r odu ct ion

Apical per iodon t it is is at t r ibu t ed t o a la rger complex of bact er ia (1 ,2 ) .

H owever , m an y invest igat or s (2- 4 ) h ave su ggest ed t h at some sp ecies m ay

h ave a k ey fu n ct ion in t h e developm en t of t h e disease . In accor dan ce wit h

t h is , r ecen t molecu la r gen et ic an a lyses on t h e root can al flor a (5- 7) h ave

r evea led som e not ab le fin dings : bot h B act eroides forsy t h us an d or a l

t r epon emes , wh ich wer e con sider ed t o b e impor t an t pa t h ogen s in

p er iodont a l diseases (8 ,9 ) , wer e fr equ en t ly fou n d in t h e in fect ed root

can a ls . Th ese fin din gs h ave not b een ob served by pr eviou s cu lt u r e-b ased

invest iga t ion s (1- 4 , 10 , 11) . Sin ce fr equ en t det ect ion of t h ese bact er ia

from t h e in fect ed r oot can als implies t h a t t h e an a erobes a lso p lay

impor t an t r oles in en dodon t ic disea ses in addit ion t o per iodont a l diseases ,

it is n ecessa ry t o invest iga t e t h e et iologic roles of t h ese bact er ia in t h e

root can al in fect ion s .

Th e fir st st ep in assessin g t h e r ole of t r epon em es in en dodon t ic
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in fect ion s is t o invest iga t e t h e ext en t t o wh ich t h ese bact er ia a r e

est ablish ed in t h e r oot can als at t h e sp ecies- level . Som e invest igat or s

(12- 14 ) h ave observed var iou s sp iroch et al morphot ypes in t h e root can als

wit h da rk- field or elect r on microscopy , an d Dah le et al . (15 ) per form ed a

bioch emica l iden t ificat ion t o ch a r act er ize t h e isolat es of sp iroch et es .

H owever , t h ese met hods h ave som e limit at ion s in cla ssifyin g t h e var ian t s

of or a l spiroch et es . To dat e , few st u dies h ave at t empt ed t o iden t ify t h e

en dodont ic isolat es of spir och et es a t t h e sp ecies- level . Recen t 16S

rRNA- b ased an alyses h ave r evea led an u n expect ed diver sit y of or al

t r epon emes in t h e subgin gival pock et (16 , 17 ) . Among t h ese , 8 sp ecies

h ave been iden t ified an d n am ed (17 ) : T rep on em a dent icola (18 ) ,

T rep on em a v incen t ii (19 ) , T rep on em a socran sk ii (20 ) , T rep on em a

p ect in ov oru m (2 1) , T rep on em a m alt op h ilu m (22) , T rep on em a m ediu m

(23 ) , T rep on em a am y lob orum (24 ) an d T rep on em a lecit h in oly t icum (25 ) .

Since t h e 16S r RNA approach is t hough t t o be on e of t h e most u sefu l

t ools in discr imin at in g or al spir och et es , t h is m et h od is appropr ia t e in

invest iga t in g t h e en dodon t ic isolat es .

Man y invest igat or s (8 , 26 , 27) h ave su ggest ed t h a t cer t a in microb ia l

complexes a r e mor e impor t an t in r egu lat in g t h e sever it y of in fect ion t h an

t h e pr esen ce of in dividu al species . In t h e view of t h ese a ssociat ion s , B .

forsy t hu s an d Porp hy rom on as gingiv alis h ave been not ed in p er iodon t al

in fect ion s . Alon g wit h T . den t icola , t h ey a r e in t ima t ely r elat ed t o each

ot h er , an d t h e pr esen ce of t h eir complexes is st r on gly cor r ela t ed wit h t h e

sever it y of p er iodon t al disease (8) . We cou ld n ot fin d any complex

a ssocia t ed wit h t h e sympt om at ic t eet h in t h e pr eviou s st u dy (7) .

H owever , we fou n d t h at som e sp ecies appear fr equ ent ly a s complexes in
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t h e root can a ls a s well a s in t h e subgin gival p laqu e .

Th e root can al flor a is u sefu l in invest iga t in g t h e microbial a ssociat ion

b ecau se con t amin at ion is min imized an d no norm al flor a is fou n d .

P r eviou s st u dies (6 , 8 , 26 , 27 ) on t h e microb ia l a ssocia t ion s h ave m a in ly

b een focu sed on T . d en t icola amon g or al spir och et es . Con sider in g t h e

diver sit y of spir och et es in t h e subgingival pock et , it is n ecessar y t o

r eassess t h e micr ob ial a ssociat ion by t h e sp ecies- specific pr ob es .

Th e pu rpose of t h is st u dy was (a ) t o iden t ify t h e isolat es of or al

t r epon emes from t h e root can als a t t h e species- level ; an d (b ) t o

det ermin e t h e associat ion amon g t h e select ed b act er ia in t h e root can a l

flor a . This work was per for med by polym er ase ch ain r eact ion (P CR) an d

dot - blot h ybr idiza t ion u sin g oligon ucleot ides pr ob es b ased on t h e 16S

rRNA .
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II . MATE RIALS AN D ME TH OD S

Cl in i c a l s a m p l e s . Sevent y- n in e pa t ien t s t r eat ed at t h e Den t al H ospit al

of Yon sei Univer sit y wer e select ed for t h is st u dy . Th eir ages r an ged from

11 t o 7 1 yea r s (m ean 39) . Th e select ed t eet h h a d single root s con t ain in g

n ecr ot ic pu lp s an d r adiogr aph ic eviden ce of per iap ica l bon e r esorp t ion .

