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ABSTRACT

Antibiotic susceptibility in Fusobacterium nucleatum
1solated from the dental plaque in

human gingivitis lesion

Choi, Jae-Heung, D.D.S., M.S.D.
Advisor : Prof. Kim, Dong-Kie, D.D.S., M.S.D., Ph. D.
Department of Dentistry,

Graduate School of Chosun University

Objectives: The purpose of this study was to investigate the antimicrobial
susceptibility of Fusobacterium nucleatum isolated from the dental plaques in
gingivitis lesion of Koreans. Methods: The minimal inhibitory concentration of 7
antibiotics for 34 strains of F. nucleatum was tested by broth microdilution assay.
Results: The data showed that only 2 out of 34 strains have resistance to
penicillin G, amoxicillin, and Augmentin® (amoxicillin + clavulanic acid, 5:1). The
other strains were sensitive to all of the antibiotics tested in this study except
ciprofloxacin. Conclusion: These results suggest that penicillin G or amoxicillin
could be used in the first choice antibiotics for the target of F. nucleatum in

Koreans.
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A. actinomycetemcomitans, T. forsythia 2 Treponema denticolasS 33k o] F &
A T3 AT =2 J7|IE AdEe]7] W, T2 AHATHL FAd A 3

7174 &40l =AY Foll Agsiyt AlEER o3t @7IA AWA T FAol 3

A Fa% 9 st= F. nucleatums AASHA A F23he] w2 S A
T A3 AZEY, aHBug B As dxolda 8 4% F onucleatumel gk
7% A U AFAdS FAENY, AFARAIe] A5 2 Az HZAZA FAAES

Ael7] A 71x ARE A AlFEd



SEEER B

II-1. Al 2 v

2 AT A AHE
Culture Collection(ATCC, University Boulevard, Manassas, VA, USA)olA <38}
AbESEA T 2 Aol A AFEE gh=Qlel A FeEl $A8E 34 ¥ F onucleatum<
A etw st FAFA S e w A (Department of Oral Biochemistry, Chosun

university, Gwangju, Korea)oll 4] &% ol AFESIATH o] HF52 20 ¥ =<l

=7
il

F. nucleatum 47}A o}5d st x5 American Type

o A Eg ¥ Ak Table 1). & #3552 Schaedler broth(Difco Laboratories, Detroit,
MI, USA) %=+ 15% Bacto agar(Difco Laboratories)”}t % 7}¥ Schaedler 3H3 Hj %] 9]
HEste] 10% Hs, 10% CO2 R 80% Npo &37l2~7F s+« 37C @74 w7
(Bactron I, Sheldon Manufacturing Inc., Cornelius, OR, USA)oll A 1-29 <¢F uj kst
of o A3 A&

II-2. A& %A DNA &

Alite] 44 DNAE G-spin'™ Genomic DNA Extraction kit(iNtRON Co., Seoul,
Korea)g& AR&3dto] FEatith ol& el dWead vad 2o Ads 5
sk oS- 50 x09 Pre-incubation €43} 3 w02 lysozyme £
37Tl A 1A7F &2t wigetAnt. of7]d 250 W G-buffer &4 H1 & =33t

U2 65ColA 15%7F wh&A[7]ar, 250 ©l®] Binding &4 ¥ Z &I U
1

o

i
R

%
(ot
i
ok
K}
dlo

vortexinga1t}h. o2l 8k cell lysatesE G-spin'

columne®l]l ¥ 13,000 rpmel A
7 AR 3 columnel 500 x0¢ washing buffer AS Y1 thA] 18
gtk o 7)o 500 wle washing buffer BE Y11 tA] 127 dA4EGs,

G-spin™ columng A 2% eppendorf tubed] % ZTh o7]d 100 L9 elution buffer

S 9 131 AL WA o3 13,000 rpmell A 1 23 YA sk 3 A DNA
E FEoth



Table 1. Strains of Fusobacterium nucleatum used in this study

Strains Patient No. Tooth site (#)

