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1. Introduction 

There is a very close relationship between energy 
resources consumption and environmental protection, 
becoming an important issue for developing a sustain-
able society. We still heavily rely on fossil energy, and 
there is concern that emitted greenhouse gases break 
the harmony of the global environment. Besides, we 
need a great deal of energy to fix environmental pol-
lution that continues to be the shadow of civilization 
progress due to the energy consumption of fossil fuels. 
As one of the solutions, we will develop a practical 
method using ‘enzymes’ derived from environmental 
microorganisms with high energy utilisation effi-
ciency in catabolism. Also, we are remarking on the 
sustainable methods of food production, which is the 
energy of life. We are globally working with acade-
misms, biotechs and university start-ups to aim for 
networking of researches toward social implementa-
tion of our technologies. 

 
2-1. Two-compositely microbial catalyst efficiently 
degraded polychlorinated biphenyls. 

Polychlorinated biphenyls (PCBs) are well known 
environmental pollutants and dispersed in all our liv-
ing environments. Biphenyl dioxygenase (BDO) plays 
a crucial role in the degradation of PCBs. BDO catal-
yses the incorporation of two oxygen atoms into the 
aromatic ring of PCB, which induces the aromatic ring 
cleavage. Importantly, we developed the composite 
type of catalytic enzyme that consists of the two BDOs 

with different substrate specificities; moreover, we de-
veloped the bioreactor for generating oxygen mi-
crobubbles that enhances the enzymatic activities of 
BDOs (Figure 1). As a result, we succeeded in con-
structing the practical system that degraded 99.3% of 
40 mg L-1 of major commercial PCBs (Kenechrol KC-
300 and KC-400) in 24 hours (Figure 2). Moreover, 
this result achieved the waste disposal standard de-
fined by the Ministry of the Environment of Japan. 
 
2-2. Several bacterial species associated with PCBs 
dechlorination were genetically identified on PCBs 
contaminated site. 

To extend further the composite degrading reac-
tion of PCBs, we have been trying to create a unique 
artificial enzyme that dechlorinates PCBs by two-elec-
tron reduction. Here, we collected fresh-water sedi-
ments from the contaminated site with PCBs in the 
Osaka area and investigated whether the bacteria as-
sociated with PCBs dechlorination exist. As a result, 
it was estimated Dehalobacter sp. and Desulfitobacte-
rium sp. by 16S rRNA gene phylogenetic analysis. 
Wang and He (Environ Sci Technol, 2013) reported 
that ‘Dehalobacter’ dechlorinates penta-/hexa-chlo-
rinated biphenyls and ‘Desulfitobacterium’ dechlorin-
ates tetra-chlorinated biphenyls hydroxylated at the 

 
Figure 2. The data from the gas chromatography-
quadrupole mass spectrometer showing the PCBs 
degradation by the composite BDOs-microbial cata-
lyst. 

 
Figure 1. The composite BDOs-microbial catalyst 
was evaluated in the dedicated experimental bioreac-
tor with the device of oxygen microbubble generation. 
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para position. We succeeded in preparing the media 
for growing these particular bacterial species and their 
cultivation method so far. Besides, we also observed 
that these two bacterial species reduce PCBs in the ar-
tificial model of the polluted environmental. Even to-
day, repeated long-term observation is being made to 
confirm whether the result is correct. 
 
3-1. The biological enzymatic pesticide may be-
come a new pesticide with a new sterilizing mecha-
nism to replace organic synthetic chemicals. 

Many plant diseases are generally caused by either 
ascomycetes or basidiomycetes that are belonging to 
filamentous fungi. ‘Filamentous fungi’ are hyphae and 
proliferate to mycelia. The cell wall is a peculiar com-
posite material that incorporates a mix of cross-linked 
fibres and matrix components. The fibrous compo-
nents of the cell wall are glucan, chitin, and mannan, 
and these sugar chains contribute to form a supple and 
solid filiform microfibril wall. Glycosidase is one of 
the hydrolases that catalyse the hydrolysis of glyco-
sidic bonds in complex sugars. We are developing a 
new bio-macromolecular type of fungicide utilizing 
the hydrolysis reactions of glycosidases against the 
fungal microfibril wall. So far, our composite type of 
bacterial catalyst composed of 5 strains from class Ba-
cilli, which produce and secrete various glycosidases, 
controlled 99.3% of a tomato-Pestalotia disease with 
Pestalotiopsis sp. (Figure 3). Glycosidases are classi-

fied into approximately 130 families, and their cata-
lytic reactions are roughly divided into anomeric in-
version and/or anomer retention and exoglycosidase 
or endoglycosidase. Given, the classification of glyco-
sidase can be understood as diverse. We have consid-
ered that it is possible to efficiently digest fungi cell 
wall by compositely capably using these diversities of 
enzyme activities. 

 
3-2. Phytopathogenic filamentous fungi that se-
crete various glycosidases kill hostile phytopatho-
genic filamentous fungi for their survival. 

We investigated the fungicidal properties of 

glycosidases produced by a phytopathogenic filamen-
tous strain belonging to basidiomycetes. This filamen-
tous strain secretes enzymes when grown in a bran me-
dium and exhibits various glycosidase activities. The 
crude enzyme fraction showing such composite glyco-
sidase activities digested 3 out of 6 wet-rice-specific 
epidemically filamentous fungi (Figure 4). There are 
not so many enzymes showing high digesting activity 
against multiple strains of phytopathogenic filamen-
tous fungi. Single glycosidase activity, however, di-
gested only 2 strains. These results suggest that the 
compositive glucosidase has a highly fungicidal activ-
ity rather than the individual glycosidase. In fact, we 
try to purify the components of this crude enzyme. 

Soon, we will be able to clarify the effectively fungi-
cidal mechanism of this crude enzyme by definite the 
type of the enzyme(s), the amounts of the secretion, 
and the specific activities. 
 
4. Pigmented and non-pigmented Bacillus spores 
work together to improve growth, quality and 
health of shrimp. 

The collaborative research with Vietnam National 
University found that two strains of Bacillus isolated 
from the intestinal tract of white-leg shrimp showed 
excellent health-improving effects (1). This Bacillus 
probiotic avoids using antibiotics and synthetic chem-
icals in feeding, enhances shrimp health and growth 
efficiency, and reduces the energy consumption in 
white-leg shrimp cultivation. This cultivates industry 
has been recently growing in Japan, but there is really 
almost no appropriate feed. To meet that market de-
mand, we have begun considering the possibility of 
feed registration with the Ministry of Agriculture, For-
estry and Fisheries of Japan in collaboration with the 
company in Vietnam and Japan. 
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Figure 4. The crude enzyme fraction secreted from 
the phytopathogenic filamentous fungus digested a 
wet-rice specific epidemically filamentous fungal 
strain. 

 
 
Figure 3. The glycosidase secreted type of the com-
posite microbial catalyst inhibited tomato-Pestalotia 
disease. 
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