Non e of t h ese t eet h h a d b een admin ist er ed eit h er an t ibiot ic medica t ion

wit h in t h e pr ecedin g 3 mon t h s , nor p er iodon t al pock et ext en ded t o t h e

apica l t h ir d of t h e t oot h .

Th e samplin g pr ocedu r es out lin ed in a pr eviou s st u dy (7) wer e u sed .

Br iefly , t h e t eet h an d rubb er dam wer e disin fect ed wit h N aOCl an d an

access op en in g wa s m ade asep t ica lly . If u pon op en in g , a st er ile p ap er

poin t was t h en in t roduced an d r et a in ed for 20 sec . Wh er e a dry can a l

wa s iden t ified , st er ile wa t er wa s in t r oduced in t o t h e can a l an d mixed

wit h t h e con t en t s of t h e r oot can a l u sin g a file . A t ot al of 3 p ap er poin t s

wer e obt ain ed from each t oot h . Th e paper poin t s wer e immedia t ely p laced

in 1 ㎖ of r educed t r an sfer flu id an d t r an sfer r ed t o t h e labor a t or y .

B a ct e ri a l s t ra in s . Th ir t y- n in e or a l b act er ia l st r ain s wer e chosen t o

eva lu at e t h e sp ecificit y of t h e oligonu cleot ides pr ob es u sed in t h is st u dy .

Th e microor gan ism s in clu ded 25 st r a in s from t h e Amer ican Typ e Cu lt u r e

Collect ion (ATCC , Rockville , MD) an d 14 clin ical isola t es (Table 1) .
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Table 1 . Or a l bact er ial st r ain s employed in t h is st u dy

Bact er ia ATCC No. clin ica l isolat e

T rep on em a dent icola 3352 1
T rep on em a p ect inov orum 33768
T rep on em a m alt op h ilu m 5 1939
T rep on em a lecit h in oly t icum 700332
T rep on em a v incen t ii 35580
T rep on em a socran sk ii subsp . socran sk ii 35536
T rep on em a socran sk ii subsp . buccale 35534
T rep on em a am y lov oru m 700288
T rep on em a p h ageden is biot ype Reit er
B act eroides forsy t h us 4 3037 057/ 35- 6
Porp hy rom on as gingiv alis 33272 057/ 35- 1

33277 A7A 1- 28 ,
53978

Act in ob acillu s act inomy cet em com it ans 29522 D56
33384

Fu sob act eriu m n ucleat um 4 9256 058/ 16- 3a
25586 058/ 16- 3b

058/ 16- 3c
Pept ost rep t ococcu s m icros 33270 057/ 35- 5
Pept ost ep t ococcu s p rev ot ii 14 95 1
Porp hy rom on as en dodont alis 354 06
Prev ot ella int erm edia 256 11

4 904 6
Prev ot ella n igrescen s 33536 D- 96/ 3

N CTC 9336
Act in omy ces israelii 057/ 35- 10
Act in omy ces n aes lu nd ii 12 104
Campy lob act er concisus
057/ 34- 4b
Cap n ocy t op h aga gingiv alis 060/ 16- 2b
L act ob acillu s cas ei 272 16
St rep t ococcu s m ut ans 25 175
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D N A ex t ra ct io n a n d a m pl i c a t io n . Aliqu ot s of each sample (500 ㎕)

wer e cen t r ifu ged (J ou an , Sain t - H erblain , F r an ce) at 13 ,000×g for 10

min . Th e r esu lt in g pellet s wer e wash ed wit h 500 ㎕ of ph osph at e bu ffer ed

sa lin e , an d placed in 100 ㎕ of lysis bu ffer (500mM Tr is- H Cl (pH 9 .0) ,

20 mM EDTA , 10mM N a Cl , 1% SDS ) . DNA ext r act ion was p er form ed

wit h ph en ol (2 vol .) : ph en ol (1 vol)/ ch loroform (1 vol) : ch lor ofor m (2

vol .) . On e microlit er of bu lk DNA was u sed for P CR in a t h erm a l cycler

for 30 cycles of den a t ur at ion (1 min , 95℃) , an n ealing (1min , 55℃) , an d

ext en sion (1min , 72℃) . Th e broa d- r an ge eub act er ia l p r im er s u sed for 16S

rRNA gen e amplifica t ion wer e TP U 1 (5`AGA GTT TGA TCM TGG CTC

AG- 3 : cor r espon din g t o posit ion s 8 t o 27 in E .coli 16S rRNA) an d RTU 3

(5- GWA TTA CCG CGG CKG CTG- 3 , which cor r espon ded t o posit ion s 5 19

t o 536 in E . coli 16S rRNA) . P CR of t h e r efer ence bact er ial st r a in s wa s

p er form ed wit h cell p ellet s collect ed from t h e cu lt u r es , an d t h e P CR

product s of approxima t ely 500 bp wer e con firm ed by agarose gel

elect roph or esis .

