Molecular biological techniques for
detecting drug resistance

Masanori Matsuoka

National Institute of Infectious Diseases, Leprosy
Research Center

First case of dapsone resistance clinically suspecte d
Wolcott, R. R. et al. Exacerbation of leprosy dgmpresent day treatment.
Int. J. Lepr. 21 437-440 (1953)

First dapsone resistant isolates confirmed by mouse footpad test
Pettit, J. H. S. et al. Sulphone resistance in lprdn experimental and
clinical study. Lancet 2 673-674 (1964)

First rifampicin Resistant isolate
Jacobson R.R. Hastings R.C. Rifampin resistant @ptd ancet ii:1304-1305
(1976)

Increase of primary dapsone resistant isolates.
Dela Cruz E. et al. Primary dapsone resistance inuCEfe Philippines; cause
for concern. Int. J. Lepr. 64 253-256 (1996)

First ofloxacin resistant isolate
Cambau E. et al. Multi drug resistance to dapsadfampicin and ofloxacin in
Mycobacterium leprae. Lancet 349 103-104 (1997)




Detection of multidrug resistant cases.
Jacques H. et al. Study of 39 documented relagseslitbacillary
leprosy after treatment with rifampin. Int. J. Lep7: 607- 614 (1989)

Cambau, E. et al. Multidrug-resistance to dapsofeenpicin and
ofloxacin inMycobacterium leprad_ancet 349: 103-104 (1997)

Matsuoka, M. et al. Mycobacterium lepra&olate resistant to Dapson,
rifampin, ofloxacin and sparfloxacin. Int. J. LepB: 452-455 (2000)

Matsuoka, M. et al. A second case of multidrug resist
Mycobacterium

lepraeisolated from a Japanese patient with relapsedteptous

leprosy. Int. J. Lepr. 71: 240-243 (2003)
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Conventional method for susceptibility test by mouse footpad method

,';8“;'?822&”" foopad | | Enumerate the bacillary growth Comprehensive data on the level of drug resistance is required for

Feed the diets in footpads by Shepard's methods accurate evaluation of the efficacy of chemotherapy and to prevent

containing drugs spreading drug resistant strains.

Feed Mouse foot pad method is not practical for susceptibility test of
DDS: 0.01%, 0.001%, 0.0001% large number of clinical samples.
Rifampicin: 0.01%
Ofloxacin: 0.15% Alternative method based on molecular biological knowledge of drug
Sparofloxacine: 0.02% resistance is available instead of traditional way.
Clarithromycin: 0.03% Drug resistant to dapsone, rifampicin, and ofloxacin  is caused
Clofazimine: 0.001% by amino acid substitution at drug binding site not by such as plasmid .
Minocycline: 0.08% Drug resistant to dapsone, rifampicin, and ofloxacin ~ could be detected by
sequence analysis and nucleotide mutation detection in drug resistance

determining region in the folP1, rpoB and gyrA genes.




Amino acids and nucleotide sequence confer dapsone r esistance

TCG X COGGC CCGGTGC CAT!
folP1 gene of the wild type M.leprae

Kai, M. et al. FEMS Microbiol. Leters 177:231-5 (1999)
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Bactericidal activity of Rifampin
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Amino acid and nucleotide sequence confer
rifampicin resistance

410:Asp(GAT)

m?lw

ropB gene of the wild type M.leprae

Rifampicin resistant determining region (RRDR) corresponding to codons 407 to 427
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Bactericidal activity of Quinolones

DNA gyrase
Topoisomerase Il

2 Aand 2 B subunit

DNA supercoiling
Replication

Quinolone binding
site Tyr:122
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Amino acid and nucleotide sequence confer quinolne r
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gyrA gene of the wild type M.leprae

esistance

95: Asp(GAC)
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Drug susceptibility of isolates examined by simuétausly sequencing and mouse footpad me

