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Effect of Methylene Blue-mediated Photodynamic Therapy on
Wild-type and Ciprofloxacin-resistant Mycobacterium smegmatis

Insoo Shim', Myungwon Choi', Yegee Min', Kwang Hyuk Seok’, Jiyeun Kate Kim',
Jee-Yeong Jeong”, Chul-Ho Oak™ and Indal Park"

'Department of Microbiology, Kosin University College of Medicine, Busan; *Department of Biochemistry,
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Tuberculosis (TB) patients are normally treated with a combination of antibiotics. However, with improper or incomplete
treatment of antibiotics, the disease may progress to multidrug-resistant TB (MDR-TB). The treatment of MDR-TB is very
costly and inefficient. Therefore, there is a great demand of new therapeutic approaches for MDR-TB such as photodynamic
therapy. In this study, we tried to optimize the conditions for photodynamic inactivation of TB using methylene blue as a
photosensitizer. Different combinations of methylene blue concentrations and light doses were tested for their photodynamic
effects to A549 cells or Mycobacterium smegmatis (M. smegmatis). We also tested the effect of photodynamic therapy
on ciprofloxacin-resistant M. smegmatis. Methylene blue treatment alone did not affect the survival rates of A549 cells
or bacteria up to 5 pg/ml. When the A549 and M. smegmatis cells treated with methylene blue were irradiated with laser
light (wavelength, 630 nm), photodynamic inactivation of cells was increased in methylene blue concentration- and light
dose-dependent manners. Interestingly, the ciprofloxacin-resistant M. smegmatis exhibited higher level of susceptibility
to methylene blue-mediated photodynamic inactivation. This study suggests that photodynamic therapy at 3.6 J/cm® in
the presence of 5 pg/ml methylene blue may be an appropriate range for therapy due to the high bactericidal activity against
high level of ciprofloxacin-resistant M. smegmatis and the low damaging effect to mammalian cells. This study demonstrates
that photodynamic therapy could be a potential alternative for MDR-TB treatment.
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4l 7324 2= haematoporphyrin F- =& H]E35te] o}
e 250 Ae, Y5 8oE AMSEE HAIES
porphyrins, chlorophylls, dyesZ /3l oW o&] F5F
So] AEs}t Hol At 2, 3). - AEo| A2 methylene
blue (MB)T phenothiazinium salts= &ei#] &= 3
A AREN 620~670 nmoll A WS T3}
WA oF PRI & singlet oxygen¥t At AHAT]E
3l Staphylococcus aureus 3 22 13 G+
oz}, Pseudomonas aeruginosa 2= 1% /94,
st THES Itoly &5, vlolE 2~ 5o AAC
ARGEIL Qlom, SRAE, Htoll= FrEe] Al =3
?l T2k =83t ARt Bk Utk (4~12).
4 &(tuberculosis, TB)> = o AHE

Axle] A BE Al AWE dod 4 Qi 713
A7, 3, dstehe AR 3715 Sl dupd
T A= Afol7] Wit BE e FholA] Aeete A
dEolA dador S 7heAde] sk 2015 Al
B217]7(World Health Organization, WHO)2] }X.37(Global
Tuberculosis Control WHO Report, 2015)°1 2Jsld -2y}
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FHES 143900 101 o2, APgES 529004 384
o7 Zagvar BRslet), s A3 TAES 4
A8 = 7127 ] +-(Organization for Economic Co-operation and
Development, OECD) =7} & 7F4 ¥t} 29 Xae
712 o 2 el de] A7IRY, vl okS H-&3lof &}
ol pFEAelar, A& 8ol ofHe] ' QIgt
WATe] 3% F& Aotk 23 A5 A<l isoniazid
(isonicotinyl hydrazine, INH), rifampin (RMP)°l| 48 7|31
72 oheFA| WA A 8 o (multidrug-resistant TB, MDR-TB)
olg} slaL, o] A2 X Holl:= aminoglycoside, ethi-
onamide, pyrazinamide, fluoroquinolone (FQ)2] 47}4] <FA|7}
AHE-E =] o3 MDR-TB & FQOll Ul’do]HA] FARE-
kA1 capreomycin F+= kanamycin, amikacin & S}l
el W3l ws B9 oFA A A 33t (extensively drug
resistant TB, XDR-TB)°|2}aL e} 2014 3+ &) &<t A
A Aol 4] MDR-TB 2417} 480,000% 24331313, 190,000
o] A3l o, MDR-TB 24} % 9.7%7} XDR-TB
SRR Ao w Huwdty Ade] A7 A Al 12~
88%°] #2}7} MDR-TB® ¥ Th= WHO®| K17} 91O
™, =74 MDR-TB 4} 5=9] 437} 1,70001 74 .=
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OECD 3]9= FollA 7P W S-Evet=A= 439
o X5l FFAR1 A7 Bagk Aot (13~15).
MDR-TB2] X&) ARE-%]:= FQ+= ofloxacin, ciprofloxacin
(CEX), levofloxacin 5-°]H, Z o= 44t FQ?! moxi-
floxacin®] U} gatifloxacin®] Bo] AFE-EaL a1, o] kA
S8 M tuberculosis DNA2] double-strandE AeHelo 24
APEAIZIE Aoz dEA 3T (16, 17). FQell thet o
J-2 == DNA gyrase®} Topoisomerase IVS] -4} Hol
o ]3] WAE=dl, DNA gyrase™ girA, gB -7 Aol
9J3l|, Topoisomerase IV parCe} parE f721A}ol| 93] =t
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MATERIALS AND METHODS
Alof 2 by x|

