creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

SEEERIC DR

Al et Ao glo]A
Fusobacterium nucleatum>}

Tannerella forsythia® 33 2-%

Synergy in biofilm formation between
Fusobacterium nucleatum and Tannerella

forsythia

20134 24€

Agdstz 393t 3
3] ¢ 3}

A%

A& st



Al et Aol glo] A
Fusobacterium nucleatum>}

Tannerella forsythia® 33 2-%

AExsy 3 & 7
°f == A A Fev R A
2012:d 114

Aaddta 223 3l

20124 12¢

4 9 2 A F F (D
2994  H ¥ F ()
9 4 3.9 9 ()

A& st



25

]

w7p opf e} o] 9= A

= et

sol A

o etel=ol o

0

°of gyt

0SS

I
—_
fite)
Mo

el

1. 59A

=
=

W9l el el HA

AN
ok

i
fite)

el

ﬂAl
T

o
alg
H)

o

el

o g
2. A (A =RAp) ] o -

to
|

fite)

mr

3

el

7

alg

)

=3

el B

Mo

el

A

oh Sh(

ol
o}

o
E

Tor

of

)

Tor

e},

=zl gk

1
H

.

afof of

= A8

=

(DRM)

Al A

=
=

TRCRER EIRE Y

7 €]

RETA
[}

=

)

Tor

C AL O

2009 - 22721
23

A A

1 3]

A
ki3 H o

AN A Fusobacterium nucleatum
S

Tannerella forsythia® 33 %8
2013

AeRSGuE Y A%

[e)

=

B3l

Al

e,
Al

2] 3ff of

=EAE



IR2E

Al et Aol glo]A
Fusobacterium nucleatum>}

Tannerella forsythia® 33 2-%

e
Agdtm o) s
ELE!

Az A= A2Fd o] AAE A4
Agolet star o 7] o] &¥ = 4As EAES autoinducer #Hil gt}
o] autoinducerel] = ¥ 7}FA|7} 94|, autoinducer 1 (AI-1)& FE719
el ol o] &% 3 autoinducer 2 (Al-2)= ©]&ZFe] <Ql2)of o] &H T}
Fusobacterium nucleatum-2- W A= Ao doja 27| A&
I 27 ek AlolelA v gdEs sk Tash Aldeld.
T HAdare A A F&
st d3ks 3 Aot} mrekA A FH ALl SRl Tannerella forsythia
o A=t Aol F. nucleatume] oW gt J3Fs F=A dofr izt st

gtk Al-2% oAsE ALY AAAE o gake] AT Yy 24
o)

re
>
I
X
=
4
il
rlo
2
fols
o
i)
ftlo
N

~~

Sohn A shlut.

;H "‘._; 1_'_” 'aj}

=1

11



ATAE D W F onucleatum®t T, forsythia®l &% SH1& =9 A
TS Derystal violet G4, @F %2 dn]4d S 4
o2 gl Al FAd Qo] 7HEA AR HlE A

Wow 3
gt ey B Bel ReE 34 NGNS ASFoRA s

o

-

A3 Foonucleatum®t T. forsythia= = H4<Q1 Wl qrnt 35 wed
o Aol Axtute] o zZ FAHASH, o= Al-2 HHAAY A A
ol ol UA sk

F29] 1 AP A, Autoinducer, AT
¥ 1 2009-22721

B kit



1. A&
2. 43 A= ¥ 4y
2.1. A3t wh
2.2. AFAA A A (QS inhibitors)
2.3. Al A H7l (Biofilm formation assay)
2.4. SAAT

3. 2823
3.1. G o3 AFe JA Hu)

3.2. Al#e) AEH] NF Al-2 qAA I

4. 1%

oY

L B

i

al

Abstract

Lk

n’



