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Vice-Chairman, NITI Aayog, Dr. Rajiv 
Kumar, emphasised that the Indian economy 
will be among the top economies in the world 
in the next few years using science, 
technology, and innovation in all sectors, 
bouncing back soon from the aftereffects of 
COVID 19, at a webinar organized to 
celebrate 50 years of the Department of 
Science and Technology (DST) recently.

“Steps and reforms have been taken by the 
Government in all the sectors, like agriculture, 
modern medicine, traditional medicine, New 
Education Policy, Small & Medium Enterprises, 
labour sector and so on, to target being among 
the world's top three economies,” he said at the 
webinar on DST Golden Jubilee Discourse 
Series - On the other side of the Pandemic - 
organised by National Council for Science & 
Technology Communication and Vigyan Prasar.

He said that the pandemic has changed many 
things and shown new ways of doing things 
and many of these are going to stay in the post-
COVID world, and we need to have an 
innovative economic system in the post-
COVID world to remain floating.

Dr. Kumar added that the economy post-
COVID has been in the recovery mode after 
the first quarter and hoped that Indian 
economy will bounce back in next few 
quarters from the effects of COVID-19 

50 years of the Department of Science and Technology (DST)

disruptions, will grow by average 7-8 percent 
in next 20-30 years and become the third-
largest economy by 2047.

Talking about the structural reforms by the 
government to help Indian economy compete 
with the best of the world, Dr. Kumar said, 
“The government is committed to improving 
the ease of doing business, innovation 
ecosystem where every school student has 
access to the innovative tools and trends.”

Speaking at the webinar, DST Secretary Prof 
Ashutosh Sharma highlighted the various 
steps DST has taken to help Indian economy 
grow at the desired rate by using science, 
technology, and innovation in all fields like 
clean energy, health, education, transport, 
agriculture, communication, electric mobility, 
electric storage, quantum technologies and so 
on. He also talked about the steps DST has 
taken to give flexibility to scientists to deliver 
the desired results for technology missions 
and steps taken to help increase the number of 
startups using innovation, science, and 
technology.

“DST in the last 50 years has done a lot of 
building of capacity, in all areas. India is 
number three in science publication in the 
world, and DST has a great role in it. Our last 
50 years has been glorious, but our next 50 
years should exceed the last 50 years. Our 
budget has doubled in the last five years, and it 
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allows us to chart new directions. While 
keep ing  a l l  t he  bas i c  r e sea rch  and 
development in place and enhancing it, we 
have introduced a problem-solving approach 
to research. We are ready for the future, and 
there is a whole lot of new emphasis on 
innovation and startups and new models of 
innovation”, Prof Sharma said.

Meanwhile, three Centre of Excellence (CoE) 
set up National Mission for Sustaining the under 
Himalayan Ecosystem (NMSHE)at Central 
Universities from two North-Eastern states, and 
Kashmir were inaugurated by Secretary 
Department of Science & Technology (DST) 
Professor Ashutosh Sharma, recently through 
Video Conferencing.

Professor Sharma urged these centres to lead the 
climate change research in the Himalayan region 
while inaugurating the centres at the University 
of Kashmir, and Sikkim University and Tezpur 
University that have been established by the 
Department of Science and Technology (DST). 
He highlighted the importance of focusing on 
relevant interventions in this region which is the 
third pole and is both a contributor to climate 
change and regulator of it.

He stressed that the centres should be the 
primary movers of producing knowledge and 
also using that knowledge with the help of 
appropriate stakeholders and also be a source 
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of motivation for Himalayan Universities to 
come forward to take up research challenges.

“Out of the 8 national missions which are part 
of the National Action Plan on Climate 
Change, NMSHE is the only site-specific 
mission that aims to take suitable measures for 
safeguarding the Indian Himalayan Region. 
With capacity building the major focus of 
NMSHE, we have set up Climate Change 
(CC) cells in 12 out of the 13 states and Union 
territories of Himalayan region and will soon 

thhave 13  state CC cell in Ladakh,” he added.

Prof. S.P. Singh, Chairman Expert Committee 
of DST on Climate Change programme 
appreciated the setting up of the centres in the 
two parts of the Himalaya and said: “DST has 
played a proactive role as co-developers of the 
projects and activities in this mission and is 
taking a corrective measure by giving 
importance to universities of the Himalayan 
region to boost their research.”

