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Structural and physiological analyses of the pressure adaptation in the deep-sea
enzyme.
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3-Isopropylmalate dehydrogenase (IPMDH) from the extreme piezophile

Shewanella benthica (SbIPMDH) is more pressure-tolerant than that from the atmospheric
pressure-adapted Shewanella oneidensis (SolPMDH). To understand the molecular mechanisms of this
pressure tolerance, we analyzed mutated enzymes. The results indicate that only a single mutation at
position 266, corresponding to Ala (SbIPMDH) and Ser (SolPMDH), essentially affects activity under
higher-pressure (HP) conditions. 3D-structural analyses of SolPMDH suggests that penetration of
three water molecules into the cleft around Ser266 under HP conditions could reduce the activity of
the wild-type enzyme; however, no water molecule is observed in the Ala266 mutant. Water penetration
into the cleft under HP conditions would appear to be less frequent than for the
atmospheric-adapted SolPMDH due to the reduced probability of forming a hydrogen bond, and as a
consequence, SbIPMDH could adapt to the HP conditions of the deep sea.
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