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RICCA: Rebirth of PCR technology for the Next Pandemic

Manish Biyani'-2
"Department of Bioscience and Biotechnology, Japan Advanced Institute of Science and
Technology, 1-1 Asahidai, Nomi City, Ishikawa, 923-1292, Japan
?BioSeeds Corporation, JAIST Venture Business Laboratory, Ishikawa Create Labo,
Asahidai 2-13, Nomi City, Ishikawa, 923-1211, Japan
biyani@jaist.ac.jp

On the emergence of new pandemic world, a silent question is everywhere: Are we ready to predict
the next pandemic and navigate an uncertain future? To answer this, diagnostic testing plays a critical
role. PCR (polymerase chain reaction) has become the most popular molecular diagnostic test for
COVID-19. Since the Nobel laureate Kary Mullis invented PCR in 1983, the PCR market size worth
has already surpassed USD 4.5 billion in 2019. However, it could not be happen without the discovery
of Tag polymerase enzyme, which has become the backbone of PCR. Albeit successful, PCR is not
commonly used as a clinical diagnostic at point-of-care (POC) settings for two main reasons: the
difficulty of storage of PCR enzymes and the less affordability of expensive PCR thermal cycler. To
address these issues, we engaged in developing a robust RT-PCR-similar approach, termed the RICCA
(RNA Isothermal Co-assisted and Coupled Amplification) assay, that consists of a simple one-pot
format of ‘sample-in and result-out’ with a primary focus on the detection of
low copy numbers of RNA virus directly from saliva without the need for
laboratory settings. The optimization and freeze-drying of engineered enzyme
cocktail and a simple reaction with a total assay time of 15 min at a constant
temperature 41°C enables the RICCA kits can be room-temperature-storable
and applicable for detecting virus RNA target sequences for the on-site (low
resource settings) molecular diagnosis of COVID-19 and other infectious

diseases. Our next attempt of developing quantitative RICCA with

automation will facilitate our preparedness for the next pandemic.

Dr Manish Biyani received PhD (2004) in Biological Science from Saitama University, Japan. Dr Biyani
built a career in the field of Biotechnology and was invited as Research Scientist to join two major national
projects of JST from 2004 to 2013, where Dr Biyani used nanobio-device tools to develop high-speed
molecular evolution reactor for screening novel and highly-functional bio-molecules and bio-drugs. Dr
Biyani also appointed as staff (Res. Assistant Professor) in the Department of Bioengineering at The

University of Tokyo from 2009-2013. In Jan 2014, Dr Biyani is invited to join JAIST as Res. Associate

Professor and promoted to Res. Professor from Jan 2021. Along the way, Dr Biyani built and headed two
new startups for India-Japan collaboration as founding director of Biyani BioSolutions Pvt Ltd, a venture
from Biyani Group of Colleges and BioSeeds Corporation, a venture from JAIST. His major areas of
research interest include Molecular Evolutionary Engineering, Low-cost molecular diagnostics, Bio-drug
discovery, DNA-based nano architecture, and Biosensors. Dr Biyani is the recipient of several prestigious
awards including JB OUP award from International Union of Biochemistry and Molecular Biology, The
photopolymer science and technology award from Photopolymer society Japan, Japan Foreign Minister’s
Commendation award. Dr Biyani has co-authored 17 patents and above 50 peer-reviewed journal papers.
He also edited 2 books, 9 book chapters, delivered 2 keynote talks and 48 invited talks worldwide and
participated in over 130 national or international conferences. He acquired 16 research grants (10 as PI and
6 as Co-PI).



Inkjet printing: A key technique for flexible micro patterns and biosensor
applications

Mau Chien Dang
Institute for Nanotechnology, Vietnam National University Ho Chi Minh City
Community 6, Linh Trung Ward, Thu Duc City, Ho Chi Minh City, Vietnam

dmchien@vnuhcm.edu.vn

Inkjet printing is a type of non-contact mask-less fabrication method which recreates digital images
on flexible substrates by pushing ink droplets out of the cartridge to form the desired image. Nowadays,
inkjet printing has also evolved to a fabrication method used in the creation of complex structures and
even devices, especially in the field of biology, microfluidic, and microfabrication. We have developed
various inks for inkjet equipment. Nanoparticle silver-based conductive ink is our first research
product in this area; silver nanoparticles range in size from a few nanometers to one hundred
nanometers. The obtained results show that the printed pattern has good electrical conductivity.
Interestingly, we have been able to create electrical paths on a flexible substrate by combining inkjet
printing and electroplating techniques.