“The Himalayan region offers several systems 

50 years of the Department of Science and Technology (DST)

where research can be done, whether it is 
glaciers, forests or alpine meadows. We 
should take advantage of these systems which 
offer a system to answer many of the questions 
and are of global interest,” he pointed out.

Dr Akhilesh Gupta, Adviser and Head, 
SPLICE-Climate Change programme DST 
explained that in order to drive the research 
leadership in the 145 Universities in the Indian 
Himalayan region and address challenges like 
inadequate R&D infrastructure especially in 
climate change, lack of quality manpower and 
encourage institutional centric research, a 
thorough mapping based on capacity building 
requirement was done by DST. The three 
CoEsset up at Kashmir, Tezpur and Sikkim 
Universitieswere part of outcome of this 
mapping exercise.

Prof. Talat Ahmad, Vice-Chancellor Kashmir 
University, pointed out that there are more 
than 13,000 glaciers in the Himalaya and 
study of these need development of a large 

Event/Organaisation

workforce with expertise in this field.

Prof. V. K. Jain, Vice-Chancellor, Tezpur 
University underlined the necessity of a centre 
in the Northeast which is home to a significant 
proportion of the tribal community with a need 
to deal with issues related to their sustainable 
livelihood.

Prof. AvinashKhare, Vice-Chancellor Sikkim 
University said this CoE will help in the 
capacity building of the Sikkim University by 
strengthening fieldwork and other research 
and infrastructure facilities.

Dr. NishaMendiratta, Associate Head 
SPLICE-Climate Change programme DST 
said that NMSHE seeks to facilitate the 
formulation of appropriate policy measures 
and time-bound action programmes to sustain 
ecological resilience and ensure the continued 
provisions of key ecosystem services in the 
Himalaya, evolving suitable management and 
pol icy  measures  for  sus ta in ing  and 
safeguarding the Himalayan ecosystem.

ndThe 2  TCGA 2020 conference
The Minister of Science and Technology and 
Vice President of Council for Scientific and 
Industrial Research (CSIR), Dr HarshVardhan 

ndvirtually inaugurated the 2 TCGA 2020 
conference in New Delhi recently.

Delivering the inaugural address, Dr Harsh  
Vardhan reiterated commitment of government 
of India to reduce the burden of cancer in the 
country by employing latest technologies in the 
genomics, proteomics, metabolomics and 
artificial intelligence and machine learning- 
mediated data analysis. He said, “Diverse 
molecular mechanisms- including genetic and 
lifestyle factors contribute to cancer, posing 
significant challenges to treatment. Therefore, 
it is necessary to better understand the 
underlying factors- patient by patient. In this 
context, it is important that we create 
indigenous, open-source and comprehensive 
database of molecular profiles of all cancer 
prevalent in Indian population population”.

The Union Minister acknowledged the efforts 
of the consortium comprising of scientists and 
clinicians from across the world, who have 
come together to build an Indian Cancer 
Genomics Atlas (ICGA). He urged them to 
focus on important issues of – uniformity and 
integrity of specimens representing different 
parts of India, to make Indian Cancer 

Genomics Atlas (ICGA) useful for clinicians 
throughout India. He said this would set a way 
forward in making cancer treatment accessible 
and affordable.   He enumerated several large-
scale mission mode projects taken by the 
Government such as Genome India, IndiGene 
Nutrition Mission etc. All these aimed at 
improving clinical outcomes in the cancer and 
other chronic diseases, he added.

Prof Syed Modasser Ali, Chairman Bangladesh 
Medical Research Council, Dhaka delivered 
Keynote address. He thanked the organizers for 
successfully conducting the 2nd Cancer 
Genome Atlas (TCGA) 2020 conference today.  
He promised extended long-term support to 
achieving the goals under the TCGA 
programme. He said that TCGA would be a 
great example for other developing countries.

