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Minimal inhibitory concentration (MIC) is the lowest
concentration of antibiotics that inhibits the visible growth of
bacteria. It has been reported that sub-MIC of antibiotics
may result in morphological alterations, along with the
biochemical and physiological changes in bacteria. The
purpose of this study was to examine morphological changes
of Aggregatibacter actinomycetemcomitans, after the
treatment with sub-MIC metronidazole and penicillin. The
bacterial morphology was observed with scanning electron
microscope, after incubating with sub-MIC antibiotics. The
length of A. actinomycetemcomitans was increased after the
incubation with sub-MIC metronidazole and penicillin.
Sub-MIC metronidazole and penicillin inhibited bacterial
division and induced long filaments. Our study showed that
metronidazole and penicillin can induce the morphological
changes in A. actinomycetemcomitans.
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A. actinomycetemcomitans ATCC 33384 /Aol X2}
thehe] S| A=A -2-88(Korean Collection for Oral
Microbiology, Gwangju, Korea) | 4] i-F Wbtk Ao ik
< 93k Brain Heart Infusion (BHI, Becton, Dickinson and
Company, Sparks, MD, USA) HAMX] & AR5, 90%
Na, 5% COs, 5% HyE E3eh= 37C §714 $H4(Bactron
Anaerobic Chamber, Sheldon Manufacturing Inc. Cornelius,
Oregon, USA)ollA] 24417k vloF = Qic), B34 AS AL
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penicillin (Sigma Chemical Co. St. Louis, MO, USA)S
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FAA AR 7 B2 (Scanning Electron Microscope,
SEM)

A. actinomycetemcomitans®] FE|HA SIS T&st7] 913
Variable Pressure Field Emission Scanning Electron
Microscope (VP-FE-SEM, SUPRAS55VP, Zeiss, Germany)S
ALY 4. actinomycetemcomitansi=  1/2x - MIC2]
metronidazole ¥} penicillinS %713+ wix]ell A 37C &7]4
Wik Z7(90% N, 5%CO, S5%Hi)O2 24A17F St
ke Sk A7 Aeld Ml AEA o>
Ao dE92 4l Felste], PBS (pH 74)°] 2.5%%
3|45t glutaraldehyde S *2]3Fo] 1A13F B9 178kt
1E AEZ PBSE ARES] 1025k 394 Alojdl
5, ol'bEel 304 &9 Alste] gEAIZith AR
Ax & AES stwbdloll 2ZA7]LL, Fo2 TR
SEMC.2 a5l
Aol &4 W4

Mt =7]i= Nikon NIS-Element program (DS-Fi2,
Nikon)& o]&3ate] SAalqlvt W2t ahe] F=ofA
Z47E 20709] AlatE AR ekl dols A8t
0, FAsh gk Hr oz Zo] WskE nlwaglt
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Sub-MIC HAAI7F Aeld M3, A7t Hx5] 2
AlRtel AA AL Aol zlolE FA Ao ® gRlIsH|
Qate] v]E42A QL Kruskal-Wallis®-& AH&-aF3lTh
(FregE p < 0.05). SAIREAS Software Package for
Social Sciences (SPSS, version 20.0, IBM Inc., USA)E
ARg-sto] 3gakqith
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A. actinomycetemcomitans®] ZAA&A W7 oAl A
A A7p HA FE Al FEHI S SuReke
2 = HFig. 1). 12} sub-MICS] metronidazole
7 penicilling EgHsh= vl wiFE Al Al
o] W= qslo, Alte] Aoyt HAo® sul
oA 8ul A& Frkeks Zle wEd = ok ol
Zojiste] Aol= TAACRE FosHAl 1Ak
< 0.05). Fig 29} Fig 39 HAxpAn] AplofA] 2w n
W, AR Al ARshEA o= el Aot
U #duo] mE "Wojdop Sh=d],  sub-MICY]
metronidazole?} penicilling 2|3t MdE2 wgo] &
A38] dojubx] Fstal, ALHow dduo] AA 5o
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Fig 1. The effect of sub-MIC antibiotics on bacterial morphology of A. actinomycetemcomitans ATCC 33384. The bacteria were
incubated with sub-MIC antibiotics and the bacterial morphology was observed with scanning electron microscopy. The length of
bacteria was shown in right side of figure. The values are the means of measurements of twenty individual bacterial cell and the error
bars indicate standard deviations of the mean. * Statistically significant compared with untreated control bacteria (p < 0.05).