ATCC 25586 - -
ATCC 10953" - -
ATCC 49256" - -
ATCC 51190" - -

ChDC F37 Yebang 4 35
ChDC F47 Yebang 4 44
ChDC PV-F42 Yebang 21 15
ChDC PV-F45 Yebang 21 15
ChDC PV-F48 Yebang 21 26
ChDC PV-F55 Yebang 21 34
ChDC PV-F61 Yebang 21 34
ChDC PV-F63 Yebang 21 43
ChDC F113° Seong 1 44
ChDC F119° Seong 3 36
ChDC F128° Seong 4 16
ChDC F130° Seong 4 21
ChDC F134" Seong 4 44
ChDC F145° Seong 5 41
ChDC F165° Seong 6 44
ChDC F174" Seong 9 41
ChDC F175° Seong 9 41
ChDC F186° Seong 10 36
ChDC F206" Seong 13 44
ChDC F218° Seong 16 41
ChDC F219 Seong 16 41
ChDC F286° Seong 25 21
ChDC F288 Seong 25 36
ChDC F289° Seong 25 44
ChDC F300 Haksang 20 16
ChDC F302 Haksang 21 16
ChDC F309 Haksang 21 36
ChDC F304 Haksang 24 16
ChDC F305 Haksang 24 24
ChDC F306 Haksang 26 16
ChDC F307 Haksang 28 16
ChDC F310 Yebang P2 14
ChDC F311 Yebang P2 36
ChDC F313 Chijoo PI9 46

ATCC, American Type Culture Collection; ChDC, Department of Oral Biochemistry, College of

Dentistry, Chosun University; “Those were isolated in previous study“.



I1-3. 16S rDNA €249 % g7~ EZ2A

LPEE HMrFo T Es ofF FEolA e Als A (re-identification)= 3l 16S
IDNAS Z}7}e] #F2HY S24dsto] AAA7IMdS AAssdt. e Al
16S rDNA 422 FZ3 4 9+ universal PCR primer(27F; 5'-AGA GTT TGA
TC[A/C] TGG CTC AG-3’, 1492R; 5'-TAC GGI[C/T] TAC CTT GTT ACG ACT
T-3"), AccuPower® Premix(Bioneer Corp.)¢ PTC-200(MJ Research Inc.
Watertown, MA, USA) PCR machines ©]&3}o] 16S rDNAS < Z sttt oo
PCR Z74% vty Zth 20 W PCR £3% 8ol ¥ %E=E 20 pmoles A9 forward
9 reverse primers?t 100 pge] A+ genomic DNAZ Y il 94TColA 287 %27] WA
S AAGE g 9ATAA 13 WA, 55TCollA 1% AfWHg, 72TColA 123 TF
g BA4L 3038 wkEsle] FEI UL mAgo R TAM 1083 TFEHh F
HFS- 58 2 WA 15% agarose geldl A A7|G5S AAdte] o1 FZ oH1 =S 3ho]

AT

ofN

ol
-

II-4. $%49 16S rDNAS 224 % ZH 27 = DNA &

Slol| A} F23 16S rDNAE pGEM-T easy vector(Promega Corp., Madison, WI,
USA)ol Az3] ke Ao met S 28ttt olwf 4] FAdA7E St A4 L=t
= 3 WY AEste] FYavEE FEE] 224 AedHE 248U

E coli DH5a°]l BAASAZ z+zte] A%F Zg2n= DNAZS AccuPrep™
Plasmid Extraction Kit(Bioneer Corp.)& °|-&3}to] A| X 3|ALS] AAItHZ F=3F3lH
ol 5 z+eF3] A, Al 1 mE 30237 LAE2(12,000x )38, dolzl Al
T Wolgl S 250 e Resuspension buffers 7}ste] 2 dE3d & 250 ul  Lysis

buffers H7lste] A3 & &3 v}, 350 ule] Neutralization bufferE % 713k

SA #H TGS Fol Aol 53 WA EA T o] AS 107 P2 (12,000x g)3st
o] ArH HS binding column tubeol &7]3, 1 £7F IAEE(12,000x g)sted . o 3}

O

ol & B 2], binding column tubedl 80% o&F2S 700 W ¥ F 187 4AEY

(12,000x g)stth. Binding column tubeo] HolAdS oF o] &S A A7 3



oJutl S wlglar, thA] 3027 AAEZ (12,000 x g) s tE Binding columns A &
& eppendorf tube® &7]aL, o7l 100 ple] Elution bufferE i 187F 7|td o}
& U 123 29 12000x g)ste] s 70T Hste] sy d
Aol AH&3EAH