Delivering the keynote lecture on Team 
Science in India,DG, CSIR Prof Shekhar 
Mande underlined the importance of 
scientific team building from diverse 
backgrounds in strategizing a coordinated 
response. He noted that establishment of 
Indian Cancer Genomics Atlas (ICGA) is a 
much-needed initiative and will add value to 
India and to the world of science in terms of 
cancer treatment. Dr. Jean Claude Zenklusen 
(Director, TCGA, US-NCI) delivered 

Keynote lecture on the Cancer Genome Atlas- 
A Model for Team Science. Oncologists, 
Researchers, Scientists, and Academicians 
from India, USA, UK and Bangladesh are 
participatingin international conference 
inaugurated today.

TCGA is a landmark cancer genomics 
program that molecularly characterized over 
20,000 primary cancer and matched normal 
samples spanning 33 cancer types. This joint 
effort between the US- National Cancer 
Institute and the National Human Genome 
Research Institute began in 2006, bringing 
together researchers from diverse disciplines 
and multiple institutions. Over the years, 
TCGA generated over 2.5 petabytes of 
genomic, epigenomic, transcriptomic, and 
proteomic data. The data, which has already 
led to improvements in the ability to diagnose, 
treat, and prevent cancer, will remain publicly 
available for anyone in the research 
community to use. On similar lines, the 
establishment of an 'Indian Cancer Genomics 
Atlas (ICGA)' has been initiated by a 
consortium of key stakeholders in India led by 
CSIR, Government of India in which several 
government agencies, cancer hospitals, 
academic institutions and private sector 
partners.
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An AI & Robotics Technologies Park 
(ARTPARK) set up in Bengaluru will promote 
technology innovations in AI (Artificial 
Intelligence) & Robotics leading to societal 
impact by executing ambitious mission mode 
R&D projects in healthcare, education, 
mobility, infrastructure, agriculture, retail and 
cyber-security focusing on problems unique to 
India.

ARTPARK, is a unique not-for-profit 
foundation established by Indian Institute of 
Science (IISc), Bengaluru with support from 
AI Foundry in a public-private model. With 
seed funding of Rs. 170 Cr ($22mn) from 
Department of Science & Technology (DST), 
Govt. of India, under the National Mission on 
Inter-disciplinary Cyber-Physical Systems 
(NM-ICPS), it will bring about collaborative 
consortium of partners from industry, 
academia and government bodies. This will 
lead to cutting edge innovations in terms of 
new technologies, standards, products, 
services and intellectual properties.

"The National Mission ICPS with its 25 Hubs 
has a unique architecture that envisages a 
strong collaboration and co-ownership among 
the triple helix of industry, academia and 
government with full flexibility. Generous 
additional support of the Government of 
Karnataka to the ARTPARK Hub brings 
extraordinary value in increasing its 
effectiveness, reach and use. It also sets a 

AI & Robotics Technologies Park (ARTPARK) 
template of centre-state partnership in the 
frontier areas of technology-- a theme which 
will receive focus in the soon to be released 
Science, Technology and Innovation Policy 
2020", said Professor Ashutosh Sharma, DST 
Secretary at the launch of the ARTPARK 
recently.

"Indian academia has been carrying out 
cutting edge technology research in various 
domains. However, we have had systemic 
issues in moving the results of this research 
from university laboratories into the outside 
world. ARTPARK would go a long way in 
establishing a template for addressing this 
need," Prof. Govindan Rangarajan, Director 
IISc pointed out.

"These moonshots will not only enable India 
but also build technology solutions for the 6 
bn people in the developing world," Umakant 
Soni, Co-founder & CEO noted.

ARTPARK will develop AI & Robotics 
facilities to support technology innovations as 
well as capacity building through advanced 
skills training of students and professionals in 
these areas. Some of these facilities will be key 
enablers for whole new sets of technologies, 
products and services. It will develop DataSetu 
- that will enable confidentiality and privacy-
preserving framework to share data and run 
analytics spurring the data-sharing ecosystem 
and create a data marketplace, boosting AI 
applications and solutions.
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One such service will be BhashaSetu - that will 
enable real-time Indic language translation, 
both of speech to speech and speech to text. 
This will further unlock the economic 
potential of the country and enable all Indian 
citizens to equitably participate in the 
economic progress, regardless of their 
language.

Prof. Bharadwaj Amrutur, Research Head & 
Director ARTPARK explained how ARTPARK 
was a natural evolution of the Robert Bosch 
Centre for Cyber Physical Systems, an 
interdisciplinary research and academic centre at 
IISc, with funding from the Bosch group of 
companies.  

