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ABSTRACT

Basis of pyrazinamide (PZA) resistance in M. tubkrsis is commonly associated with mutations inptheA gene
encoding pyrazinamidase (PZase) enzyme. The ctampieA open reading frame of 0,6 kb from R2 and R6
clinical isolate of PZA-resistant Mycobacterium éutulosis has been characterized. A group mutatang 40C,
G419A and A535G which link to amino acid replacetsari Cis14Arg, Argl40His, Ser179Gly was identifed
pncA gene from the R2 PZA-resistant Mycobactetinerculosis, meanwhile a G511A mutation which aegl
amino acid of Alal71Thr was found in pncA gene ftbenR6 PZA-resistant strain. The structure modglBtudy to
determine the effect of amino acid substitutionghima R2 and R6 PZase was carried out. Superposifothe
generated model for R2 and R6 PZase with the typd- PZase structure gave root mean square dewisitio
(RMSD) of 0.24 and 0.23°A respectively, suggestighly similar structures. However, the mutantstures of R2
and R6 PZase amended several interactions in iid-type structure, expecially in the regions thantain the
catalytic residues. The physical-chemical changesirad the active site may be unfavorable for R2 RBdPZase
activities, and in turn create PZA resistance @itbM. bacterium strains.
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INTRODUCTION

Tuberculosis (TB) is a bacterial infectious diseasaised byviycobacterium tuberculosisvhich primarily affects
the lungs. TB is the second leading killer in aslahd classified as the most deadly of all infertidiseases. The
disease has a serious health problem in the wegddaally in developing countries. The World He&tiganization
(WHO) has recorded Indonesia as a "high burdentegufor tuberculosis, occupied the highest fifdnk of the 22
countries considered to be high burden. There lawate500,000 new cases of TB annually and 175,0@0eon are
deaths in Indonesia [1]. Of the TB cases in Ind@nesbout 2 percent of new cases and 12 perceheafecurring
cases are the multidrug-resistant strain [2]. Thygh lincidence of multidrug resistant TB pose a agsihealth
problem, because patients have lower cure rateshggiter mortality than patients with drug-suscdptiiB.
Mortality rates in these outbreaks of multidrugistent tuberculosis has been generally recorde%, with most
fatalities occurring among patients infected withmtan immunodeficiency virus [3].

Pyrazinamide (PZA) is a mainstay drug used to tidat due to its ability to kill a population of sé&ormant
tubercle bacilli that reside in an acidic enviromiavithout being influenced by other TB drugs. Adowith
isoniazid (PZA), rifampin (RMP), and ethambutol (BM PZA is part of the currently used shortcoursatment
regimen [4]. PZA, an analog of nicotinamide, isradsug that transformed by bacterial pyrazinaned@Zase) to
active form, pyrazinoic acid (POA) in order to afféhe tubercle bacilli [4,5Mycobacterium tuberculosirains
that have no PZase activity, are resistant to P&A [The correlation of loss PZAase with PZA remiste remains
unclear, because thEncA deficient in PZA-resistantl. tuberculosisstrains which remove completely the PZase
activity are rare. Althouglnsertion, deletion, and frameshifts pmcA gene can induce the complete loss of the
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functional gene product, then assosiated with Heglels of PZA resistance, but the majority of thetations
identified in clinical isolates are single point tations that result PZA resistance in intermediexels [5,7].

The profile mutations in thencAgene is unique in PZA-resistant mycobacteriakigs from different geographical
regions [8]. Determination of the frequency of ntistas underlying drug resistance in isolates froiffiecent
geographical areas is important for the basis tkenggenetic marker for rapid means of detecting desistance in
clinical isolates and also to study resistance meigim. This paper illustrates the moleculepoéAgene in PZA-
resitantM. tuberculosisfrom two Indonesia clinical isolates, the corrielatbetween thgpncA mutation with PZA
resistance level, and the link of model stuctur®af mutant with PZA resistance.

EXPERIMENTAL SECTION

Bacteria and plasmid

Two isolates of PZA-resistam. tuberculosiSR2 and R6) and an PZA-sensitive isolate named33&Rv strain
were obtained from Health Research Center, Bandundgnesia. The TOP1Bscherichia colistrain (Invitrogen,
Maryland, USA) was employed for cloning host of firecA gene. The pGEM-T plasmid (Invitrogen, Maryland,
USA) was used as a vector for cloningpotAgene.

Bacterial growth conditions

M. tuberculosisvas grown in a solid medium, named as Lowensteirsdn (LJ) at 37°C for 2 weeks until be found
single colony. The LJ medium is composed by eggenusion 60% (v/v) ; malachite green 1% (w/v); ghpt®,8%
(vIv); KH2PO4 0,2% (w/v); MgS@7H20 0,02% (w/v); and citrate magnesium 0,04% ) wWhile theE. coliwas
grown in Luria broth (Difco) at 37°C. Wherever nssary, 10qug of amphicilin/ml was added to the medium.

