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Mutations in katG gene are often associated with isoniazid (INH) resistance in Mycobacterium tu-
berculosis strain. This research was perfomed to identify the katG mutation in clinical isolate (LS8) that is
resistant to INH at 1 ug/ml. In addition to characterize the catalase-peroxidase of KatG L8 and perform the ab
initio structural study of the protein to get a more complete understanding in drug activation and the resistan-
ce mechanism. The katG gene was cloned and expressed in Escherichia coli, then followed by characteriza-
tion of catalase-peroxidase of KatG. The structure modelling was performed to know a basis of alterations
in enzyme activity. A substitution of A713G that correspond to Asn238Ser replacement was found in the LS
katG. The Asn238Ser modification leads to a decline in the activity of catalase-peroxidase and INH oxidation
of the L8 KatG protein. The catalytic efficiency (K /K,) of mutant KatG, ... respectively decreases to 41
and 52% for catalase and peroxidase. The mutant KatG, ... also shows a decrease of 62% in INH oxida-
tion if compared to a wild type KatG (KatGwt). The mutant Asn238Ser might cause instability in the substrate
binding site of KatG, because of removal of a salt bridge connecting the amine group of Asn238 to the
carboxyl group of Glu233, which presents in KatGwt. The lost of the salt bridge in the substrate binding site in
mutant KatG created changes unfavorable for enzyme activities, which in turn emerge as INH resistan-

Asn238Ser
ce in the LS isolate of M. tuberculosis.
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uberculosis (TB) is well known as an infec-

I tious disease that is caused by Mycobacte-
rium tuberculosis. The disease is currently
ranked as the seventh most common causes of death
in the world, and still estimated to remain in the top
10 causes of death untill 2030. Recently, TB is re-
ported as the second leading cause of death in adults
and recorded as the deadliest of all infectious disea-
ses. Indonesia is classified as a country with the
large number of TB cases and occupies the fifth rank
of the 22 countries with high potential of TB. In the
country, there are about 500,000 new cases of TB
annually and 175,000 of them are deaths [1, 2]. Two
percent of new cases and twelve percent of the recur-
ring cases of TB found in Indonesia are the multid-

rug-resistant (MDR) cases [1]. A better understan-
ding in the antituberculous drug resistance is needed
to make easy in the TB therapy.

Isoniazid (isonicotinic acid hydrazide; INH)
has commonly been recommended by the World
Health Organization (WHO) to treat tuberculosis
since 1952 because the drug has a high bactericidal
effect and a low price [3]. The bactericidal effect of
INH as TB drug depends on catalase-peroxidase of
M. tuberculosis which is encoded by katG gene. The
enzyme plays a role to convert isoniazid absorbed
by the M. tuberculosis to be in active form, an isoni-
cotinoyl acyl radical, to trigger the death of myco-
bacteria. This might occur because an isonicotinoyl
acyl radical is a potential inhibitor for enoyl-acyl
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carrier protein reductase (InhA) and -ketoacyl-acyl
carrier protein synthase (KasA), the two key en-
zymes for the biosynthesis of mycolic acids, a cell
wall component of mycobacteria [4, 5].

KatG mediates the sensitivity of M. tuberculo-
sis to INH. The katG deficiency strain of M. tuber-
culosis, which is resistant to INH, can restore the
sensitivity to INH when it is complemented with
a functional katG [6]. Meanwhile, total deletion of
katG gene in M. tuberculosis raised resistance to
INH [6-8]. Nevertheless, the loss of catalase-peroxi-
dase in M. tuberculosis has not yet explained com-
pletely the mechanism of INH resistance, because
the total deletion of katG is rarely found in clinical
isolates [4, 9].

