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— Abstract

Background/Aims : Fluoroquinolones are broad-spectrum antibacterial agents that inhibit DNA gyrase and topoisomerase
IV activities. Both enzymes are encoded by the gyrA and gyrB genes for DNA gyrase and parC and parE genes for
topoisomerase IV. Mutations in the quinolone resistance-determining regions (QRDRs) of GyrA and ParC mainly and
GyrB and ParE less frequently have been described as the major mechanism for quinolone resistance.

The aim of the study described here is to investigate the relationship between mutations in the gyrA, parC, and parE
Gene and cirofloxacin resistance in M hominis.

Methods : Ciprofloxacin-resistant mutants of M hominis (Mycoplasma hominis) were generated by stepwise selection
at increasing drug concentrations. Sequence analysis of PCR products from the strains were used to examine the
quinolone resistance-determining regions of the GyrA, ParC, and ParE proteins.

Results : Sixteen strains of M hominis were isolated and were examined for susceptibility to ciprofloxacin, levofloxacin
and moxifloxacin. The MIC range for M hominis were as follows: ciprofloxacin, 0.5-8 xg/m¥; levofloxacin, 0.13-2 yg/m¥;
moxifloxacin, < 0.06-0.13 wg/ml. M hominis was highly susceptible to moxifloxacin. Ciprofloxacin - resistant mutants
were isolated by serial passing of M hominis M30 in broth culture. Two mutants, C10-2 and C21, displaying high-level
ciprofloxacin resistance (MIC > 128 pg/ml) were found to have a change in GyrA at Ser83 to Leu and in ParC at
Ser80 to Ile or Glu84 to Lys, but no changes in ParE.

Conclusion : Two mutants displaying high-level ciprofloxacin resistance (MIC > 128 pg/mf) were isolated and the gyrA,
parC, and parE genes were sequenced. They harbored amino acid substitution of Ser83 to Leu in the GyrA, and of
Ser80 to Ile or Glu84 to Lys in the ParC. These findings indicate that resistance to ciprofloxacin may be due to amino
acid substitution in the GyrA and ParC.
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5. Polymerase chain reaction (PCR)
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Table 1. PCR primers with PCR product sizes

% fr R

Name Primer sequence (5" — 3" ) Product size (bp)
MgyrA-F TATGGTATGAGTGAACTTGG

MgyrA-R AATTAGGGAAACGTGATGGC W

MparC-F TATTCAATGTGAAATTTAC

MparC-R CCAAACTTTGAGGACTCTG o

MparE-F CTTTCAGGAAAATTAACTCCT

MparE-R ATGACAGATGCTGACACTGAT 2




A DNAO] Taq polymerase
(TaKaRa, Japan)®} 10X PCR buffer, 200xM
deoxynucleoside triphosphates, 1.5mM MgC2E 713t &
MiniCycler (MJ Research, USA)o|A 94°C, 10&87}F
denaturation A| AT 28] 3 94T A 45%, 55Col|A] 45
Z, 2T A 45% 52t 353] *o“’\]Zi'J— mpz| ek =710
A 2CE 1087 o WA & 2 AHE-S 1.5% o7&
= Ao|A K719k ethidium bromide 8ol A &4Y
sto] AZSFATH
A37h geld kg2 AR5 7147190 ABL PRISM
3730XL Analyzer (Applied Biosystems, USA)Z G714 ¥
< A48kt
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19298 9] A Z XY Mhominis= 167-F7F 2] 5
=, fluoroquinolonedl] T8t 7H=A AA} A= Table 29}
739k, ZF 3k A| o] MIC W ¢+ ciprofloxacine 0.5-8 g
/ml, levofloxacine 0.13-2 pg/ml, moxifloxacine <
0.06-0.13 pg/mlo] ATk,