Chromosomal DNA isolation

Chromosomal DNA of PZA resistakt.tuberculosisand H37Rv strain were isolated with alkali lysestinod using
wizard genomic DNA purification kit (Promegalccording to the kit protocol, th#l.tuberculosiscells were
suspended in 480 50mM EDTA, then added 120lysozyme and incubated at 37°C for 1 hour. Aftet, it was
centrifuged for 2 minutes at 13.000g and the swgdant was discharged. Concerning to cell pellet agded by
Nuclei lysis Solutiorand Protein Precipitation solutiorsolvent, incubated for 5 minutes at 800C, then exdb
room temperature. The mixture then was addedubyRBase, incubated at %7 for 15 minutes. Furthermore, it was
done adding of 2Q0 of protein precipitation solution to the mixtuiaubated on ice for minutes, then centrifuged
for 2 minutes at 13.000g. The supernatant was feeats to a clean tube containing @00sopropanol, then
centrifuged for 2 minutes at 13.000g to precipithie cromosomal DNA. After the DNA was washed b@@0of
70% ethanol, it was solved in 3@0of rehydration solution. The chromosal DNA theasaused as template for
PCR.

DNA Amplification

The amplification of a full length opncA gene was performed by usimmcA= andpncAR primers that have
sequences: 5-GAGAT ATGCGG GCG TTG ATC ATC-'3; and 5-GA GAT CTc GAG CTG CAA ACC AAC
TC —'3 respectively. The primers were constructadiig nucleotides adapter for an Ndel restrictib@ssin pncA-
and Bglll restriction sites ipncAR. The restriction nucleotides are marked bydtédnts. The reaction mixture for
PCR was created in 28 volume which consists of 2,5 pmol of each prim&@Q ng of template DNA, 1,25 unit
TagDNA polymerase, 1x PCR buffer (20 mM Tris-Cl, pt4850 mM KCI), and 0,2 mM dNTPs. PCR process
was runned bypNA-thermal Cyclemachine, consisting of an initial 10 min denatioraiand enzyme activation at
94°C followed by 25 cycles of 94°C denaturation Tomin, 54C 1 min, and 72°C elongation for 2 min and a final
7-min elongation. The PCR products were analyzeabarose gel electrophoresis and purified by GFXfipation

kit (Amersham, New Jersey, USA).

Gene Cloning

The PCR-producedncAgene was ligated to a pGEM-T vector in the reactioxture that consisted ofull pncA
gene, 1ul pGEM-T, 5ul of 2x ligase buffer, fil T4 DNA ligase and adjusted with ddH20O to a fimalume of 10

ul. The ligation reaction was conducted % 4or 16 hours. The product of this reaction thexswansformed into

E. coli TOP10 using the CaCl2 method [9]. Transformagilscwere screened at agar plate containing Luria-
Bertani (LB) medium, 10@g/mL ampicillin, and 5-bromo-4-chloro-3-indolgHD-galacto-pyranoside. Some white
colonies of transformants that grown in the mediware selected as bacteria cell for isolation pf&EM-TpncA
recombinant. Furthermore, the DNA recombinant weracterized by a resctriction analysis and PCR.
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Restriction analysis

Luria-Bertani broth (50 ml) containing amphicilibhQOug/ml) was inoculated with a fresh colony®fcoli TOP10
containing pGEM-TpncA recombinant and grown at 37°C overnight. THhecoli cells were collected by cold
centrifugation at 12,000y for 10 min. The recombinant plasmid was extradtech the cells using QlAgen Spin
Plasmid Miniprep Test Kit (Qiagen, Santa Clarit&A), and digested with the restriction enzyme, Ndel

DNA sequencing and analysis

Automated DNA sequencing was performed by dideoageg®r method at First BASE Laboratories Sdn Bhd,
Selangor, Malaysia. All gbncAgenes were sequenced with the primers not onlg fseamplification,pncAF and
pncR, and but also used M-13 and T7-promoter psrtet reside in part of pPGEM-T vector flankingpofcAgene.
Sequence analyses were conducted with DNA Staw&ddtusing programs of SegManTMII for DNA sequence
and MegAlignTM for the amino acid sequence [10]l #équencing runs included the PZA-susceptiblerstva
tuberculosisH37Rv (ATCC 27294) as a wild-type control. Eachusmtce was compared with that of both the
control strain and the appropriate published secgien

Modeling of the three-dimensional structure of PZas

A model of the PZase mutant M tuberculosis clinical isolate/as constructed by SWISS-MODE on the basis
of the known three-dimensional structure of PZase PZA-sensitiveVl. tuberculosis H37Rwvhich has a number
access “3PL1.pdb” at Protein DataBank. The susitipo of the generated and 3PL1 structures wa ding
SuperPose version 10 [12]. The model structuresutéint PZase was visualized in PyMOL 1.3 [13].