II-5. FAF7Id 243 2 A4 54 AA

A7 E AL o]l QU okato] o Fske] AR AT olw] AL&HE Zgo]
W= ChDC-GEM-F(G'-TTC CCA GTC ACG ACG TTG TAA AA-3),
Seq-F1(5'-CCT ACG GGA GGC AGC AG-3'), Seq-R2(5'-GAC TAC CAG GGT
ATC TAA TCC-3), F16(6'-TAG ATA CCC YGG TAG TcCC-3), %
ChDC-GEM-R('-GTG TGG AAT TGT GAG CGG ATA AC-3)& o]&3stsioH,
I A3}E SeqMan EE 1 (Version 5.00; DNASTAR, Inc., Maidison, WI, USA)<&
o]-§3fo] A st

11-6. HAAZFIATE 53

Sl A 22 8% F onucleatum T B RTHTFES T7HA FAAAC Ois
AES 2AE7] ekl A A EP e H 243749 A% E (minimal
inhibitory concentration; MIC)E S43tAth. & A3 A AFE-H A F penicillin
G, amoxicillin, tetracycline 2 metronidazole2 A Zw}AH(Sigma, St. Louis, MO,
USA)l A F38te] A}g359 k. =3 Augmentin®(amoxycillin + cavulanic acid, 5:1)
2 SmithKline Beecham A}FBrentford, UK), ciprofloxacin< 4%l 3 A 2F3s] AHSeoul,
Korea) 18] 1L, cefuroxim axetil2 th-&A] 2k3]AH(Seoul, Korea)oll A #|3-dko} A}-23FA
o A AAE A A wAl e AeiAd ved 2o bz A
Aol sE7F 64, 32, 16, 8, 4, 2, 1, 05, 0 pg/ml H =5 =dH 0.1 mee] AAu|A] o,
450 nme] e ek FF=(Ag)7t 0.052 dAHSHA ded Mg ds 27 0.1
A HEsta, ol 7 Alere HA A ZAA 48417 vi%E . enzyme-linked

immunosorbent assay(ELISA)E ©]&3}] 450 nmollA] &3 =5 =AH3 23S SA



gETA AFS ¥4 Fe A FY= g wastel MIC go= AFsdch of
W FHREToRE FYAT WA @ Ad WFAeE stgth oy 7F Z7e)

=
e F. nucleatum d55° W43 744

S Fosle 7

W3} Jorgensen 5')e] A 7|0 wrsktH(Table 2).

Table 2. Breakpoint
Jorgensen et al., 1999)

of susceptibility for the antibiotics (Haffajee et al, 2004;

Breakpoint of susceptibility

Antibiotics (ue/md)
Penicillin G 0.5
Amoxicillin 3
Augmentin (anixicillin + clavulanate) 3.0+0.5
Tetracycline 8
Cefuroxime axetil 4
metronidazole 8
Ciprofloxacin 4




III. 94+ 234

¢

ZAdsta AFist ARt ud B SFFARAEARA YA ETFLe F
uncleatum®] 16S rDNAE F=ZYstal LAV ES AAst, T & ofF T2
2 A& 4 (re-identification) s A¥ 34 5 EF F. nucleatum?] RALE 2215
(Table 3). ol 5 7}4 B ol 26 52 E nucleatum subsp. polymorphum®]
o™, F nucleatum subsp. nucleatum= 3 7+ th 18l 5 #FE 79 4714
obF el ojt]e = EFFE A FkH(Table 3).

F. nucleatum 47}A] o}%(subspecies)?] R TE53 =rloA] e FA-E 34
e 77HA dAAG digt WA AAE AAS A3 BE dFFE0] tetracycline,
cefuroxime axetil ¥ metronidazole®] Wste] #H44d-& R A TH(Table 4). Penicillin G,
amoxicillin ¥ Augmentin® 59 AYAAA N el 29 SN 27 el B
A% ChDC F302¢F ChDC F306 w55 Alelstis 25 A S BAtHTable 4). t
W ChDC F311 7} penicillin Gl W3t THHAES Zt= 7 c}
Ciprofloxacin®] tsle] ChDC F206¢F ChDC F286 F+ w5 Astais RE IF5
o] A& EATHTable 4).

