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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study on Effective Cellulose Saccharification Technology for Glucose Resource Recycling

Name: Muraoka Jin

This thesis mainly comprises studies of saccharification methods by both chemical and biochemical
approaches from microcrystalline cellulose in order to establish the technologies for producing bioethanol
as renewal energy from paper as non-edible sugar resource. Especially, this paper developed methods for
amorphous-ized reaction by a ionic liquid developed here and by addition of cellulose binding domain
originated from a cellulase of fungi. From these results, this thesis proposed a possibility for new
deployment of saccharification from cellulose resources, together with enhancement effect of cellulase
enzyme catalyst by a carbon nanotube.

Chapter 1 summarized the methods of the conventional bioethanol production technology based on
cellulose sugar resources and their features including the technical problems at present. In these subjects,
the importance of amorphous-ized technology of cellulose for saccharification is clarified from
economical viewpoint.

Chapter 2 evaluated the usefulness of a newly developed ionic liquid in amorphous-ized step of
microcrystalline cellulose. While synthesizing a new compound of magnetic ionic liquid,
1-carboxymethyl-3-methylimidazolium FeCl4 and estimating its effect on saccharification of cellulose,
the advantages and problems in utilization were discussed.

Chapter 3 described the approach for the improvement of cellulose binding domain (CBM) which is
an important component of cellulase by using the technique of a phage library. The CBM library in which
random mutations were introduced on the cellulose binding surface of CBM was constructed, and the
screening from the library was performed to isolate specific clones which showed the binding to cellulose.

In Chapter 4, to evaluate the functions and usefulness of CBM domain in saccharification of
cellulose, the effect of addition of CBM derivatives which was generated by gene recombination
technologies was examined by monitoring the saccharification activity. No clear effect only at addition of
CBM derivatives was observed but the acceleration effect by its addition was seen in saccharification
during cellulase-hydrolyzing process, indicating CBM derivative itself contribute to the amorphous-ized
process of cellulose.

In Chapter 5, to improve saccharification process by cellulose enzyme, the immobilized celluloses
was used for analysis. Three kinds of cellulase enzymes which are essential for saccharification of
cellulose were fixed on a carbon nanotube (CNT) and the saccharification efficiency was compared with
that of non-fixed (free) cellulase enzymes. The results demonstrated the enhancement of saccharification
activity in the fixed enzymes on CNT and its mechanism was discussed.

Finally, Chapter 6 summarized the results of this research and mentioned about the significances in
the renewal energy conversion to the ethanol of cellulose resources, indicating the conclusion of this
thesis.
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