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Ofloxacin has antimycobacterial activity that possibly contributes a pivotal role in the second-line drug regimens that
are used for the treatment of multidrug-resistant tuberculosis. However, in some communities, the resistance rate of
Mycobacterium tuberculosis to this agent is surging. Therefore, a rapid and accurate method that can be used to
determine the resistance of M. fuberculosis to the ofloxacin can be very useful for effective treatment of the patients. As
an effort to develop such a method, this study was set up to reveal general types of mutations that are related to
ofloxacin resistance of M. tuberculosis. From previous studies, it has been well known that ofloxacin resistance is
associated with mutations in a gene encoding the gyrase A subunit protein. In this study, we obtained 43 ofloxacin-resistant
and 50 ofloxacin-susceptible M. fuberculosis clinical isolates from Masan National TB Hospital, and sequences of DNA
fragment of 320 bp, region of gyrA4 corresponding to the ofloxacin resistance-determining region were analyzed. In brief,
the resuits showed that a total of seven mutation types were found at gyr4. Theses mutations were all clustered within
nucleotides 2574 to 2586 of the gyr4 gene (codons 88 to 94). Codon 94 was the most frequently substituted site.
Twenty-four of the 43 isolates had mutations at this position resulting in a total of five different types of amino acid
changes (Asp—Ala, Asp—Gly, Asp—His, Asp—Tyr, and Asp—Asn). Five isolates contained a mutation at codon 90
resulting Ala—Val change. Four isolates had mutations at codon 91 causing a Ser—Pro change at this site. Two isolates
contained a mutation at codon 88 and each of them resulted in different types of amino acid changes (Gly—Cys, Gly—
Ala). On the other hand, polymorphic site at codon 95 was found in both ofloxacin-resistant and ofloxacin-susceptible
isolates. From these results, we concluded that the rate of mutations present in gyr4 among ofloxacin-resistant M.
tuberculosis in Korea is similar to the general rates of mutations found throughout the world. Subsequently, an
oligonucleotide probe was designed based on the results of sequence analysis and was used to develop a dot blot
hybridization assay system to determine ofloxacin-resistance of M. tuberculosis. To evaluate this probe, dot-blot
hybridization was carried out using other 57 clinical isolates, and the results showed that the dot-blot hybridization assay
is good for detecting sequence alterations at gyrA gene.
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Al F7bekE FAlel ATt (Yew et al., 2000).

AU 2ol 12} 29 oFA| 7k EA (rifom-
pin)o]} olelu} (isoniazid)oll Aol WS ZEAY (Meier
et al, 1996) HFAL T F A o] kAl WS
7HE Aol 9 AS dH =Y (Moghazeh et al,
1996). MDR-TB9] Z7tel|l wheh 12} A3 kAl o A&
7} ol BAE A 8ak7] g 23k 2 kA9 TR0
AR At (Jesus Ruiz-Serrano et al., 2000).

22} &A% oA 7128 Fluoroquinolone (FQ) AlE2] kA
ol M &% slom dEA i A AESE AA
2 AolA g8 AHEE I At} (Dong et al, 1998). FQ¥]
Aol AE F A ART ofloxacin®] 7 Bol AF
|53 g1t} (Fattorini et al., 1999). FQY A% W&o £9)
= AxHe F o)FFE Tl FUHAY AE et
EABE porin T o3 ok AoE gl 9t
(Kocagoz et al., 1996). A3 Y& Eo]2 FQ2l A& F9+=
DNAS W 728 #5194 DNAY A&7 798 ¥
8l Topoisomerse IIZ ¢# A Utk Topoisomerse 1=
grdd A == A subunit? gyrBo A THE= B subunito]
747y 5 A FAA o] FoA ATt (Lu et al, 1999). DNA7}
EA 7] HeAe 74 AES B3 8o dE F N9
7heto] FEHojof skt ol 71e-g EolFi v At
A7l AL subunit AV} 31 oju] B2 AR AT
3= ATPase®] 7]5S subunit B7} B33} FQE gyrase
subunit Ao &3 Ao= delA Ut} (Guillemin et al.,
1998). '