MAEFZE A 3 9A L (Human lung adenocarcinoma
epithelial cell line)?] A549 (ATCC, CCL-185, USA)E A&
Fom, A3 Hj%oli= Dulbecco's Modified Eagle's
Medium (DMEM, HyClone, USA)l| 10% fetal bovine serum
(FBS, HyClone), 1% penicillin-streptomycin =%+ <(Hyclone)
< 3713 wiX & AF8-31SI T Methylene blue (MB) Seoul
Chemical Inc., Korea)™ phosphate buffered saline (PBS)?]]
1 mg/ml ¥A o] Byksh ARE-SI31aL, A= cipro-
floxacin (CFX; Bayer Schering Phama AG, Germany),
lomefloxacin (LMX; Sigma., USA), levofloxacin (LFX; Daiichi
Sankyo Co., LTD, Japan), moxifloxacin (MFX; Bayer Vital
GmbH, Germany), amikacin (AMK; Boryung Pharm, Korea),
clarithromycin (CLA; Abbott France, France), colistin (COL;
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Mississauga, Canada), rifampin (RMP; Sigma) 55 AH&-3}
Aok

M. smegmatis Wl = Middlebrook 7H9 <} A|wl| =] (Difco,
USA)9} 7TH10 L HIX](Difco)E AFE-3131.2.H, 0.5% Tween
80 (Sigma)@} 10% ADC (albumin, dextrose, catalase) enrich-
ment (BD and BBL, USA)E 7}8lo] & 37C wljd~]d
A ekt vl FE & ODgp = 0.6 ™ 14,000 rpm
oA 10:3F FAE2]3te] Tween 80°] 0.5% 371l PBS
of # A, = 1 X 10° CFU/mIZ %43}
Aol Ak

MTT assay®lli= 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (Sigma)E PBS| 2 mg/ml ] A ¢
AHE-8F91 AL, Blo] A Ceralas PDT Diode Laser System
(CeramOptec, Germany)2| #|E° 2 630 nme| ¥} zhal

A
A549 MEZ0i Cigt MB2| AfH =3t £F

Abgre] Ml JEFs 74 ¥ MBY| sRE 543}
7] fl5ke] Hk AMIEF AS49 A|FEE DMEM Hj =]l A
7191 5 X 10702 AEE 96 wellol] EF3ko] 2443t 5
oF k3l th MBS %25 0, 1, 5, 10, 30, 80 ug/ml =,
4057+ WHE-A]713L PBS (pH 7.0)2 A& &lo] ME &S
S MITT assay® SA3I L MTT assay= MBol| =FA]
MEES 2447 vFeE T 2 mg/ml §=2] MTT &
100 pl Wiz 37°CollA 4417 AT MTT £
A|73FAL Dimethyl sulfoxide (DMSO, Pierce, USA)E 4
mmazan A 70| & wj7}x] Ao A 1083F 7PEA

