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We have been studying the structure and function of cold-adaptive
carbohydrate hydrolases from Eisenia fetida. To improve the activity at low temperatures, we have
focused on the salt bridges and surface charges of the enzyme proteins and have created mutant
enzymes. For the salt bridges, we have succeeded in obtaining a mutant enzyme (mannanase: Ef-Man)
with improved low-temperature activity and thermal stability by weakening the salt bridges. For the
surface charge, we have also succeeded in obtaining cellulase with improved specific activity over a

wide temperature range. Furthermore, we have succeeded in producing a raw-starch degrading enzyme
(Amy 11) with improved thermostability compared to the wild type.
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