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Tuberculosis, caused by Mycobacterium tuberculosis, continues

to be one of the main diseases to mankind. It is urgent to

discover novel drug targets for appropriate antimicrobial

agents against this human pathogen. The shikimate

pathway is considered as an attractive target for the

discovery of novel antibiotics for its essentiality in bacteria

and absence in mammalian cells. The Mycobacterium

tuberculosis aroE-encoded shikimate dehydrogenase was

cloned, expressed and purified. Sequence alignment analysis

shows that shikimate dehydrogenase of Mycobacterium

tuberculosis exhibit the pattern of G-X-(N/S)-V-(T/S)-X-P-

X-K, which is highly conserved within the shikimate

dehydrogenase family. The recombinant shikimate

dehydrogenase spectrum determined by CD spectroscopy

showed that the percentages for α-helix, β-sheet, β-turn,

and random coil were 29.2%, 9.3%, 32.7%, and 28.8%,

respectively. The enzymatic characterization demonstrates

that it appears to be fully active at pH from 9.0 to 12, and

temperature 63oC. The apparent Michaelis constant for

shikimic acid and NADP+ were calculated to be about 29.5

µM and 63 µM. The recombinant shikimate dehydrogenase

catalyzes the substrate in the presence of NADP+ with an

enzyme turnover number of 399 s-1. Zymological studies

suggest that the cloned shikimate dehydrogenase from M.

tuberculosis has a pretty activity, and the work should help

in the discovery of enzyme inhibitors and further of possible

antimicrobial agents against Mycobacterium tuberculosis.
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Introduction

Tuberculosis remains the leading cause of mortality due to a

bacterial pathogen, and infects approximately 32% of the

world’s human population. The emergence of multi-drug-

resistant strains of Mycobacterium tuberculosis and the

susceptibility of patients infected with human immunodeficiency

virus (HIV) to tuberculosis have fuelled the spread of the

disease. Accordingly, new antimycobacterial agents are

needed to treat strains of M. tuberculosis.

The shikimate pathway is essential for biosynthesis of

aromatic amino acids and aromatic compounds in bacteria,

parasites, and plants (Anton et al., 1988; Roberts and Coggins,

1998). The seven-step reaction in this pathway yields

chorismate, which serves as a precursor for the synthesis of L-

tyrosine, L-phenylalanine, L-tryptophan, and many aromatic

compounds, such as foliates, ubiquinones, and napthoquinones

(Roberts et al., 1998). The importance of shikimate pathway

enzymes for metabolism in lower organisms and their absence

in mammals make them attractive targets for development of

antimicrobial agents and herbicides (Steinrucken and

Amrhein, 1980; Davies et al., 1994). In mycobacteria, the

shikimate pathway leads to the precursors of aromatic amino

acids, ubiquinones and mycobactin. The reactions involved in

the biosynthesis of shikimate should represent excellent

potential target sites for chemotherapy against M. tuberculosis,

and other mycobacterial pathogens. Thus, the mechanisms of

action and properties of the enzymes involved in the

biosynthesis of shikimate represent important information for

the design and development of new antimycobacterial drugs.

Homologs to enzymes in the shikimate pathway have been

identified in the complete genome sequence of M.

tuberculosis H37Rv strain (Cole et al., 1998). M. tuberculosis

aroE-encoded (Rv2552c) shikimate dehydrogenase (SD; EC

1.1.1.25) catalyzes the fourth step of the shikimate

biosynthetic pathway and is responsible for the reduction of 3-

dehydroshikimate to shikimate in the presence of NADPH

(Parish and Stoker, 2002). Magalhães and coworkers reported
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the functional recombinant SD could be expressed in Escherichia

coli (E. coli) BL21 (DE3)(Magalhães et al., 2002). However,

some enzymatic properties of recombinant SD from M.

tuberculosis were unknown. In this report, we describe the

expression and purification of the M. tuberculosis aroE gene

in Escherichia coli system. The biochemical and potent

enzymatic properties of recombinant have been determined.

The purification and properties of wild-type shikimate

dehydrogenase from mycobacteria have not been reported.

We thought this work presented here should be appropriate to

know the nature of the M. tuberculosis protein.