Aol A 7Fl FA Al e F nucleatum®] MICy®t MICs #kS Table 59
R



Table 3. Identification of strains of Fusobacterium nucleatum at the species or
subspecies level used in this study

Strains Species or subspecies”
ATCC 25586" F. nucleatum subsp. nucleatum
ATCC 10953" F. nucleatum subsp. polymorphum
ATCC 49256" F. nucleatum subsp. vincentii
ATCC 51190" F. nucleatum subsp: fusiforme
ChDC F37 F. nucleatum subsp. polymorphum
ChDC F47 F. nucleatum
ChDC PV-F42 F. nucleatum subsp. nucleatum
ChDC PV-F45 F. nucleatum subsp. polymorphum
ChDC PV-F48 F. nucleatum subsp. polymorphum
ChDC PV-F55 F. nucleatum subsp. polymorphum
ChDC PV-F61 F. nucleatum subsp. polymorphum
ChDC PV-F63 F. nucleatum subsp. polymorphum
ChDC F113™ F. nucleatum subsp. polymorphum
ChDC F119™ F. nucleatum subsp. polymorphum
ChDC F128™ F. nucleatum
ChDC F130™ F. nucleatum subsp. nucleatum
ChDC F134™ F. nucleatum
ChDC F145™ F. nucleatum subsp. polymorphum
ChDC F165™ F. nucleatum subsp. polymorphum
ChDC F174™ F. nucleatum
ChDC F175™ F. nucleatum subsp. polymorphum
ChDC F186™ F. nucleatum subsp. polymorphum
ChDC F206™ F. nucleatum
ChDC F218™ F. nucleatum
ChDC F219 F. nucleatum subsp. polymorphum
ChDC F286™ F. nucleatum subsp. polymorphum
ChDC F288™ F. nucleatum subsp. polymorphum
ChDC F289™ F. nucleatum subsp. polymorphum
ChDC F300 F. nucleatum subsp. polymorphum
ChDC F302 F. nucleatum subsp. polymorphum
ChDC F309 F. nucleatum subsp. polymorphum
ChDC F304 F. nucleatum subsp. polymorphum
ChDC F305 F. nucleatum subsp. polymorphum
ChDC F306 F. nucleatum subsp. polymorphum
ChDC F307 F. nucleatum subsp. polymorphum
ChDC F310 F. nucleatum subsp. polymorphum
ChDC F311 F. nucleatum subsp. nucleatum
ChDC F313 F. nucleatum subsp. polymorphum

“based on 16S rDNA sequence; ATCC, American Type Culture Collection; ChDC, Department of
Oral Biochemistry, College of Dentistry, Chosun University; ~Those were isolated in previous
study“.



Table 4. MIC test for Fusobacterium nucleatum against seven antibiotics

MIC (pg/ml)

Strains

PEG AMX AMC TET CXM MTZ CIP
ATCC 25586" 0125  ND ND 0125 1 4 16
ATCC 10953" 0125 0125 05 0.25 1 8 8
ATCC 49256" 0.125 05 ND 0125 1 8 8
ATCC 51190" 0.5 ND ND 0.125 i 8
ChDC F37 0125 0125 0.5 1 0.5 4 16
ChDC F47 0.125 1 0.25 ND 2 2 16
ChDC PV-F42 0125 0125 025 1 1 8 16
ChDC PV-F45 ND 0125 025 1 0.25 2 16
ChDC PV-F48 0125 0125 025 0.25 05 1 8
ChDC PV-F55 0.125 05 0.5 05 0.5 4
ChDC PV-F61 0.125 2 1 05 1 4 16
ChDC PV-F63 0125  0.25 1 0.125 2 4 8
ChDC F113 0125 0125 0125 1 05 4 16
ChDC F119 ND 0125 0125 05 05 2 16
ChDC F128 ND 8 ND 0.25 1 4 8
ChDC F130 ND 32 ND  0.125 2 2 16
ChDC F134 0125 0125 0125 025 0.25 2 8
ChDC F145 0.5 0.25 05 05 2 8 16
ChDC F165 0125 0125 025 05 05 1 8
ChDC F174 0125 0125 025  0.125 1 8 8
ChDC F175 025 0125 0125 05 1 2 8