It has been reported that 50-70% of INH-re-
sistant M. tuberculosis strains are associated with
the mutation in the katG gene [3, 4]. The mutation
types are very diverse, with missense mutations
being the most common alteration. The mutations in
katG also reveal unique types in INH resistant strain
from different geographical areas. The frequency
of mutation types in katG is often only associated
with drug resistance and rarely linked directly to the
change of INH sensitivity or to the effect of the en-
zymatic activity of KatG. The katG mutations that
affect catalase-peroxidase activity have been found
in either all part of the gene and encode the N-ter-
minal or the C-terminal part of the protein [10, 5].
Many variants of KatG associated with INH resist-
ance exhibits a decrease in catalase-peroxidase ac-
tivities. The decreasing scale of the activity among
the mutants of katG does not directly correlate with
INH resistance [11, 12]. This is the basis of the argu-
ment that the INH resistance in clinical isolates is
not linked directly to the ability of variants of KatG
in INH activation.

The mutant KatG Ser315Thr, that is commonly
found in clinical isolates and associated with INH
resistance, decreases the activities of catalase-per-
oxidase and INH oxidation [13, 14]. The amino acid
Ser315 in KatG is closely put in the active environ-
ment. So that, the genetic modifications in this part
are easily understood as the producer of importantly
affected enzymatic function and thus isoniazid re-
sistance. As many as 50% variants of katG as-
sociated with INH resistance are not modified in
Ser315Thr. Biochemical analysis of variants of katG
other than Ser315Thr is necessary to examine the re-
lation between INH resistance with the changes in
the function and structure of the mutants.
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Some clinical isolates of INH-resistant M. tu-
berculosis from Indonesian TB patients are not mu-
tated at codon 315 of katG. Among these isolates, an
isolate, namely L8 isolate, shows resistance to INH
at 1 ug/ml. This paper shows the correlation of katG
mutation in the isolate with the biochemical proper-
ties of catalase-peroxidase, especially for isoniazid
oxidation. This paper also examines the ab initio
structural study of the mutant KatG L8 with the aim
of gaining a more complete understanding of drug
activation and the resistance mechanism.

Materials and Methods

Bacterial strains and plasmids. A clinical iso-
late of M. tuberculosis was obtained from sputum of
a TB patient in Bandung, Indonesia. Escherichia coli
TOP10 (Invitrogen, Carlsbad, CA) was used as hosts
for cloning of katG of INH resistant and sensitive
M. tuberculosis. The E. coli BL21 (DE3) (Promega,
Madison, USA) was employed as an expression host
of KatG. The plasmid pGEM®-T (Invitrogen) and
pCold II-DNA (Kinki University) were used as a
cloning and expression vector, respectively.

Preparation of chromosomal DNA. Chro-
mosomal DNAs of M. tuberculosis of wild type and
clinical isolates were prepared by an alkaline lysis
method in 5 mM Tris-Cl buffer (pH 8.5) containing
0.5% (b/v) Tween-20 and 0.2 mg/ml proteinase K
at 50 °C for 60 min. The mixture then was heated
at 95 °C for 5 min. Cellular debris was collected at
12,000 g for 10 min and the supernatant containing
chromosomal DNA of M. tuberculosis was used for
PCR [15].

Amplification of katG gene. The full length
of the katG gene was amplified by the polymera-
se chain reaction (PCR) technique using FG and
RG primers (Table 1). PCR was performed in a
total reaction volume of 50 pl containing 50 ng
cromosomal DNA; 1xPCR buffer (20 mM Tris—
HCI pH 8.4, 50 mM KCIl); 0.1 mM of each primer,
200 pM dNTPs; 1.5 mM MgCl,; and 0.25 unit of
Taq DNA polymerase (Amersham). The amplifica-
tion process was done by a GeneAmp® PCR System
2700 (PerkinElmer), and set at the following steps:
pre-denaturation at 94 °C for 4 min, 25 cycles of de-
naturation at 94 °C for 1 min, annealing at 57 °C
for 1 min, and an extension at 72 °C for 3 min. The
process was terminated by post-elongation at 72 °C
for 7 min. All PCR products were analyzed using
agarose gel electrophoresis and purified by GFX pu-
rification kit (Amersham).
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Table 1. The oligonucleotide primers for
sequencing of katG gene
Name of Nucleotide sequence
Primer of primers (5—3")

SP6 promoter catacgatttaggtgacactatag

T7 promoter  taatacgactcactataggg

FG gttattgaattcgatgcccgagcaacacccac
RG ttcatagcggccgegegeacgtcgaacctgte
KF gcagatggggctgatctacg