Materials and Methods

Materials All the chemicals were purchased from Sigma

Chemical Co except when otherwise noted. Ni-NTA agarose was

obtained from Qiagen, and used according to the manufacturer’s

recommendations. LB broth was from Merck Co. All DNA

manipulation enzymes, including restriction endonucleases, ligase

and pfu DNA polymerase, were supplied by New England Biolabs.

Cloning of M. tuberculosis aroE gene A 810 bp aroE gene was

amplified from M. tuberculosis genomic H37Rv DNA by PCR

using oligonucleotide primers 2552cFP 5-GGGCATATGAGCGA

AGGTCCCAAAAAAGCCG-3 and 2552cRP 5-ACAAAGCTTCT

AGTCCAACGCGGCCAGCGCG-3. The NdeI site and Hind site

were introduced to the forward and the reverse primer, respectively.

The PCR amplification was done at 10% DMSO (Magalhães et al.,

2002) by using the pfu DNA polymerase with a 65oC annealing

temperature. The PCR product was ligated to the pET28b (Novagen,

Madison, USA) vector to generate the recombinant plasmid

pET28b-2552c. The recombinant plasmid was transformed in the

E. coli strain BL21 (DE3) (Novagen) cultured with the kanamycin.

Sequence analysis Open reading frames Rv2552c was identified

by BLAST alignment with predicted amino acid sequences on

GenBank (http://www.ncbi.nih.gov). Multiple amino acid alignments

were performed CLUSTALX program (Thompson et al., 1997).

Expression of recombinant SD The E. coli BL21 (DE3) cells

with recombinant plasmid was cultured in L-broth containing 50 µg

mL−1 kanamycin. Cells were incubated at 220 rpm at 37oC.

Moreover, the cells were grown to an optical density of 0.6. At that

point, 0.5 mM IPTG was added and the cells were incubated for an

additional 5 h. 

Purification of recombinant SD Host cells expressing recombinant

SD protein were harvested by centrifugation, and subjected to

freeze/thaw at −80oC and ice/water bath (Magalhães et al., 2002),

then suspended in buffer A (50 mM NaH2PO4, 300 mM NaCl, pH

8.3, 0.1% Triton X-100) and sonicated on ice. The mixture was

centrifuged to yield a clear supernatant, which was loaded onto a

column with Ni-NTA resin pre-equilibrated in buffer A and mixed

gently for 1 h at 4oC. The column was washed with buffer B (50

mM NaH2PO4, 300 mM NaCl, pH 8.3 and 20 mM imidazole),

buffer C (50 mM NaH2PO4, 300 mM NaCl, pH 8.3 and 30 mM

imidazole) and buffer D (50 mM NaH2PO4, 300 mM NaCl, pH 8.3

and 40 mM imidazole) for several times and eluted with buffer F

(50 mM NaH2PO4, 300 mM NaCl, pH 8.3 and 150 mM imidazole),

then purified protein was pooled and dialyzed against buffer G

(5 mM Tris-HCl, pH 8.0) to remove imidazole. The appropriate

concentration of SD was thus concentrated by ultrafiltration with

Amicon centrifugal filter device. All purification, dialysis and

concentration procedures were performed at 4oC. Protein

concentrations were determined by Bradford assay using bovine

serum albumin (BSA) as the standard. Predicted size expression of

the (His) 6-aroE polypeptide (29 kDa) was confirmed by SDS-

PAGE. Purified protein was analyzed by matrix-assisted laser

desorption ionization time-of-flight (MALDI-TOF) using Voyager-

DE-PRO instrument (Applied Biosystems, Foster City, USA).

Enzymatic activity assay SD catalyzes the NADPH-dependent

reduction of 3-dehydroshikimate to form shikimate and NADP£´.

Enzyme activity was assayed by continuously monitoring the

increase in NADPH absorbance at 340 nm (εNADPH = 6.22 × 103

M−1 cm−1) (Chaudhuri, et al., 1987). All spectrophotometric assays

were performed at 25oC, and the increase in NADPH was

monitored at 340 nm. The assays were conducted in a final volume

of 100 µL, containing the following components: 100 mM Tris-

HCl, pH 9.0, 4 mM shikimic acid, 2 mM NADP+ and an appropriate

amount of enzyme. All of the components except for the SD

enzyme were premixed in a reservoir and dispensed. The reaction

mixture was incubated at 25oC for 5 min to reach a stable

background. The SD enzyme was added in the end to trigger the

reaction.