Table 2. Susceptibilities of M Aominis to fluoroquinolones

=244 WA Mycoplasma hominis®] gyrA, parC, parE

) MIC (pg/mb)
Strains - - - - -
Ciprofloxacin Levofloxacin Moxifloxacin
Mhominis 0.5 1 < 0.06
M3 8 0.5 0.13
M9 0.5 0.5 < 0.06
M20 8 2 0.13
M30 0.5 0.25 < 0.06
M35 0.5 0.13 < 0.06
M45 1 1 < 0.06
M49 1 0.5 < 0.06
M53 1 1 < 0.06
M62 2 2 0.13
M71 8 0.5 < 0.06
M76 1 1 < 0.06
MS80 1 0.5 < 0.06
M82 0.5 0.25 < 0.06
M85 0.5 0.5 < 0.06
M9%6 0.5 1 < 0.06
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2. PCR3} A7) dEA

Quinolones®] WA AAUE grA, parC, parE 7
2F B9 PCRetY] 1 AHE9] d7]1E EA8iidyY &
HE 16 #F = 109F (M20, M35, M45, M49, M53,
M62, M76, M8O, M85, M96)2] parC’ A =}ol A 1338
AKX (Escherichia colidl 7483z ofn] =4t $12]) €] ofn]
=Abo] lysinol|A] arginine . E EH¥Ho] Ho] = Ao
HZEJ, YA A= IEEAH T Y-
= A

3. 9ol frgt 971 1 24

QRDR  H#-#oll4  =dWel7F AZHA]  FAUAL
fluoroquinolones®l] tet 7+ o] =& #5721 M30

A3k ciprofloxacin®] EE5 Ho471H

SR, 2 A =128 pgmlol| e F2) 8= 47)1 2]
Hol #F5 =T F AUk ZEL
levofloxacin, moxifloxacin®l] W3k MIC A]¥-& sl HY
levofloxacin, moxifloxacin Z}tz}ell thal C10-1S 16 ug/md,
8 ngmle] MIC s=5 B3, Cl10-2& 16 pgmd, 16 ug
ml, C10-3= 8 ug/md, 8 pgml, C21S 4 ugiml, 8 1g/mle]
MC FE5 UrEMP*E} (Table 3). =L 5 C10-2¢} C21&
AEste] F2A171 & DNAS FE35Fe] PCR3}Y] (Fig.
D F71XES ARG Y GyrA @ oA 2 5
B 3HA o}m=Ako] serineol| A leucine 2. & H3}E]
T, PaC A A Cl02% s4dls] ofm] ko]
glutamatel| A lysine. 2, C21& S0WHA] o}u|=Ato]
serine®|A] isoleucine 2.2 H3}H Zlo] FEFYOH,
ParEol| A= Sl 7} #2EA] FUtt (Table 4)

Table 3. Susceptibility to fluoroquinolones of
M30 and the mutants selected with ciprofloxacin

MIC (pg/md)
M30 Mutant CFX 5% MEX
Before passage 0.5 0.25 < 0.06
After passage in
Ciprofloxacin C10-1 = 128 16 8
Cl10-2 = 128 16 16
Cl10-3 = 128 8 8
C21 > 128 4 8

CFX: ciprofloxacin, LEX: levofloxacin, MFX: moxifloxacin
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Table 4. Mutations in genes gyrA, parC and parE

gyrA mutation parC’ mutation parE mutation
M.hominis - - -
. . Aminno Aminno  Nucleotid Aminno
strain Nucleotide Nucleotide . .
. N Acid e Acid
exchange exchange
¢ Exchange ¢ Exchange exchange Exchange

Cl10-2  TCA-TTA Ser83Leu GAA—AAA Glug4Lys None None
2 TCA-TTA Ser83Leu AGT—ATT Ser80lle  None None

C10-2 100 bp C21

gyr A parC parE ayr A parC parE

Fig. 1 PCR of the gyrA, parC, and parE gene in M hominis
strains C10-2, C21. Lane: 100bp, 100bp molecular marker
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M. hominiss A|ZH0] gl H+o2ZH4 F2 B4
7oA AW S Yo7, X5 F= tetracycline S Ak
SSFAAINE tetracyclined] thE WAwol F7heREA
quinolonest} macrolidesS-& AFE-3t3 b .