The rare earth nanomaterial luminescent ink product is the second ink product developed by our
research group. The specific luminescent properties of rare earth materials make luminescent inks to
be used in security printing; in which the ink pattern will only appear when exposed to UV light. The
special feature of this product is that this type of ink is fully compatible with super fine inkjet printers,
which can create micro-scale security strips. Solvent ink used in the fabrication of hydrophobic lines
is another approach to the manufacture of microfluidic channels on paper substrates. Ink is synthesized
from suitable solvents to help convert Nitrocellulose paper from hydrophilic to hydrophobic property.
From there, this technique can be applied to create biosensors on paper substrates, helping to detect
different biological targets.

In brief, inkjet printing is a manufacturing technique that has many advantages such as mask-less,
materials-saving, simple and fast processes... We initially created a few prototype products such as
biosensors on paper substrates, simple printed circuits on flexible substrates, and security symbols.
During the research progress, we realized that the potential of inkjet technology is still very large and
there are still a lot of new things that need to be further studied. The successful synthesis of different

inks is the key to further expanding the applications of inkjet technology in the future.

Mau Chien Dang (Prof. Dr. Habil.) received his MSc and PhD in Materials Science from the National
Polytechnic Institute in Grenoble (Grenoble INP), France in 1991 and 1994. In 1996 and 2007, he
received his Master in Management from the University Pierre Mendes France and the Diploma of
Habilitation for Research Direction (DHDR) in Materials and Process Engineering from the Grenoble
INP. From 1996 to 2006, he was Lecturer, Head of Department of Materials Science Fundamentals,
Vice-Dean of Faculty of Material Technology, HCM City University of Technology. In 2004, he
created the Laboratory for Nanotechnology which was upgraded to the Institute for Nanotechnology -
VNUHCM in 2016. He has been Director since then until 2020. He is a member of several national-
level research bodies and councils. He has authored or co-authored more than 150 publications in peer-
reviewed international journals (among of them 60 ISI and 50 Scopus papers) and 15 patents.

10



A F =7 RZBIT 5T YR

B2 i
Bl oi=iohy S et NS W N ot 72 SE = 5 A (VL0 v o s
ynagao@jaist.ac.jp

B SAAR LT D20 OTEIT, BIEERE S L TEBRICRPERNEDTH
%o fRIRIIWICAIE DEK AR T D 2 &0, METEA T BIEICR W CHEE & E
2O, BUEOM)TOY® v ZHNIZ, AEPER L 2 2IKEEE I CoRmERtE v
VU EIC R U CRREEN R STV D, RO T, E 1R SO AW IR A N T
RO v THANNOZ X, B A A OIS ERERME BRI L D, M
B OBRIOBEREOLL AT 5 Z L Ic SN\ T &7, —FT. 2ERhEOE
U THERiOHICIE, MIROERE D TN A LA TE=F—T 52 & T, RS 25
B OB D) o T EATORB B RSN TN D, BRI AT 2 E &
IR T 2w Ry FHOMDTE R IR AEIMEPEE - NMUEENRETH D,

b hOfRE v 7 ORTHEERREOBSICE ST 20X, KA T 5 HH
FRRHER B L ONUFEEH OMRZ B85 & SN TV 5, HEZ A8 IR 252 17 5 = &
THREIREERZEIL L, A X Ty RADBHIEHEIND EEZEZENTWD, TORRELD
ZRIRENIERP T AR THAMEZE SN DN AFICEE I TV D, ZHICH L
T, AT RENEY 7 M~ Z =I5 N LRt )T o o 7%, ook
FHEH T O ML L TR W RO B CTH 5,

FxixohETlz, mRkEERE (EESE) 268720468y 7 h~7—I2F
W, @A A AR AT DG OBLR N D L oy 1B SO E Ak IS O R ERRERR
PERSA A ARG 2 DB G L C&E Tz, B3R, W T OPEREESR AR H LT
WA THEERT O ERARER Y A e vy ZikE A WD Z & T, MIE R E8HAE A
THANRAERY A I FIZBWT, MiEELS0 2 &I L TR, IRE%2iT 5
Z LT, MEENITKDEFIIZER S, |ETIO! S em ' LD @E N T B R AREN:
BT, ZOX D IHHEEE AT L EA A AREN Y T b~ X =3B Lo ST
WV, Frex i, A A ARENE S E O T S L AR Uz AR
DIGHIZEF LTS, ARETIE, VA ey 7RmMEICEomA T AsEMEY 7 b
v X —IBIT AT E N AREREOFE IR EORE S A S LT,