Fig 2. A. actinomycetemcomitans ATCC 33384 exposed to Fig 3. A. actinomycetemcomitans ATCC 33384 exposed to
sub-MIC metronidazole. Filaments with blebs were observed. A, sub-MIC penicillin. Filaments with blebs were observed. A,

filamentation; B, bleb. filamentation; B, bleb.

U Ao] stk Fig 2-A, Fig 3-A). R A A AFAB) AnE 93 A8 L Aze) nay
#o Elo] AEAT L& BASE ARG AL o BHOE AFHY. FYAE B85, A7te] A
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o WAHY] AlFshiA wAEo] #el Hgdto]
B ey Agsterd] S4delA wstel] digk 9k
T 7] ARSI 1] Tkt ATellA, sub-MIC]
A= Ao S4& A FolA= RaARt
Aol Bestd 54 93F= € 5 Akl A
h=dl[12], oled avks A w7t MIced =

=]

Ask= FAA L AAgte] A AES
7] wimel A:mAoR FQst oulE Ad 4 ut
[1,12,13].

Lorian®] 9A5-ol|X= Escherichia. coli, Proteus mirabilis,
Klebsiella pneumonia, Salmonella typhimurium 2} -2 A7t
S 1/6x MICS] ampicillin = 2| gg uf, Alxto] 30-90
mmo|E AA Foluls 2l WESISITHI4]). EE
sub-MIC &] penicillin®| A<= Proteus vulgaris, Vibrio cholera,
Salmonella typhimurium®] 7017} AAR = A& #aF o
W, Pseudomonas pyocyanea= 7} =Uhgk A HoFu} -5 9]
7t FEEHE AS gRlESITH14,15]. 1 9=
sulfathiozol, nalidixic acid, nitrofurantoin 52 sub-MIC &A3
Al 7F vpekst At dolg AoAA| sk Zlo] #EE
9 TH16-18].

2]9] Aol A1=, sub-MIC 2] metronidazole¥} penicillin
< A2 st S 4. actinomycetemcomitans 2] 0|7} 73]
AA soidt ZE A2 5 USITE A. actinomycetemcomitans
T 2 AREoIY XAt o R A o] A & whE
Hol A A= Aol AR, sub-MIC2] Ao~ 2z
H AR AFEREAE Aol A&KA 07 Eolx A
ot A& #Ee 4= SIStk Sub-MICE] chloramphenicol
of| A Staphylococcus aureus®] FEIHSE ¥ Hancock
7 Park ] A=ollA = Al A7157F @819 &
JoE AxHEAL S AL oR Hdst dytetal
F8F 31[19], Burdett2} Murray:i= sub-MIC 2] A A
A AL FE7F AA solvs @4 AT Al
S 7FEAE = sepum ] S Ao M, AETLDES
29r7] Wizl WA sttk . ki Th10]. -2 2] ot
Al B/ ARt dolF e Alto] AAdstiA
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Lorian2] ATl A=, sub-MICE) nitrofurantoins ] &) 3t
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¥} penicilling E3Feb= M ol 4] wieFsh Alat 3Er ol A

o
PATCES

-

<

blebso] &= St} MetronidazoleZ} penicillin< &Y A
g 71do]l vge® et & AgelMe 4
actinomycetemcomitans©] B Wkl FAFSE A=
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olefsh Alxte] FejHsh= Al 22 Wil
FaFs Rkl & A ITH20]. Fonseca 52 &0l 4]
sub-MIC 9] piperacillin?} tazobactam | 4] -8 A2 &
e W37} P, aeruginosa®] F-25es S| A=
s FEESITH21]. oA F sub-MICS] A7} f- =8}
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Hol| st A 21 7] obF] W &astA deAA] &k
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= MY A o] sk w4 o] Wt Fol
2 gl nlo] @ FF FAJ I 22 Al ¥l vA= JF
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2 AFE F3Ho, sub-MICE] metronidazole 2} penicillin
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