Vishal Dhupar, MD, NVIDIA South Asia, 
spoke about the collaborations between 
NVIDIA and ARTPARK to “enable technology 
to solve humanity's grand challenges". 

Robin Sukhia, Secretary-General and President 
of the Sweden India Business Council pointed 
out how the not-for-profit organisation will 
enable international co-creation at a higher and 
deeper level to help solve today's and 
tomorrow's challenges using technology in a 
unique way.

ARTPARK, in collaboration with AI foundry, 
will run a novel ARTPARK Venture Studio 
that will mentor technopreneurs who will take 
the outputs of the mission mode projects to 
launch new startups.

Shanghai Cooperation Organisation (SCO) Young Scientist Conclave

Young scientists shared their innovative ideas in a 
range of thematic areas in the five days Shanghai 
Cooperation Organisation (SCO) Young Scientist 
Conclave which concluded recently. The areas 
included agriculture and food processing; 
sustainable energy and energy storage; 
biotechnology and bioengineering; combating 
COVID-19 and emerging pandemics through 
research and innovation; environmental 
protection and natural resource management,

22 young scientists were given certificates of 
appreciation for their innovative research 
work and ideas on which they would like to 
work in collaboration with SCO countries

Minister for Science and Technology, Earth 
Sciences, Health, and Family Welfare Dr. 
Harsh Vardhan, who inaugurated the 
conclave, called upon all the ignited young 
minds from SCO member states to use science 
as a tool to improve the quality of life of the 

common man which is the biggest challenge 
of this millennium. He exhorted the astute 
scientists at the 1st SCO Young Scientist 
Conclave to 'Innovate, Patent, Produce & 
Prosper' to lead our countries towards faster 
development.

The conclave enabled the confluence of ideas 
among the SCO scientific fraternity and 
paved the way for the establishment of a 
network across the Member States. It also 
projected the opportunities for joint proposals 
with STI prospects within the framework of 
SCO partners for future collaboration. A 
roadmap for networking and collaboration in 
these areas was prepared with provisions for 
exchange of young scientists across the SCO 
member states. The uniqueness of the 
conclave lay in bringing young minds 
together to promote international student 
exchange for knowledge and technology 
transfer.  I t  witnessed overwhelming 

participation from SCO nations.

The conclave organized on virtual mode due to 
the pandemic wasaimed to bring young 
researchers at a common platform and encourage 
the youth to harness their knowledge for 
addressing common societal challenges through 
research and innovation and strengthening 
advancement of complementary skills and 
research competencies of youth. The conclave 
was attended by about 200 participants, including 
67 young scientists & students nominated from 
SCO member states.

Dr. S.K Varshney, Advisor & Head International 
Cooperation, informed that the SCO STI 
Framework program for supporting multi-
disciplinary R&D projects in multilateral format 
is at finalization stage. He suggested that SCO 
member states may consider creating a 
fellowship program for young scientists, which 
will allow exchange of students and early career 
researchers among SCO nations.



SCIENCE AND SOCIETY 

08 The Scitech Journal Volume 08 Issue 01 January 2021

Event/Organaisation

9th Foundation day of Global Innovation and Technology 
Alliance

Global Innovation and Technology Alliance 
(GITA); (PPP between Technology Development 
Board (TDB) of the Department of Science & 
Technology (DST) and Confederation of Indian 
Industry) celebrated its 9th Foundation Day with 
the theme 'Atmanirbhar Bharat' (Self-Reliant 
India) recently on CII Hive platform. The daylong 
event was a multi-stakeholder platform to 
exchange ideas.

Dr. Harsh Vardhan, Union Minister of Science 
& Technology, Health and Family Welfare and 
Earth Sciences, Govt. of India, has underlined 
how Global Innovation and Technology 
Alliance (GITA) served as a catalyst for 
nurturing innovation and industrial R&D by 
fostering bilateral academic industry and 
government collaborations, through a video 

thmessage at celebration of the 9  Foundation 
Day of GITA.

“DST through GITA has been able to 
successfully engage in implementation of 
bilateral industrial R&D projects in collaboration 
with some of the most innovative nations of the 
world such as Israel, Korea, Canada, Finland, 
Italy, Spain, and UK,” Dr. Harsh Vardhan pointed 
out at the inauguration of celebration event on 
digital mode.