AB7A FEA e FQOl gk A 71H o ZE DNA
gyrase®] 718} 7HA) efflux pumpoll 913 FQY HiE 5ol
AT} (Takiff et al., 1999; Xu et al., 1996). A3l FQell Wi
A& Yol E99¥0)E DNA gyrase AdA Lojdria &
214 31, 53] codon88~94 -9l FQ WY #AAE =
dAdol7t AFHor EAste AoE dud om, o
H-21E QRDR (Fluoroquinolone Resistant Determining Region)
o2} FHt} (Grimaldo et al., 2001).

o] AfE ShaollA] FEeld AIAFF 7124 ofloxacin®]
WA AAFFE Ao R grd FAAHI9} ofloxacin
VAol At AAIE Lolrr] f3 3=

ERT

13

1.8 F

Ty vl E A U ASSxERRE HFH T A
= 7hed A28 adaAE B8 Ades wyd dFE
Ao 2 Lowenstein-Jensen Bl Ao A A58 o] &3}

okA| 744 AL (Drug susceptibility test: DST)YS 433}

2 2

gk iRl E3HE 2+ okAle] Wi VIE sEE eI 2
t}: isoniazid 0.2 pg/ml; rifampin 40 pg/ml; ofloxacin 2 pg/ml;
para-aminosalicylic acid 1 pug/ml; streptomycin 10 ug/ml; etham-
butol 2 pg/ml; ethionamide 2 pg/mi; cycloserine 30 pg/mi; kana-
mycin 40 pg/ml; pyrazinamide’= pyrazinamidase test= W}°d <]
B2 At BETFEE 28T H3IRvE AH84I31
t}. o] 7k ofloxacin®] W] 43709 A 24
9l 50 #E UL E 1AH s FUIME BAEEE
&)5}3itt. 18] 3L, dot blot hybridizationd 13, =¥ v}ib2
AP o2 RE F7IZ ofloxacindl U<l 48719 BT
oF 230 olle] BEFE AU

2. 23z DNAS| &g

ALES o] o]af FH] | QUTh (Telenti et al, 1993). Ogawa
Hj R A wljgE 72 A gl #estke] 70TAA 20
B B34435 AP 9ARE sl B H ASAE HE
31 400 ul TEN 29 (0.1 M Tris-Cl pH 8.0, 0.01 M EDTA pH
7.5, 1 M NaChell F-/A1Z1 §, 59| saturated phenol#} #]
2 0.1 mm9 zlconium beadS ¥ 2% 403 -5 minibead-
beateroll 4] A& 0 2 A8aaL 4T, 12,000 rpmel| A 10827F
AAEG3IG T A2 400 plofl 120 ple) 5 M NaCl= 100
el CTAB (cethylirimethylammonium bromide)NaCl (10%
CTAB, 0.7 M NaCl)& #7}sta £33 $ 70CollA 208
7F 7yl AFskdck 7 F 200 W€l chloroformy/
isoamylalcohol (24:1)& 7}F3led 42 F 4T, 12,000 rpmell A]
10827F GR35 dol 5% chloroform/soamy-
lcohol (24:1)% 7I8k3 2 E3¢E F 47T, 12,000 rpmoll A 5
B7F AR A5 3] 7 deleEs
Wt & EE F 20T = BRsk v E 4T,
12,000 rpmol A 15%-7F 42 ste] DNAE Az
AAE DNAZS 70% olgr2z A&z o8 B718 AAs)
T F7) Fol AZAZL 30 ul B SHFl DNAE =
Q1 F Al 70Tl BastHA] ARSSIITh

