Molecular characterization of cytosolic OASTL switch cysteine and mimosine production in Leucaena leucocephala
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Abstract
Mimosine (Mim) is an iron chelator and block mammalian cell cycle at G1/S phases. Cysteine (Cys) is considered as sulfur grantor for many sulfur-containing secondary products. Cys biosynthesis includes consecutive two steps using two enzymes-serine acetyl transferase (SAT) and O-acetylserine (thiol)lyase (OASTL). In the first half, the acetylation of L-serine by acetyl-CoA in presence of SAT and finally, OASTL triggers α, β-elimination from OAS and bind H2S to catalyze Cys. OASTL is able to synthesize Mim with 3-hydroxy-4-pyridone (3H4P) instead of H2S in the last step. The aim of this study was to characterize the cytosolic (Cy) OASTL from L. leucocephala and compare its performance between Cys and Mim production. Cy-OASTL was obtained through both directional degenerate primers corresponding to conserved amino acid region among plant Cys synthase family and the purified protein was 34.3KDa. Kinetics studies showed pH optima of 7.5 and 8.0, while temperature optima of 400C and 350C, respectively for cysteine and mimosine. The measured Km, kcat and kcat/Km values were 148±22 µM OAS, 43.52 sec-1 and 0.294 μM-1sec-1 for OAS and 78±10 µM Na2S, 32.65 sec-1 and 0.419 μM-1sec-1 for Na2S for cysteine assay and 553±103 µM OAS, 6.87 sec-1 and 0.0124 μM-1sec-1 for OAS and 517±82µM 3H4P, 16.04 sec-1 and 0.031 μM-1sec-1 for 3H4P for mimosine assay subsequently. OAS for Mim production is 3.7 times higher than Cys production indicating that Cy-OASTL has higher OAS affinity for Cys. Inter fragment interaction energy (IFIE) of OAS-Cy-OASTL complex showed that Lys49, Thr81, Thr77 and Gln150 demonstrated higher attraction force for Cys but 3H4P-mimosine synthase-APE complex showed that Gly230, Tyr227, Ala231, Gly228 and Gly232 might provide higher attraction energy for Mim. Thus Cy-OASTL demonstrates a dual role in biosynthesis both Cys and Mim and extending the knowledge on the biochemical regulatory mechanism of mimosine and cysteine.
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Fig. 1. The three dimensional structure of the active site of cysteine synthase (OASTL) with ligand OAS from L. leucocephala A. Coordination geometry of amino acids at the active site of OASTL as in sticks form. The carbon skeleton along with the attraction and repulsion force amino acids listed in Table 2 is shown in pink and blue colour, respectively. Carbon skeleton of Lys-PLP in green and the substrate OAS are shown in yellow sticks. B. α-helix surrounded by the active site of OASTL.  C. Active site of Cy-OASTL is divided in three parts for PAICS calculation such as Lysine 49, 2, 5-dimethyl-3-pyridinol (DMP) and phosphate. All figures were generated by PyMol. 
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