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The effect of Val22 on the catalytic activity of mandelate
racemase from Pseudomonas putida
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Abstract: Located in the 20s loop of mandelate racemase from Pseudomonas putida, Val22 is one of
the amino acids related with substrate binding. In this study, a 75.9% decrease of activity was observed
after Val was substituted by Arg. In addition to the reduction of hydrophobic interaction between en-
zyme and substrate, electrostatic repulsion could also lead to the decrease of activity. Molecular dy-
namic was utilized and showed that the electrostatic potential of substrate and amino acid of No. 22 in-
creased from 0.036 kJ/mol to 0.124 kJ/mol. This result indicated that the increased activity in the mu-
tant was mainly attributed to the shift of side chain polarity and the electrostatic repulsion between side

chain and substrate. An increase of 283 kJ/mol in the potential energy of system suggested that the
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changes of side chain polarity and electric property brought about the increase of potential energy in

binding state and the dramatical decline of activity. Therefore hydrophobic interaction and electrostatic

interaction should be considered with steric bulk when rationally designing the binding pocket of man-

delate racemase.
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Fig. 1 Racemization of mandelate catalyzed by MR
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Table 1 Composition of molecular dynamic system

H,O Na* Enzyme (R)-mandelate acid
MR 15337 5 1 1
V22R 15337 4 1 1
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Fig. 2 Electrophoretic analysis of PCR product of MR

gene
Note: M: DNA marker; 1,2: PCR product of MR gene.
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Fig. 3 Electrophoretic analysis of restriction digestion
Note: M: DNA marker; 1,4: Product of restriction digestion without
target gene; 2,3: Product of estricttion digestion with target gene.
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Fig. 4  Electrophoretic analysis of PCR product of
site-directed mutagenesis

Note: M: DNA marker; I: PCR product of pET30-MR after
site-directed mutagenesis.
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Fig. 5 SDS-PAGE of MR and V22R

Note: M: Protein marker; 1: MR after purification; 2: MR crude
extracts before purification; 3: V22R after purification; 4: V22R
crude extracts before purification.
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Fig. 6 (R)-mandelate in the activity site of mandelate ra-
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Fig. 7 The relative position of (R)-mandelate and the NH;"
of Arg22
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