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Mutations in the rpoB Gene of Rifampicin-resistant
Mycobacterium tuberculosis Strains Isolated in Brazil and
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We evaluated the mutations in a 193bp offeB gene by automated sequencing of rifampicin
(RMP)-resistant and susceptilbidycobacterium tuberculosistrains isolated from Brazil (25 strains)
and France (37 strains). In RMP-resistant strains, mutations were identified in 100% (16/16) from
France and 89% (16/18) from Brazil. No mutation was detected in the 28 RMP-susceptible strains.
Among RMP-resistant or RMP-susceptible strains deletion was observed. A double point mutation which
had not been reported before was detected in one strain from France. Among French resistant strains
mutations were found in codons 531 (31.2%), 526, 513 and 533 (18.7% each). In Brazilian strains the
most common mutations were in codons 531 (72.2%), 526 (11.1%) and 513 (5.5%). The heterogeneity
found in French strains may be related to the fact that most of those strains were from African or Asian
patients.
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Resistance oMycobacterium tuberculosi® functional organization of RNA polymerase is con-
antituberculous drugs has emerged as a major puderved among bacteria (Hunt et al. 198&cheri-
lic health threat (Pablo-Mendes et al. 1998). Thehia coliresistance to RMP is associated with spe-
short course therapy with rifampicin (RMP), iso-cific nucleic acid substitutions in the gene encod-
niazid (INH) and pyrazinamid (PZA) is the mosting for RNA polymerase suburfg{rpoB) (Miller
effective regimen against tuberculosis. The effiet al. 1994, Kapur et al. 1995). Mutations associ-
cacy of this regimen is hampered in regions wherated with the RMP-resistant phenotype are gener-
there is a high initial resistance to RMP. In thosally localized in a 69bp “hot spot” region with
regions, the rapid detection of RMP-resistance isiutations frequently in the codons: Ser-531, His-
urgently needed. New methodologies have beds26 and Asp-516 (Telenti et al. 1993a, Williams et
proposed to cover this situation. al. 1994, Hunt et al. 1994, Kapur et al. 1995, Musser