Zad DNAE cetyltrimethylammonium bromide (CTAB)E
5

grd FoA FQOl the US AAshe F-97F 23E =
320 bp F-HE FE37] 913t PCRE Thermal Cycler (Gene-
Amp PCR System 2700, Perkin-Elmer Cetus, Boston, MA, USA)
g Aot AA ¥h R9E 50 WE 3he] PCR Accu-
Power premix (Bioneer Co., Daejeon, Korea) A|#-<& A3
t}. PCRO AHE¥ Genomic DNAS] k2 wHS-1 50 ngo| %1
3 PCR #AHoNA 53 DNAWA Had SHRTE H7tet
o] negative control WHg-& HAI3IT) ou] AME-E PCR
primer~ 5-CAGCTACATCGACTATGAGA-3'?t 5'-GGGCT-
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TCGGTGTACCTCAT-3'0]%it}h. 5% §H8-2 denaturationS
94°ColA 5 Sk TS T 94TAA 30%, 50TNA 20
Z, 2TA 302 FAHE 35 cycle 3 ¥ wpxgto=w 72T
AN 78 S 3T (Takiff et al, 1994). 0] = A5

£ 2% TBE agarose gelo] &213F & PCR AFE=E 9714 D
A FPsieich

M
1

4. FIIMY

Bl

PCR tHz9) G7IM LS EA13817] 918] PCR AHE extrac-
tion kit (Bioneer Co., Daejeon, Korea)Z ©]-85}o] PCR 2HES
AR FH 271G AL A8 (Genotech, Dacjeon, Korea)

SICELE N
5. Dot blot hybridizaiton

2% PCR 4HE 10 pl2 dot blot buffer (per 100 ml; 0.4 M
NaOH, 25 mM EDTA) 190 pl¢} Z&H8o 95TolA 1082 HoF
WSAIA F 7HEre] DNAE & 7hete = WA Az dAge
DNA € 200 ul 25% Easy-Titer™ ELIFA System (770000,
Pierce Biotechnology, USA) dot blot apparatusS ©]-835}]
Hybond-N* membrane (Amersham Life Science, Anersham, UK)
o blot3}SA T} Blot¥ membraned 7]7]ZHE E&&laL 80T
oA 243k FF 1E 712 3] blockingdH3A T,

Oligonucleotide labeling< Image 3'-oligolabelling module kit
(RPN5770, Amersham Bioscience, UK)S A-8-8}3ith o] 28
o) AH&-% probe?] BIMEL 5.GGCGACGCGTCG ATCT-
ACGAC-3°]{t}. #A]¥ oligonucleotide probeZ Hybridiza-
tion buffer (7.2 ml 5 X SSPE, 0.4 ml 10% SDS, 0.4 ml 100%
Denhardt's solution)®l Z7}8+e) 567, 90 rpm 253004
1A|ZF <t hybridization A7 ¥ 0.1% SDS7} 3hd 2%

88 90 91

Pro His Gly Asp Ala Ser le

SSPEZ 294 30 < 23] A3}, 0.1% SDS7F
ghel 1 XSSPER 62TColA] 108 52k 23] A1H3I5ich Mem-
braneoll T E PCR productd] E71ME7 ATH oligonu-
cleotide probe®] 3' =t+e] Fluorescein-11-dUTP labels &
37 913 chemiluminescent detection< Image ECL Detection
Kit (RPN3130, Amersham pharmacia biotech, UK)E AF&-3}31
t}. Hyperfilm™ (Amersham Bioscience, UK)*l| 303 &<t =
ZE A7) 2 X-ray developerZ 378t}

Ofloxacin 74L& Holx 50 A7} ofloxacindl 23
S HolE 43 AZHMFFZHE genomic DNAE #E[5H]
ofloxacin /ol &g Ao® 47l grd FHUE PCRE
olgsle] Z=Zalgirt 7 A3} ofloxacin®] #HAF WS B
ol & 937he] AsdT FollA 3 7F (B3 1 T, UiA
2 F)E AF 90 7Tl codon 95 F-lell ofr|izitol
Serdl A Thre 2 REE T FEAW|7F EA8AT 3,
codon 95 F-912] HEAH)E= ofloxacin AT L U4
o 25 &8I AT 50 I F 49 e A
TF 43 745 F 41 75 SAEch

314, ofloxacin®l WA 43 FFol A& codon 95 -9 2]
mutations A28 & 4709 codon F& (codon 88, 90, 91,
94yl Al F 9FFY EARelE B WY XE F
Fol Eddiole gra9] FAM A 25749} 2586 F-9] ARolo]
EA55 T} (codons 88 to 94). ©1E EHO] 5 codon 94 F-
Aol dojt Eedmele) FHVE 71T wot o Ake Wt
A7lE F 557 247}t o (Asp—All, Asp—