2 Age] AM-FE  fluoroquinolesE-&  ciprofloxacin,
moxifloxacin®|lem, MC HYe
ciprofloxacin  0.5-8 pg/ml, levofloxacin 0.13-2  ug/md,
moxifloxacin <0.06-0.13 pg/mlo] 132, moxifloxacin®] 7}
@A oIk oA gt A¥= Mhominis gk MIC
HeE 025-1  pg/mi,
levofloxacin 0.25-2 ug/md, moxifloxacin 0.015-0.06 ug/md
o2, Waitess F'o]
levofloxacin 0.016-2 pg/ml, moxifloxacin <0.008-0.063 xg
5o 052 g,

levofloxacin,

12 . .
Kenny & o] ciprofloxacin

ciprofloxacin ~ 0.016-2  zg/md,

/ml,  Pereyre ciprofloxacin
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levofloxacin 0.25-2 ug/mé, moxifloxacin 0.06-0.12 ug/mé 5
o7 Bugh Azt & zpol7k QIoloH, o]59 A o
Al moxifloxacin®] 7P S Y-S B33 JATh
Wang V0] Ecolio|A] gnr plasmid, Kehrenberg '
o] Salmonella enterica®llA] qnrS plasmid®l] 2]3} quinolones
WA71AS B g A7 e, whol & ekmtel A
© ©F4 plasmid7} B = A] %k H, quinolonesel] th g+
W42 2 DNA BAl|of A x3 AL 5ol #ofste &
49l topoisomerases 11 (GyrA<} GyrB)<} topoisomerases
IV (ParC8} ParB) & W=+ QRDR H-9JolA o= &=
Arolol oz ofm|ieite] WstE B R WAL &
A doH” Bebear = 1?2 quinolones W4 M.hominisol
A GyrA e oA 8734 (Ecolie] obr] =it =) of
"] =Ako] Gluo|A LysQ. 2, 83¥H X9 Sero] Leul =,
ParC ©h o= 81 93] 9] Sero] Prol 2, 84 <
2)¢] Glu7} Glyo &, ParE el Ao A= 4208 ¢ 9
Asp7b Asne®  ®stEe] STk Bl s}l
Reinhardt 5V& ZE ulo]FZalxnjo) Mycoplasma
gallisepticum| ¥ A8 Aol E oA GyrA &
WA o] Gly8l (Ecoli®] o}nxAit 4=4]), Serd3, Alad4,
Glug7He]  olulicatold, CyrB waido]  Aspd26,
Asn464, Glud6s, ParCe] Alac4, Ser80, Ser81, Glug4, ParE
] Asp420, Serd63, Cysd67 ofv|ieste] Wslrt #zhs| ]
Th3l B3 3493, Dessus-Babus 57 919|502 wls
X Chiamydia trachomatis®] GyrA T &S] 83|
(Ecoli®] o} Ak 24) Sero] lleo & vl Zo] #zty]
A3, GyrB, ParC, ParE T M= W37} #2E R
STt B skgih o]d 3 Husdt Ao &
ZhEl GyrA w2 9] Ser83Leu AW o|, ParC T 2 9]
Glu84Lys, Ser80lle &AMl eb= & 20| 7} §IATE Pan
=90 Srreptococcus pneumoniaeE N ERZZAMA Q] 5

2 wol7lu] EAvolFE WE A% 2719 we %
o]

=

=

W T Al B9 sk EAHo|FAE ParC
Halel| F7F2 GyrA Ser-83, Asp-87 HEE GyrB
Asp-4357F HZE QAL ParBell A= ®o)7t gIdvkaL st
WX S preumoniae| X1 ciprofloxacin®] topoisomerase
Vo] -0z 28353, TS0 F gyraseol| 2-83l=
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ciprofloxacin 4ug/mbo]slel 73-$- F2 gyrA §-44}9] =
Aoz Qs 83WHA Sero] ThE oln|:2ko 2 WHEIY
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ciprofloxacin®] 75491 4& ©]-&-3Fd <1941
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