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The Development of Environmentally Friendly Biotechnologies Professor

for Pollution Remediation and Resource Recovery Chihiro Inoue
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The contamination of soil and groundwater by heavy metals and persistent organic pollutants, such as petroleum hydrocarbons, has been a serious
environmental issue of global concern. Moreover, demand for underground mineral resources is growing. However, effective pollution removal and
resource recovery methods with low environmental burdens have not been successfully developed and thus they remain a challenge. Our target is to develop
remediation and resource recovery technologies that reduce costs, energy demands, and environmental loads. Here, we introduce our major scientific
activities in 2021: (1) phyto- and bioremediation of heavy metals from polluted soil and water, (2) development of biotechnologies by using complex

biological systems, and (3) investigation of the distribution and degradation process of microplastic in soil.
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Fig.1 Proposed roles of HMA4 and IRT3 during Cd and
Zn absorption by Arabidopsis helleri ssp. gemmifera
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Phyto- and bioremediation of heavy metals
from polluted soil and water

Regarding the phytoremediation of arsenic (As) and cadmium (Cd) from
contaminated soil or water, we have continued the basic research and
demonstration on hyperaccumulators Pteris vittata (As) and Arabidopsis
halleri ssp. gemmifera (Cd). First, in 2021, we continued the field trials in
three fields in Miyagi Prefecture. Second, we confirmed the transporter
gene HMA4 is expressed in response to Cd and Zn, and /RT3 is constitutively
transcribed in the roots of 4. helleri ssp. gemmifera (Fig.l). Third, as a
collaboration with the Cyclotron Radioisotope Center of Tohoku University,
Takasaki Advance Radiation Research Institute, and the National Institutes
for Quantum Science and Technology, we have traced the process of target
metal in P. vittata by PETIS measurement using short-living radioisotopes.
In addition, we have issued a press release on the results of the world’s first
moving image of the As transport process (Fig.2).

Development of biotechnologies by using
complex biological systems
For the practical application of complex biological system to environmental

technologies, we have applied data science approaches, including network
analysis and machine learning, to elucidate and predict the functions and
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Fig.2 Tllustration of the As hyperaccumulator Pteris vittata.
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Fig.3 Clusters of factors obtained through network
analyzing on data from field trails

Fig.4 Poster of the symposium
“The interface between
environmental research and data
science and what we can see
from it”

interactions among organisms in the system, which is necessary for
practical use. This study was adopted as a joint research program of
RIKEN-Tohoku University Kagi-hub collaboration program, and through
this study, we found that some sugar-like metabolites identified from the
rhizosphere could be used as indicators of arsenic concentration in plants
(Fig.3). We hosted a symposium in December that created an opportunity
for further collaboration (Fig.4). We also elucidated the roles of degrading
and non-degrading bacteria from a 1,4-dioxane-degrading consortium and
found the importance of non-degraders. In addition, we successfully
constructed a synthetic consortium that can efficiently degrade 1,4-dioxane
with coexistent of other pollutants.

Investigation of the distribution and
degradation process of microplastic in soil

For the assessment of microplastic in soil, we separated the microplastic
through elutriation and centrifugation, including the removal of organic
material by the Fenton reaction, and we identified plastic particles by
staining and visualization by fluorescence microscopy at several
wavelengths. We confirmed the involvement of microbial activity in the
surface oxidation of plastics by long-term exposure experiments of
agricultural plastic materials made of mainly polyethylene.

International exchange and other activities

Dr. Chien provided a keynote lecture at the International Conference on
Biotechnology and the Healthcare Industry. Professor Inoue gave an
invited lecture at the QST Takasaki Science Festival 2021. Mr. Tusher
(D3), Miss Park (D3), Mr. Huang (D2), Miss Han (D1), Mr. Kudo (D1), Mr.
Shimura (M2), and Miss Sato (M2) gave presentations at domestic
conferences. Dr. Chien and her research, entitled “Elucidation of
biofunctions and interactions among organisms toward to develop
environmentally friendly biotechnologies,” received the Nomoto award
from the Federation of Microbiological Societies of Japan (Fig.5). We sent
out six graduates in March and four in September (Fig.6) and welcomed
three new students in April and one in October, bringing the number of
affiliated students to twenty-one.
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Fig.5 Certificate of Nomoto
Award won by Assist. Prof.
Chien from FMS Japan

Fig.6 The “INOUE-LAB” cake designed
by Dr. Tusher for the graduation ceremony
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