ATCC, American Type Culture Collection; ChDC, Department of Oral Biochemistry,
College of Dentistry, Chosun University; PEG, penicillin G; AMX, amoxicillin; AMC,
augmentin, TET, Tetracycline; CXM, Cefuroxime axetil;, MTZ, metronidazole, CIP,
Ciprofloxacin; ND, Not Determined

(Continued on next page)



Table 4. (Continued in prvious page)

MIC (pg/ml)

Strains

PEG AMX AMC TET CXM MTZ CIP
ChDC F186 0.125 0.25 0.25 1 0.25 2 16
ChDC F206 0125  0.125 0.25 0.5 % 8 4
ChDC F218 0.125 0.5 2 1 1 8 16
ChDC F219 0.125 0.25 0.25 2 1 8 8
ChDC F286 0125  0.125 0.125  0.125 0.125 0.25 0.25
ChDC F288 0125  0.125 0.25 1 0.5 2 16
ChDC F289 0125  0.125 0.25 1 0.5 1 16
ChDC F300 0125  0.125 0.5 0.25 2 8 8
ChDC F302 > 64 > 64 > 64 8 1 4 8
ChDC F309 0125  0.125 0.5 0.25 1 4 16
ChDC F304 0125  0.125 0.25 0.25 0.5 2 8
ChDC F305 0125  0.125 0.25 0.25 0.5 1 8
ChDC F306 > 64 > 64 > 64 2 1 8 16
ChDC F307 0125  0.125 0.25 0.25 1 1 16
ChDC F310 0.125 0.25 2 1 2 4 16
ChDC F311 1 0.125 0.25 ND 4 2 8
ChDC F313 0.5 0.5 2 1 1 2 16

ATCC, American Type Culture Collection; ChDC, Department of Oral Biochemistry,
College of Dentistry, Chosun University; PEG, penicillin G; AMX, amoxicillin; AMC,

augmentin, TET, Tetracycline;

CXM, Cefuroxime axetil;

Ciprofloxacin; ND, Not Determined.

MTZ, metronidazole;, CIP,



Table 5. MICqy and MICsy value of seven antibiotics for Fusobacterium nucleatum

MIC (ug/mb)

Antibiotics
Range MICso MICgo
PEN 0.125~>64 0.125 0.5
AMX 0.125~>64 0.125 1
AMC 0.125~>64 0.25 1
TET 0.125~8 1 2
CXM 0.125~4 0.5 1
MTZ 0.25~8 2 8
CIP 0.25~16 16 16

MICsy or MICq is the minimal inhibitory concentration (MIC) at which 502 or 90% of
each of antibiotics against clinical isolates (n= 34) of F. nucleatum, respectively.
PEG, penicillin G; AMX, amoxicilliny AMC, augmentin, TET, Tetracycline; CXM,

Cefuroxime axetil; MTZ, metronidazole; CIP, Ciprofloxacin.



V. =2 % 39

Aol A 20 e F=clel A el F8E 4T Fonucleatum T 2789 St
Zpoll A z+zE BEl¥l ChDC F302¢F ChDC F306 #F+5-& ciprofloxacing #2]3 6%
Ao hel FFEAS HUrth E3] tetracyclineS AAolw, olo w3t 7
Ase]l WATEFT7E B7] wmol s Aol ALHA &g AAR, L Al
A AMgE RE FFEL tetracyclined] "3l HEAS Rt HAe HV= F
nucleatum?®| tetracycline WA ol Fol tfa] A elFHI} ter M WA F 429 PCRH
of 93 HE=HS vud AFoAM F nucleatum= A EHufA oA B2 vjdstar, o] =
Kim %] w98t F nucleatum £-E59°] PCR ZglolWE o] &3] EH3}

tetracyclineol] ™3t WHAFFE AT L Aol osh, & 33 #FE w9 W

oFsle] 11 w37} tetracycline WA S R, 715 10 #3oNA tet M S4A7F A%
Ak s ARt B ATE dke] Ve Ao ALHAUN FFEQ 16S rDNAS F
29ste] AAAVINE S A A, tetracyclined] WA HAW 11 ¥F EF7F

F. nucleatum®] o}d A4 =& F periodonticum?l 22 AWEHAG R E+=
AA] QFE). o] Kim 5'7¢] 19t8t F nucleatum E-5¢] PCR Zgtolve 17 U
EASt= Fusobacterium spp.& A= F Av Aeoldon, Ao Fol A=49
AL A3 =F F nucleatum 74 DNA9 oo <9t Zlo i