S o] ELISA readerE AF&-3lo] 540 nmel| 4] &3
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A549 M| ZF0| Cist MB2} d0|X2 PDT &1 =3

MBe} #lo| 45 7 Aelds v ojwlgh &7} vhet
U=A] dolr 7] Yl 5 < 10702] HEZS 24-well platel]
Este] 24413 w skl MBS 53 0, 5, 30 pg/ml
Qo oA 300 mW/em’E, 0, 12, 60, 180, 360 &
oK0, 3.6, 18, 54, 108 Jem®) ZAFBIATE A2 HjA| =
ok 5 2423 wjFShaL, 2 mgml =] MTT €9
250 & ¥ MTT assayS 35Tk

M. smegmatisoll TSt MB2| AFE E2t £F

M. smegmatis TS MB2| HF 55710, 1, 5, 10, 30,

29

50, 80, 150 pug/ml = Al 3} 24-well plateol] 1 ml
T AdellA 40:23T shakingdtH WHSAIZATE ZF oS 107
7] 108) Al 8]A45ke] 7H10 siA] el 100 WA =
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M. smegmatisOll THst MBS} 2i|0|X 2| PDT &1t 53

M. smegmatis N5 MB| #E %7} 0, 5, 30 pg/ml
A ko] 24-well plateol] 1 ml® B3k - oA
407} shakingd}™ WHE-A1Z1 3 o] A= 300 mW/em'=,
0, 12, 60, 3602 &2K0, 3.6, 18, 108 Jem®) FA}3tek 2t
72 107744 108) Al 3|2 ske] 100 w2 7H10 Hj= o]

Ebetal oA 37 wjdet & HE 5 ATk
M. smegmatisS| CFXo| chst LI H=

M. smegmatisE TH10 HA )]l Fsle] ngslar
e S CEX9] %2 0.0125 pg/mli-E ©HA o
2 Fo7hiaA QIA R WS FrEshe stepwise
selection WH-S AH&3IG T (21). T WHHELS
smi wjFsle] 242 WEarel ®HEsielct
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A4tEol tg CEX, LMF, LFX, MEX, AMK, CLA,
COL, RMP 59| &=tAlE9] #H A5 4 4|5 % (minimal
inhibitory concentration, MIC)E S43}7] ¢l3] AA AT &
AE ARkl er, 7 atAlEe] Hal w128 g
ml, A FEE 006 pg/ml HEE 28] AT A goz
s]Aakoith ol A 3 B2t BldSt - ODgy = 0.6 &
1 ml F8)A 14,000 rpmol] A 1023F 9418 F- Tween
80°] 7+l PBSolAl Z dErete] 20 WA AHEsISlTh
72X wjFek § wEate] o] Ak 92 7Y whe
FEE MICE 33t

DNA £2|2} Polymerase chain reaction(PCR, &t

4 AHERS)

WATTE ZF 5 ml wste] 14,000 rpmellA] 20321k
AAEYE T 7S PBSE 28 AFHEATE FH 50 pl
=

o] 2 412 % 100 CollA] 521 7FE3kaL 14,000 pm
H

oA 20i23t PAlete] I ASAS THEL AARkS o

M. smegmatis®] FQ W #H FAA0 grA©t grB
Frda F-9lo gigk = & W3] 18 primer
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M-gyrAF 5-CAGCGCAGCTACACGACTA-3', M-gyrAR 5'-
AGTCGAAGTCGGTCAGCTTG-3', M-gyrBF 5'-GGCATG-
TACATTGGCTCGAC-3', M-gyrBR 5'-ACCGGAACAACA-
ACGTCAAC-3'E A}8-3F0] PCRS 2] 3} th(Genbank
accession numbers X94224 and 127512). ¥H-§-olli= Smart
Taq Pre-mix (SolGent, Korea)& A}-8-3}%1. 2.1, PCR Thermal
cycler (TaKaRa, Japan)= 94Coll A 1057F A A3},
94 CollA 132, 55CollA 132, 72 Cell A 1231 353 W&
AZ F 72CAA 1037F B RESAIZITE Whg AdHES
1.5% agarose geloll X} 17]%4-53}] ethidium bromide -84
o= A & PEelqlth PCR A 42 A4l
#2417]?1 ABI PRISM 3730X Analyzer (Applied Biosystems,
USA)Z A7 ES 4351500