FDPRK cgacgagttcgccaagge

Cloning of the katG gene. The PCR products
corresponding to the katG gene was inserted into
pGEM®-T vector, then the recombinant vector
was used to transform E. coli TOP10 using the
CaCl, method. [16] Transformants were screened
in Luria Bertani (LB) solid medium containing
ampicillin 100 pg/ml, 5-bromo-4-chloro-3-indolyl-
B-D-galacto-pyranoside (X-gal) and isopropyl B-D-
thiogalactoside (IPTG). The target transformants
which carried recombinant pGEM-T-katG plasmid
were selected by a restriction analysis.

DNA sequencing. The nucleotide of the
katG gene in the recombinant plasmid was se-
quenced by an automatic nucleotide sequencer (ABI
PRISM, Macrogen, Seoul, Korea). The recombinant
pGEM®-T, namely pGEM-T-katG was used for DNA
template. All oligonucleotides primers used for the
sequencing were presented in Table 1.

Alignment analysis. The katG genes of wild
type and clinical isolate of M. tuberculosis were ana-
lyzed in silico by aligning the nucleotide sequenc-
es of the genes and their deduced amino acid se-
quences, using the SeqManTMII and MegAlignTM
DNASTAR program (Lasergene). The nucleotides of
the genes were also compared with katG nucleotides
in Genbank (accession number X68081).

Subcloning of the katG gene. The katG gene
fragment in pGEM-T-katG was taken by digestion
of plasmid recombinant with Ndell and Xbal. The
digestion product was purified and inserted into
plasmid pCold II DNA, which previously had been
digested with the same restriction enzymes. The
ligation product was transformed to E£. coli BL21
(DE3) and the transformed bacteria were then grown
on a selective LB agar plate.

KatG gene expression. A single colony of
E. coli BL21 (DE3) containing recombinant plasmid
(pCold II-katG) was cultured in LB liquid medium

containing ampicillin 100 pg/ml, then followed by
shaking at 37 °C to obtain an optical density (OD)
at A 600 nm approximately of 0.4-0.5. The culture
was then immediately cooled at 15 °C for 30 minu-
tes without shaking. To induce the expression of re-
combinant protein, the culture was added by 0.1 mM
IPTG, and followed by shaking at 15 °C for 24 h.
The culture was then centrifugatedat 5,000 g for
10 min to harvest the cells. The resulted cells were
washed and re-suspended in 50 mM potassium phos-
phate buffer (pH 7.0), and then disrupted by sonica-
tion. The cellular debris was removed by centrifuga-
tion at 12,000 g for 15 min. The KatG protein that
remained in the supernatant was then purified.

Protein purification. The recombinant protein
of KatG was purified by affinity chromatography
using HisTrapTM-HP column (GE Healthcare, Frei-
burg, Germany) containing Ni-sepharose matrix.
The purification steps were run according to the
manufacturer’s protocol. The recombinant protein
was eluted gradually by 50 mM K-phosphate buffer,
pH 7.0, containing imidazole of 50-200 mM. The
purified protein was analyzed by a sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE).

Catalase-peroxidase activity and INH oxida-
tion assays. The recombinant KatG was assayed re-
garding its activity on catalase-peroxidase and INH
oxidation. Catalase activity was determined by the
Patti and Bonet-Maury method, based on the formed
color from the reaction of titanium with H O, [17].
The reaction was carried out in 10 mM K-phosphate
buffer pH 7.0 with a total volume of 1 ml containing
12.5 mM H,O, substrate and KatG protein. The
enzymatic reaction was stopped by the addition of
2.5 ml of titanium reagent, in turn the formed yel-
low color was observed at A 410 nm [17]. One unit
of catalase activity was defined as the amount of en-
zyme decomposing 1 mmol of H,O, per min.

Peroxidase activity was determined by reacting
of 100 uM o-dianisidine in 100 ml of 50 mM potas-
sium buffer (pH 4.5) containing 25 mM fert-butyl
hydroperoxide (t-BHP) with 12.5 mM H,O,. The
absorbance of the reaction product, i.e. o-diani-
sidin quinone diimine was observed at A 460 nm
(g,5 = 11.86 mM"-cm™) [13]. One unit of peroxidase
activity was defined as the amount of enzyme that
catalyzed the formation of one pmol product per min
at 30 °C.