=
AA QtEh). oleld AL 7Horste], B AT e EgHre mE FFE9 16S rDNA
AL AE FFE F 15 7FF7F F o nucleatum©) 1 2.7 (Table 1), ¥ A3 A4 4
o2 & 7§ tetracycline®= $H=rQlel dojr = X FH3e] AR AT TS AlA
A3 AT 29(10%)] Skt A Z+zt F2] wjk®l ChDC F302¢F ChDC F306 1
FZ2 Augmentin®g Z &3 penicillin 7 A WAL ®Irl. B-lactam TEE
zb= HyAdd A FA8A s WS Zbe Al B-lactamases AAbsiA B

“lactam T%E = YA /A 2= F nudeatumd A = B-lactamaseS A



AsteE #FSe] BuEa QutP® A4 B-lactamAl FAA ] 3 WA Tl o
=

B-lactamase inhibitor®! clavulanate, tazobactam —L#]3l sulbactam &<

olukA ol penicillin A A amoxicillin® T&se Algsta QP =3
amoxicillin?} clavulanateE Z3%3 A A7l A8 AEH o= B-lactamaseEs AAFs=

Tl o3 FAES Az ol&H Utk sHARE & AFeA F w5 (ChDC
F302¢2F ChDC F306)# ¥ B-lactamase inhibitorel thdk A4S zh= F nucleatum
FFE5 2850 9. B-lactamase inhibitorel et WA 71 AL Al o] A atsl=
B-lactamase @A E<AMo](ofr] =it AVIA AL A gho] o3 Aow dHA 3
th. =, B-lactamase® 57 ofw|:=Ato] thE olmjitom X#¥ o] B-lactamase
inhibitorel] gt ZAsr=a o] Wojx A B-lactamase inhibitorel] &3+ J3FS HEx] k7]
wjF-olt}”. o] #gk  B-lactamase inhibitorel tHal A&AHS  zZkE  B-lactamaseS
IRT (inhibitor-resistant TEM)el2tal &t} a2 F nucleatum ChDC F302%}
ChDC F306 F #F%¢ Augmentin®o] that WA 71 AL wa]7] 98] B-lactamase
FAAE FEYstL ALAVIMES B T ofr At AV E Aol e =

o §7-2 Wi APS G0y Asus drh.

74 ATt = &t dE Ao ZelA A, Metronidazole2 A7t DNA &
de gAlete FAA R A HE2 E07b7] el @45 Zb= @9 F(reduced form)
o2 Ay ool at7] Yol H7|A Aol e EH7F B Ao dHA A
Metronidazole®= B-lactamases A2tshs dFol= a37F 7] wiEeo] 7 o 34
AAge Ame YA A FEI B3 AL ALH N E Y B A7 Ax
AX=E FAYdd A 37HA FAAC WS K T

1

E % Cefuroxime axetil®

metronidazole®l = ZHFAS HAY. AT Cefuroxime axetil®} metronidazole2

penicillin G, amoxicillin ¥ tetracycline ¢ AART= 17tk @do] 3l
Ciprofloxacin< fluoroquinolone Alell &3}m, A2l DNA HAHAHS At 3

78S Holu, ZFZFZAI AFZ 9 methicilin A EE=X4d &

ol

S A



o A YU A, @A Tl A dTatel dF @ o] ks u
ol 74 Ul #elel A2 qwy Felzi AgHA fEvun o B dpds
NME diFEe F nucleatume ciprofloxacind] oA WS 2tk XFA 5]
Aolgto] gFe] A7 AdFde 7ersitid, X3 o Jo A= ciprofloxacing A}
SHoM = ¢t 2 Aoz A4Ey. ol dyddes F=l AFEd AR A F

nucleatums ZEH 22 FAAE AHE o, penicillin G =+ amoxicilline] 3 HA =



V.48

2 A= 20l ol X2 3A 201 o] HAoA By sAHE F nucleatum®)
=

& A A [penicillin G, amoxicillin, Augmentin®(amoxicillin + clavulanic acid, 5:1),

tetracycline, cefuroxime axetil @ metronidazole]oll ™3t 74AS Lolr 7] £ 3s}o]

L

2AZAATES AAA A Hor SAsN e, O Ay va 3 2
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