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I express my sincere gratitude for the research grant and supporting my research. The application process
for the Kyodai-Zaidan was very simple, and there was a high degree of freedom regarding the use of
subsidies. I could accomplish considerable achievements using this grant, and one of my research article is
now in the revision stage and possibly it will be published soon. Most importantly, my application for
FY2021 Kiban-C got accepted. I sincerely hope that this foundation will greatly help many other
researchers for the development of future research.
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「成果の概要」 DNA オリガミを利用して構築するケミレジスタセンサーの開発
【研究内容】

In recent years, extensive research has been focused on the development of sensors for the detection
of various analytes such as ions, gas molecules, common pollutants present in air and water, toxins
in food chains, disease-causing microorganisms, clinically important biomolecules, and so on. The
limitations of the current state-of-the-art sensors include the higher process time required for the
detection, poor sensitivity and selectivity of the sensor, and in-flexibility of the sensor platforms
for routine use. One notable example of these type of sensors is the chemiresistive sensor with the
use of conjugated organic molecules or conducting polymers. In this type of sensors, the
development of sensing material that has good mechanical flexibility, tunable conductivity, high
sensitivity and selectivity for the analyte is very challenging. Further, a single sensing
material/conducting polymer can’t be used for several analytes and it requires to develop analytespecific sensing material for each detection. Further, the applications of these sensors are quite
limited and seriously fail to distinguish analytes with similar properties/functionalities. For
example, the chemiresistive sensors fail to differentiate pathogens vs non-pathogens, and fail to
distinguish different cell types. This is mainly because of the lack of specific functional receptors
in the conducting polymer which constitutes the sensing film. Thus, it is highly desirable to develop
a sensor platform that uses a single sensing molecule for various analytes while maintaining all
other prerequisites of a sensor. Hence, in this research, I aimed to develop the chemiresistive
sensors that uses a single conducting polymer as a signal transducer while a DNA origami with
functional receptor moieties as a sensing region. The same sensor system can be used for the
detection of diverse analytes just by changing the functional moieties that are deliberately placed
on the origami.
【研究成果】

One major issue with the origami nano-biomaterials is their unsatisfactory stability that prevents
them from the applications in a wide range of conditions to withstand the thermal, mechanical and
chemical modifications. Thus, the stability of DNA origami should be improved for the practical
applications of sensor development. At first, we have carried out a detailed analysis for stabilizing
the origami structures. For this purpose, we have adapted the enzymatic and chemical ligations of
the discontinuities in the staple strands. The conditions for the ligation are now optimized. Our
results indicated that we could successfully stabilize the DNA origami structures with the
optimized conditions, and we could achieve the maximum ligation efficiency of about 75%.
Further, the ligation is found to increase the stability of the DNA origami over 20C, and also it is
stable in the device fabrication conditions. Further, with the help of Prof. Praveen at IISc, India,
the candidate conducting polymers are developed, and their abilities to incorporate in the
chemiresistive sensors are investigated.
【今後の見通し】

Next, the bioconjugation strategies to link the conducting polymers and DNA origami will be
developed. The incorporation of receptors on the DNA origami surface will then be studied. Once
these functional materials are developed and combined to make the sensing films, they will be
incorporated on the printed circuit board to produce the chemiresistive sensor. Then, finally the
developed sensor will be used for sensing the clinically important biomolecules, and diseasecausing microorganisms.