2001 ARSI B —FRE B AR A A2 2003 FEBUI R R BB A R E Al
JetnB RS LS ISHRITIR Y, 2006 AEIUN R AR AR AHFERGR R PR A T, it
(BE5E) A HUS, 2006 - HALIEREERE LRI S A7 AT WA o THEHLET, 2010
FERVAAINE A X X TR E. 2011 FE R R R e A 7e A L S M I ST B
BT, 2012 FFAERRSEIRRI I R E B RS~ T U T A = AFFERHESEER, 2016 4R RS
TES RV AN IE RS AR, 2022 4RRIRZEdZ, 2020 LV RIRFEHA L hRA AB Vv
7 E RS SCHL R 2 % 35, 2011-2014 AF&e i « IR RIFSERRAT SR 7 e 7T AF9e R
Fo 2017 FFHUR KRS LRI BT, 2021 47 JST CREST BTEALYIT AT & (B
BIHEE) 1T, FMXE D THREEE 2 A Lie o L =R YR RO,

11



Multifunctional Role of Polymer-based Photomemory Transistors
for Sensing Applications

Yu-Cheng Chiu
Department of Chemical Engineering,
National Taiwan University of Science and Technology, Taiwan

ycchiu@mail.ntust.edu.tw

Owing to the versatility of functional photomemory transistors, vast and stupendous potential
applications have been emerging recently. Such as multilevel photomemory, ultra-responsive light
sensor for different wavelengths and photorecorder can be realized via inclusion of simple perovskite-
polymer blend nano-floating gates and/or novel donor-acceptor/aggregation-induced emission
polymer electrets in the transistor structure. Having said that, controlling exciton photogeneration and
charge separation dwelling on the photoactive materials is of fundamental and practical importance
too in governing the photomemory behaviors. Thus, in relation with the photomemory behaviors, the
device operations and their physical mechanisms have been proposed and investigated, for instance,
photo-writing, photo-recovery, and fully optical-driven of photomemory devices. Last but not least,
the tunneling-effect on charging-discharging phenomena in photomemories through photo-assisted
operation has received less intention despite of low-cost, facile, and versatile device fabrication even
without additional photoactive charge storage layer into the construction. As addressed above, this
report presents the progresses of photoactive charge storage materials to the process mechanisms of

photomemory transistors which is beneficial to the viewer in gaining deep insight into the field.

Yu-Cheng Chiu joined the Department of Chemical Engineering at National Taiwan University of Science
and Technology (Taiwan Tech) as a tenure-track assistant professor since August 2017. Currently, his major
interests are the elastic and self-healing semiconducting materials, soft organic devices including transistor
and transistor memory, and morphology characterization by synchrotron technique. Prior to joining the
faculty, Yu-Cheng was a postdoc in the Zhenan Bao research group at Stanford University when he devoted
on the research of intrinsically stretchable/healable semiconducting polymer and high-performance OFET
by solution shearing technique. Before moving to Stanford, he received his PhD degree under the
supervision of Prof. Wen-Chang Chen in December 2012 from the Chem. E at National Taiwan University
and then stayed in the same group for his first post-doctoral research until Oct. 2014. He also experienced
international internship program as a PhD student in 2010 and special appointed assistant professor
position in 2018 for polymerization research in the group of Prof. Toyoji Kakuchi and Prof. Toshifumi
Satoh at Hokkaido University.
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Science-based Urban Design & Population Health

KOOHSARI, Javad
School of Knowledge Science
Japan Advanced Institute of Science and Technology, Japan

koohsari@jaist.ac.jp

The rise of non-communicable diseases such as heart attacks, cancer, and mental illness is a major
public health problem worldwide. According to the World Health Organization, non-communicable
diseases are the leading cause of death globally, killing about 41 million people yearly. Interventions
to prevent non-communicable diseases typically focus on individual-level factors (e.g., medication
treatment, counselling). However, these individually-focused interventions tend to be successful only
in the short term for a small number of people, especially those who choose to participate. There has
been growing research on the role of urban design on non-communicable diseases. It is hypothesised
that urban design can facilitate or impede people's choices in engaging in healthy behaviours in a
long-term and sustainable way. This talk aims to provide an evidence-based overview of how urban
design can influence population health and discuss the next steps and future directions on this topic.
By the end of this talk, attendees will be familiar with necessary interdisciplinary knowledge in the

emerging scientific field of “urban design and population health”.