The activity of katG on INH oxidation was
carried out by the Shoeb method [18]. A mixture
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of 0.65 g KatG protein in 10 mM phosphate buffer
pH 7.0 was reacted with 13.1 mM phenol and
6.25 mM H,O, in a total volume of 3 ml at 37 °C
for 7 min, then followed by addition of 2.4 mM
INH. The reaction was continued at 37 °C for
1 h [18]. The absorbance of the reaction product,
i.e. benzo-quinone was monitored at A 444 nm
(e,,, = 0.393 M"-cm™). One unit of the activity was
defined as the amount of enzyme that catalyzes the
formation of benzo-quinone product per min at
37 °C.

Structure alignment. Three-dimensional
structure of the mutant KatG protein was generated
by SWISS-MODEL, an automated protein homology
modeling server, using the known crystal structure
of a wild type KatG protein structure (PDB code
1SJ2) as a template. The minimization of the struc-
tural model was conducted with Amber 10 [19]. The
modeled structure was visualized using PyMOL 1.3
(www.pymol.org). Root mean square deviation of the
model was compared to the 1SJ2 structure by Super
Pose version 10.

Results and Discussion

Cloning of katG gene from INH-resistant
M. tuberculosis strain. The open reading frame
(ORF) of katG gene from L8 Isolate of INH-resistant
M. tuberculosis strain was amplified by PCR using
FG and RG primers. The 2.2 kb fragment of PCR-
product then was inserted in pGEM-T vector (3.0 kb)
to construct pPGEMT-katG recombinant. The recom-
binant plasmid exhibited two fragments (3.0 and
2.2 kb) then it was digested by both EcoRI and Nofl
restrction enzymes (Fig. 1). The 3.0 kb fragment cor-
responded to pGemT vector, and the 2.2 kb fragment
had the size of the katG gene. The 2.2 kb fragment
of L8 isolate carried a mutation, the guanine instead
of adenine at position 713 (Fig. 3).

The katG gene was then subcloned to pColdlII-
DNA as expression vector. Insertion of katG frag-
ment (2.2 kb) in vector pCold II-DNA (4.3 kb)
yielded a pCold Il-katG recombinant (6.5 kb). Sin-
gle digestion of the recombinant with Ndel and
Xbal restriction enzymes yielded a DNA fragment
(6.5 kb), respectively, while the digestion with both
the enzymes yielded two fragments consisting of
2.2 and 4.3 kb (Fig. 2). The nucleotides sequences
of the katG gene from the L8 M. tuberculosis isolate
showed a substitution of adenine to guanine at posi-
tion 713 compared to the katG from INH suscepti-
ble M. tuberculosis, the H37Rv strain (Fig. 3). The
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mutation altered the amino acid of KatG protein, the
serine instead of asparagine at posistion 238 through
in silico translation (Fig. 3).

The KatG expression. To express the katG,
the E. coli BL21 (DE3) that bring pCold-katG re-
combinant was grown in LB medium containing am-
phicilin, then followed the induction of the culture
with [PTG. After the cell of E. coli was collected by
centrifugation, the cell pellets were lysed to release
its extract protein. Analysis of the extract protein in
SDS PAGE showed a high intensity of protein band
with a molecular mass of 80 kDa that belonged to
KatG protein (Fig. 4).

Catalase-peroxidase activities of mutant
KatG, ... The kinetic properties of catalase-
peroxidase of mutant KatG, ... and wild type
had been determined, i.e. K, K _ and K /K, . The
mutant KatG, ... exhibited the K /K| value for
catalase and peroxidase lower than KatGwt. The
K_ /K, value mean as the catalytic efficiency of en-
zyme. The high K_ /K, suggested that an enzyme
could bind its substrate effectively and decompose
its substrate into a product well, and vice versa.
KatGwt has K_ /K, value as 8.62x10* M-S for
catalase and 1.99x10° M-S for peroxidase. Mean-
while KatG, ... mutants have alow K /K, value,
i.e. 5.12x10* M'-S"! for catalase and 0.96x10° M'-S"!
for peroxidase (Table 2). In addition to the ki-
netic properties, the mutant KatG, ... took also
a declining activity to oxidize INH. The mutant
KatG, ..., activity in oxidation of isoniazid re-
mained 42.5% from that of KatGwt (Fig. 5).

