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1. Introduction

The relationship between energy resource con-
sumption and environmental protection is crucial to
developing a sustainable society. Despite our heavy
reliance on fossil energy, there is concern that green-
house gas emissions are disrupting the harmony of the
global environment. Additionally, environmental pol-
lution continues to be the shadow of civilization's pro-
gress due to the energy consumption of fossil fuels.
One of the solutions is to develop a practical method
that uses 'enzymes' derived from environmental mi-
croorganisms with high energy utilization efficiency
in catabolism. Meanwhile, we are also working on
sustainable agricultural techniques, which are the
source of life energy. We are collaborating with aca-
demics, biotechs, and university start-ups globally to
network research towards the social implementation
of our technologies.

2-1. Two-compositely microbial catalysts effi-
ciently degraded polychlorinated biphenyls.

We have developed a composite microbial catalyst
that can efficiently degrade polychlorinated biphenyls
(PCBs), well-known pollutants found widely in the
environment. Biphenyl dioxygenase (BDO) plays a
crucial role in the degradation of PCBs. It incorporates
two oxygen atoms into the aromatic ring of PCB,
which then induces aromatic ring cleavage. In more
technological detail, our laboratory has designed a
composite catalytic enzyme consisting of two BDOs

Figure 1: The composite BDOs-microbial catalyst
was tested in a dedicated experimental bioreactor
with an oxygen microbubble generation device.
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Figure 2: Gas chromatography-quadrupole mass
spectrometer data show the degradation of
PCBs by the composite BDOs-microbial catalyst.

with different substrate specificities. We have also
forged a bioreactor that generates oxygen microbub-
bles to enhance the enzymatic activities of BDOs.
With these innovations, we have constructed a practi-
cal system that degrades 99.3% of 40 mg L' of do-
mestic major commercial PCBs (Kanechrol KC-300
and KC-400 from KANEKA Corp.) in 24 hours. This
result meets the waste disposal measure defined by the
Ministry of the Environment Government of Japan

(Figure 2).

2-2. Several bacterial species associated with PCB
dechlorination were genetically identified at PCB-
contaminated sites.

We have been developing an artificial enzyme that
can dechlorinate PCBs by two-electron reduction. To
do this, we collected sediments from freshwater pit
pools contaminated with PCBs in the Yodogawa riv-
erside in the Osaka area and investigated whether bac-
teria associated with PCB dechlorination exist.

According to 16S rRNA gene phylogenetic analy-
sis, it has been observed that Dehalobacter sp. and
Desulfitobacterium sp. are present in that specific lo-
cation. Wang and He (Environ Sci Technol, 2013)
have reported that "Deharobacter" can dechlorinate
penta- and hexa-chlorinated biphenyls while "Desul-
fitobacterium" can dechlorinate tetra-chlorinated bi-
phenyls that are hydroxylated at the para position.

We successfully prepared the medium for growing
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two specific bacterial species and developed a suitable
cultivation method. In addition, we observed that
these bacterial species can reduce PCBs in an artificial
model of a polluted environment. Even today, after a
decade of starting this investigation, we continue to
observe their long-term effects to confirm the accu-
racy of our results.

3. A new protein secreted by Rhizoctonia solani
suppresses filamentous fungi growth.

Rhizoctonia solani is a filamentous fungus belong-
ing to the phylum Basidiomycota. This fungus is well-
known for its ability to infect and cause severe dis-
eases in many crops, such as rice sheath blight, which
significantly impacts paddy-rice production. The ex-
act mechanism by which this phytopathogenic fungus
infects plants has yet to be fully understood. However,
studies have shown that when wheat bran is added to
the growth medium, this fungus secretes glycosidases
that digest plants and fungi cell walls. Our team has
discovered a new protein secreted from R. solani when
cultured with wheat bran as a solid medium. This pro-
tein has a molecular weight of approximately 10 kDa
and exhibits antifungal properties against filamentous
fungi. This protein inhibited the growth of Fusarium
fujikuroi, another phytopathogenic filamentous fun-
gus belonging to the phylum Ascomycota. It was sug-
gested that this protein also inhibited conidium for-
mation and germination of F. fujikuroi.

After conducting an amino acid sequence analysis,
it was found that this protein's partial amino acid se-
quence suggests an unknown function. Additionally,
the full-length amino acid sequence of the protein was
deduced after investigating the whole genome se-
quence of the R. solani strain that produces it. The
BLAST search results on this sequence also suggested
that the protein has an unknown function.

According to the sequence analysis of the cDNA
that encodes this protein, the complete amino acid se-
quence of the protein was found to be 122 residues.
The mature protein's amino acid sequence, which ex-
cludes the assumed signal peptide sequence, was 88
residues in length. Based on this information, the esti-
mated molecular weight of this protein was 9648.24.
Furthermore, this antifungal protein has made us
aware of unique structural features in its primary
amino acid sequence that have never been reported.
The protein consists of 88 residues and has a double-
repeat structure of 41 residues, with a high homology
of 92% across the central 6 amino acid residues. The
functional role of such repetitive sequences still needs
to be better understood. We have named this antifun-
gal protein "Double-Repeating Homologous Se-
quence Antifungal Polypeptide (DRHS-AFP)." We
have already succeeded in producing recombinant
DRHS-AFP (Figure 3) and are conducting detailed in-
vestigations into its functions, focusing on its antifun-
gal activity.