Development of resistance to RMPNh tu-  1995). Variations of mutations inpoB gene have
berculosigfollows a “single-step” high-level resis- been described iNl. tuberculosisstrains isolated
tance pattern (Morris et al. 1995, Musser 1995from different regions of the worl{Kapur et al.
Mutants arise spontaneously in strains not exposé@®95, Morris et al. 1995, Whelen et al. 1995). In
previously to the antibiotic at a rate of one mutaenly 5% of RMP-resistaril. tuberculosisstrains,
tion per 107 to 108 organisms (Cole 1994, Will- mutations are not identified in a “hot spot” frag-
iams et al. 1994). Resistance has been attributedrteent; in these cases mutations at codons 381, 481,
changes in structural RNA polymerase (WattersoB05, 508, and 509 (Watterson et al. 1998) are some-
et al. 1998, Yuen et al. 1999). The structural antimes reported. Commercial kits which cover the
four most frequently observed mutations (D516V,
H526Y, H528D and S531L) of the “hot spogbB
region have been proposed for clinical use (Inno-
Lipa RifTB; Innogenetics, Belgium) (Goyal et al.
1997, Matsiota-Bernard et al. 1998, Hirano et al.
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1994, Salomon et al. 1994). In Brazil, tuberculosis Sequencing analysisPrimers for PCR were
incidence is higher in urban areas such as the Stasgsithesized with an Expedite Nucleic Acid Syn-
of Rio de Janeiro (120/100.000) and S&o Paulo (8filesis System (Perspective Biosystem). PCR reac-
100.00). Since 1981, the Brazilian National Tutions (50 pl) contained target DNA (10 ug), 15
berculosis Control Program adopted the daily selpmol primers, 20 mM dNTP (Pharmacia Biotech),
administered short-course treatment regimen 25U AmpliTag Gold polymerase (Perkin-Elmer
RMP + INH + PZA/4 RMP + INH). The urban Cetus, Norwalk, CT, USA), and KCI 500 mM, Tris
areas have reached 28% leading to an increaseHt€l 100 mM, MgC} 15 mM, gelatin 0.1%, pH
tuberculosis abandon (Kritski et al. 1996, 1998)8.3. The reaction was performed in a Cyclogene
In Rio de Janeiro, drug-resistance surveillance pefech. thermal cycler (USA).
formed in outpatient clinic showed a level of 1% Primers and amplification conditions for the
of RMP primary resistance, but in patients attendeiberculosispoBlocus were as follows: upstream
in hospital, it increases to 7% (Pablo-Mendez girimer (rpo 105) 5'-CGTGGAGGCGATCACACC
al. 1998). GCAGACGT-3’; downstream primer (rpo 273) 5'-
In this study, we evaluate mutationsintheB GACCTCCAGCCCGGCACGCTCACG-3’,
gene of RMP-resistant and susceptilletuber- which produced a 193-bp amplicon (Kapur et al.
culosisstrains isolated from Brazil (25 strains) andl994). Amplification was performed during 40
France (37 strains). cycles of 96°C (1 min), 55° (1 min) and 72°C (30
sec), after an initial 5 min at 96°C to denature in-
MATERIALS AND METHODS put)DNA, with a final 10 min at 72°C for strand
Characterization of mycobacterial clinical iso- extension.
lates- Sixty two strains (34 RMP-resistant and 28  Amplification products were detected by agar-
RMP-susceptibleM. tuberculosisisolates) were ose gel electrophoresis in 2% agarose (Seakem
recovered from Brazilian and French patients: RiGTG; FMC, Rockland, ME, USA) made up in 0.5x
de Janeiro University, Brazil (14 strains), S&o Paulgris-Borate-EDTA (TBE), with ethidium bromide.
University, Brazil (11 strains), France (13 strains)The products were not purified, and were se-
Africa (2Q strains) and A§|a (4 strains). One referquenced by using primer rpo105 and rpo273 with
ence strain H37Ra was included. Applied Biosystems 373A or 377 automated se-
Detection of rifampicin resistance Strains quence protocol (ABI PRISIM Dye Terminator).
were identified by standard biochemical methods Sequence a|ignment was done by using dedi-