94 o5

Tyr Asp Ser Leu Val Ag

TAC GAC AGC CTG GTG CGC ATG GCC

CAC CCG CAC GGC GAC GCG TCG ATC
GTG CCG
Val Pro
TGC GCG
Cys Ala

ACC
Thr

AAC GGC GCC TAC CAC

Asn  Gly

Ala

Tyr  His

Fig. 1. Mutations found in the clinical isolates of oflocxacin resistant M. tuberculosis. A total of nine mutation types were found. Theses
mutations were all clustered with in nucleotides 2574 to 2586 of the gyr4 (codons 88 to 94). Missense mutations within the QRDR have
been identified that are associated with ofloxacin resistance. Codon 95 contains a naturally occurring polymorphism. Underlined letters

represent altered bases
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Table 1. Mutations found among 43 ofloxacin-resistant clinical
isolates of M. tuberculosis

Table 2. Comparison of results between dot blot hybridization
and conventioanl drug susceptible test

Mutation 9] Changed AA (Aminoacidy No  Total %
No mutation 4 9
8 GGC (Gly) — TGC (Cys) 1 5
GGC (Gly) = GCC (Ala) 1
90 GCG (Ala) — GTG (Val) 6 14
91 TCG (ser) — CCG (Pro) 5 12
GAC (Asp) — GGA (Gly) 1 2
GAC (Asp) — GGC (Gly) 14
04 GAC (Asp) = GCC (Ala) 4
GAC (Asp) = TAC (Tyr) 2
GAC (Asp) > CAC (His) 2 56
GAC (Asp) = AAC (Asn) 2
o1 | op GAC(Asp)—GGC(Gly)
GCG (Ala) = GTG (Val)
Total 43 100

Gly, Asp—His, Asp—Tyr, and Asp—Asn) (Fig. 1), & 43719]
U TF F 2470 F57F codon 94 F-$lo EQWol7} glo]
7P =& v]&9 EdWolE 7 Ak Codon 94 H-&)
of EdHe|E Zta gJA %2 19749) FF FolAE, codon
90 -91¢] ohul=ito] AlacllA] ValE vl ZAE 7HA 2
HEAWM) 5 T57 A8 L, codon 91 F99] Ser
Prol 2 W3iA7]E 2dWolE 7H 4 571 EAAH
#, codon 88 F-eloll= F 7o) EAR| /7 &A1)
=, shvhe ofrithe: Glyoll Al CysZ ok s Glyoll
Al AlaZ ¥ HEAH|H T (Fig. 1, Table 1).

ARpF o2 g X438 F 43709] ofloxacin WA 23
7 7FHl codon 95 F-9oll EA3= polymorphisme] o}
W oE} EdWelE AL E 459 F 8 39 5%
L4709 e o] F-flo EdWe)st gtk

Forek o rr

2. Dot blot hybridization2 |8t probe 7§t

it SHASNE A 122 Wol GrIES 4% A
7 QRDRO B o]7} ER]2] o5 E dot blot hybridiza-
tions o] &3l dopd Qg Aoz AZEHI. upehA,
EAWol7} gl QRDRY| ZEE 4 9+ wild type (WT)
probed 11k} TE ©] WT probe:= polymorphism H$1¢]
95 F-1& Algt EAH] 79 (codon 88~94)l HE 5
A= 21 mer Ao]2] probe©] T} ©] probeE o]-8-3}e] B
°]7} S codon 88~94 F-HollE= Asta BHHo|7} Zx)

she F9ole 2¥3HA =5 hybridization conditionS 2

olo] QtHE probed] FEAHE Lolwr] Y3, AriA
A 48 53 o|n] @rIMEoe] FH FFE o] &dty

Dot blot
DST s R
S 7 2
R 25 23

Fig. 2. Dot blot hybridization using wild type probe with clinical
isolates of M. tuberculosis. No.1~5: Ofloxacin susceptible clinical
isolates of M. tuberculosis that do not have mutations at QRDR
region; No.6~14: Ofloxacin-resistant clinical isolates of M. tuber-
culosis that have various kinds of mutations: No.6; 88GGC—
TGC, No.7; 88GGC—GCG, No.8; 90GCG—GTG, No.9; 91TCG
—CCG, No.10; 94GAC—AAC, No.11; 94GAC—GGC, No.12;
94GAC—GCC, No.13; 94GAC—TAC, No.14; 94GAC—CAC;
No.16~45: Clinical isolates of M. tuberculosis their sequence alte-
rations of QRDR are not known.