CFX WA M. smegmatisOll tfist MB2l | 0|X 29|

PDT &4t &3

CFX 3% W M. smegmatisE W3] ODgy, = 0.6
) 14,000 pmel Al 1037 A1EE]5ke] Tween 80©] 0.5%
A7k pBSel & eSS F $E 1 X 10° CFU/ml
2 24t MBS HE %710, 5, 30 pg/ml H A 3
5= 24-well plate®ll 1 mlI¥ &73315L, HA oA 4041t
shakingd}™ ¥H-3-A1Z1 3 #lo]AE 300 mW/em'Z, 0, 12,
60, 3602 5<H0, 3.6, 18, 54 Jem®) ZAFSIITE 2 &
10°714] 108 Al'e 8]4381e] 100 W 7H10 HijA]ol] =it

sk ghaolA] 307 AR F A 5E Al

RESULTS

Ab49 MIZZ0f et MB2| AIE =2t

MB] F&kol me AEe] AEE2 0.5 pgmlolA=
98.7%°1 3L, 1 pg/mloll A= 98.1%, MB 5= 5, 10, 30,
80 pg/miol A= ZHzE 959, 78.1, 532, 39.1%% e} MB
5 pgml7HA= AIEe] AJEE] A9 S WAA] 9%
o I olAke] Fro M AL AESC] "olxE A

o] #3221 th(data not shown).
A549 M EZZof cfst MB2 d0|XM9 PDT &2}

MB9| FEZ 0, 5,30 pg/ml 574 3 3 Ho]A= 0, 12,
60, 180, 3603 5-<KO0, 3.6, 18, 54, 108 Jem®) ZAFete] A
&S RISl MBYL gl A9 dlolATe 2= Al
o] ApHel A9 JgS FA ekor, MBe] F&=7t

M
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—£- MB 0 ug/ml
—- MB 5 ng/ml
—&— MB 30 ug/ml

Absorbance at 540 nm

36 18 54 108
Fluence (J/cmz)
Figure 1. Effects of photodynamic therapy with methylene blue
on A549 human lung cell. Different concentrations of methylene

blue (MB) were incubated with A549 cells and irradiated with
different light doses. Means are shown as points.

5 pgmld 29 MBS Wx] 28 73} 3.6 Jem7HA| =
3l sl 71 ool ClUAE Jhshd 3453

78S B, MBY H%7F 30 pgmlel A¢
o= 27|58 F438] Abdalr] A1&skl thFig. 1).

M. smegmatisoll Tt MB2O| AFE =1}

M. smegmatis®l| HHal MB®| 557} 0, 1, 5, 10, 30, 50, 80,
150 pg/ml = A A&t A2 10 pgml7h A= AYEE0]
95.9, 94.0, 91.4%= 7] W37} 91101, 30 pg/mlol A=
79.0%, 50 pg/mlol A 55.9%, 80 pug/mlol A 92%Z 50 pg/ml
o|Fo A HaHE Zow ¥HEEATHdata not

shown).
M. smegmatisOll CHEt MB2} 2|0|&M 2| PDT =1

MB 5% 0, 5, 30 pg/mlell A #HolAE 0, 3.6, 18, 54 I/
em’(0, 12, 60, 180%) Al ZA}3HY MB 5% 5 pg/
mlol A= AEEo] 242t 952, 82.1, 36.1% %= 18 Jem™ 714
= & W3t gllon, 1 oA AEEo] "old
P2 S QATE MB 30 pg/miol AE 831, 27.1, 1.1%
s FA8H APEo] o] Fo)A] 54 Jemol A= o
Hadl Aoz B2E ATHFg. 2).
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-8 MB 0 pg/ml
- MB 5 pg/ml
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Figure 2. Effects of photodynamic therapy with methylene blue
on Mycobacterium smegmatis. Different concentrations of methy-
lene blue (MB) were incubated with Mycobacterium smegmatis
and irradiated with different light doses. Data were presented as
Mean £ SD of three independent experiments. Asterisks indicate
statistically significant differences with respect to the corresponding
controls (student #test: *, p <0.05; **, p <0.01).