Dr Koohsari is an associate professor at the School of Knowledge Science, Japan Advanced Institute
of Science and Technology. He also holds several honourary positions in top universities in Australia
and Japan. Dr Koohsari's research focuses on how urban design science can contribute to health,
especially in the context of super-aged societies. Dr Koohsari has a publication record with over 100
refereed journal articles (in some of highly ranked journals such as Nature Reviews Cardiology). In
2020, he was recognised in the top 2% of most influential researchers worldwide across all scientific
disciplines (Stanford University & Elsevier). He is also included in the "Top Scientists" list in the field
of "Social Science & Humanities" for the year 2022 (Research.com).
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Beyond Graphene: TMDC 2D materials for advanced sensing and
information processing

KAREEKUNNAN Afsal
Japan Advanced Institute of Science and Technology (Sustainable innovation research area)
Research Center for Empathetic and Symbiotic Technology with Nature
afsal@jaist.ac.jp

The discovery of two-dimensional (2D) materials has changed the course of fundamental and
applicational research. While graphene is the most widely studied 2D material, Transition Metal Di-
Chalcogenides (TMDC) have also gained much attention for their unique properties. This study uses

TMDC material MoS:; as a highly sensitive electric field sensor and as a base material for information

i —®— Graph
processing and storage technology. 2o | ° Mf:_gz ene
While electric field sensors have various practical applications, ® ®
>
one of the most important ones is to measure the atmospheric electric 5 g _ ' "
field to predict lightning strikes. Predicting lightning well in advance § \ ','
e )
can save human lives and protect electrical equipment. To effectively & 10~ o .
predict lightning, it is necessary to have a highly sensitive electric . g, . 'Ill'
field sensor with extreme detection limit. Thus, we developed an 16 ' js | (‘, é , 1‘6
electric field sensor based on MoS,, which has much higher E-field (kV/m)

o . . ) Fig. 1: Graph comparing the electric field
sensitivity than its predecessor graphene electric field sensor (Fig.  sensitivity of MoS; to that of graphene.

1). The enhancement in sensitivity in MoS, sensors is attributed to the large density of states near the

conduction band edge. 4F NN

Low-power information processing and storage technology are §§%:f\
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vital for future technological applications. The charge and spin £ 0 --*¥------9------ i
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degrees of freedom are widely studied as qubits for information | E f

processing and storage technology. Here we look at yet another 4B el

degree of freedom of carriers called the valley degree of freedom =4 : . P<]
. . . . . M K I K' M
in materials like MoS; as a future candidate for qubits. Here the Fig. 2: Bandstructure of MoS showing

valleys refer to the local extremes in the bandstructure (Fig. 2). the valleys at K and K’ points.

Acknowledgement: This research was carried out partly under the COI STREAM “Sympathy with Silent

Voice” Earth Inclusive Sensing research base project and Otowa Electric Industry Co., Ltd. research grant.

He completed bachelor’s degree in Physics in 2013 from the university of Calicut, Kerala, and master’s
in Physics from the Indian Institute of Technology (IIT) Madras in 2015. Later he joined IIT Madras as
a project assistant, working on thin-film solar cells. In 2016, he was awarded the prestigious MEXT
fellowship for doctoral studies and moved to Japan to pursue Ph.D. under Prof. Hiroshi Mizuta at the Japan
Advanced Institute of Science and Technology (JAIST). His doctoral study focused on the theoretical and
experimental aspects of valleytronics properties in two-dimensional (2D) materials. After obtaining the Ph.D.
degree in 2019, he worked as a post-doctoral researcher at JAIST until March 2022. Since April 2022, he
has been a research assistant professor at the school of materials science, JAIST. His current research interest
also includes the development of electric field sensors based on 2D materials for lightning prediction.
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Quantum/Nano Device Measurements Based on AC Lock-In Technique

JRYE 3kE (Masashi Akabori)
e IR R RY: F/ ~T VT VT 7/ a¥— (CNMT, JAIST)
akabori@jaist.ac.jp
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Nature- and Organism-Inspired Information-Processing Circuits on
Quantum/Nano Devices
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