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Anti-tuberculosis drug screening of alanine racemase from
Mycobacterium tuberculosis and its co-crystallized with D-cycloserine
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Abstract: [Objective] The aim of this work was to investigate the inhibition mechanism of
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D-cycloserine (DCS) on alanine racemase from Mycobacterium tuberculosis (Alryy,), and build up a
high-throughput screening assay to screen for new inhibitors of Alry,,. [Methods] The Alryy,, gene
was cloned into pET28a vector and over-expressed in soluble form in E. coli strain BL21(DE3). The
protein was purified using Ni2+—chelating chromatography followed by anion exchange
chromatography. The Alry, protein was co-crystallized with DCS to make clear of the inhibitory
mechanism. In addition, a high-throughput screening assay for new inhibitors was set up in order to
obtain new anti-tuberculosis drugs that inhibited Alry,, activity. About 384 small-molecule
fragments, 792 chemicals and 2 200 components of traditional Chinese Medicine were tested in this
assay where DCS was used as the positive reference. [Results] The protein crystals of Alry,,-DCS
complex diffract to 2.5 A. The space group of the crystals is P4,2,2 with cell parameters a=b=163.92 A,
c=57.44 A. In the Alry;,-DCS structure model, DCS was shown to react with PLP and formed a new
molecule PMP. This process disrupted previous interaction between the C4’ atom of PLP and Lysine
42 in Alry, and thereby changed the hydrogen bonding network in the active site. Via the
high-throughput screening assay, we successfully identified two new inhibitors of Alryg.
[Conclusion] The high-throughput inhibitor screening assay we built is an effective and powerful
methodfor theidentification of new inhibitors of Alryy,.

Keywords: Mycobacterium tuberculosis, Alanine racemase, Anti-tuberculosis drugs, D-Cycloserine,
Drug screening, Protein crystallization
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Note: A: Coupled alanine racemase assay; B: L-Alanine dehydrogenase coupling enzyme assay.
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Table 1 Data collection and statistics from
crystallographic analyses

Crystal name AR

Wavelength (A) 1.54
Space group P4,2,2
Cell dimension a, b, ¢ (A) 163.92,163.92, 57.44
Resolution (A) 50.00—2.50 (2.54—2.50)
Rsym" (%) 9.0 (25.3)
Mean I/c1 47.1 (9.3)
Completeness (%) 99.7 (93.5)
Redundancy 27.2 (19.9)
Refinement

Resolution range (A) 50.00—2.50

Number of reflections 27 479

Rwork®/Rfree™ (%) 19.0/25.1

No. of protein residues 744

No. of atoms 5780

No. of ligands 4
Rms. deviation d

Bond lengths (A) 0.008

Bond angles (A) 1.294

Note: a: Rsym:z‘lobs_lavgl/zlobs; b: Rwork, free:z||Fobs|_|Fcalc||/z|Fobs|;
°: Riee values are calculated for a randomly selected 5% of the
data that was excluded from the refinement.
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Figure 4 The dimer model of Alry,, superposition of the active site from Alryg, (the color of Ca atom and PLP in green)
and Alry,-DCS (the color of Ca atoms and PLP in yellow)(The 2Fo-Fc density map, 1.0 6)
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Note: A: The dimer model of Alry; B: Superposition of the active site from Alry, (The color of Ca atom and PLP in green).
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Table 2 Inhibition rate of positive samples

Inhibitors Inhibition rate (%)

. 1Csp (mmol/L)
False positive rate (%)

DCS 923
MDCCCL001702 94.2
MDCCCL002119 95.4

15.1 0.468 6
6.2 0.019 5
52 0.0133
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