M. smegmatisSl CFXO| CiEr LI M=z}

aed dAt

o

oA

CFX9| HF H%7} 256 pgmlSl WAlto] wHEojh o
u, A7IAE EA AT 941 A] 91X] 9] aspartic acid (D)7}
glycine (G)2-& X|3kgl Zlo] #EE T} o] 2] FatA
7HrAl 1A} Aab= CFX, LMXell i3k MICE 0~256 pg/
ml, LFX: 0.5~64 pg/ml, MFXE 0~8 pg/mlZ A 28 A
el FQ U5 a3Vt £2 o= vyt 28a
AMK, CLA, COL, RMP®l| tg+ MIC &%=+ 7} 05, 0.5~1,
32, 8~16 ug/ml -2 4] quinolone resistance-determining regions
(QRDR)?] 14} Wlojel= Azdo] gl Aoz w3zt
=] $ATH Table 1).

CFX W M. smegmatisOll Tthst methylene blue2t
4 0|X eS| PDT &2}

Aoz wh= CFX WA M. smegmatis®] MB &%
0, 5, 30 pg/mloll A o] A= 0, 3.6, 18, 54 Jem’(0, 12, 60,
180%) WAl ZARSIATIY MB 5 pg/mlell A= AAEE0]
Z}7} 61.8, 31.0, 4.3%, 30 pg/mlol A= 588, 18.7, 22%=

MB =9k ¥AIglo]l 7 3 BFellA] Hsed AEEs

31

—=- MB 0 ug/ml
—— MB 5 ug/mil

—8— MB 30 ug/ml
100

50 1

Relative survival (%)

Fluence (J/cmz)

Figure 3. Effects of photodynamic therapy with methylene blue
on ciprofloxacin resistant Mycobacterium smegmatis. Different
concentrations of methylene blue (MB) were incubated with Myco-
bacterium smegmatis and irradiated with different light doses. Data
were presented as Mean & SD of three independent experiments.
Asterisks indicate statistically significant differences with respect to
the corresponding controls (student #test: **, p <0.01).

YERASLAL, 54 JemPollAE AEE0] F248H Qo=
Zo] I A Th(Fig. 3).

DISCUSSION

MBE Sl o] SA8HE W AT FxEe] G4
o @s)7] wjo] AEL AFe] GAel o] AHgo]
G Aol POTE] FHAAR ol §5]0] Ank A
ik opje} 21, ek, ohl, wlolel s S g

¥ FFO WAANE AN AHEE T ek

2ol A Zelea) e giAdn B3Ads) A7)
o] Hefstar 9lom, 1 & ¥, I, 9, 1 59 AR
o= PDTE E=Y3h7] S A57} s X&) Solt} (4~
12). Ad9] A= £L& ofA|Eo] Qo] dX7F 2 5= 9
v Aol Xul, B ol oFs H-g3lof slar, 671€E o]
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dastnz AEs} sk 357t B
3
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Table 1. Characteristics of CFX resistant Mycobacterium smegmatis.
AA change Minimal inhibitory concentration of:
Strains
arA grB CFX LMX LFX MFX AMK CLA COL RMP
WT None None 0 0.5 0 0 0.5 0.5 32 8
Msl None None 0.5 1 0.5 0 0.5 1 32 8
Ms5 None None 2 4 0.5 0 0.5 1 32 16
M1 None None 4 4 0.5 0 0.5 1 32 16
M2 None None 32 16 2 1 0.5 1 32 16
M4 None None 32 32 4 2 0.5 1 32 16
M8 None None 128 128 32 4 0.5 1 32 16
M16 D9%4G None 256 256 32 4 0.5 1 32 16
M32 D9%4G None 256 256 32 4 0.5 1 32 16
M64 D%4G None 256 256 64 8 0.5 1 32 16
MI128 D9%4G None 256 256 64 8 0.5 1 32 16

Abbreviations: CFX, ciprofloxacin; LFX, levofloxacin; LMX, lomefloxacin; MFX, moxifloxacin; AMK, amikacin; CLA, clarithromycin;

COL, colistin; RMP, rifampin; AA, amino acid

VI ek 2 Ao olel o Al ol e

Ba7] dste] WAAS B MY JAFARY
R
o ARE AR WHE Fad sk WA MB A}
ARge] A ofule JPE FEA dohn] kel A}

