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Summary

 Research Institute of Innovative Technology for the Earth (RITE) is running this 
project under the theme “the Programmed Methods CO2 Fixation and Effective 
Utilization Technology Development”supported by the Ministry of Economy,  
Trade and Industry (METI).] 
 In this project, we focused on the unused biomass resources such as hard biomass 
(wood), low grade biomass (food waste, garbage etc.) and marine biomass (sea weed). 
We developed the fundamental technologies to degrade the biomass to useful material 
like biofuels or low materials for chemicals. The purpose of this research is to expand 
the use of biomass resources and establish the production technologies of biofuels from 
the unused biomass. 

 Chapter 1 is a preface. 
 Chapter 2 is a technology development of hard-biomass (wood) utilization. A 
selective white rot fungus, Ceriporiopsis subvermispora degrades lignin in wood with 
minimum damage of cellulose. Application of this fungus to biopulping and 
pretreatments for enzymatic saccharification of wood biomass has been studied.  In 
the present research, we analyzed functions and biosynthesis of lipid-related 
metabolites which may play a key role in lignin biodegradation. We also studied 
molecular breeding systems of white rot fungi. C. subvermispora generates radicals by 
lipid peroxidation at an incipient stage of wood decay. 
 To elucidate molecular mechanism for the selective lignin degrading system in this 
fungus, we analyzed structure of sheath (extracellular polysaccharide) by methylation 
analysis, NMR and microscopy, and found that the sheath is composed of ß -1,3-glucan 
bearing ß-1,6- and 1,2-side chains. Analysis of metabolites in the sheath demonstrated 
that the glucan matrix contains a series of lipid-related metabolites, ceriporic acids 
which suppress production of the hydroxyl radicals by the Fenton reaction and mediate 
lignin degradation driven by oxidative enzymes such as manganese peroxidase (MnP).  
To clarify the lipid metabolism involved in the selective lignin degradation by C.
subvermispora, we cloned two long acyl-CoA synthetase (Cs-ACSL) genes, which 
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esterify long-chain fatty acid to long acyl-CoA in the key step of fatty acid utilization.  
These Cs-ACSLs have two functional domains peculiar to other already-known ACSLs, 
but no transmembrane domains.  Although the Cs-ACSLs are phylogenetically 
similar to some ACSLs derived from basidiomycetes, there is an evolutionary distance 
between Cs-ACSLs and ACSLs derived from a representative lignin-degrader, 
Phanerochaete chrysosporium.  Furthermore, we heterogeneously overexpressed 
Cs-ACSLs in E. coli and purified them as His-tagged fusion proteins.  On the other 
hand, a Cs-ACSL-gene was inducibly transcribed when C. subvermispora was grown on 
medium supplemented with a lignin fragment such as vanillin and at low 
temperatures.  This induction pattern was partially similar to that of other genes 
involved in the fatty acid synthesis. 

  In view of developing new molecular breeding systems in white rot fungi, 
construction of a gene-targeting system was launched in Pleurotus ostreatus. An 
essential gene for non-homologous end joining system, ku70, was cloned and a specific 
recombinant plasmid for repression of ku70 via RNAi was constructed and introduced 
in wild type P. ostreatus strain. As for Ceriporiopsis subvermispora, a genetic 
transformation system was developed, using an original transforming vector plasmid 
and modified protocol for introducing recombinant DNA. This is the first stable 
transformation system in selective lignin-degrading fungi. 

 In Chapter 3, we developed a fundamental technology to convert CO gas to 
chemicals. There are several microorganisms which can produce fuels and chemicals 
by syngas utilization. The CO gas comes from low grade biomass such as food waste, 
garbage, wood chips etc. by a gasification furnace. These microorganisms are known as 
acetogens including for example Clostridium ljungdahlii. We carried out enrichment 
culture of anaerobic samples (pond sediments etc.) and measured its metabolites by 
GCMS. Then we found some cultures that could produce ethanol and acetate. Now, we 
analyze their 16sRNA genes to identify their species which can convert CO gas to 
ethanol (syngas fermentation). Investigation of conditions suitable to the syngas 
fermentation is in progress.  

 Chapter 4 is a technology development of marine-biomass (sea weed) utilization.
Since major organic contents of seaweeds are alginate and mannitol, we investigate 
alginate and mannitol metabolic pathways. Elucidation of the alginate and mannitol 
pathway, and concerning genes are important for biofuel production from these 
chemicals of seaweeds. Alginate is a linear copolymer and consists of homopolymeric 
blocks of (1-4)-linked mannuronate (M) and guluronate (G) residues, covalently linked 
together in different sequences or blocks. Alginate lyase depolymerizes alginate 
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through cleaving M-G or G-M bonds to 5-keto-4-deoxyuronate (alfa-keto acid). The acid 
was then introduced to glycolysis pathway via 2-keto-3- deoxygluconate (KDG) 
pathway. Mannitol is sugar alcohol and is degradated by two pathways, 
mannitol-1-phosphate dehydrogenase or mannitol dehydrogenase. Mannitol was 
finally introduced to glycolysis pathway.   
 For alginate lyase activity and mannitol degradation, we investigated their assay 
systems. We found some Corynebacteria could degradate alginate to some extent and 
the few strains had the weak alginate lyase activity, but it is still necessary to confirm 
the presence of the enzyme or related gene responsible for the alginate degradation. 
Since almost Corynebacteria could not grow on alginate, we thought some gene is 
absent on their genome for alginate utilization. Therefore, we investigated the genes 
involved in the conversion of α-keto acid to pyruvate. We discussed the genes which 
introduced into the Corynebacteria and the results of their growth on the alginate in 
the text. 

Chapter 5 shows conclusion. 
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