Michaelis constants were determined for the two substrates,

shikimic acid and NADP+ in the forward reaction. The Km

estimated at fixed another substrate concentration is not the true

values but rather apparent values. Therefore these parameters are

referred as apparent Km. The recombinant SD activity was

measured at various concentrations (0.02-5 mM) of Shikimic acid

with 2 mM NADP+ at pH 9.0 and 25oC. Concentration of the

NADP+ for determination of apparent Km varied between 0.025-4

mM, and Shikimic acid concentration was 2 mM at 25oC at pH 9.0.

Properties and stability of the recombinant SD To determine

the optimum pH of the recombinant SD, buffers with different pH

were used in the assay mixture. For pH profile analysis, the activity

of SD was measured in different pH buffers (100 mM Tris-HCl for

pH 6.0-9.5, and 3-(cyclohexylamino) propane sulfonic acid-NaOH

for pH 10-13). As far as the effect of temperature on recombinant

SD is concerned, the enzymatic activity assays were processed

from 10-90oC. The heat stability of recombinant SD was measured

by preincubated at temperatures 50, 60 and 70oC ranging from 0

min to 10 min. All results shown were the average of three different

experiments.

Circular dichroism (CD) measurement of recombinant SD To

determine secondary structure elements of the recombinant SD, far-

UV CD spectra were recorded at 25oC with a Jasco-715

spectrophotometer (Jasco, Tokyo, Japan) equipped with RTE bath/

circulator (NESLAB RTE-111; NESLAB, Tokyo, Japan). Protein

concentration of 0.132 mg ml−1 in 50 mM Tris-Cl, pH 7.8, was

used. The spectra were recorded from 190 nm to 300 nm with a
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resolution of 0.2 nm and accumulated for five scans. Secondary

structure parameters were estimated by the computer program

PROSEC derived by Yang and coworkers (Yang et al., 1986).

Results and Discussion

Cloning, expression and purification of the recombinant

SD A 810 bp PCR product was amplified from M.

tuberculosis H37Rv genomic DNA and inserted into the

expression vector pET28b. The gene was sequenced to

confirm the fidelity of the amplification.

Expression of SD using pET28b showed presence of higher

amounts of recombinant protein as inclusion bodies than

soluble fraction in supernatant. There is a rare codon (CUA)

for leucine at position 254 in M. tuberculosis aroE gene,

insufficient tRNA could result in amino acid misincorporation

that might lead to express nonproperly folded recombinant

protein (Kurland and Gallant, 1996). There have been many

attempts to refold the protein denatured in 8M urea using

different refolding buffer, pH, temperature, and denature

protein concentrations. Disappointingly, the attempts to yield

large amounts of biologically active product were unsuccessful.

A number of trials showed that the soluble protein quantities

could be improved by repeated freezing /thawing and then

sonication. Meanwhile, the cells were allowed to remain on

ice for 15 min before being subjected to sonication.

The recombinant SD having a (His) 6 tag could be purified

on a nickel column as has been widely used for various

recombinant protein. However, soluble recombinant SD has

very low binding ability to Ni-NTA resin during purification.

In order to increase the binding ability to Ni-NTA resin, the

crude extract was applied to a nickel ion column and mix

gently for 1 h at 4oC. On the other hand, the pH value and

composition of all buffers were checked and chosen the

conditions including 50 mM NaH2PO4, pH 8.3 and 300 mM

NaCl, in which purified soluble recombinant protein was

obtained. As shown in Fig. 1, a single band with a molecular

mass about 29 kDa was detected in the elution fraction.

The overall yield of the purification was 57.5% and the

purified protein was estimated to be about 0.68 mg from 1 L

culture medium (Table 1). Although obtained recombinant

protein from 1 L culture medium was a little lower than those

recombinant proteins expressed high in the soluble form, the

recombinant SD was a pretty active and functional enzyme.

We observed that recombinant SD catalyzes the shikimate

acid at 2 mM in the presence of 2 mM NADP+ with an

enzyme turnover number of 399 s−1. The catalytic rate for

shikimate was comparable with the published rate for wild-

type E. coli AroE (430 s−1) (Table 2) (Chaudhuri et al., 1987),

In contrast, eukaryotic SDs exhibited lower activities ranging

from 2.25 to 160 U/mg (Dowsett and Corbett, 1971; Barea et

al., 1978; Polley, 1978; Lourenco et al., 1991).