Structural Model of mutant KatG
Structure modeling of KatG, ... was done to
know the effect of amino acid substitution in the mu-
tant protein. Superposition of Ca framework of the
mutant model with the KatGwt structure exhibited
root mean square deviations (RMSD) of 0.073. This
result showed that The mutant KatG, ... shared
similiar structure with KatGwt of M. tuberculo-
sis H37Rv. Moreover, the amino acid substitution
of Asn238Ser found in the mutant KatG L8 elimi-
nate the salt bridge interaction around the substrate
binding site, which connects between the amine
group in side chain of Asn238 residue with the car-
boxyl group of Glu233 in KatGwt (Fig. 6).

KatG is the only enzyme in M. tuberculosis
that could generate isoniazid susceptibility. There-
fore it plays a central role in the development of at
least one type of isoniazid resistance [20]. Mutations
in katG are often associated with INH resistance. A
substitution of adenine to guanine at position 713 in

Asn238Ser®
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Fig. 1. The restriction map of pGemT-katG recombinat. Marker DNA A/HindIll (M), the 2.2 kb fragment of
PCRproduct from L8 and H37Rv isolate (I and 2); The purifykatG (3); the pGemT-katG pGemT-katG (L8
and H37Rv) which digested by EcoRI and Notl (4 and 5). Each digestion resulted two fragmens at 3.0 kb and
2.2 kb. The 3.0 fragment correspond to pGemT vector, then the 2.2 kb fragment correspond to the katG gene

katG gene that correspond to Asn238Ser replace-
ment was found in the L8 clinical isolate which had a
resistance level to INH at 1 pg/ml. Minimal inhibitor
concentration (MIC) of INH for growing M. tuber-
culosis has been reported as 0.02 to 0.06 pg/ml [3].
The INH resistance is classified as a low level for
MIC value <1 pg/ml, and a high level for MIC value
> 1 ug/ml [21]. Many papers showed that the level
of INH resistance of clinical isolates of M. tubercu-
losis are not directly correlated with the number of
mutations in katG. There are many clinical isolates
resistant to INH at low level, having multiple muta-
tions in katG, and vice versa, single mutation is con-
nected with high resistance to INH [5, 21, 22].

Direct relationship between mutation in katG
with INH resistance phenotype is still insufficient
to understand the emergence of INH resistance in
clinical isolates, because the mutation events might
connect with other biological traits. As confirmation
that the substitution Asn238Ser connected with INH
resistance in clinical isolate of L8, it was determined
the activities of catalase-peroxidase and INH oxida-
tion by the mutant.

The mutant KatG, ... of the L8 isolate ex-
hibited lower catalase and peroxidase activity than
that of KatGwt. The mutant has a binding affinity

Fig. 2. The restriction map of pCold 1l-katG recom-
binant. Marker DNA A/HindIIl (M), pCold 1I-DNA/
Xbal (1), pCold Il-katG/Ndel (2), pCold Il-katG/
Ndel + Xbal (3). Dygestion of the recombinant with
both the enzymes yielded two fragments consisting
of 2.2 and 4.3 kb
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700

CCGGAGGGGCCGAAC

713

710 720 730
CLCGGACCCCATGGCCGCGL

katG Mtb —» CcCGGAGGGGCCGAACGGFARCECGEACCCCATGGCCGCGE

H37Rv

katG INH> MM&M&&M

Mtb =» ICCGGAGGGGCCGAACGHCAACCIGGACCCCATGGCCGLGL

katG INHR
Mtb  —>

"CGG:-GGGG" CGMCGGP

F CGoACCOCATOaoCa0at

Fig. 3. Nucleotides alignment of the katG of INH resistant M. tuberculosis strain (L8) againts the katG from
INH sensitive strain (H37Rv) and GenBank. Comparing with H37Rv and genbank katG, The L8 katG exhibited
a varian nucleotide at position 713, guanine instead of adenine, then substituted Asn with Ser at position 238.