Ol ig o n u cl e o t i d e prob e s . Th e oligonu cleot ide prob es for h ybr idizat ion

wer e select ed from t h e publica t ion (28 ) or m ade from t h e sequ en ces in

t h e EMBL an d Gen eBan k dat aba ses . Six species- sp ecific pr ob es wer e u sed

t o ch a r act er ize t h e isola t es of or al t r epon em es . P robes TDEN , TVIN ,

TSOC , TP E C , TMAL , an d TLE C wer e synt h esized t o det ect t h e k nown

cu lt ivable t r epon em es T . d en t icola , T . v incen t ii , T . socransk ii , T .

p ect in ov oru m , T . m alt op h ilu m an d T . lecit h inoly t icu m , r espect ively . In

a ddit ion , probes P GIN an d BF OS wer e pr epa r ed t o det ect P . gingiv alis

an d B . forsy t hu s , r esp ect ively . Th e sp ecificit y of each probe wa s

confir med wit h t h e r efer en ce b act er ia l st r ain s . Th e sequ en ces of each
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prob e a r e pr esen t ed in Table 2 . Th e probes wer e lab eled wit h digoxigen in

(DIG)- ddUTP u sing a DIG oligon ucleot ide 3- en d lab elin g k it (Boehr in ger

Mann h eim , Germ any) accor din g t o t h e manu fact ur er s in st ru ct ion s .

Table 2 . Sequ ences of t h e select ed oligonu cleot ides

P robes Sequ en ce (5 ' - 3 ' ) of pr ob es

TDEN CATGACTACCGTCATCAAAGAAGC

TVIN ATTGAGACTATTCGGTATTACCTGC

TSOC CATTGCTGCCTGCCGCTCGACTTG

TP E C CTCCAACTTATATGACCTTATCCG

TMAL CTATTGTGCTTATTCATCAGGC

TLE C CACTCTCAGAAAGGAGCAAGCTCC

BF OS CGTATCTCATTTTATTCCCCTGTA

P GIN TACTCGTATCGCCCGTTATTC

Th e pr ob e TSOC cou ld det ect T . socran sk ii subsp . socran sk ii an d T .

socransk ii sub sp . b uccale .

D ot - b lot h y bri di z a t ion . Aft er den a t ur at ion of t h e P CR produ ct s at 9

5℃ for 5 min , 2㎕ a liqu ot s wer e b lot t ed ont o t h e n ylon m embr an e

(Hybon d N , Am er sh am ) an d fixed by UV cr oss- lin k in g for 3min

(Ult r aviolet cr osslink er , UVP , In c . , Uplan d , CA , USA) . Aft er 30

min ut e- pr ehybr idiza t ion at t h e pr ob e- specific t emp er at u r e in t h e

h ybr idizat ion buffer (5×SSC , 0 . 1% N- laur osylsa rcosin e , 0 .02 % SDS , 1%
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block ing r eagen t ) , h ybr idizat ion wa s p er form ed in t h e same bu ffer for 1 h

a ft er t h e a ddit ion of a DIG- labeled oligonu cleot ide probe (50 pmol) . Two

st r ingen t wa sh es wer e don e at t h e h ybr idiza t ion t emper at u r e for 30 min

wit h a wa sh ing buffer (5×SSC , 0 . 1% SDS) . Aft er t h e a ddit ion of

an t i- DIG- alk alin e ph osph a t a se conj uga t es accor din g t o t h e m an u fact u r er s

r ecomm en da t ion s . t h e DIG- lab eled probes wer e det ect ed wit h t h e

ch emilu min iescen t sub st r at e CSP D (Boeh r in ger Man n h eim , Ger man y) . Th e

X- r ay film s wer e exposed t o t h e m embr an es for 2 t o 5 h .

F or h ybr idiza t ion u sin g an ot h er probe , t h e membr an es wer e wa sh ed

t wice in a st r ippin g buffer (0 . 1M N aOH , 0 . 1% SDS) a t 37℃ for 15 min ,

an d equ ilibr a t ed wit h 2×SSC . Subsequ ent ly , hybr idiza t ion was p er form ed

a s above .

S t a t i s t i c a l A n a ly s i s . To det er min e t h e associat ion s bet ween t h e

sp ecies , st at ist ical an alysis ou t lin ed in t h e pr eviou s invest igat ion was

p er form ed (7 ) . Br iefly , t h e odds r at ios wer e comput ed from logist ic

r egr ession an alysis (SAS 6 . 12 pr ogr am ) . In t h is an alysis , t h e pr esence or

absen ce of in dividu al sp ecies wa s u sed as a r espon se va r iable an d t h e

ot h er sp ecies a s an in depen den t va r iable , r espect ively . Wh en t h e odds

r a t io was above 2 .0 an d t h e con fidence r ange did n ot in clu de 1.0 , t h e

a ssocia t ion wa s con clu ded t o b e sign ifican t .
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III . Resu lt s

A t ot a l of 73- P CR produ ct s wer e obt a in ed from 79 t eet h . Amon g t h ese

product s , 4 3 samples did n ot r eact wit h an y of t h e pr ob es employed in

t h is st u dy . H ybr idiza t ion sign als wer e observed in r ema in ing 30 samples ,

an d 4 sp ecies wer e det ect ed . Th e n u mb er of in dividu al sp ecies det ect ed in

t h is st u dy is sh own in Table 3 . Un der t h e con dit ion s of ou r invest iga t ion ,

n o cross hybr idiza t ion was observed except for t h e TMAL prob e , which

sh owed a h ybr idizat ion sign a l wit h bot h T . lecit h inoly t icu m an d T .

m alt op h ilu m . Since t h e TLE C probe did not r eact wit h an y of t h e samples

in t h is st u dy , we r egar ded t h e isola t es t h at r eact ed wit h t h e TMAL probe

a s T . m alt op h ilu m . Amon g t h e or a l t r epon em es invest iga t ed , T .

m alt op h ilu m (19 samples ) an d T . socran sk ii (2 samples ) wer e t h e on ly

sp ecies t h a t wer e observed . Th e ot h er t r epon emes invest iga t ed wer e not

det ect ed in t h is st u dy .