“Under Prime Minister's clarion call to utilise 
this challenging time as an opportunity for 
India to become self-reliant, the S&T ministry 
is at the forefront of nurturing the cultivation 
and blossoming of the scientific temperament 
in the country for AtmaNirbhar Bharat,” the 
Union Minister added.

“GITA, with its clear mandate to stimulate 
industry investment in R&D and its 
demonstration to deliver commercialised 
products and services, is well poised to further 
the government's vision of creating a self-
reliant Nation, with the collective intervention 
motivation and strategy of all those present,” 
he explained.

Prof. Ashutosh Sharma, Secretary, Department 
of Science & Technology (DST), Govt. of India 
and the Guest of Honour pointed out the great 
changes that have happened over the years like 
scaling  up  of  operat ions,  increased 
collaborations with countries like Israel, 
Canada, Sweden, Korea, Italy and Finland and 
expanding potential.

“Atmanirbhar Bharat is not by exclusion; it is 
to bring in more inclusion to be a part of the 
global R&D supply chain and deliver 
globally. It is an integration of our strengths 

with everything that is global,” Professor 
Sharma stressed.

Professor Sharma highlighted the three 
cultural elements of AtmaNirbharta as 'Atma-
Vishwas, Atma-Samman, and Atma-Chintan 
and said that everyone who works towards 
AtmaNirbharta should remember them at 
critical points.

“DST has been focussing on development of 
indigenous technologies that are new and 
relevant to India and globally and facilitating 
novelty in innovation from India. We need to 
integrate the complete knowledge chain in 
order to understand how science & technology 
can help achieve a self-reliant India. GITA 
would continue to play a bigger and better role 
in all these opportunities,” added Prof. 
Sharma.

Dr Neeraj Sharma, Secretary, Technology 
Development Board (TDB), said that in the 
times to come, he wishes for expanding the 
space of collaboration between TDB and 
GITA.

Prof.  K Vijay Raghavan, Principal 
Scientific Adviser to Government of India, 
highlighted the challenge of being 
AtmaNirbhar in a world where one also has 
to be interactive internationally and how 
technology can be an enabler for India to 
position itself as a global leader and build 
better international collaborations at the 
'Fireside Chat' organised on the occasion of 
the th9  Foundation Day of Global Innovation 
and Technology Alliance (GITA).

“AtmaNirbharta need to be viewed in the 
context of supply chains internationally and 

globally. There are three pillars which need 
to be kept in mind while addressing the 
framework of self-reliance which are 
policy, regulation, examples of execution 
and this needs to be done with speed and a 
synergy,” Professor VijayRaghavan said at 
the celebration event that was held 
virtually on November 26, 2020.

“Science & Technology is critically 
important for everything we do but Science 
& Technology is also not an answer by 
itself. It is part of the answer. Science & 
Technology should be kept in perspective 
as a component along with politics, 
economics, sociology and so on and all of 
this needs to work together in addition to 
policy, regulation, and examples of 
execution.”

He stressed that the COVID 19 pandemic 
has stimulated extraordinary collaboration 
between our research laboratories, R & D 
labs, and industry and between industry 
and society. This feature needs to be 
embedded as we move along into the future

Technology can be an enabler for India to 
position itself as a global leader 
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Need for science communication module at school level

Science communication is an integral part of our 
daily lives in modern times. Rapidly growing 
India needs more science communicators to let 
its people keep abreast of scientific and 
technological advancements. On the contrary, 
many science communication courses 
introduced at undergraduate and postgraduate 
levels in different Indian universities have either 
closed down or are on the verge of closure.

Is there a way to reverse the situation and help 
revive these courses in universities or academic 
institutions? An esteemed panel of scientists, 
journalists and science communicators discussed 
this important issue in an online panel discussion, 
conducted as a part of the on-going tenth national 
science film festival of India. This year's festival 
is jointly organized by Vigyan Prasar and Tripura 
State Council of Science and Technology.

Dr M Aslam Parvaiz, Former Vice Chancellor 
Maulana Azad National Urdu University and 
chair of the panel discussion said “there is a 
need for science communication module at 
school level so that right from the beginning we 
can develop science communicators.” He also 
pointed out that at the higher studies level there 
is a need for the introduction of 'credit system' 
for communicating science in the respective 
disciplines.