in the Institut Pasteur of Lyon. RMP resistance wagated software (Villefranche Sur Mer, CNRS, Ri-
determined three times for each strain by the disihard Christen).
elution method using a 25 pg disk corresponding  petermination of minimal inhibitory concen-
to 5 pg/ml final concentration (Sensi-Disk; BBL, tration (MIC) - For one strain the MIC was deter-
Becton Dickinson Microbiology System, mined by proportion agar dilution method.
Cockeysville, MD). _ . Middlebrook 7H10 agar, supplemented with
Preparation of genomic mycobacterial DNA Middlebrook OADC enrichement (DIFCO Labo-
Mycobacterial strains were cultured for three Ofatories, Detroit, MI) was used to prepare quad-
four weeks at 37°C in 40 ml of Middlebrook 7H9rant plates with different concentrations of drugs
liquid medium with Dubos oleic albumen complexKent & Kubica 1985): RMP (0.004-40 pg/ml).
enrichment (Difco Laboratories, Detr_oit, Ml)and  RFLP (restriction fragments length polymor-
0.05% Tween 80. Cells were heat-killed at 80°Ghism) analysis All the strains were analyzed in
for 20 min, then harvested by centrifugation accordance with the protocol of Van Soolingen et
7,000 g for 30 min. Bacterial cells were resusa|. (1992) for RFLP-1S6110.
pended in 10 mg/ml lysosyme in 10 mM Tris,
1 mM EDTA (pH 8.0) for 2 h at 37°C, then lysed RESULTS AND DISCUSSION
by sonication (Ultrasonic, BioBlock, Scientifie Among the Brazilian strains from Rio de
88169), 12 min at 40°C. Finally, lysate was incudaneiro, 12 (85.7%) were RMP resistant and 2
bated for 1 h at 60°C with 0.5 mg/ml proteinase K(14.3%) RMP-susceptible. Among the strains from
1% sodium dodecyl sulphate in 50 mM Tris, 106a0 Paulo, 6 (54.5%) were RMP-resistant and 5
mM EDTA (pH 7.5). The DNA was purified by (45.5%) RMP-susceptible. Among the strains from
phenol-chloroform-isoamylalcohol extraction andinstitut Pasteur of Lyon, France, 16 (43.2%) were
isopropanol precipitation. The pellet was washeBRMP-resistant and 21 (56.7%) RMP-susceptible.
twice in 70% ethanol, then resuspended in 50 mM The presence of point mutations in ttetu-
Tris, 100 mM EDTA (pH 8.0), and 5 pul of 1/500berculosisRMP-resistant strains was confirmed in
dilution of purified DNA in water was used as a32/34 (94.1%) strains, within an amplicon repre-
target in all polymerase chain reaction (PCR). senting a 193-bp region of tmpoB gene (Table
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[). The mutations in the RMP-resistant strains aré/helen et al. 1995). In our study, we found a
demonstrated in the Table II; only two strains fronthange in codon 533 in four strains. This mutation
Rio de Janeiro had no mutation. A double poinhave been reported for RMP-resistant and RMP-
mutation was detected in one strain from Franceusceptible strains for Taniguchi et al. (1996). A
in two noncontiguous codons, but no insertion odouble mutation in codons 516 (Asp) and 533 (Leu)
deletion was observed (Table II). was observed in our study (Gen Bank access num-
In this study, the mutations within thpoB  ber AF 292115), and presented a high level of re-
gene ofM. tuberculosiswhich appear to be asso-sistance (MIC > 40 ug/ml). These data have not
ciated with the RMP-resistant phenotype identifiedpeen reported before.
are consistent with other publications (Hunt et. al. In Brazilian isolates, a predominance of point
1994, Kapur et al. 1995, Kreiswirth & Mussermutation was observed in codon 531. In French
1995, Musser 1995). Point mutations within theM. tuberculosisstrains this figure did not occur.
Ser-531, His-526, Gly-513 or Asp-516 codons ha$he variation observed in the French isolates may
been shown to lead to high-level resistanckE.in be due to the heterogeneity of the native countries
coli (20 pg/ml) andM. tuberculosigJin & Gross of origin of the patients, as demonstrated in Table
1988, Telenti et al. 1993a,b, Williams et al. 1994ll. When we compared the RFLP profile with points
mutation, no RFLP clustering was associated with
mutations frequency described in other studies
(Telenti et al. 1993b, Spindola de Miranda et al.

TABLE | 1996).
Different mutations observed in the region of 78pb for  No point mutations were found in the RMP-
the genepoB susceptible strains in the sequenced region studied
Codon Frequency Percentage@s previously described, but in Brazilian isolates,
531 Ser TCG. Leu TTG 18 56.2 the 'absence of mutations in two RMP-resistant
526 His CAC. Pro CCC > 6.2 strains may be due to mutations outsiderpfe8
His CAC » Leu CTC 1 31 region studied or to another resistance mechanism.
His CAC - Asn AAC 1 3.1 These results suggest the usefulness of the rapid
His CAC - Arg CGC 1 3.1 determination of the drug-susceptible characteriza-
513 Gly CAA - Lys AAA 3 9.4 tion of M. tuberculosiausing automated DNA se-
Gly CAA — Pro CCA 1 31 guencing methods.
516 Asp GAC- Val GTC 1 3.1 The results obtained in our study must be vali-
533 Leu CTG- Pro CCG 3 9.4 dated with a great number of RMP-resistant strains

516 Asp GAC- Gly GGC
+ 1 3.1
533 Leu CTG- Pro CCG

for different region in Brazil. The MICs analysis
of M. tuberculosisvould be useful to evaluate the
relationship between resistant phenotype and points