P . gingiv alis an d B . forsy t hu s wer e foun d in 20 an d 12 samples ,

r espect ively . Du e t o t h e limit ed n u mb er of T . socransk ii , t h e microbia l

a ssocia t ion wa s on ly eva lu at ed on T . m alt op h ilu m , P . gingiv alis an d B .

forsy t hu s (Table 4 ) . Sign ifican t a ssociat ion s b et ween t h e 3 species

wer e iden t ified an d ar e summ ar ized in Table 5 .
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Table 3 . Microorgan isms det ect ed from root can als

Microbia l species No . of samples

T . m alt op h ilu m 19
T . socransk ii 2
P . gingiv alis 20
B . forsy t hu s 12

Table 4 . Th e observed fr equ en cies of t h e 3 species in dividu ally an d in
differ en t combin at ion s .

1st species 2nd species absence of both 1st only 2nd only presence
of both

T . m alt op h ilu m P . gingiv alis 44 9 10 10

P . gingiv alis B . forsy t h us 50 11 3 9

B . forsy t h u s T . m alt op h ilum 4 9 5 12 7

Table 5 . Odds r at ios of a ssocia t ion s amon g t h e select ed organ ism s

Species Odds r a t io 95 % Con fiden ce In t ervals
lower u pper

T . m alt op h ilu m / P . gingiv alis 4 .889 1.575 15 . 17 1

P . gingiv alis / B . forsy t hu s 13 .636 3 . 165 58 .74 9

T . m alt op h ilu m / B . forsy t h u s 5 .7 17 1.54 3 2 1 . 183

Th e sign ifican ce of a ssociat ion s bet ween 3 sp ecies was t est ed u sing t h e

logist ic r egr ession an alysis . All of t h em wer e st a t ist ica lly sign ifican t .
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IV . Dis cu s sion

Alt h ou gh Brown et a l . (12 ) descr ib ed t h e pr esen ce of sp iroch et es in

t h eir pu lp samples abou t 4 0 year s ago , t h e r ole of t h ese organ isms in

root can a l in fect ion s h as been u n der est im at ed . Some aut h or s (29) h ave

su ggest ed t h a t t h e pr esen ce or absence of or a l spir och et es might b e an

a id in differ en t iat in g en dodon t ic an d p er iodont a l abscesses . It is obviou s

t h at sp iroch et es ar e fou n d mor e fr equ en t ly in t h e subgin giva l plaqu e t h an

in t h e root can a ls . However , t h ese fin din gs m ay n ot b e r elevan t wh en we

sp eak of t h e effect s of t h e or al t r epon em es in en dodon t ic in fect ion s .

Recen t molecu la r gen et ic an a lyses (6 , 7) h ave r evealed t h a t spir och et es

a r e fou n d fr equ en t ly in t h e in fect ed r oot can als , wh ich con cu r s wit h t h is

st u dy . Wit h t h e except ion of Molven et a ls st u dy (13) , t h e in ciden ce of

t r epon emes in t h is st u dy wa s h igh er t h an t h a t of t h e pr eviou s st u dies (6 ,

15) . It is lik ely t h a t t h is differ en ce is du e t o t h e met hodology u sed . It is

gen er ally accept ed t h a t P CR h a s a h igh er sen sit ivit y t h an “Ch eck erboa r d”

an d ligh t micr oscopy- ba sed m et h ods (6 , 28 ) .

Th e in t r igu ing fea t ur e abou t t h e pr esen t st u dy is t h a t most of t h e or a l

t r epon emes in t h e root can als wer e T . m alt op h ilu m , wh ich is a

r epr esen t at ive of t h e phylogen ic group IV t r epon em es an d wa s r ecen t ly

isolat ed by Wyss et a l (22 ) . T . m alt op h ilum is a sma ll mot ile t r epon em e

an d h as t wo p er ipla smic flagella . Th e organ ism wa s fr equ en t ly isola t ed

from p at ien t s wit h r ap idly progr essive p er iodon t it is (28) . Th e viru len ce

fact or s of t h e bact er ia ar e cu r r en t ly u n der invest igat ion . H eu n er et al .

(30 , 3 1) proposed t h at t h e mot ilit y of T . m alt op h ilu m , cau sed by r ot a t ion

of t h e p er ip la smic flagella , might con t r ibu t e sign ifican t ly t o it s
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p at h ogenicit y . Alt h ou gh we foun d t h a t T . m alt op h ilu m is pr esen t in m an y

root can a ls , we a r e n ot cer t ain wh et h er t h e cell h as a k ey role in

m ediat in g t h e dest r uct ive effect s of an en dodon t ic in fect ion . Since t h e

b act er iu m was st ron gly post u la t ed as an impor t an t pa t hogen in

p er iodont it is , invest iga t in g it s role in en dodon t ic p at h ology is wor t h while .