Mutation is marked with a red oval

to the substrate is lower than the KatGwt, because it
has a value of K|, for each catalase and peroxidase,
1.4 times higher than KatGwt (Table 2). Substitution
Asn238Ser reduced 40% of substrate binding affini-
ty for catalase-peroxidase of the mutant. Comparing
with KatGwt, the mutant KatG, .. also displayed
a decrease of K value by 17% for catalase and 32%
for peroxidase. This means that the mutant lost 17
and 32% ability of catalase and peroxidase respec-
titively in the converting of substrate into product.
The catalytic efficiency that symbolized by K /K|,
for the mutant KatG, ... decreased by 41% for
catalase and 52% for peroxidase activity (Table 2).
The mutant KatG, ... decreased in both the
binding affinity and the converting activity of sub-
trate into product. Several papers reported that the

catalase-peroxidase activity among variants of katG

76

were not correlated with the resistance level of INH
[11, 12]. This can be triggered due to the measure-
ment of enzyme activity in vitro, but it is connected
directly with INH resistance phenotype which is ac-
tually derived from the in vivo process.

The INH oxidation test of KatG, ... showed
that the mutant lost 62% of the activity compared
with that of KatGwt (Table 2). The Asn238Ser
modification in KatG of INH resistant isolate (L&)
is connected with the decline in the activity of cata-
lase-peroxidase and INH oxidation of the protein.
Decreasing of catalytic efficiency (K, /K,,) of mutan
KatG, ... as 41% for catalase and 52% for per-
oxidase accompanied the reduction of 62% in INH
oxidation activity of the mutant. The decline of INH
activation in many variants of KatG, i.e. Alal10Val,

Asp735Ala, Alal39Pro, Ser315Asn, Leu619Pro, and
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67 —»

43 —
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e

Fig. 4. Electrophoregram of KatG protein in SDS
PAGE. Protein marker (1), crude extract of KatG
(2), purify product of L8 and H37Rv KatG (3 and 4).
The KatG protein was eluted by 100 mM imidazole
buffer

Leu634Phe have exhibited a highly correlated with
the change level of catalase-peroxidase activity for
the mutants [23].

The catalytic function of KatG is carried out ef-
fectively by amino acid residues in the active site, i.e.
Arg-104, Trp-107 and His-108 residues in the distal
pocket, and His270, Trp321 and Asp381 residues in
the proximal pocket. INH binds to KatG via interac-
ting with amino acids in the distal pocket. Other
residues such as Val230, Asn231, Pro232 and Ser315
have been reported to be involved in interacting with
INH [24-26]. The stability in the active site environ-

Table 2. Kinetic parameters of catalase-peroxidase of KatGwt and KatG

900
800
700

600
500
400
300
200
100

Activity (U/ug protein)

KatGwt KatG(N238S)

Fig. 5. The INH oxidation activity of wild type and
mutant KatG

ment of KatG is required to support the INH activa-
tion by the protein.

The failure role of KatG in the INH activating
has been shown in detail by the mutant KatG_, .,
[12, 13, 27]. The Ser315Thr substitution in KatG
impacts on the shifting of substrate binding chan-
nel from 6.0 to 4.7 A [27]. Consequently the mutant
failed to bind the INH, and subsequently decreased
160 times in the INH activation compared with
KatGwt [14].

By using a structure model, the basis of a de-
crease in the catalytic efficiency for catalase-per-
oxidase and INH oxidation activity in the mutant
KatG, .. Was described. In the KatGwt structure,
the amino acid 238 is put closely to the substrate
binding site, i.e. Asnl137, Val230, Asn231, Pro232
and Ser315 residues. It is found that Asn231 residue
makes hydrogen bond with Glu233 and Van Der
Walls interaction with Asn236. These interactions

sn238Ser

o Kinetic parameters
Activity Isolate K. ) K, (mM) K_K, (M-S

Catalase

Wild type KatG H37Rv 272.3 3.16 8.62x10*
KatG (Asn238Ser) L8 227.5 4.44 5.12x104
Peroxidase