2ol HMEFR] A549 MEEZ AFESFe], MB %= 0, 0.01,
0.05,0.1, 1, 5, 10 ug/ml =, 30+, 44|31, 18AI3F, 2442_? Elasy
AlA AE AEES BOUY 5 pgm7H = A A

o] QIS HAA LA 1 B} 5wl A
A3}A Do % thdata not shown). L] L A 3Eo]]
v delAE 2ARIIYY 5 g
mlol| A= ZAF Ak H]EE|A] AEEo] FRAstglom,
30 pg/mldl| A= Ho|AE AR 271 7E 343] AEE
o] Wolx]i= o] #ZEtHFig. 1). Sturmey 5 (22)>
AFE-Eke] 15 mM MB(2F

A9k 2 e

5o
MBE 2H&-A]7]4L

adenocarcinoma cell line OE33<
5 mgmbel W 5E Fo 2AHG
45-11} 30% o4 =& DNA 4] dSivhal ak3le
™, 0.015 mM (5 pgml)Q! A= tlxzad A vj:sh
31, 0.15 mM (50 pg/ml), 1.5 mM (500 pg/ml)®] 7
Zkzt nlglsiA DNA 4 B%rt =9tk o= &
A BEE] 2 S

R
Lo M= AEEe] H4

ol
Sollz
AgelM MB 5 pgml7HA]=

VA A 9kl T o) &

ol

Yol Hth= A} FAFSFSIEE 18] 3l Davies 5 (23)
CaCo-2 adenocarcinoma cells®ll 0.1% (1 mg/ml) indigo
carmine £ 0.1% (1 mg/ml) MBE 4-&3t1, MIdGS
ZARSA 7L, 2% ok MAB-S 2A18ke] DNA &3
A=E HAEIHY 0.1% MBS 288kl MASS

ARgE Zd-g-ellvt th2 Z1ell Hls DNA] **JO] At
A 7k Zlol #EEATaL slnk o] AF2 1 my
ml®] FEe] MBE AH8AIZIAN e oS 71zl
e MATS ARERE A9 AlEe] AEER T DNA &
e RS Aol E A Wk vEARE MBS
gl ofLx]7} o] 2183t wii= A|3Ee] DNACY Al7}sh &
&& 7L = Qe Alaze] A ZhsAo] stk
HolMe AR Aatetal & 4 )

M. smegmatis?l] Tk MB2] &3= AlXFeh= €] 50
hglZPE 9] A7t A gom, 1 o)l B
A= wAs] AEEC] WolA = o] #EHUTE MB
S} glolAE ol X“lf\]%l* “Hk— MB 5 pg/miel A<= i
Zt 3} H)523 APFEES B, 30 ugml w18 J(60%)

FN

rorp

p

M AT Aol HOHiEEL 7 5 shaka) A}
o] o]} ATt 54 J ol el A AEFo] A HAY

o o]Z8]t}. Feese & (6> M. smegmatiss Ud o2 MB
£ M Ok FAAE AlResle s g

~ =
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5(400~700 nm) S 2 X 3.6, 18, 54, 108 Jem’ 3L

MB9] #%=% 100 nM, 150 nM, 750 nM, 7.5 uM, 75 pMO]
o A¥ A3} MB 7.5 uM(eF 2.5 ng/ml)2] 9= 54 JollA
FHA8 AP FHAE Jeen,) 75 LLM(QJE 25 ug/ml)‘ﬂ Z|
Z715E 543 APEES Holthr) 54 Jof o] 2]
*11— Al o} ApEg o= yERsth o]eldt A=
A% 3} ALE-3F MBY] = H|SEA 2.5, 259 5, 30
pg/ml) o= €] A7)0 QlolA] Feese 5 (6)2 60 mW/em’
2 70 AR AREE dbd B Ao 300 mW/em®
B AS ARE ZAFsEe] =3HARL ol|A] ] Afolel] €]
a3l AbE 9] 71&719] Aol ROt F AY KHF
54 JollM = Al HAAHOoR HolA ool de A
gta & 4= 9k 18]al Shih 5 (24)2 M fommrume
o]-g35lo] AgstP = do] e A= MBY &
(1~100 pg/mhek F7Ife] oH-al Gl §lglem, MB
1 pg/mlol 100 JVem®= E37F 1913L, 10 pg/ml, 100 Jem?
oM 2 EE 1 o] log CFUS A7 d%lor,
100 pg/ml, 100 Jem’ol| M= 25 APE3E Aoz #aE9]
thar shgink webs] 2 A3, Feese & (6), Shih &
(24)2] 23}= F3H8E A mycobacteria2] 4-$- MB 25 g/
ml °]4+2] FXolA 100 Jem® HEQ] oUXE FA =
Wt 7 AAE] s, Ao BE o] APEEE
Ao HEEA