dot blot hybridization2 A8tk 1 A# WT probet
grd9l QRDRY| Ed¥el7t ¢l FF2] PCR AHEdlE
At v oW F579 Ed¥clEE Edwo|r) &4
e 759 PCR AHEolE AFSHA 58 ¢ F Al
(Data not shown). ©]| 24 design¥t WT probe’} &7}
gl wild type F7IAGellnt SolH oz A wheE Bl

e g ¢ 4 99k

3. Dot blot hybridization2 0|88 &4 AMAF

ofloxacin LI A&

Dot blot hybridization2 ©]-&3}o] 23}4 o2 wlil w94
Qo A AFTH-E oflocxacin 7H4 9 7F9} oflocxacin U
A 48 FF9) F 5709 55 7 2 F84E FRIE
= AES AAEIT (Fig 2). 43S 53] dod dot blot
hybridization 23} ofloxacin 54 Z23E v]m3 By
AR Ag Bole #57F F 3057t &, DST &4
©]iL dot blot hybridizationoll &+ @57} 7 #F3L DST
WAl o] dot blot hybridizationoll 2] &e @37} 23 45
gtk 9HA, dot blot hybridizationoll £3L DST A7} WA
57} 255901 dot blot hybridizationo] £x] @Ske=d]
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DST A7t 2442 455 25 AT (Fig. 2, Table 2).

Dot blot hybridization 2 & A& &<Ust7] s, o &
dot blot hybridization®l] 213l gyrd EQAWC]Y)} ¢l Ao
g 107] 759 EGWel7) A= Aoz g9 1070
5, F 2000 dFF =7 ofloxacin WA 919 B89
grd T9E AVIMES £4313 T} Dot blot hybridization
Aol G71E A A 100% DAk whabA ) 2t
How vt FHAAY YoM AFRE s FF F
grd T2 ERolol 23k AAFF2] ofloxacin WS
2 2%},

B

fd

£ AN 2ol B8E M tuberculosis YATF
£ 2= ofloxacin AT AdE AeE 4 gra 9l
QRDRol| EAjjete Eddo] BX A4S B4tk o 4
7, grd €] codon 88~94 H-$17} 53 ofloxacin W4T U
AT WAV AR & & AR BABESA Pyel
hybridization assayE ©]-8-38tc] &8t A &atA g9
QRDRE A= F I+ A& Hrgisit. o8 49, o1t
THAAYYJo g HY 13807 A& ofloxacin S H
ol 50 2 FF9} ofloxacinell WHAS Kol 43 Ay
22 genomic DNAE £2]35} ofloxacin WA ol &
Aoz 457 grd®] QRDR #41E PCRE |83l F
gt A7IME EAE ST

grd® QUINEE BA% A, F 93y AdAT F
ofloxacin 27T WAATTE HEIL 90 T A
codon 95 F-9Jo| EAWo|T} EAGE AL & F UL
WA codon 95 F-919] EdWolE o)A
17 wke} o], ofloxacin WAl #& ¢l
F94E & 5 A9

Ofloxacin WAl-S ZHe= 43 @5 7Fd| 39 57} gyrdol
A % 4719 codon F-EAA F 9FFHo WS 2t
A °lE Bl F QRDRE 2zl AE 2568¢]
A1 2586 Ateloll 2o 91T (codon 88 to 94). ©15 EAM]

aE o N

g 43719 Wi FF FollA 2470

AF7L o] Fejell AW el7t QlolA (56%) 7HE F&

HEe] EHW0lE 7KL Ao, o]E B ofn|iniks:
W 3lAl7] = missense S0} (Fig. 1).