The mass of purified recombinant protein was conformed

by MALDI-TOF (Fig. 2), which was in accordance with the

theoretical mass prediction of protein. The measured mass for

recombinant protein was 29,314.2754 ± 30 Da (the predicted

mass is 29,340.50 Da).

Sequence analysis of M. tuberculosis SD BLAST analysis

of the predicted amino acid sequence of Rv2552c shows

homology with a number of proposed shikimate dehydrogense,

e.g., E. coli SD (GI:16131162, 24% identity), M. tuberculosis

CDC1551 (GI:15842090, 86% identity), Mycobacterium bovis

AF2122/97 (GI:31793735, 85% identity), and Mycobacterium

leprae TN (GI:15827177, 70% identity). Fig. 3 shows the

result of the deduced amino acid sequence comparison of SD

Fig. 1. Purification of recombinant shikimate dehydrogenase on

the nickel column. Lane 1, protein standards; lane 2, crude

Escherichia coli supernatant fraction before application to

column; lane 3, fraction eluting with 150 mM imidazole. Proteins

were visualized with Coomassie blue stain.

Table 1. Purification of the recombinant SD 

Steps Total protein (mg) Total activity (U/mg) Specific activity (U/mg)a Yield (%)

Supernatant proteinsb 315 976.5 3.1 100

Ni-chelation column 0.8 610.4 763 62.5

Concentrationc 0.68 561.7 826 57.5

aThe enzyme activities were determined at pH 9.0 and 25oC using 2 mM shikimic acid and 2 mM NADP+ as substrates. One unit of

enzyme activity (U) is defined as the amount of enzyme catalyzing the conversion of 1 µmol substrate per minute.
bThe supernatant proteins was from 1 L culture medium.
cThe purified protein was concentrated by ultrafiltration with Amicon centrifugal filter device.
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in H37Rv strain with amino acid sequence of SD from several

other model organisms. Alternating residues from Gly61-

Lys69 exhibit the following pattern of conservation G-X-(N/S)-

V-(T/S)-X-P-X-K, (where X represents any amino acid), Which

create a conserved sequence in shikimate dehydrogenase.

Crystallization and preliminary analysis of Methanococcus

jannaschii SD explained the conserved pattern creating a

surface patch that leads to the active site cleft (Padyana and

Burley, 2003). Asn90 and Thr91 are conserved in SD

sequences. Asp105, Thr104, Gln247 and Thr319 which are

also highly conserved within the SD family are seen at the C

terminus. It is likely that the Lys69, Asn90, Asp105 and

Glu259 represent residues involved in catalytic reduction of 3-

dehydroshikimate to shikimate (Padyana and Burley, 2003).

This homology analysis provides a wealth of information,

which has not only helped to clarify the possible function of

unannotated sequences, but also can serve as the basis for

future functional studies and prove crucial in the design of

new antimicrobial.

Properties of the recombinant SD In the further experiments,

we have investigated the effects of pH and temperature on

recombinant SD. The activity of the purified recombinant SD

showed a linear increase with increasing protein concentration,

from 1-20 µg of protein per incubation. In order to investigate

the apparent Km of recombinant SD, Shikimic acid,

concentrations from 0.02 to 5 mM, and NADP+ from 0.025 to

4 mM were used and activity was monitored. We observed

that at higher shikimic acid concentrations above 2.4 mM the

enzymatic reaction was found to be inhibitory (Fig. 4A, inset

A). The kinetic parameter Km about 29.5 µM was determined

in the presence of varied (0.02-2.4 mM) concentration of

shikimic acid (Fig. 4A), and the Km value for NADP+ was 63

µM (Fig. 4B) at pH 9.0, at 25oC.

We compared the Michaelis constants with those of wild-

type shikimate dehydrogenase isolated from natural sources

(Table 2). Although the Km for substrates of recombinant SD

was not as same as those of wild-type origins, recombinant

SD and AroEs from bacteria display a fairly equivalent

affinity for their substrates, as shown by the similar range of

their Km values. In contrast, the enzymatic Km values for

shikimic acid were quite high, and AroEs from plants had a

low affinity for the shikimic acid compared with those from

bacteria. Earlier study reported that the Michaelis constants

were affected by pH (Balinsky et al., 1971). The Km values

for shikimic acid were of the same order of magnitude as the

apparent Michaelis constants of 0.09 mM for mung bean

seedlings at pH 8 and 0.43 mM for tea shoots at pH 9

(Balinsky et al., 1971).