Isolate Dapsone Rifampin Quinolone Origin
folP MFP rpoB MFP gyrA MFP
Hoshizukad4 55:Pro(CCC) Resistant  425:Ser(TCG) Resistant 91:Ala(GCA) Resistant Japan
—Ser(TCC) Intermediate  Leu(TTG) Val(GTA) relapse
Zensho-4 53:Thr(ACC)Resistant ~ 425:Ser(TCG) Resistant 91:Ala(GCA) Resistant Japan
lle(ATC)  High Leu(TTG) Val(GTA) relapse
Airaku-2 55:Pro(CCC) Resistant ~ 425:Ser(TCG) Resistant No mutation SusceptibleJapan
Leu(CTC) High Leu(TTG) relapse
Zensho-5 55:Pro(CCC)Resistant ~ 425:Ser(TCG) Resistant No mutation Susceptiblelapan
Leu(CTC) High Leu(TTG) relapse
Kusatsu-6 55:Pro(CCC)Resistant ~ 410:Asp(GAT) Resistant No mutation Susceptiblelapan
Leu(CTC) High Tyr(TAT) relapse
Kusatsu-3 53:Thr(ACC)Resistant ~ No mutation ~ SusceptibleNo mutation ~ Susceptiblelapan
lle(ATC)  High relapse
Zensho-2 55:Pro(CCC)Resistant ~ No mutation ~ SusceptibleNo mutation  Susceptiblelapan
Leu(CTC) High relapse
Amami-1 55:Pro(CCC) Resistant ~ No mutation  SusceptibleNo mutation  SusceptibleJapan
Leu(CTC) High new
Zensho-9 No mutation Susceptible 420:His(CA®esistant No mutation SusceptibleJapan
Try(TAC) relapse
MFP: mouse footpad method.
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Drug susceptibility of isolates examinsimultaneously by sequencing and mouse footpad rde

Isolate Dapsone Rifampin Quinolone Origin
folP MFP rpoB MFP gyrA MFP
Kanazawa  No mutation Susceptible No mutation  Sugidep No mutation  SusceptibleJapan
new
Izumi No mutation Susceptible No mutation  SusdBetiNo mutation SusceptibleJapan
new
Keifu-4 No mutation  Susceptible No mutation  Susite@t No mutation  SusceptibleJapan
new
Ryukyu-2 No mutation  Susceptible  No mutation Susibp No mutation  SusceptibleJapan
new
Kyoto-2 No mutation  Susceptible  No mutation Susitdépt No mutation  SusceptibleJapan
new
Kitazato No mutation  Susceptible  No mutation Sutibp No mutation  SusceptibleJapan
new
Thai-53 No mutation  Susceptible  No mutation Susbépt No mutation  SusceptibleThailand
new
Korea 3-2  No mutation Susceptible No mutation  SusceptiltN®e mutation SusceptibleKorea
new
Indonesia-1 No mutation Susceptible No mutation c8psble No mutation Susceptibleindonesia
New

MFP: mouse footpad method.
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Drug susceptibility of isolates examinsimultaneously by sequencing and mouse footpad rde

Isolate Dapsone Rifampin Quinolone Origin
folP MFP rpoB MFP gyrA MFP

01Mat02 53:Thr(ACC) Resistant ~ No mutation  SusceptibleNo mutation  SusceptiblePhillipines
Val(GTC) High relapse

N.C.R 53:Thr(ACC) Resistant ~ No mutation  SusceptibleNo mutation  SusceptiblePhillipines
Arg(AGA) Intermadiate relapse

02Mat49 55:Pro(CCC) Resistant ~ No mutation SusceptibleNo mutation  SusceptiblePhillipines
Leu(CTC) High relapse

01Mat01 No mutation Resistant  No mutation SusceptibleNo mutation  SusceptiblePhillipines
Low relapse

01Mat03 No mutation Resistant ~ No mutation  SusceptibleNo mutation  SusceptiblePhillipines
Low relapse

E.ER No mutation Resistant ~ No mutation SusceptibleNo mutation ~ SusceptiblePhillipines
Low relapse

M.M.R. No mutation Resistant  No mutation SusceptibleNo mutation ~ SusceptiblePhillipines
Low relapse

41 isolates  No mutation Susceptible No mutation c8psble No mutation SusceptiblePhillipines

3 relapse
38 new

MFP: mouse footpad methodMouse footpad susceptibility test was conducted/ém Cebu.
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Mutations detected