Siqu eir a et a l . (6 ) observed T . d en t icola in root can als , an d it wa s ,

t h er efor e , un exp ect ed t h a t T . d en t icola wa s n ot det ect ed in t h is st u dy .

Dahle et al . (15 ) fou n d t h at t h eir isola t es differ ed fr om T . d en t icola , T .

socransk ii sub sp ecies , an d T . p ect in ov oru m . Th ey believed t h at t h eir

en dodont ic isolat es r epr esen t ed t wo n ew sp ecies . H owever , it is difficu lt

t o compar e t h eir st u dy wit h our s b ecau se of differ en t m et h odologies u sed .

Siqu eir a et al . (6 ) u sed DNA- DNA h ybr idiza t ion t o det ect t h e an aer ob es

from t h e root can als . Mor eover , t h ey did not inclu de a sp ecific probe for

T . m alt op h ilu m . Th e ch eck erboar d met hod h as b een widely u sed t o

invest iga t e t h e microbia l ecology . H owever , on e con cer n wit h t h is met hod

is t h e sp ecificit y of t h e DNA pr ob es employed . In addit ion , Socr an sky et

a l . (8 ) also ment ion ed t h e possib ilit y of cross- r eact ion s wit h in gen er a . We

u sed oligon ucleot ide probes ba sed on 16S rRNA sequ ences t o discr imin a t e

sp ecies , which a r e less lik ely t o cross- r eact (32) . However , we can not

su ggest t h at T . dent icola does n ot exist in r oot can a ls . N ever t h eless , it

seems r eason able t o con clu de t h a t ot h er spir och et a l species such as T .

m alt op h ilu m pr evail in root can a l syst em s . Alt h ou gh t h e TMAL probe

u sed in t h is st u dy t o det ect T . m alt op h ilum cross- r eact ed wit h T .

lecit h inoly t icu m , t h e closest cu lt ivable r elat ive of T . m alt op h ilum (25 ) , it

did n ot exh ib it cross- r eact ion s wit h any of t h e ot h er sp iroch et es

invest iga t ed . Ou r r esu lt s sh owed t h a t t h e organ isms r ega r ded as T .

- 12 -



m alt op h ilu m wer e n ot T . lecit h in oly t icum . H owever , t h e possibilit y could

exist t h at t h ey wer e a pr eviou sly un cla ssified sp ecies of t h e ph ylogenic

grou p IV t r epon emes .

It wa s in t er est in g t o compar e t h e dist r ibu t ion of or al spir och et es in t h e

root can als wit h t h e subgin giva l p laqu e samples . It appea r s t h a t for or a l

sp iroch et es , t h e p er iodon t al pock et is a mor e favor able r efuge t h an t h e

root can al . U sin g a similar m et h odology , Mot er et a l . (28 ) r evealed t h at

T . socran sk ii (96 .2 %) wa s most fr equ ent ly fou n d in t h e deep p er iodont a l

pock et , followed by T . m alt op h ilu m (66 .0 %) , T . d en t icola (62 .3 %) , an d T .

v incen t ii (20 .8%) . Alt hou gh spiroch et es in t h e root can a ls wer e n ot so

diver se as in t h e p er iodon t al pock et s , t h ey ar e simila r in t h a t T .

socransk ii an d T . m alt op h ilu m wer e mor e fr equ ent ly fou n d t h an t h e ot h er

sp iroch et es . Man y invest iga t or s h ave r epor t ed t h a t T . d en t icola is most

fr equ en t ly associat ed wit h ch ron ic per iodon t a l disease (33 , 34 ) . H owever ,

a s Mot er et al . (28) m en t ion ed , it r em ain s t o be det ermin ed wh et h er t h is

organ ism is of et iologic r elevance or m er ely t h e most ea sily cu lt u r ed

organ ism . In t h eir st u dy , T . m alt op h ilum was det ect ed much mor e oft en

in disease sit es t h an in t h e r esp ect ive h ealt h y sit es . Dewhir st et al . (17)

a lso cor r obor at ed t h is fin din g . As a con sequ ence of t h ese invest iga t ion s

(28 ) an d ou r own , T . m alt op h ilu m should b e in clu ded in any et iologic

st u dy of en dodont ic disea se as well a s p er iodon t it is .

In t er ms of microbia l a ssociat ion s , som e aut h or s (8) h ave sh own t h at P .

gingiv alis , B . forsy t h us , an d T . den t icola h ave in t ima t e associat ion s wit h

each ot h er . Sin ce T . d en t icola could n ot b e det ect ed in t h is st u dy , su ch

microbial a ssocia t ion s wer e an alyzed by sub st it u t ing T . m alt op h ilum for

