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Psychrophiles have an ability to grow and to colonize environments, where the temperature is close to the freezing
point of water and those organisms usually produce cold adapted or psychrophilic enzymes. Acetate kinase cata!yzeé
the reversible magnesium-dependent phosphory! transfer from ATP to acetate to form acetyl phosphate and ADP. The
enzyme is a member of the ASKHA (acetate and sugar kinases/Hsc70/actin) superfamily of phosphotransferases, which
undergoes a large conformational change during catalysis. This work has been undertaken to elucidate the mechanism
of cold adaptation as well as the relationship of conformational dynamics and catalytic function of enzymes.

The open reading frames of the genes of psychrotrophic Shewanella sp. AS-11 (SAK) and the mesophilic
counterpart from Escherichia coli K-12 (EAK) were cloned into the expression vector pETY-16b and the enzymes
were overproduced by using the T7 system in £, coli BL.21 (DE3). After extraction of recombinant SAK and EAK,
these enzymes were purified by chromatographic steps on blue Sepharose CL-6B and Super-Q columns. SAK shared
most of its properties with EAK but was characterized by a shift of the optimum activity towards low temperatures and
by a lower thermal stability compared with EAK. The catalytic efficiency (k../Kyn) for acetate of SAK was 13-fold
higher than that of EAK at 10°C. The activity ratio of SAK to EAK increased with decreasing temperature in both of
the forward and reverse reactions. Furthermore, the activation enthalpy and entropy in both reaction directions
catalyzed by SAK were lower than those catalyzed by EAK. These comparative functional analyses revealed that
SAK is a cold-adapted enzyme and suggested that SAK reaches the transition state of enzymatic reaction through a
larger conformational change than EAK. .

The homology model structure of SAK and EAK displays a similar fold consisting of two domains of about equal
size connected by hinge region but SAK shows reduced numbers of salt bridges and cation-pi interactions than EAK,
suggesting a more flexible structure of SAK. To experimentally further examine the conformational flexibility of both
enzymes, the steady state fluorescence analyses of intrinsic Trp and the hydrophobic probe 8-anilinonaphthalene-
1-sulphonate (ANS) were performed. EAK contains only one Trp at a position 46, while SAK contains two Trps at 46
and 388 outside the active site cleft. From the fluorescence emission spectra of the intrinsic Trp(s), quenching of Trp
fluorescence with acrylamide, Cs* and I at different temperatures and denaturation with guanidine-HCl, it was proved
that the SAK has a more flexible and unstable structure than that of EAK. Furthermore, a larger effect of ATP-binding
on the acrylamide quenching of SAK Trp fluorescence than that of EAK demonstrates that the substrate-induced
conformational change for SAK was significantly larger than that for EAK. This was also supported by the fact that
the fluorescence of ANS bound with SAK was much more drastically quenched by ATP-binding to SAK than observed
with EAK.  ANS inhibited both of SAK and EAK in a manner of mixed inhibition, suggesting that ANS is not a
competitive dye that is bound to the active site. From all of these results, it can be concluded that SAK has a more
flexible structure and undergoes larger substrate-induced conformational changes than EAK. This is consistent with
the kinetic data for the temperature dependency of enzymatic reactions and these structural features of SAK may
contribute to its high activity at low temperatures.
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Studies on cold adaptation of acetate kinase from Antarctic
psychrotrophic Shewanella species AS-11
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