RESULTS AND DISCUSSION

The chromosomal DNA of two PZA-resistant (R2 and R6d a PZA- sensitiv®l. tuberculosis (H37Rv) were
isolated by Wizard genomic DNA purification kit ¢F1), then each of the chromosomal DNA was useddraplate
DNA for pncA gene amplification. The coding region pfcA gene from each oM. tuberculosis strain was
amplified by PCR usingoncA= and pncAR primers, generated a DNA fragment at 0.6 kb dgarase gel
electrophoresis (Fig 2). The PCR-producted DNAfinent showed a similiar size with thacAof M. tuberculosis
H37Rv that deposited in GenBank (ID number: 8882@0)ch is 561 bp. Futhermore, the 0,6 kb PCR fraghof
each M. tuberculosisstrains was cloned into pGEM-T plasmid, a lineadizvector with a single 3’-terminal
thymidine at both ends. The T-overhangs at thertiogesite greatly made a compatible overhang ©BRRproduct
that runned by Taq polymerase. Characterizatiopp®EM-T containingpncA gene was performed by single
digestion with Ndel restriction enzyme to give agiment of 3.6 kb (Fig 3, lanes 3—4), which corresisato the size
of the plasmid harbouring thencA gene. The present phcAin pGEM-T plasmid was also confirmed by PCR
usingpncA- andpncAR primers to generated a DNA fragment, 0,6 kb @iganes 1-2). The results showed that
eachpncA gene from two PZA-resistaM. tuberculosisstrains (R2 & R6) and a PZA-sensitilve tuberculosis
strain (H37Rv) have successfully been inserted i@&M-T vector.

Table 1. Characteristics of PZA-resistantM. tuberculosis

_ Level of
Gene . Clinical Mutation PZA
M. tuberculosis 3 Nuycleotide % Amino acid Resistance
[ug/mL]
R2 3 T40C 3 Cysl4Arg® 40
G419A Argl40His?
AS535G Serl 79Gly
prcA
Ro 1 G511A 1 Alal71Thr® 10

2new mutations have not found in publications
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Fig.1. Electropherogram of crhomosomal DNA oM. Tuberculosis
Lane 1: PZA sensitive M. tuberculosis strain (H3)fRanes 2-3: PZA-resistant M. tuberculosis stra{f?2 & R6)

Fig.2. Amplification products of the pncA gene using PCR
Lane 1, 100 bp DNA marker; lane 2, negative contfdPCR; lane 3-4, fragment DNA (0.6 kb) of PZAs#are M. tuberculosis H37Rv; lane 5-
6, fragment DNA (0.6 kb) of PZA-resistant M. tuloéosis R2 & R6
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Fig. 3. The profile of restriction analysis of recabinant pGEMT- pncA
Lane M, marker DNA/Hindlll; Lane 1-3, pGEM-T-pncA (H37Rv, R2 and R8pectively) was digested by Ndel enzymes, meg@tDNA
fragment of 3,6 kb that exhibite the combinantibp@EM-T 3.0 kb and the pncA fragment 0.6 kb
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Fig. 4. Amplication products ofpncA gene in recombinant pPGEMTpncA as template using PCR
Lane M, 1 kb DNA marker; lane 1-2, fragment DN b) of H37Rv isolate; lane 3-4, fragment DNA b of R2 isolate; lane 5-6, fragment
DNA (0.6 kb) of R6 isolate
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Fig.5.The alignment ofpncA of PZA-resistant M. tuberculosis (R6) with pncA Genbank andpncA- sensitiveM. tuberculosis (H37Rv)
Compared with the GenBank and H37Rv pncA, the phchnical R6 showed a nucleotide difference (@ederline), consisting of G511A,
corresponding to amino acid substitution Alal71Thr.
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The corresponding 0,6 fragment was completely sezpat The nucleotide sequence analysis of ther@grient of
PZA-sensitiveM. tuberculosis strain (H37Rv) showed 100% identity with genbaumicA (ID number: 888260).
Three nucleotide variations were foundpimcAgene of R2 PZA-resistaM. tuberculosisstrain toward the H37Rv
strain and genbankncA genes. The mutations were put at 40, 419 and %38ign, altering the T, G and A
nucleotides into C, A, and G sequentially, theilofeed by amino acids replacement in PZase proteld 2140 and
179 position from Cys, Arg and Ser residues intg,Adis and Gly respectively (Table 1). A varianssfaund in
pncA gene of R6 PZA-resistal. tuberculosisstrain, which was G instead to A at 511 positiéig(5), and
substitute the Ala amino acid at 171 position to (Tfable 1).