T . dent icola . Th e r esu lt s showed t h at T . m alt op h ilum fr equ en t ly appear ed
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wit h P . gingiv alis an d B . forsy t h us . Wh en on e con sider s t h at t h e r oot

can a l syst em is an idea l p lace in invest iga t ing t h e micr ob ial ecology ,

t h ese r esu lt s appear t o b e very m ean ingfu l in u n der st an din g t h e microb ia l

a ssocia t ion s . Accor dingly , pr eviou s invest iga t ion s (6- 8 ) an d t h is st u dy

h ave in dica t ed t h at t h e r ole of or al t r epon em es sh ou ld be con sider ed in

t h e view of microb ia l complex as well a s t h e in dividu a l sp ecies . Socr an sky

et a l . (8 ) suggest ed t h at t h ese micr ob ial complexes ar e in t ima t ely r elat ed

t o t h e clin ical pa r amet er s . But , we did not p er form t h ese an alyses du r in g

t h is st u dy for t h e followin g r ea son s ; it appear s t h a t t h e sever it y of

in fect ion r elies n ot on ly on t h e pr esen ce of bact er ia , bu t also on t h e

qu ant it y of pa t hogen s pr esen t . Th e P CR , wh ich we u sed , wa s

in appr opr ia t e for t h e qu ant it a t ive det er min a t ion of t h e pa t h ogen s . In

a ddit ion , sp iroch et al diseases h ave som e impor t an t ch ar act er ist ics , su ch

a s t h eir ch ron ic an d episodic n at u r e . As a con sequ en ce , fu r t h er det ailed

invest iga t ion combin ing bot h qu an t it a t ive an d qu alit a t ive m ea sur em en t s is

n ecessary in u n der st an din g t h e r ole of t h ese micr ob ial complexes in root

can a l in fect ion s .

In con clu sion , amon g t h e or al sp iroch et es invest igat ed , T . m alt op h ilu m

wa s t h e most fr equ ent ly fou n d . In a ddit ion , t h is p at h ogen wa s

sign ifican t ly a ssociat ed wit h P . gingiv alis an d B . forsy t h us . Th ese fin dings

provide some evidence for t h e pot en t ia l effect s of t r epon emes in

en dodont ic in fect ion s as well a s in per iodont a l diseases .
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V . Con clu sion

Th e a im of t h is st u dy wa s t o iden t ify t h e isolat es of or a l spiroch et es at

t h e species- level in en dodon t ic in fect ion s an d det ermin e t h eir a ssociat ion

wit h B act eroid es forsy t hu s an d Porp hy rom on as gingiv alis . Seven t y- n in e

t eet h wit h ap ica l p er iodon t it is wer e select ed for t h is st u dy . Aft er

samplin g from t h e root can a ls a sep t ically , P CR amplificat ion for t h e 16S

rRNA gen e was per for med wit h eub act er ia l u n iver sa l pr imer s .

Sub sequ en t ly , dot - blot h ybr idizat ion was p er form ed wit h 8 species- sp ecific

oligon u cleot ide pr ob es . Th e microbia l a ssocia t ion s wer e an a lyzed u sin g t h e

odds r a t io . Th e r esu lt s wer e a s follows ;

1. Th e most fr equ en t ly fou n d species wa s P . gingiv alis (27 .4 %) ,

followed by Trep on em a m alt op h ilu m (26%) , B . forsy t h u s ( 16 .4 %)

an d T rep on em a socransk ii (2 .7%) . Th e ot h er t r epon em es inclu ding

T rep on em a d ent icola wer e n ot det ect ed in ou r samples .

2 . Sign ifican t microbia l a ssociat ion s wer e iden t ified b et ween T .

m alt op h ilu m , B . forsy t h u s an d P . gingiv alis by u t ilizing an alysis wit h

t h e odds r a t io .

Th e r esu lt s in dicat e t h a t T . m alt op h ilum sh ou ld b e in clu ded in t h e

et iologic st u dies of en dodon t ic diseases .

- 15 -



Refer en ces

1 . Su n dqvist G . Taxonomy , ecology , an d pa t hogen ecit y of t h e r oot can al

flor a . Or al Su rg Or a l Med Or a l P at h ol 1994 ;78 :522- 30 .

2 . H a ap asa lo M . Bact eroides spp . in den t a l root can al in fect ion s . En dod

Dent Tr aum a t ol 1989 ;5 : 1- 10 .

3 . Gr iffee MB , P at t er son SS , Miller CH , Kafr away AH , Newt on CW . Th e

r elat ion sh ip of B act eroides m elan inogen icu s t o sympt om s

a ssocia t ed wit h pulpa l n ecrosis . Or a l Su rg Or al Med Or a l

P a t hol 1980 ;50 :4 57- 6 1 .

4 . Su n dqvist G , J oh an sson E , Sj ogr en U . P r eva len ce of black- pigment ed

Bact eoides sp ecies in root can a l in fect ion s . J En dodon

1989 ; 15 : 13- 9 .

5 . Con r a ds G , Gh arb ia SE , Lamper t F , Sh ah HN . Th e u se of a 16S rDNA

dir ect ed P CR for t h e det ect ion of en dodont opa t h ogen ic

b act er ia . J En dodon 1997 ;23 :4 33- 8 .

6 . Siqu eir a J F J r , Rocas IN , Sou t o R , de U zeda M , Colombo AP .

Ch eck erboa r d DNA- DNA h ybr idiza t ion an alysis of en dodon t ic

in fect ion s . Or a l Sur Or al Med Or al P at h ol Or al Radiol

En dodont ics . 2000 ;89 :744- 8 .

7 . J u n g IY , Ch oi Bk , Kum KY , Roh BD , Lee SJ , Lee CY et a l . Molecu la r

ep idemiology an d a ssociat ion of put a t ive pa t hogen s in root

can a l in fect ion . J E n dodon 2000 ;26 :599- 604 .