As shown in Fig. 5, the enzyme was almost no activity at

acid pH (6.0). The pH curve indicated that SD had higher

activity at pH from 9.0 to 12. The result was similar to that of

E. coli, and its higher activity was valued at pH 10.5

(Chaudhuri and Coggins, 1985). In addition, the enzymatic

activity of SD gradually increased between 20 and 63oC and

decreased from 63 to 90oC (data not shown). The temperature

stability profiles of SD were also investigated. Fig. 6 indicated

that the SD lost almost all of its activity in 1 min at 70oC. At

50oC, the enzymatic activity retained 63% after 10 min of

incubation at 50oC. Resent study reported a thermostable

Table 2. Activity and kinetic parameters of purified SD enzymes from recombinant and wild-type sources

Sources
Specific activity

(U/mg)
Kcat
(s-1)

Km (shikimic 
acid) (mM)

Km (NADP+)
(mM)

References

Recombinant SD from M. tuberculosis 826 399 0.030 0.063 This work

Xanthomons oryzae 5.4 0.0028 0.050 Nob (GOEL, et. al., 2001)

E. coli 860 430 0.055 0.031 (Chaudhuri, et. al., 1987)

Recombinant SD from E.coli 444 237 0.065 0.056 (Michel, et al., 2003)

Neurospora crassa 86.87 59 1.18 Nob (Barea, et al., 1978)

Pea epicotyls (pisum satium) 2.25 -a 0.34 0.070 (Dowsett, et al., 1972)

Pea seedling (pisum satium) 0.279 -a 0.19-0.28 0.007 (Balinsky, et al., 1971)

aThe molecular weight is unknown and enzyme turnover number cannot be provided.
bNo provided in reference.

Fig. 2. MALDI-TOF of mass spectrum of recombinant protein.

The spectrum shows the mass of recombinant protein was

29,314.2754 ± 30 Da.
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shikimate 5-dehydrogenase from archaeon, and the enzyme

owned a half-life activity at 87oC for 2 hours (Lim et al.,

2004). Thermal stability and activity of the enzyme were

greatly enhanced by addition of NaCl or KCl (Barea et al.,

1978; Lim et al., 2004).

In experiment, we found that the purified recombinant SD

was stable to freezing and maintained its activity for at least

two weeks when stored at 4oC and for several months at −70oC.

Earlier workers reported the wild-type enzyme from pisum

sativum was stable to be kept for at least 3 months at −15oC

with little activity loss (Balinsky et al., 1971) and purified

E.coli SD was stable for 6 months stored −20oC in buffer

containing 50% (v/v) glycerol and 1 mM benzamidine

(Chaudhuri et al., 1987). In addition, the enzyme was also

quite stable to some detergents when it was incubated in

various detergents at different concentrations. The detergents

such as Nonidet P-40, and Triton X-100 were relatively

innocuous and even at 0.1-0.5% the relative activity was

significantly increased from 120% to 190%. We used 0.1%

Triton X-100 to lyse cell, Triton X-100 was not in the buffer

used to elute the SD from the nickel ion columns. The

enzymatic activity was rapidly lost in the presence of

increasing concentrations of SDS, and at 0.02% of these

detergents there was almost complete loss of activity.

Fig. 3. Alignment of Mycobacterium tuberculosis aroE predicted amino acid sequence with those of homologous genes from other

organisms. The sequences were aligned by ClustalX and followed minimal manual editing. The alignment was colored and the 80%

consensus sequence calculated using Chroma. Amino acids that are identical in all ten organisms are indicated by ★; ● indicates the
conservative pattern of active site. The sequences are denoted by the species abbreviation. The species abbreviations are: H37Rv,

Mycobacterium tuberculosis H37Rv (GI: 15609689); CDC1551, Mycobacterium tuberculosis CDC1551 (GI: 15842090); M. bovis,

Mycobacterium bovis AF2122/97 (GI:31793735); M.leprae, Mycobacterium leprae (GI:13092725); Strep, Streptomyces avermitilis MA-