Wild type KatG H37Rv 49.0 0.25 1.99x10°
KatG (Asn238Ser) L8 333 0.35 0.96x10°
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'
/7 Asn236

Pro232
-

i sents A

. Asp114

Ser238 Pro232

A Ser315
G233

Fig. 6. lllustration of Asn238Ser substitution effect in KatG LS. Superposition of mutant KatG structure (LS8)
(vellow) to the KatGwt (red) (4). The blue rod-shaped amino acids represented the residues for subtrate
binding; green rod-shaped amino acids represented catalytic residues, and magenta are the residue for cross
links. In the KatGwt, the Asn238 stabilized the active site environment through linkage to the Glu233 and
Asn236 (B). In the mutant KatG L8, the Ser238 residue could not make interaction with Glu233

are stabilized by the presence of salt bridge which
connects between the amine group in side chain of
Asn238 residue with the carboxyl group of Glu233
in KatGwt (Fig. 6). This salt bridge was lost due to
modification of Asn238Ser in the mutant KatG L8.
The lost of the salt bridge created unfavorable for
enzyme activities, then in turn it emerged the INH
resistance in the L8 isolate of M. tuberculosis. The
model analysis of KatG, ... should be further con-
firmed by a real crystal structure of the mutant.
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Myranii B TeHi katG dYacTo TOB’s3aHi
i3 pesucTeHTHiCTIO mTaMy Mycobacterium
tuberculosis no i3oHiazuny. JlocmipkeHHs MpoBe/e-
HO 3 METOIO BHSBIICHHS MyTalii katG B KIIHITHOMY
i3omsari (L8) 3 M. tuberculosis, cTiikumm 10
i30HIa3uay 3a KoHIeHTpamii 1 MKr/mi. Y pobori
OXapaKTepHU30BaHO KaTaiasy-nepokcunaszy KatG
L8 i mpoBeneHo BUBUEHHS CTPYKTYPH MPOTEIHY 3
METOO TIUOIIEe 3pO3YMITH TMPOIeC aKTUBAIii mpe-
mapary i MexaHi3M PEe3UCTEHTHOCTI 10 HhOro M.
tuberculosis. I'en katG OyB KIOHOBaHUU 1 eKCIIpe-
coBauuii B Escherichia coli, BUBYEHO BIIACTHUBOCTI
katanasu-nepokcugasu KatG. [Iposeneno moaento-
BaHHS CTPYKTYPH NPOTEIHY IS 3’ICyBaHHS TPH-
YUH 3MIHHM E€H3MMaTUYHOI aKTUBHOCTI. BcraHOB-
JICHO 3aMillleHHs Karanasu-nepokcuaasu A713G,
mo Bigmosimae 3amini Asn238Ser B L& katG.
Momudikamis Asn238Ser y mpoteini L8 KatG mpu-
3BOAMJIA JI0 3HWIKCHHS aKTUBHOCTI KaTaja3u-Iie-
pOKcHIa3u 1 OKHCIeHHS i30Hiazumay. Karamitmana
eexrusnicts (K_/K|,) myrantHoro KatG, ...
3MEHIITyBaJlach JIJIs KaTanasu i mepokcumasu 1o 41 i
52%Bignosinno. Mytant KatG ran238se, TAKOIK BHIIKY-
BaB OKHCJICHHS 130Hia3uay Ha 62% MOPIBHIHO 3 IH-
kum tunom KatG (KatGwt). [TokazaHo, o myTaris
Asn238Ser Moke TPU3BECTH O HECTAaOITHLHOCTI B
cnony4Hiit ginsgaini KatG dyepes BUIydeHHS elek-
TPOCTATHYHOTO 3B’I3KY, IO 3’€IHYE aMiHOTPYITy
Asn238 i3 kapOokcunbHOO Tpymor Glu233, saxa
npenctasieHa B KatGwt. Brpara enektpoctaTnu-
HOTO 3B’SI3KY B MICIIi 3B’I3yBaHHS CyOCTpaTy B My-

tanta KatG, 3HMKY€ aKTHBHICTh EH3UMIB,
sn238Ser R
o, B CBOIO YEpry, 3yMOBIIOE PE3UCTEHTHICTH

M. tuberculosis no i3onia3uay B i3omsti L8.

Knwouosi cioBa: Mycobacterium
tuberculosis, pe3suCTeHTHICTH 110 i30Hia3uny, katG,
KaTalia3a-epoKCuIasa.