8 . Socr an sky SS , H affaj ee AD , Cu gin i MA , Smit h C , Ken t RL J r .

Micr ob ial complexes in subgin giva l plaqu e . J Clin P er iodon t ol

1998 ;25 : 134- 44 .

- 16 -



9 . Ash imot o A , Ch en C , Bakk er I , Slot s J . P olym er a se ch ain r eact ion

det ect ion of 8 pu t a t ive per iodont a l pa t hogen s in subgingival

p laqu e of gin givit is an d advan ced p er iodont it is lesion s . Or a l

Micr ob iol Immu nol 1996 ; 11 :266- 73 .

10 . Ba r t els HA , N aidor f IJ , Blech m an H . A st u dy of some fact or s

a ssocia t ed fr om root can als . Or al Su rg Or al Med Or al P at h ol

1968 ;25 :255- 6 1.

11. Gom es BP FA , Lilley J D , Dru ck er DB . Associa t ion s of en dodon t ic

sympt oms an d sign s wit h pa r t icu la r combin a t ion s of sp ecific

b act er ia . In t En dod J 1996 ;29 :69- 75 .

12 . Brown LR J r . , Ru dolph CE J r . Isola t ion an d iden t ifica t ion of

microor gan ism s fr om un exposed can a ls of pu lp- involved t eet h .

Or al Sur g Or a l Med Or al P at h ol 1957 ; 10 : 1094- 9 .

13 . Molven O , Olsen I , Ker ek es K . Scan ning elect ron microscopy of

b act er ia in t h e ap ica l pa r t of root can als in perm an en t t eet h

wit h per iapical lesion s . En dod Den t Tr au m at ol 199 1 ;7 :226- 9 .

14 . Dahle UR , Tron st a d L , Olsen I . Ob serva t ion of an un u su a lly la rge

sp iroch et e in en dodon t ic in fect ion . Or a l Micr ob iol Immun ol

1993 ;8 :25 1- 3 .

15 . Dah le UR . Tron st ad L . Olsen I . Ch ar act er izat ion of n ew per iodon t a l

an d en dodon t ic isola t es of spiroch et es . Eur J Or a l Sci

1996 ; 104 :4 1- 7 .

16 . Ch oi BK , P a st er BJ , Dewhir st F E , Gobel UB Diver sit y of cu lt ivab le

an d u ncu lt ivable or a l sp iroch et es fr om a pa t ien t wit h sever e

dest ru ct ive p er iodon t it is . In fect . Immun 1994 ;62 :1889- 95 .

- 17 -



17 . Dewh ir st F E , Tam er MA , Er icson RE , Lau CN , Levan os VA , Boch es

SK et a l . Th e diver sit y of p er iodon t al spir och et es by 16S

rRNA an a lysis . Or al Micr ob iol Immu nol 2000 ; 15 :196- 202 .

18 . Ch an E C , Siboo R , Ken g T , P sar r a N , H ur ley R , Ch en g SL et a l .

T rep on em a d ent icola (ex Bru mpt 1925) sp . n ov . ,n om .r ev . ,an d

iden t ificat ion of n ew spir och et e isola t ed fr om per iodon t al

pock et s . In t J Syst Bact er iol 1993 ;4 3 :196- 203 .

19 . Smib er t RM . Gen III . T rep on em a Sch u din n 1905 , 1728 a l . In Kr ieg

NR , Holt J G , ed . Bergey ' s m anu al of syst ema t ic b act er iology ,

vol . 1. Ba lt imor e :William s & Wilk in s , 1984 :4 9- 57 .

20 . Smib er t RM , J oh n son J L , Ran n ey P R . 1984 . Trep on em a socransk ii

sp . n ov . , T rep on em a socran sk ii subsp . socransk ii sub sp . nov . ,

T rep on em a socran sk ii sub sp . b uccale subsp . nov . , T rep on em a

socransk ii subsp . p ared is subsp . n ov . isola t ed fr om t h e h um an

p er iodont ia . In t J Syst Bact er iol 1984 ;34 :4 57- 62 .

2 1. Smiber t RM , Bu rm eist er J A . T rep on em a p ect inov orum sp . , nov .

isolat ed from hu m an s wit h p er iodon t it is . In t J Syst Bact er iol

1983 ;33 :852- 6 .

22 . Wyss C . Ch oi BK . Schu pbach P . Gu ggen h eim B . Gobel UB .

T rep on em a m alt op h ilu m sp . n ov . , a sm all or al spiroch et e

isolat ed fr om h um an per iodon t al lesion s . In t J Syst

Bact er iology . 1996 ;4 6 (3 ) :74 5- 52 .

23 . Um emot o T , N ak azawa F , H osh in o E , Ok a da K , F u ku n aga M ,

N amik awa I . Trep on em a m edium s p . n ov . , isolat ed from

h um an subgingival den t al plaqu e . In t J Syst Bact er iol

1997 ;4 7 :67- 72 .

- 18 -



24 . Wyss C . Ch oi BK . Schu pbach P . Gu ggen h eim B . Gobel UB .

T rep on em a am y lov oru m sp . nov . , a sacch a rolyt ic spiroch et e of

m edium size isola t ed from an a dvan ced hu m an p er iodon t al

lesion s . In t J Syst Bact er iology . 1997 ;4 7 :84 2- 5 .