4. Research into preventing coffee tree fungal dis-
eases that may be induced by global warming is un-
derway.

The "2050 problem" refers to the impending chal-
lenges faced by the global supply of coffee beans. The
region best suited for coffee cultivation, known as the
"coffee belt," lies around the equator between 25 de-
grees north and 25 degrees south latitude. It is pro-
jected that up to 50% of this coffee belt could be lost
due to plant diseases worsened by climate change.
Coffee arabica is highly sensitive to these changes. It
is significantly impacted by a disease called Coffee
Leaf Rust, which is caused by the fungus Hemileia
vastatrix.

As 0f 2024, the Lao People's Democratic Republic
is the 13th largest coffee-producing country in the
world. Arabica coffee is primarily grown on the Bo-
laven Plateau, which is around 1,200 meters above sea
level in Champasak Province, accounting for 60% of
the nation's total coffee production. To address these
challenges, we have formed an international collabo-
rative research team that includes the National Univer-
sity of Laos (NUOL), the Laos National Forestry Re-
search Institute (NAFRI), Chiang Mai University, and
Pibulsongkram Rajabhat University (PSRU). This
year, we faced a significant outbreak of coffee rust dis-
ease caused by H. vastatrix in the Bolaven Plateau. In
collaboration with PSRU and NAFRI, we successfully
identified H. vastatrix in genomic samples from coffee
leaves exhibiting symptoms of infection. We plan to
continue our investigation into the regional specificity
and historic infection routes of the identified H. vasta-
trix.

Figure 3. The anti-filamentous fungal activity of
genetically recombinant DRHS-AFP.

_82_



Collaboration Works

FUE R ER, Ei%H 2357~ Lamont Doherty Earth Obser-
vatory, Columbia University (77 2 U 1) , R UL
7 = =)V E SRS DI & O HREESR

BB E T, JFUE KA, Department of Civil and Envi-
ronmental Engineering, National University of Singapore

(AR =) , RYVEE T = =% BidEFE b
RSy ]

JUE AR, EiER 361, Faculty of Engineering, Na-
tional University of Laos (74 &) |, 74 A[FH=a—k
—RYR BRI T ORR i & 9 R

JRUE WRER, % 2% 1, Pibulsongkram Rajabhat Uni-
versity (¥ 1), 2—t—/ FSOREFED T ) L
M & B FiEOBI %

JUE URER, 5% 35 7, Chiang Mai University (4 1) ,
a— b —EIHFO RO O DR ERA A —
T T DBR%E

JFUE RER, BB ET, FRIEAKRREE SR K
W ~NA 77 7 m ¥ —HF54%, DRHS-AFP % v 7z
AR FEVERTEAL

Financial Support
1. Grant-in-Aid for Scientific Research

FUE YRBR, FHEFSE(C), Rhizoctonia J& 5K D
o iR E M E B E ORI (H4)

FEFEHET, FHBAFSE(C), Rhizoctonia J& %K H 3k
DF A L LR E M E BE O R

2. Others

JFUE RS, BEA 7 AR tt, BREDISHAEY
TR OBFFED 78

JEUE UREL, MRl th TH S, BRERTISEY T
TR OBFFED 78

Presentations

T. Hara, ASEAN-Japan STI Coordination — Coordination
practice in Lao PDR on efficacy of cyclic lipopeptides
from Bacillus subtilis strain YAES1 to prohibit the coffee
leaf rust, The 2025 NUOL International Conference on
Science, Engineering and Innovation (ICSEI 2025) in As-
sociation with AUN/SEED-Net Regional Conference,
HolidayInn Hotel, Vientiane, 2025.11.27

R. Kodsueb, R. Cheewangkoon, S. Haituk, T. Hara, Y.

Takatsuka, Whole genome analysis and culture method
development of Thai coffee leaf rust fungus, FY2025 ZE
Research Center Annual Meeting, F# K2 FI5 % v
VoA 2025.12.11

R. Cheewangkoon, S. Haituk, S. Arayapichart, Y. Somy-
otee, Y. Takatsuka, T. Hara, Towards zero-emission agri-
culture: advanced hyperspectral imaging for early detec-
tion of coffee Paramyrothecium leaf blotch, FY2025 ZE
Research Center Annual Meeting, F# KZ=FI5F v
SN A[2025.12.11

0. Sonesouphap, K. Khounvilay, Y. Takatsuka, T. Hara,
H. Ohgaki, Isolation of Bacillus subtilis strain from rice
straw and soil for biocontrol and plant growth hormone
promotion, FY2025 ZE Research Center Annual Meeting,
TR RFEFHRF ¥ v /%%, 2025.12.11

EIR S, BEBRE T, B FAE, 1L nBkiE, RE
RER, DRHS-AFP OFTEEIEMEIXRRA L 17/
P FL BB WO OB s - 2 T TR 7 B Al REME N
HD, AREZLFS 2026 FERE G, [FE
HREA ) ¥ 2782, 2026.3.9-12

_83_



	AR_2025_.pdf