MYTAUMUA katG B KINHUYECKOM
HN3O0JUATE Mycobacterium tuberculosis:
BJUAHUE HA KATAJIA3Y-
NEPOKCHUAA3Y, AKTUBUPYIOUIYIO
N30HUA3U
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MyTanuu B rese katG 4acTo CBS3aHbI C PE3H-
CTEHTHOCTBIO mTamma Mycobacterium tuberculosis
K M30HHMA3UAY. DTO HCCIICIOBAHNUE IPOBEICHO s
orpezesieHUs] MyTauuu katG B KIMHUYECKOM H30-
nsare (L8) ¢ M. tuberculosis, ycTOMYUBBIMHA K H30-
HUa3uJy NpH KoHUeHTpauuu | Mxr/mi. B paGote
oxapaKkTepu3oBaHa KaTanasza-nepokcunaza KatG
L8 1 BbImoJIHEHBI NEpPBOHAYAIbHbBIE CTPYKTYpPHBIC
UCCIIEOBAHUS MPOTEUHA C LENbI0 0oJee MOJHOro
NOHUMAaHMSI IPOLecca aKTUBALMY IIperapara U Me-
XaHU3Ma PE3UCTEHTHOCTH K HeMy M. tuberculosis.
I'en katG Obul KIOHMPOBAH U IKCIPECCUPOBAH B
Escherichia coli, 3aTreM n3y4eHBI CBOHCTBa Kara-
na3sl-nepokcunaspl  KatG. Ilposeneno Monenu-
pOBaHUE CTPYKTYpPbl NPOTEHHA ISl BBIICHEHHUS
OPUYUH MU3MEHEHMS SH3UMATHUECKOH aKTHBHOCTH.
VYCTaHOBJIEHO 3aMELICHHE KaTaJla3bl-IePOKCHIa-
3bl A713@G, uTtO cooTBEeTCTBYET 3ameHe Asn238Ser
B L8 katG. Momuduxarmus Asn238Ser B mpoTenHe
L8 KatG npuBoauia K CHUKEHUIO aKTUBHOCTH Ka-
Taja3bl-IIEPOKCUAA3bl M OKHCICHUS H30HUA3MJA.
Karanuruyeckas spdexruBnocts (K /K, ) My-

TAHTHOI'O KatGAsnBSSer YMEHbIIAJIACH I KaTaJla3bl
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u nepokcuaassl 10 41 u 52% coorBeTcTBeHHO. My-
tant KatG, ... TaKkKe CHUKAJ OKMCIECHUE H30HU-
azuna "Ha 62%, 1o cpaBHEHHIO ¢ TUKUM ThuTioM KatG
(KatGwt). [lokazano, uto myTarus Asn238Ser mo-
JKET MPUBECTH K HECTAOMIILHOCTH B CBS3BIBAIOIIEM
yuactke KatG wu3-3a ynaneHus 3JeKTpocTaTHye-
CKOH CBSI3U, COCNUHSAIONICH aMuHOTpyny Asn238
¢ kapOokcunpHOM Tpynmoi Glu233, koTopast mpea-
crapieHa B KatGwt. [loteps amekTpocTaTuaeckoro
B3aWMO/JICHICTBHS B MECTE CBSA3BIBaHUS CyOcTpaTa B
myTante KatG, ... CHMKAET aKTMBHOCTH JH3H-
MOB, 4YTO, B CBOIO OY€pEe/b, OOYCIIOBIMBACT PE3H-
CTEHTHOCTh K M3oHUa3uny M. tuberculosis B n30-

nare LS.

KnoueBrie cinoBa: Mycobacterium
tuberculosis, pe3UCTEHTHOCTH K U30HUA3UNY, katG,
KaTaJia3a-rmepoKcuasa.
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