Single mutation in the R6 M. tuberulosis strain £dal71Thr replacement connected to level of PZgistance at
PZA at 10ug/ mL. Meanwhile the R2 strain that exhibited resise to PZA at 4@ug/ mL connected to three
mutations for Cys14Arg, Argl40His, Serl79Gly replaent. We suggested that the number of mutatiopsiéi
gene correlated with the level of PZA resistancelinical isolates oM. tuberculosis The number of mutations
may be necessary to bring the higher level ofstasce or to maintain the virulence in a human.host

PZA-resistant strains showed a very diverse intyppe and position of mutations pncAgene, and no a special
mutation dominantes [5,8]. All type and diversetations in the R2 and R6 PZase are classified asnmétations,
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that have not been previously reported, excepfgl40Ser substitution that has been found fromtierspncAof
many PZA-monoresistant strains from many region@uébec [5].

Fig.6.lllustration of the effect of Cys14Arg, Argl®His and Serl79Gly substitutions in R2 PZase modstructure
Residues of Asp8, Lys96, Ala8 and Cys138 in giibbom structures are active residues of PZase itataite, while the Asp49, His51 and
His71, the magenta ribbon structures are metal-inigdesidues. (A) The Arg14 in the R2 PZase putaoew interaction in the catalytic site
environment, namely Van Der Waals interaction Wigip8. This interaction has not found for Cys14iidstype PZase. (B) the Arg140 in wild
type PZase create Van Der Waals interaction with &amino acid residues, Alal134 and Cys138. Thesesdictions are absent for His140 in R2
PZase. (C) The&erl79Gly doesn't affect significantly, becausertisidue at 179 position is far away from the\ae8ite, and also reside on
the surface of the PZase structure.

Argldn

To determine the effect of amino acid substitutionthe R2 and R6 PZase, a structural modelingyshas been
carried out. The R2 and R6 PZase exhibited 98.4% 99,5% respectively amino acid sequences to thiktype
PZase. The &backbone superposition of the generated modeRr and R6 PZase with the wild-type PZase
structure gave root mean square deviations (RMS).24 and 0.23°A respectively, suggesting higsilyilar
structures. However, the mutant structures of R& R6 PZase amended several interactions in its-tyjd
structure, expecially in the regions that contdia tatalytic residues. PZase contain some catalgsiclues, ie
Asp8, Lys96, Alal34 and Cys138 in the active dSitethermore Asp49, His51 and His71 in the metaldbig site
418 gybstitution of Cys residue at 14 position wittgAn the R2 PZase put out a new interaction endhtalytic
site environment, namely Van Der Waals interacbhetween the Argl4 residue with Asp8. This interattias not
found in WT PZase (Fig 6A). Meanwhile, the preseoicHlis residue instead of Arg140 in R2 PZase a&yvoss of
Van Der Waals interactions between the amine grongside chain of the Argl140 residue with two amacid
residues, Alal34 and Cys138 (Fig 6B). In additiorthis, there is no significant effect due to teelacement of
Serl79Gly, because the amino acid residue at 13@iqois far away from the active site, and alsside on the
surface of the PZase structure (Fig 6C). Howeukgnaino acid substitutions might involve togetlirreducing of
the R2 PZase activity.
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Based on the model structure of R6 PZase, threeimewactions are formed in the vicinity of the iaetsite as a
result of Alal71Thr substitution. The polar resichfeThr instead to Alal71 create a hydrogen int@wacwith
Arg140 and two Van Der Waals interactions with Agphnd His137 (Fig 7). The new interactions mayatekze
the active site environment, because the threduesiof Arg 140, Asp176 and His137 are located chyye to the
active site residues, and interact directly witlo tective residues Alal34 and Cys138 (Fig 7). firigposed that the
results of the physical-chemical changes arounditiige site may be unfavorable for R2 and R6 PZaseities,
and in turn create PZA resistance in both M. raate strains. In the future, site-directed mutagémand enzyme
activity studies should be accomplished to spetlify role of each amino acid in PZase activity afsb @he
structure determination of protein crystal to désethe molecular interactions exactly.

Fig.7. lllustration of the effect of Alal71Thr subsitution in the R6 PZase model structure
The polar residue of Thrl71 in R2 PZase createdrdgen interaction with Arg140 and two Van Der \Wsaiakteractions with Asp176 and
His137. The three residues in the end reside Megedo the active site residues, and interactaliyewith two active residues Alal34 and
Cys138, so the new interactions may induce to biigethe active site environment.

Alal3a

Thri3a7
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