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Abstract

In our chemical crystallographic struceeral investigation on bioactive compounds , over thirty
crystal strucrures have been determined in our laboratory during the period of the TRF support. ‘These
bicactive compounds were from plants, microorganisms, synthetic chemistry and biotransformation
processes. The erystal structural information, not only established the accurate chemical entity of the
compounds of interests, but also provided geometrical features such as bond lengths, bond angles and
spatial conformation. With the recent availability of modern X-ray detector in our laboratory, several detail
studies of each particular compound ean be carried out such as crystal polymorphism of cytotoxic
cytochalasin D, conformational analysis of synthetic naphthoquinone esters, and diastereomeric mixoares
of naphthopyrandiones. In addition to 4 conventional slow evaporation method used in crystallization, we
developed other crystallization methods such as slow-cooling crystallization and vapor diffusion. In
summary, our research efforts has firmly established x-ray crystallographic research in Thailand as
indicated in our original research proposal.

Our research on macromolecular crystallogeaphy in the investigation of Prewdomonas riigeri D-
phenylglycine aminotransicrase (D-PhgAT) and Plaswodium v dihydrofolate reductase-thymidylate
synthase), we have successfully expressed, purified, crystallized and determined the erystal structure of
both enzymes. Both proteins were expressed in high quantity of over 10 milligrams. D-PhgAT, a
pyridoxal-5"-phosphate (PLP)-dependent enzyme catalyzing a reversible transamination between D -
phenylglycine and L-glutamate, was crystallized in the solution of ammonium sulfate at 4 °C over the
period of two weeks. The crystal belonged to the trigonal space group of P3(1)21 with unit cell
parameters of = §=75.155 A, ¢ = 147559 A, = F=90° y = 120° and 7" = 721792 A %, With one
maolecule of D-PhgAT in the asymmetric unit, the solvent content was around 50%. A complete
synchrotron x-ray data set was collected and processed to 2.2 A resolution. Its crystal structure was
determined using the molecular replacement technique. The stroctural model was built and has been
refined to 2.4 A resolution with over 90% of the polypeptide complete. ‘The active site of the enzyme
showed the PLP cofactor covalently linked to the catalytic lysine residue (Lys269) in a new orentation
which may suggest a novel model of catalysis to explain the inversion of stercochemistry berween the
substrate and the product. However, the structural analysis of this protein still cannot be fully analyzed as
a disorder problem was observed in a loop near the active site that is involved in the catalysis.

Our structural investigation of Plsmedism sinax dibydrofolate reductase-thymidylate
synthase(pvDHFR-TS), a WHO's official target on antimalarial drog development, has yielded a crystal
structure of the genetically engineered pvDHFR, the N-terminal domain of the bifenctional pvDHFR-TS.
Previous biochemical studies revealed a point mutation of the DHFR gene was the cause of antifolate
drug resistance in the field soch s pyrimethamine and cycloguanil. We successfully expressed, purified
and crystallized the bifunctional pvDHFR-TS but these crystals diffracted X-rays poorly t about 6,5-8 A
resolution, not good enough for structure determination. Despite our extensive efforts to improve the
crystal's diffraction quality in many ways, no data sets with sufficient quality were collected. Our efforts
on the genetically engineered pyDHFR domain, despite lower in its solubility than the narural bifunctional
pvDHFR-TS, was also successfully crystallized and diffracted to high resolution beyond 2.0 A. A tesary
wild-type pvDHFR-NADPH-pyrimethamine was crystallized in polyethylene glycol 4000, pH 6.0-8.5 in
various buffers at 4 “C. The crystal belonged to the monoclinic space groop, C2 with unit cell parameters
of a=13653 A, b=5561 A, += 4575 A and = 107.46°. Complete data sets were collected at
Daresbury synchrotron laboratory and at the CPSF to about 1.8 A resolution with good data statistics.
The crystal structure of pyDHFR was determined using the molecular replacement technique. The model
was building and has been refined to 1.8 A resolution with R-factor around 20% (25% R-free) with good
geometries. The Insert-1 region adopted a loop with high mobility and the Insert-2 region adopted a
helical strocture. A region of 20-residue near the Insert-2 was disordered and not incloded in the final
structure. The binding site of the enzyme revealed the MADPH cofactor and a well-defined
pyrimethamine. In the crystal structure, 61117 was in proximity of the chlonne atom of the
pyrimethamine. The larger side chain of asparagine at 117, a commonly found mutaton in drug-resistant
parasite, would interfere with the optimum drug binding and, hence, worsen the binding affinity of
pyrimethamine by 300-1200 folds. The findings in this structural investigation of plasmodial DHFR have
provided a better understanding of the enzyme's function, drug resistance mechanism and would provide
a strong basis in the radonal inhibitor design wo combat with malaria in the future.
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