Aol Z-g-olli= A :mefo] FgEo] gl7] wiiEel] A
o] A7|W thE A =tAlE AEs7]|7t ofHek whet
A 2 AgoA= ol gt detA| WA (MDR- B
XDR-TB)& A7s7] 913 Wi ow e datAE A
ah= Al PDTY] &5+ 010}37] Al L3
HEAA Bk 2efA BluA FHZol] sl A
A 5A &= ARS8l 9l FQs ofAl & &kl CFXell
g S THESLAL, vHEoR U] VMg A
I v Al tigh A4S 2AIIEIY Table 157
7L°bﬂr CFX 256 pg/ml ©]/¢e] =2 WS Yehdl= o

2 GyrA @8 94 91X 9] aspartic acid”} glycine >

:1’91 ofu| At X8ho] QI%al, GyrB WA= ofr]
eqb 2| gko] ke H] kgt o] Sirgel 5 (25) M.
tuberculosis®| <, Yokoyama 5 (26)2 Mycobacterium leprae
o] WS #4131 A3} GyrA ©hiE 94 (EE 95W)
] ofu| At x| Bho] o} 22 RIER oL, FQ
of tigh w2 WAdl® #efshe slow Bk Ay 2
& Axpgla AZEsIch 18] MIC 2~128 pg/ml7HA] €]
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ol FAAE Wol7h HEEA] ke ol 2
A A AHE-g primergo] YWHH O 2 M. wberculosis®]
QRDRZE U A A= grA2] codon 74-113, gyrB2] codon
500-538E5 X &= grA2] codon 37-142, gyrB2] codon
488-562 50| AA| 9t Devasia 5 (16)°] B3k 2 ¢
Aoz delA gl QRDR F-9 o] oAM= &4
Wol7p wAEkaL WS 7Hd 5 At she] dow E
Ao AMPD FLuTh o H2 F-9lolA FHxt
Ho| g Zrolmlof 3k Aoz Azhsir) QI9|H o= whE
CFX W M. smegmatis 5 WHE7} & 05 ARE-3}o
PDTE 4833614 MB 5, 30 pg/mlolA 25 18 J7HA]
© AEEC] 4731, 17%E 34T APEES UERIS
AL, T 5 ebe APEES UERTE 54 T o] el A=
AEEo] A HAR o2tk ¥/ M. smegmatis
o} CFX 1% WA M. smegmatis®] AEES vl A
MB 5 pg/ml, 3.6 J | 95, 61%, 30 pg/ml w 83, 59%3
a7, 18 JY wl MB 5 pug/mlo|™ 82, 31%, 30 pg/mlo]™ 27,
17%% WA o] Bl Rt o Wt dk-ests A
o] #A=R L, o] 3 A= Sung T (27)°] M. wber-
culosis®| F7ZIAZ radachloring AFE-3A do|AE =
AtgS w WA st Blge] w107 CFURl
RHA MDR-TBS! 79- 10*' CFUR ¥z 33} o
el Eawol} pom | Tl vk o
o SUal s B ol e lse
HUs= MDR-TB 50l tielix B AFE a3p7t 3
o2 AZsh, B Ao A A=}et moxifloxacin IJV‘J
smegmatiss ©]-83to] sUg Aol YER=A T}
g eQlsl & elgolvh. Z12]al Shih 5 (24)2 MB
ug/mlet CFX H& MFX, AMK 59 @d+tAlE &7
4101 100 Jem’e] UAE He vl FtAl dEoR
AL o wek o) o)) A5 wA) veRiTaL o
S (4)2 potassium iodide (KI)E MBS} |
AgSR % w37 etk stel, Al da) &
Aol AowA wE NAE 2EA % o @9

= o g8 ¢ A a2
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