Codon 90 F-912] EdHo]7} 570 (14%), codon 91 F-2el
A EdW0)7t 470 (12%), codon 88 9]0l A& EdMo)7}
270 (5%)E AR ok AxpHo g AFo] ALET & 43 7F
9} ofloxacin W3 AT 7121 95 polymorphism®] obd

WARE EAWOIE XA = IFY F = 39 58

1z

I 4709 FFE o] F-glol Sl fll7] wWiiol g4
ool Eewio]o] o) AT ofloxacin WA 91%
7M€ A5 A3 (40~80%)9t H]
. ek B B2 ofloxacin
EAshE EdWolE PCR-AH
A7 G BAo] ohd T 4l&stal ZRASE WHOE dot blot
hybridization $}3+ probe (WT probe)E 3T

T8 probed} dot blot hybridizations ]88} $7144
o] gelgl #FE A E WT probe’t o7t §li=
TFE AEY & deAY A58E IRIESith o probes
ofloxacin Aol #eld= Aoz Z &el#l QRDR =X
o] -3 (codon 88~94)F X T3FX%} polymorphism F-91¢1
95 9= F3a1A] &= probe©]tt.

©]o], dot blot hybridization2 ©]-&-3}o] 22}8 0 2 ui4l =
YA oA AFHL oflocxacin 74 97 T} oflo-
cxacin U4 487) #52 F 57 458 /A 2 /84
& Felsk= AdE AAElh

ARL 23 202 dot blot hybridization Z7}2} ofloxacin
24 AxE was) 2 A F 5770 F 30707 YA
o 52.6%7F UA4E BTk o] T, DST #44oln
dot blot hybridizationoll ¥ @57} 7 #F1L DST WA o]
3L dot blot hybridizationo] 4| &= #5723 #5790
Dot blot hybridization B39} ofloxacin 74 29| YAE
Ho)R| ¢k 27 T (474%)= dot blot hybridizationoll &= &
3 DST 237} WAQl 25 759} dot blot hybridizationdl]
A A DST 2= 75490 2 753l

Dot blot hybridization®] £1 DST 237} WAel d3=
HolE 75+ ofloxacin the WAl el gv42] QRDR
Boo] o] wite] obd thE ¥l o3 V=
ofloxacin WAl FF017] wZo.2 Az+e 4= itt o]A7}=]
o) A7 AnE BRYA, AF7A LHA As grdol SAst
¥ QRDR #$19] E¢io] o]9fo] FQol g Wi 71d.e
ZE grBe) EAMo], DNA gyrase®) A3 At efflux
pump®]l ¢]3 FQel wiZo] T} (Takiff et al, 1999; Xu et al.,
1996).

Dot blot hybridizationoll 4] @¢k=4d] DST Z37t 44
ol #Fm 25 EASGEE ol DST dge] i HUA
U e WAEETE A9 A Ao Wt eyx
t}. Dot blot hybridization 28 ZAzE 218>
blot hybridization®ll 213l gyr4
g 107) 59k EdRel7t A
% 207 #55 E2} ofloxacin WA F-99 #HE ga ¥
22 97xY B850k Dot blot hybridization 222} 7]
Mg BN A= 100% D28k} 712E probe7t &3S

Bl

E

£

©
)
i
o
-+
o
0

N
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23t g2 AdwE F oA 23 A Ui 72
487§ 31 dot blot hybridization Z3}oll <3 W& Hol&=
2 25 FFA 5, gvd 599 Eddoldl ojgt Ayt
9] ofloxacin WS 52%3it) ol& 1XE ¥-2 ofloxacin
WS 71l QRDRO] EAGR)E 7ML e Bled
)2 E wol=s @43 xpolE Hole RAolrk weka de
2 % o %8 755 YA ofloxacin WETF 7Rl
grddl EWel7t QdE #ae] HlEE AN 9aTt 9le
Aog Aztet]

ZAtel 2

o] =EL 20ndEd AR d=sed T Ay AR
A4 ATH] (KRF-2002-003-E00140) X1€le] 2]3) o]
Ao ol FA=HHTE
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