R X S
T T T S H 7T
R L 3 ) 0.._1_. -
@@ﬂuﬂw‘m%@a%ﬂo Mﬁ_%m;ﬂ%ﬂaeo
o@o_oﬂfmjﬂm%_o = % R me%ovUrm
w S W T m ol P —
ﬁﬂr;ﬂzm%m%mﬁ mquqo%omeﬁ_ﬁ]_ﬂ%s%
&Eﬁ%d s %ﬂrn ﬂmﬁﬂﬁh%_ﬂ
— < ol o = g o° ~ ™ o =
ﬂﬂﬂtmﬂoe\ld < = 9 El7,._1r\$‘| — X
X = =0 s K Lo £3 uau ;o,_rﬁﬂmaﬂ,_
A G Bobpm w oW OE Mo 5 B
o W mo S ® rH B B Ny e of = % N
~ X Wi o w 7 R 3 0 o m N o ) m__.a
—_— _ —
%LMH.& W T = 1ﬂwﬂﬁ%1.mo_ama52
zsbﬂ%mﬁa;ﬂ = 5 LEog 2 4LQ%
17_.0 ﬂﬂ_ = ow = ~N oH e @ O_E Mn\ £3 L 110m| mo %o ~NA M ﬂma
W R T & @@1@Anﬁ.$%&v
mﬂﬂ;l.qu X UEPUE_&._o]ﬁnmo]ﬂumﬂ
ZT 1__/l d_ﬂ = Qp o ﬂl N 0 N E mu o = % Jﬁ T o 1_,_Al
o S — ! O il il —_
i%zfﬂummﬂim wzﬂmﬂqﬁumﬁz@{
of X AR Sy B N g — T S o b & & o= F
B 4 E o~ ® R 3 = _f.mﬂl?omﬂﬂA
L.,:.O_x__oxu B M S < ° = < TR XM
weﬂruLLr TH < m R 1qmmmﬁ11x
%ﬂ;ﬂhymﬂ ﬂm %g%aéﬂr.{KL TN
@%_&ﬂmﬂ%zu >%1_fx1ﬂﬂnﬁo_a11
) 5 o ow = o o oo W T S o) X°
zoovﬂﬂonUzai,am.m&ﬂ_sam%ﬂmﬁﬂb%ﬂ%ﬂ
ﬁﬂégn%égmwmﬁﬂm;% TTErE
o o du.mzfib@sﬁd.L Evimﬁoﬂﬂ
= g%%wﬂﬂﬁm_mﬂ ﬂ@,iﬂﬁﬁr&m :
LG ey oy < T N Jm]],]
T W o nALEJIJIS.O
%ﬂ%ﬂﬂmﬂ%ﬁp%m%ﬂnwmlﬂ%mﬂx o5
aﬁﬂhﬂm@raﬂﬂﬂ%w %xwm&. il
Oy < 2 W & H,M_ o T Wm 1& o 9 2% Wr oy o NI
o O ST 2 ﬂxz%lo_ﬁi@ o
F B NG SRS ) o T 1 o - ﬂnoll o
3 o S = S g o .
X ol S ™ oo Nlo ¥ B
. S o _ @@%1%@2@4%&0
o oo o o ﬂmmgoouﬂﬂﬂ
AO_EEHT_U]#:& o N
S o X T T F
=5 oo A

ki3

=% bromated
Z-go] o3

_?:
2 LuxS<]

=N

-

1

(Delisea pulchra)ol A

furanones©] #Hx<] A AA

o]

A =Y

°©

=
Fa ek AL-2

1

=

o

ul] 7} 3

) o

- %

Z
o

ol

=

A A E

=



S-adenosylhomocysteine2] ™A} AF=<21 4 5-dihydroxy-2,3-pentanedione
o] 2ol ;s FAHMMY I ) Aol e AAHEHE 3
A ARAAY EZo)th® Kolenbrandersel 9 &) AAE 7o w=

A
W3 geito] =8 wrol A2 & Fauut= g uka] 7 A3
>
A

F. nucleatum®) A& 93 el G434 %ol o 4HS 53
St7] Wl & Aol AE of Aol s AT Al-27k AW A
who] gyt AEWAF SQ0] sleld Aoln, WA A2 & A
s ARAY o

AAQSIs)= Aol S JAstAl & Folet=
7t S ksl ol |
ol F. nucleatum® T. forsythia*}°lel &3+ & 28&S A7, &
Aol 2709l AP AA A A, (5z)-4-bromo-5-(bromomethylene)-2(5H)
~furanone (furanone compound)¥} D-riboseE #€3le] 1 &35 H7}

At

I— |

_.D

-tf| &+



2.1. A3t Bl <

F. nucleatum(ATCC 25586) = peptic medium (6 g of peptic digest
of animal tissue, 6 g of desiccated beef extract, 5 g of sodium
chloride, 14.5 g of pancreatic digest of casein, and 25 g of sodium
phosphate)ol] /] ¥i¥3td a1, F ¥lA]= hemin (10 mg/mD ¥} vitamin K
(0.2 mg/mlS BEAZ H7Fs
T. forsythia(ATCC 43037)= 7% wdat (NOS) wjel (ATCC
medium 1494) v ¥ LFsd 2™ hemin (10 mg/ml), vitamin K
(0.2 mg/mle} N-acetylmuramic acid (0.01 mg/mD)E X ZA| = 735}
Atk o] AlFES 5% Hy, 10% CO, 85% No?l #7714 =71 37Tl A
2-49%F v gt

2.2. A AA JAA (QS inhibitors)

D-ribose®} (5Z)-4-bromo-5-(bromomethylene)-2(5H)-furanone
(furanone compound)ES AI-2 SAA = AFE3th D-ribose= Tokyo
Chemical Industry Co. (Tokyo, Japan)ol4 F<43t}. Furanone
compound ¥ Manny et al?’e] WS ual FAsAT o FAHES