Talking on the other aspect, the festival 
convenor and scientist, VigyanPrasar, 
NimishKapoor, underlined the challenges in 
the path of science communication courses at 

university level. He said that there was a need 
to change the perception of science, both at 
the societal leveland in the media industry. 
“At the university level, there are mainly two 
problems, the non-availability of good 
subject content and lack of good teachers to 
effectively impart lessons in science 
communication”, he submitted. “Lack of job 
opportunities for science communicators in 
the mainstream media and with scientific 
institutions is another reason behind the sad 
state of affairs for science communication in 
India”, observed NimishKapoor.

Taking the discussion forward, RizwanAhamd, 
Director, Instructional Media Center, Maulana 
Azad National Urdu University, Hyderabad, said 
that digital technology can play a crucial role in 
communicating science to the masses. “Mobile 
technology is a very powerful medium that can 
be a potential tool in communicating science. 
People basically know how to use the phone, we 
have to scale up people with some more skills” 
he said. Youtubeand social media being hugely 
popular among youngsters, can be tapped for 
communicating science to the younger 
population.

Subha Das Mollick, media academician, 
writer and documentary filmmaker said, 
“There is a need for change in the mindset to 
take the science communication forward. 
Different interesting media like science films, 
writing in regional languages and science 
fiction may be helpful in this”. She also 

mentioned that social media can play a pivotal 
role in this as it can be used to convey the 
science messages to a large number of people, 
in a subtle way. The mainstream media should 
create more space for science related content” 
she added.

Dr Subhash C. Thaledi, Programming Head, DD 
Uttarakhand, and Dr UpendraNathPandey, Senior 
journalist,  emphasised on the need of 
communicating science in a jargon-free people's 
language.

Senior scientist from the Department of 
Science and Technology, Dr Pamposhkumar 
said “It has been 25 years since The National 
Council of Science and Technological 
Communication(NCST) had taken the 
initiative of launching science communication 
courses across the country. Looking at the 
current situation, there is a need to further 
embolden them”.

Dr Parvaiz in his concluding remarks 
highlighted the need for a separate science 
communication module for newsroomand 
journalists . “We are discussing this important 
issue when the new National Education Policy is 
being framed. The recommendations from this 
panel discussion may be submitted to the 
competent agencies for their consideration”, Dr 
Parvaiz concluded.

The panel discussion was moderated by Dr 
AnubhutiYadav, Professor, Indian Institute of 
Mass Communication (IIMC), New Delhi.
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DRDO Salutes the Contributions of Venerable Prof Roddam 
Narasimha

The demise of Prof Roddam Narasimha is an 
irreparable loss to Indian Aerospace in general 
and DRDO in particular.  He was a visionary 
who contributed immensely towards shaping 
the aerospace development in India. Prof 
Narasimha has been guiding Aeronautics 
cluster laboratories and Aeronautical 
Development Agency(ADA) over the last 
four decades with his incisive faculties and 
critical thinking.

LCA programme started at a time when India 
did not have many of the technologies 
required for ensuring its success.  The 
achievement of the nation in developing LCA 
has a lot to do with the development of 
appropriate technologies.  Prof Narasimha 
provided the necessary guidance to LCA 
program in this mammoth task.  In the early 
1980s, India did not possess much ability to 
computationally evaluate the aerodynamics of 
complex configurations.  It was the vision of 
Prof Narasimha, which primarily contributed 
to establishing major CFD capabilities in the 
country.

Prof Narasimha saw the need for developing 
supercomputing resources to cater to the fast-

growing computational needs of primarily the 
aerospace industry and atmospheric sciences.  
He took the initiative in establishing a centre 
at CSIR-NAL to develop supercomputers.  
Teams working or aeronautics and aircraft 
design learned their initial lessons in 
supercomputing through this initiative.  
Today, aircraft design capabilities of DRDO 
and ADA are at par with the advanced groups 
around the world in effectively utilizing 
supercomputing to compute flows around 
complex aircraft configurations.