Total 32 100 mutation (Ohno et al. 1996).
TABLE Il
Different mutations of rifampicin-resistant strains (ggpeB) in accord with origin
Codon Origin of strains (France) Origin of strains (Brazil) Total
531 France 2 (12.5%) Rio de Janeiro 7 (38.9%)
Africa 2 (12.5%) Séo Paulo 6 (33.3%) 18 (52.9%)
Asia 1(6.2%)
526 France 1 (6.2%) Rio de Janeiro 2 (11.1%) 5 (14.7%)
Africa 2 (12.5%)
516 Asia 1 (6.2%) 0() 1 (2.9%)
513 France 1 (6.2%) Rio de Janeiro 1 (5.5%) 4 (11.8%)
Africa 2 (12.5%)
533 Africa 1 (6.2%) 0() 3 (8.8%)
Asia 2 (12.5%)
516+533 France 1 (6.2%) 0() 1 (2.9%)
No mutations 0() Rio de Janeiro 2 (11.1%) 2 (5.8%)

Total 16 (100%) 18 (100%) 34 (100%)




250 Mutations in the rpoB Gene ¢ S Spindola de Miranda et al.

REFERENCES Microbiol Ver 8 496-514.

; . ; Ohno H, Koga H, Kohno S, Tashiro T, Hara K 1996.
Cole ST 1994Mycobacterium tuberculosigrug resis- . ; X >
tance mechgnismirends Microbiol2: 411%]415. Re.lat'onsfmp be;)tween_ rlfampt))m MI|Cs_alpi_>Brr_1u-
Goyal M, Shaw RJ, Banerjee DK, Coker RJ, Robertson }attlodns OJ ycrc])Aatc_te_rlurrt; tx erc;u %Sr'ftra'qf‘é%?'
BD, Young DB 1997. Rapid detection of multidrug- 1610‘;3 Tosgpa Anumicrob Agents Lhemo '
resistant tuberculosi&ur Respir J 101120-1124. - '

Hirano K, Abe C, Takahashi M 1999. Mutations in the”ablo-Mendez A Raviglione MG, Laszio A, Binkin N,
rpoB gene of rifampin-resistaMycobacterium tu- V\;e er b ' kuCSSreE'O éJ %f? | ’Pam regps'lvggs
berculosisstrains isolated mostly in Asian countries eezenbeek CS, Kim SJ, Chaulet P, Nunn '

: ; : ; : Global surveillance for antituberculosis-drugs resis-
nd their rapi ion by line pr lin
and theff rapid detection by line probe sy tance, 1994-199N Engl J Med338 1641-1649.
Hunt JM, Roberts G, Stockman L, Felmlee TA, Persing@/omon N, Perlman DC, DePalo VA, Kolokathis A,
DH 1994. Detection of a genetic locus encoding re- Wilets |1 1994. Drug resistant tuberculosis: factors
sistance to rifampin in mycobacterial cultures and associated with rise in resistance in an HIV infected
in clinical specimensDiagn Microbiol Infect Dis _urban populationMt Sinai J MedS1: 341-348.

18 219-227. Spindola de Miranda S, Drouet E, Kritski AL, Peillon
Jin DJ, Gross CA 1988. Mapping and sequencing of R, Panteix G 1996.Slmllar patterns of poly_morphlsm
mutations in th&scherichia coli rpoRjene thatlead ~ Petween Brazilian and Frendfiycobacterium tu-

to rifampicin resistancel Mol Biol 202 45-48. berculosisstrains demonstrated by using 1S-6110.
Kapur V, Li LL, Hamrick MR, Plikaytis BB, Shinnick _  Tubercle Lung Dis 72-140. , ,

TM, Telenti A, Jacobs WR, Banerjee A, Cole S,Taniguchi H, Aramaki H, Nikaido Y, Misuguchi M,

Yuen KY, Clarridgelll JE, Kreiswirth BN, Musser ~ Nakamura M, Koga T, Yoshida S 1996. Rifampicin

JM 1995. Rapid mycobacterium species assignment fesistance and mutation of thgoB gene inMyco-
and unambiguous identification of mutations asso- Pacterium tuberculosi$EMS Microbiol Lett. 144

ciated with antimicrobial resistance ifycobacte- 103-108. _ _

rium tuberculosisby automated DNA sequencing. Telenti A, Imboden P, Marchesi F, Lowrie D, Cole S,