Resistant
Target gene folP1 rpoB gyrA
Positions 53 ACC 54 CGG55 CCC 407 CAG 410 GAT 420 CAC  425TCG 427GTA  89GGC  91GCA

mutation ATC: 7 CGAl* CTC:7 GTG:1 TAT:1 GAC: 2 TTG:23 GTG:1 TGC:1* GTA: 3+3*
GCC: 2+11* CGC: 2+6* TAC: 1 ATG: 1
AGG: 1 TCC: 1+2* TTC: 1
GTC: 2 CGT: 1 408 AGTTCA 409 insertion: 1 case
AGA: 1
Without High Resistant: 1 case No case No case
mutation  Intermediate Resistant: 6 case
Low degree Resistant: 7 case
Susceptible
Target gene folP1 rpoB gyrA
Without 84 cases 106 cases 63 cases
mutation
With 1 case with GCC at 53 No case No case
mutation

* not confirmed by mouse foot pad assa}0.0001g DDS per 100g mouse di&tU G S W @ Mg\DQS daily for human
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Honore N. et al. Antimicrob. Agents Chemother. (1993) 37: 414-418.
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Williams D L. Antimicrob. Agents Chemother. (1994) 38: 2380-2386.
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7. Maeda S. et al. Antimicrob. Agents Chemother. (2001) 45:
3636- 3639
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Procedure for PCR direct sequencing for detecting mutation
Collect of samples
Send iamples to the laboratory
Prepare Template DNA
Ampliiy target regions including
Drug Resistance Determining Region (DRDR) by PCR
Sequénce amplified PCR products

Read the sequencing results and detect mutation.
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Collecting samples

Samples collected by the standard slit skin smear method commonly
utilized for assessment of the bacterial index. Biopsy samples are also
could be used but rather harmful for the patient.

Preservation and transportation to the laboratory

Preserve samples in 70% Ethanol at room temperature .
No need to keep samples in refrigerator.

No need to get permission to sip infectious materials.
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Templates preparation from slit skin sample
Remove samples from the blade
Remove ethanol by washing

Centrifuge for 20min at max speed

Re-su}pend precipitate in 500ul PBS

Allow to stand more 30min.

Centrifuge for 20min at >5,000 ~ g
Extract DNA

Freeze-boiling, Lysis buffer with lysozyme and Tween 20,
commercially available kits, etc.
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folP1

rpoB

gyrA

*Primers for Nested PCR

IVICIVVVII EIEECIVIEC IIVVCVVIII INOBO/GCOOEE I VEEERC
ICVIIEIICE IVVCEEVVIC VEEVICEI|CWEM VEVEECIIE EIEI
ICCIIEIEII EICVVIVEIC EIVEIIVIIE EECIWEECEEGEVICEI CEE
ICVEEVEICI VVICCEVEVE VEIVCVEICEBEEICEECECICICI
CVVCECIVCC IVCVEICVCE VCEIEIEIER| EMVIEYCESEIIE
ECEINICVET VECCEICVIV IVEVIIVIIEE1CIECVEES EEIV I
IEVICCIEEI IVIVVIEIVI 1IVIVVICVI EG/BEMIEEVCE OEGEE|

EIIICIEIIC VICEECEEEC IICEIVEIECIEIENYCEYEEEI
EIVEEIIVII VEIEEIEVCV ECCIICCVME BAWINIEEERETC |E
ICVECICCEC CEEEVEVIVE I|IIEEVIEEN ECE CEMEIEE |1
1HIVIIVVVIV EIEIVICIElI VIEEIIIEVCIVCEIVEEEVEY B E
IIEEIICVIV IEEEICVEIC ICEVEEIIQTVENEEWC ERT W C
VEIIVIVCEI EIEIIIVECC EEEEV VE IEE WEEMEEGCC IEC
ICEIIVIVII VECIEICEIC ICVEICCVCEINVIEEEEECEIVE

CVICEVICVC VECEIEVIEE CEECIIVICEVVINCV EEVEOV\CEEI CEE | |
CVVECIECII CCCVIECIEI ECIEMCWICVVIUVZC VI IIIEEII
IEIVVIEEVI CCIVEEIEIC VIIVEWHECCWEHEVEAMOECVCEIEICVI
VVCICEVEEI IVVVEEIEEE IICEEVWECEEEERI¥ R CAVEIEVICI
CEICVIIIEC CVVCEECVEE IECEVMEDOHAQECEEMC\CIVIEIECVI
IEIECIEEIV IIVEIEVIEI IVCVEEEVCICIVECCVYMV EIIVVEIEEI
JIVCCVICEE ECEEIIECIE ICVIECNMCCOVVBAVE [IVICIIVVI
EVCVVVIIIC CCVECCVCEI CCVFIIVCCEVECEVYVEECVVEIICE
CCVEEICVEI CEVVICCIIV VEVWEVEINNVECWCIECEICVVCVVVC