'H ¢ BC NMR £33 o 2 AA s}

%

2.3. Al d A H7}l (Biofilm formation assay)

T. forsythia®] A+ F< 1l 72 9ol X238 24-well platel
AE 1L, transwell (pore size: 0.4 m) $91Zl+= F nucleatum®] X34
At B9 500 S HFsAT ol5S  Al-2 A A (Furanone,

D-Ribose)7t A7kel A3k A7sA e ow skel @74 24



ol A T2A17F ul ST

F. nucleatum< 1x10"/m, T. forsythiax= 4x107/mlE HZEst . @
T3 E3E BFOA, AMEHd AAHE MTE2 10% crystal violet
o2 101 dMglen PBSE Al ® Aotk thAl 1mle] acetone
—alcohol (20:80, vol/vol) &Ho 2 G} o ddd fHo FF=
+ microplate reader (a Wallac Victor3 microtiter, PerkinElmer Life
Sciences, Waltham, MA) & ©]-&3}o] 595nmoll A =431t

T o2 ddgo=w Mool PAMHdHE E¥HES Live/Dead-BacLight
bacterial viability kit (Invitrogen, Grand Island, NY)E ©o]-&3}o] A
st o, T2 dolA #r A (Olympus FV300, Japan)s ©]-&3}o]
1,000 vie] wig = wzke)

25H 258 44,
Aate] FPe TxH 17 olA A YW3tE FluoView AZES A=

T3 hE7E Hi BaE 98] paired t-testE o] &3 o,
)=

2ol = MS Excel 2010 (Microsoft Inc.,



3.1. AW o8 NFe FA v}
Syl FAujFl A Aty P44 TS vlasty] 9§ F
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Y Fur : Furanone (AI-2 inhibitor, 0.5 ug/ml)
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J D-rib: D-ribose (AI-2 inhibitor, 50mM)

Fig. 2. F. nucleatum® T. forsythia® A =<S SYTO 9(=4)3}
propidium iodide(& )= A3 & FxH dAn|Fo=z #Hz

(a) ortho graph (b) 3-D image



Table 1. F. nucleatum®} T. forsythia®] A% T2 JAFLE
WA o2 Uie
FITC (LIVE) PI (DEAD)
8 0.128758 = 0.00540084  2.44E-05+ 2.1272E—05
T.f/F.n 0.753826 = 0.30910554%  0.000275 £ 0.00029589
T.F/F.n/Fur 0137238 = 0.05783494%  0.000328 = 0.00030759
T.F/F.n/D-rib 0143238 = 0.03717412%  0.000422 = 0.00023486
FEn/T. 1 0.489983 = 0.11946683*  0.000194 = 0.00010301
F.n 0.047155 = 0.01377213  0.000769 = 0.00060601
x0T, forsythia @=atoll i3l <%
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Abstract

Synergy in biofilm formation
between Fusobacterium
nucleatum and Tannerella

forsythia

Chung, Kwang Soo
Department of Dentistry
School of Dentistry

Seoul National University

Periodontitis is initiated by bacteria in subgingival biofilms, which are
composed mostly of Gram-negative anaerobes. Bacteria communicate
each other with the signal molecules. This system is called quorum
sensing (QS) and the signal molecules used here are autoinducers.
There are two different types of autoinducers: autoinducer 1 (AI-1) is
used for homologous recognition, and autoinducer 2 (AI-2) is used for
interspecific recognition. F. nucleatum 1is the major coaggregation
bridge organism that links early colonizing commensals and late
pathogenic colonizers in dental biofilm via the accretion of

periodontopathogens. We hypothesized that AI-2 of F. nucleatum

_14_

X 2-1]| 8

]

1

n’



contributes to this interspecies interaction, and interruption of this
signaling could result in the inhibition of biofilm formation of
periodontopathogens. To test this hypothesis, we evaluated the effect
of F. nucleatum on biofilm formation of 7. forsythia which is a
representative bacterium among late colonizers. Then, we tested the
effect of two AI-2 QS inhibitors (QSIs), (5z)-4-bromo-5-
(bromomethylene)-2(5H)-furanon (furanone compound) and D-ribose,
on 7T. forsythia biofilm formation in coculture with F. nucleatum. F.
nucleatum remarkably induced biofilm growth of 7. forsythia, which
was inhibited by the QSIs. Our results demonstrate that F. nucleatum
Al-2 plays an important role in interspecies interactions between
periodontopathogens and may be a target for the inhibition of

pathogenic dental biofilm formation.

Keywords © quorum sensing, autoinducer, biofilm
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