Arch Pathol Lab Med 19 131-138. Colston MJ, Matter L, Schopfer K, Bodmer T 1993a.
Kent PT, Kubica GP 198Rublic Health Mycobacte- Detection of rifampicin resistance mutationiy-

riology. A Guide for the Level Il Laboratgren- cobacterium tuberculosit.ancet341 647-650.

ters for Diseases ControL Atlanta. Telenti A, Imboden P, Marchesi F, Schmidheini T,
Kreiswirth BN, Musser JM 1995. Raplidlycobacterium Bodmer T 1993b. Direct, automated of rifampin re-

species assignment and unumbiguous identification  SistantMycobacterium tuberculosisy polymerase
of mutations associated with antimicrobial resistance ~ chain reaction and single strand conformation poly-

in Mycobacterium tuberculostsy automated DNA morphism analysisAntimicrob Agents Chemother
sequencingArch Pathol Lab Med19131-138. 37: 2054-2058.

Kritski AL, Lapa e Silva JR, Conde MB 1998. Tubercu-Van Soolingen D, Hermans PWM, De Haas PEW, Sool
losis and HIV: renewed challeng®&lem Inst DR, Van Embden JD 1992. Occurrence and stabil-
Oswaldo Cruz 93417- 421. ity of insertion sequences Mycobacterium tuber-

Kritski AL, Marques MJO, Rabahi MF, Vieira MAS, culosiscomplex strains: evaluation of insertion se-

Werneck Barroso E, Carvalho CES, Andrade GN, quence-dependent DNA polymorphism as a tool in
Bravo de Souza R, Gontijo PP, Riley LW 1996. the epidemiology of tuberculosi$.Clin Microbiol
Transmission of tuberculosis to close contacts of pa- 29: 2578-2586.

tients with multidrug resistant tuberculosism J  Watterson AS, Wilson SM, Yates MD, Drobneiewski
Respir Crit Care Med 53 331-335. FA 1998. Comparison of three molecular assays for

Liard R, Harf R, Korobaeff M, Shwoebel V, Neukirch F  rapid detection of rifampin resistanceNtycobac-
1994. HIV infection and tuberculosis: an epidemio-  terium tuberculosis] Clin Microbiol 36 1969-1973.
logical study from a French regist&ubercle Lung Whelen AC, Felmlee TA, Hunt JM, Williams DL, Rob-
Dis 75: 291-296. erts GD, Stockman L, Persing DH 1995. Direct ge-

Matsiota-Bernard P, Vrioni G, Marinis E 1998. Charac- notypic detection oMycobacterium tuberculosis
terization ofrpoB mutations in rifampin-resistant rifampin resistance in clinical specimens by using
clinical Mycobacterium tuberculosisolates from single tube heminested PCRCIlin Microbiol 33;
GreecelJ Clin Microbiol 36 20-23. 556-561.

Miller LP, Crawford J, Shinnick T 1994. TineoB Gene  Williams DL, Waguespack C, Eisenach K, Crawford T,
of Mycobacterium tuberculosigntimicrob Agents Portaels F, Salfinger M, Nolan CM, Abe C, Sticht
Chemothe38: 805-811. Groh V, Gillis PT 1994. Characterization of rifampin

Morris S, Bai GH, Suffys P, Portillo Gomez L, Fairchok  resistance in phothogenic mycobactehiatimicrob
M, Rouse D 1995. Molecular mechanism of mul-  Agents Chemoth&d8: 2380-2386.
tiple drug resistance in clinical isolates\ycobac-  Yuen LK, Leslie D, Coloe PJ 1999. Bacteriological and
terium tuberculosis] Infec Dis171: 954-960. molecular analysis of rifampi-resistavitycobacte-

Musser JM 1995. Antimicrobial agents resistance in  rium tuberculosistrains isolated in Australid Clin
mycobacteria: molecular genetic insigh@in Microbiol 37: 3844-3850.



