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Structural analysis of diagnostic enzymes:
Differences in substrate specificity between
malate dehydrogenase and lactate dehydrogenase

Yuya Shimozawa'”, Tomoki Himiyamaz), Tsutomu Nakamura” and Yoshiaki Nishiyal'3

)

Summary Malate dehydrogenase (MDH) and lactate dehydrogenase (LDH) are widely used as

components in diagnostic tests. Both enzymes belong to the a-keto acid dehydrogenase family and

both enzymatic reactions and enzyme structures are extremely similar. However, only MDH
exhibits absolute substrate specificity, with LDH accepting a broad range of substrates. In this
study, the difference in substrate specificity between MDH and LDH from Geobacillus
stearothermophilus was investigated through structural analysis. The structural analysis highlighted

the importance of three elements of the active site: (1) In the active site of the apo structure, only
MDH has a positively charged pocket creating an electrostatically charged, high affinity region for
the substrate oxaloacetate; (2) The catalytic residue of MDH causes a switch to the reactive, closed
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conformation, upon substrate binding, whereas LDH remains constantly in a reactive

conformation; (3) The active site mobile loop of MDH shows lower flexibility compared to that of

LDH, confirming that the conformational change of MDH is induced by oxaloacetate binding and

does not occur spontaneously. This indicates that the substrate specificity is determined by the

occurrence of the open-closed active site conformational change in MDH. In contrast, the simple

reaction mechanism of LDH, which does not involve an open-closed active site conformational

change, allows this enzyme to accept a broader range of a-keto acids as substrates, including

oxaloacetate and pyruvate.

Key words: Malate dehydrogenase, Lactate dehydrogenase, Substrate specificity, Conformational

change, Molecular dynamics
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Fig. 1 MDH and LDH activities of wild-type and mutant
enzymes. The K (mM) and ke (s") values were
cited from ref. 4 and 9.
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Surface charge maps on the active sites of MDH and LDH. Surface

charges are shown in blue for positive and red for negative. R169 of
lc-LDH and R171/H195 of gs-LDH are covered with Y238 and Y240,

respectively.
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Fig. 4

Catalytic residue
H

Oxamate

The catalytic residue conformations of the open and closed

structures of MDH and LDH. The catalytic residues (H) in
open and closed structures are shown in orange and green,

respectively. Oxamate is an analog of lactate.
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Fig. 5

Oxaloacetate

Catalytic residue comparison of various bacterial MDH and
LDH. The catalytic residues (H) of gs-MDH in open and
closed structures are shown in orange and green,
respectively. A: Comparison of gs-MDH and bacterial
LDHs (cyan). Catalytic residues of LDHs from G.
stearothermophilus (PDB ID: 1LDN), Bifidobacterium
longuim (1LLD), Clostridium thermocellum (1Y6J),
Deinococcus radiodurans (2V6B), T. thermophilus (2V6M),
L. casei (2ZQZ) and Bacillus subtilis (3PQE) are superposed.
B: Comparison of gs-MDH and other bacterial MDHs (cyan).
Catalytic residues of MDHs from Chlorobaculum tepidum
(1GUZ), T. thermophilus (1129), T. flavus (1WZ1), B.
anthracis (3TL2), Methylobacterium extorquens (4ROR)
and Thermaerobacter marianensis (7AOB) are superposed.
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Fig. 6 MD simulations of MDH and LDH. RMSD

values were calculated for the mobile loop of
each enzyme, and the averages of 100.05 to
500.0 ps are shown. A: Apo structures of gs-
MDH (black), lc-MDH (red), gs-LDH (blue),
and tt-LDH (yellow). B: Closed structures of gs-
MDH (black) and gs-LDH (red) in the presence
of ligand. C: Closed structures of gs-MDH
(black) and gs-LDH (red) in the absence of
ligand.
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Closed structure

Open-closed conformational change model of MDH and LDH. Springs

indicate the flexibility of the mobile loop.
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