25 . Wyss C . Ch oi BK . Sch u pb ach P . Mot er A . Gu ggen h eim B . Gobel UB .

T rep on em a lecit h in oly t icum sp . nov . , a sma ll sacch a rolyt ic

sp iroch et e wit h phosph olipa se A an d C act ivit ies a ssociat ed

wit h per iodon t a l disea ses . In t J Syst em at ic Bact er iology .

1999 ;4 9 :P t 4 : 1329- 39 .

26 . Gr en ier D . Nu t r it ion al in t er act ion s b et ween t wo su spect ed

p er iodont opa t h ogen s , T rep on em a dent icola an d Porp hy rom on as

gingiv alis . In fect . Immun 1992 ;60 :5298- 30 1 .

27 . Kesavalu L , H olt SC , Eb er sole J L . Viru len ce of a polymicrobic

complex , T rep on em a dent icola an d Porp hy rom on as gingiv alis ,

in a mur in e model . Or a l Microbio Immun ol 1998 ; 13 :373- 7 .

28 . Mot er A , Hoen ig C , Ch oi BK , Riep B , Gobel UB Molecu lar

ep idemiology of or al t r epon em es a ssocia t ed wit h per iodon t al

disease J . Clin . Microbiol . 1998 ;36 : 1399- 14 03 .

29 . Trope M , Tron st a d L , Rosenb erg E S , List gar t en M . Dar kfield

microscopy as a diagn ost ic a id in differ en t ia t in g exu dat es fr om

en dodont ic an d per iodont a l abscesses . J En dodon .

1988 ; 14 :35- 8 .

30 . H eu n er K . Ch oi BK . Sch a de R . Mot er A . Ot t o A . Gob el UB . Cloning

an d ch ar act er izat ion of a gen e (m spA) encoding t h e m aj or

sh ea t h prot ein of Trep on em a m alt op h ilu m ATCC 5 1939 (T) . J

Bact er iol . 1999 ; 18 1 : 1025- 9 .

- 19 -



3 1. H eun er K . Grosse K . Sch ade R . Gob el UB . A flagella r gen e clu st er

from t h e or a l spiroch a et e T rep on em a m alt op h ilu m .

Micr ob iology . 2000 ;14 6 ( P t 2 ) :4 97- 507 .

32 . Melvin WL . Assa d DA . Miller GA . Gh er ME . Simon son L . York AK .

Comp ar ison of DNA probe an d ELISA microbial an a lysis

m et h ods an d t h eir a ssocia t ion wit h adult p er iodon t it is . J

P er iodon t ol . 1994 ;65 :576- 82 .

33 . Moor e WE , Moor e LH , Ran n ey RR , Smiber t RM , Bu rm eist er J A ,

Sch enk ein HA . Th e microflor a of per iodon t al sit es sh owing

act ive dest ru ct ive pr ogr ession . J Clin P er iodont ol

199 1 ; 18 :729- 39 .

34 . Socr an sky SS , H affaj ee AD . Microbial mech an isms in t h e p at h ogen esis

of dest ru ct ive p er iodon t al disea se : a cr it ical a ssessm en t . J

P er iodon t a l Res . 199 1 ;26 : 195- 2 12 .

- 20 -



국문요약

근관 감염에서 구강 스피로헤타의 분포 및 다른 세균과의 상관 관계

연세대학교 대학원 치의학과

(지도교수 이 찬 영)

정 일 영

최근 근관 내 미생물을 연구하는데 있어서 분자생물학적 연구 방법은 B act eroides

forsy t hu s나 구강스피로헤타 등이 치근단 치주염을 가진 근관 내에서 자주 발견됨을

보여주었다. 본 연구의 목적은 근관 감염에서 구강스피로헤타의 분포를 종 단계에서

확인해보고 이들 구강 스피로헤타와 B . forsy t h u s 그리고 Porp hy rom on as

gingiv alis 와의 상관관계를 알아보는 것이다. 치근단 치주염을 가지는 79개의 치아가

선택되었다. 근관 내 세균을 가능한 오염되지 않게 채취한 후에 16S rRNA 유전자를

이용하여 중합효소반응과 점상블롯보합 결합법을 시행하였다. 본 연구에 사용된 소식

자는 6종 구강스피로헤타와 B . forsy t hu s 그리고 P . gingiv alis를 검출 할 수 있다.

각각의 세균간의 상관관계는 비차비를 이용하여 평가하였다.

본 연구에서 가장 많이 발견된 세균은 P . gingiv alis (27 .4 %) 였고 Trep on em a

m alt op h ilu m (26 %) , B . forsy t hu s ( 16 .4 %) 그리고 T rep on em a socran sk ii

(2 .7%) 순으로 발견되었다. T rep on em a dent icola를 포함하여 다른 구강스피로헤타

종들은 본 연구에서 발견되지 않았다.

비차비를 이용한 세균 종간의 상관관계는 T . m alt op h ilu m , B . forsy t hu s 그리고

P . gingiv alis에 대해서 행해졌는데 이들 세균종들은 상호간에 밀접한 연관성을 나타

내었다. 본 연구 결과는 근관내 감염에 의한 치근단 질환의 발생을 연구하는데 있어

T . m alt op h ilu m이 포함되어야 한다는 것을 보여주었다.

핵심되는 말 : 구강스피로헤타, 근관내 감염, 점상블롯보합 결합법, 중합효소반응
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