4680 (GI:29833395); Bifido, Bifidobacterium longum (GI:23465284); E coli, Escherichia coli K12 (GI:16131162); Metjan, Methanocaldococcus

jannaschii DSM2661 (GI:15669272); Staphy, Staphylococcus epidermidis ATCC 12228 (GI:27468200); Lepint, Leptospira interrogans

serovar Lai str.56601 (GI:24213338).
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The SD spectrum showed that the percentages for α-helix,

β-sheet, β-turn, and random coil were 29.2, 9.3, 32.7%, and

28.8%, respectively. Recently, the crystal structures of AroE

from E. coli, Methanococcus jannaschii, and H. influenzae

and of YdiB from E.coli and H. influenzae were solved

(Maclean et al., 2000; Benach et al., 2003; Padyana and

Burley, 2003; Ye et al., 2003; Singh et al., 2005). All of these

structures revealed a common fold comprising two α/β

domains. We compared the secondary structure of recombinant

SD obtained by CD spectroscopy with those calculated from

reported crystallographic structures. The percentages for α-

helix and random coil of the recombinant SD were similar to

33% and 32% calculated from the crystallographic structures,

respectively. The percentages for β-sheet of cloned protein

(9.3%) was lower than that reported for its homologues

(Benach et al., 2003; Padyana and Burley, 2003; Ye et al.,

2003; Singh et al., 2005). The β-sheets in proteins are often

bent and/or twisted and show large variation of the (Φ, ψ)

angles than that in α-helices (Sreerama and Woody, 2000),

and all of the methods to analyze protein secondary structure

from CD spectra did good job of predicting α-helix, but they

varied greatly in their ability to estimate β-sheet and turn

(Greenfield, 1996). Thus, it is unsurprising that recombinant

protein secondary structure obtained by CD spectroscopy does

not completely correspond to known structural composition.

Polyclonal antibody against the purified recombinant SD

protein from M. tuberculosis H37Rv reacted with crude

extract of two other mycobacteria strains (Bacille Calmette-

Guerin (BCG) and M. smegmatis) at about 28 kDa (data not

Fig. 4. Kinetic profiles for the determination of recombinant

shikimate dehydrogenase kinetic parameters. A, increasing

concentration of shikimic acid with NADP+ at 2 mM. Inset A,

the effect of excess shikimate dehydrogease concentration (up to

5 mM) on enzymatic rate. B, increasing NADP+ concentration of

with shikimic acid at 2 mM.

Fig. 5. Effect of pH of incubation mixture on activity of

recombinant shikimate dehydrogenase. Assay mixtures were

prepared and detected as described in “Materials and methods”

but contained buffers at various pH values (6-13) as shown in

the figure.

Fig. 6. The heat stability of recombinant shikimate dehydrogenase.

Recombinant protein which was incubated for various times at

50oC (▲), 60oC (■) and 70oC (●) was added into assay
mixtures at the times indicated in the figure to trigger the

reaction. Enzyme activity was described as residual activity and

the activity of recombinant SD without incubation was set to

100%.
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shown). Thus, antibody made with the SD protein from M.

tuberculosis H37Rv has cross reaction with the protein in

BCG and M. smegmatis.

In this report, we describe the amino acid sequence

alignment, purification and the enzymatic properties of

shikimate dehydrogenase from M. tuberculosis. Sequence

alignment analysis of SD shows that M. tuberculosis exhibits

the highly conserved G-X-(N/S)-V-(T/S)-X-P-X-K pattern of

the SD family and mycobacteria share highly similar. Almost

68% of the amino acids in the M. tuberculosis SD are

hydrophobic (i.e., 52 Ala, 32 Gly, 28 Leu, 15 Pro, 27 Val, 4

Lys, 4 Met, 7 Phe, and 4 Trp). The hydrophobic nature of the

protein may account for some of its unusual properties. For

example, when E. coli cells transfected with aroE gene were

broken by freezing /thawing and sonication, it is shown that

presence of higher amounts of recombinant protein as

inclusion bodies than soluble fraction in supernatant.

It is prospective that the shikimate dehydrogenase should

represent excellent potential target sites for chemotherapy

against M. tuberculosis, and other mycobacterial pathogens,

for shikimate is an essential molecule for biosynthesis of

aromatic amino acids. This present work should be appropriate

to know the nature of the M. tuberculosis protein and to

supply a potential platform to discover inhibitors of SD and

possible antimicrobial agents against M. tuberculosis. We are

designing experiments to screen high potent and effective

anti-tuberculosis drugs based on our experimental results

described in this paper.
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