Forward primer Reverse primer
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Amplification of target DNA region by PCR

PCR mixture
12.5 ul PCR master mix (2X)
1.25 ul Forward primer at final concentration 0.5ul

1.25 ul Reverse primer at final concentration 0.5ul
15.0 ul water to final volume 25ul
5 ul Template DNA

Thermal cycle
Denature at 95" for 15 sec

Anneal at appropriate temp for 15 sec ] 40 cycles
Extend at 72 * for 60 sec

Final extension at 72 ~ for 7 min

folP1  rpoB gyrA

PCR products
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Purify PCR products by commercially available kit

BN . mmm C'iP PCR products from agarose

Sequencing reaction by BigDye Terminator Ver 1.1
Purified PCR products: 2-3ng
Primer 3.2 pmol/ul 1ul
BigDye Ready Recatin Mix: 8ul
Adjust volume to a total of 20.0 ul

1cycle of 96 ° for 30 sec

25 cycles of (96 ° for 10 seconds, 50 * for 5 sec, and 60 ° for 4min)
Hold cycle at 4 *

Sequence and compare the results with wild type

22
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Mutation in the folP1 gene

A3 25
wild type
Mutant
53:ACC (Thr)—>GCC (Ala) 55:CCC (Pro) — CTC (Leu)
Silent mutation 55:CCC (Pro) — CCT (Pro)
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Mutation in the rpoB gene

425 427

Wild type

Mutant

425: Ser (TCG) —Leu(TTG)  427: Leu (CTG)— Pro(CCG)

24
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Mutation at two positions in the  rpoB gene

Wild type

Mutant

410: Ser (GAT) —sLeu (AAT), 427: Leu (CTG) —»Pro (CCG)
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Mutation in the gyrA gene

wild type

Mutant

91:GCA (Ala) —GTA(Val)
26
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Prevalence of drug resistanceMnepraeisolates from Asian countries

Indoensia (North Maluku and North Sulawesi)

New or recent case

Relapse case

Dapsone Rifampicin  Ofloxacin Dapsone
1/121 4/121 N.D 1/10
(0.8%) (3.3%) (10%)

Rifampicin Ofloxacin
2/10 N.D
(20%)

Myanmar (Yangon)

New or recent case

Relapse case

Dapsone Rifampicin  Ofloxacin Dapsone
4/54 1/54 0/54 2/24
(7.2%) (1.8%) (8.3%)

Rifampicin Ofloxacin
2/24 0/24
(8.3%)

Philippines (Cebu)

New or recent case

Relapse case

Dapsone Rifampicin  Ofloxacin Dapsone
2177 0/77 0/77 5/19
(2.6%) (26%)

Rifampicin Ofloxacin
0/19 0/19

Lepr. Rev. (in press)
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Sequencing of amplified DNA is the most definitive.
Not practicable at developing countries.
Need simple method.
PCR-solid phase reverse hybridization analysis
PCR-SSCP
PCR-hetero duplex Detection

PCR-micro array hybridization analysis

28

14



Principle of dot blot hybridization as a drug
susceptibility testing assay

Cam D =

Genomic DNA of M.leprae

w . Pew . Tew

rpoB folP1 gyrA
PCR

—H

Biotin labeled single

O Wild-type dot
@ Mutation dot

Streptavidin-horseradish Hybridize with Strand target
peroxidase incubation (

Oligo array absorbed
on glass slide

Streptavidin-horseradish peroxidase Color developing and mutation detection 9
captures Biotin-labeled target

Dot blot assay for drug susceptibility testing

Thai53 No mutation

Thai53 /

Zensho-4 Enlarged results on slide glass
gyrA:141by
53ATC
folP:119bp

Zensho-4

folP:ACC53ATC

rpoB:TCG531TTG 91GTA 531TTQ

gyrA:GCA91GTA

30
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Longitudinal monitoring on the level of drug resistant case is highly
recommended to maintain current leprosy control strategy on the base
of MDT to be effective by the prediction and prevention of spreading

drug resistant strains.
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