Prof Narasimha's contributions to the 
programmes of DRDO have multiple 
dimensions.  He chaired many reviews in the 

evolution of LCA and provided critical inputs.  
Despite his advancing age, he was very 
actively involved in the development of 
AMCA configuration also.  His contributions 
were especially significant in planning the 
development of advanced technologies 
required for a fifth-generation aircraft.

As a leading scientist, his contributions have 
been multi-faceted.  He is a world-renowned 
authority in turbulence.  His contributions 
have been fundamental to the advancement of 
understanding turbulence.  He has made 
major contributions to rarefied gas dynamics.  
These have immensely helped ISRO in its 
programmes.   He was  a  p ioneer  in 
understanding atmospheric sciences.  His 
work was very significant in developing a 
model of Indian Reference Atmosphere. Many 
at DRDO and ADA have interacted either as a 
student or as a professional. 

Prof Narasimha's demise is a big loss for 
aerospace scientific community but his legacy 
will thrive through the work of DRDO 
scientists. DRDO salutes the contributions of 
Prof Roddam Narasimha to the field of 
aerospace in the country.

Dr. Carolina Araujo
Ramanujan Prize for Young Mathematicians 2020 awarded to Dr Carolina Araujo from Brazil

The Ramanujan Prize for Young Mathematicians 
2020 was awarded to Dr. Carolina Araujo, 
Mathematician from the Institute for Pure and 
Applied Mathematics (IMPA), Rio de Janeiro, 

thBrazil, in a virtual ceremony on 9  December 
2020.

The prize awarded annually to a researcher 
from a developing country funded by the 
Department of Science and Technology of the 
Government of India in collaboration with 
ICTP (International Centre for Theoretical 
Physics), and the International Mathematical 
Union was given for her outstanding work in 
algebraic geometry. Her work area focuses on 
birational geometry, which aims to classify 
and describe the structure of algebraic 
varieties.

Dr. Araujo, who is Vice President of the 
Committee for Women in Mathematics at the 
International Mathematical Union, is the first 
non-Indian to receive this prize and will be a 
role model for all women.

Informing her about new programmes for 
women like Vigyan Jyoti, initiated by the 
Department of Science and Technology 
(DST), Prof Ashutosh Sharma, Secretary, 
DST invited Dr Araujo to India to encourage 
women mathematicians and inspire them by 
her own example.

Prof. Carlos Kenig, President of the International 
Mathematical Union (IMU), congratulated her 
and praised her role in promoting women in 
mathematics and in organising important 
mathematical activities. “She has been a Simons 

Associate with ICTP since 2015,” he added.

Ambassador/Permanent Representative of 
India to UNESCO, Mr. Vishal V. Sharma said 
that a mathematician does not belong to a 
particular country. Dr Araujo may be a 
Brazilian, but she's a mathematician. She 
belongs to the universe because mathematics 
is the language of the universe.

At the award ceremony, Dr Araujo spoke about 
algebraic geometry, including birational 
geometry and foliations in a talk titled 
'Algebraic Varieties with Positive Tangent 
Bundles'.

The Prize, given every year to young 
mathematicians less than 45 years of age who 
have conducted outstanding research in a 
developing country, has been instituted by DST 
in the memory of Srinivasa Ramanujan, a genius 
in pure mathematics who was essentially self-
taught and made spectacular contributions to 
elliptic functions, continued fractions, infinite 
series, and analytical theory of numbers.
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Dr. Rajesh V.Nair
SwarnaJayanti Fellow working towards decoding light emission down to single photon for improving 

quantum technologies

Scientists are working towards understanding 
the light emission down to a single elementary 
particle called photon for improving quantum 
technologies.

Spontaneous emission can be tailored by 
precise engineering of the photon density of 
states of the elementary particles called photon 
using photonic structures or periodically 
ordered patterns; like that in a peacock feather. 
These structures act as a powerful tool to 
control the emission and propagation of light. 
Hence, the emission properties of quantum 
emitters that can even emit single photons can 
be tailored for applications in highly efficient 
lasers and quantum technologies.

Dr Rajesh V. Nair, Associate Professor 
Department of Physics at Indian Institute of 
Technology-Ropar a recipient of this year's 
SwarnaJayanti Fellowship of the Department 

of Science & Technology (DST), Government 
of India has achieved precise control on the 
light transport and emission using engineered 
photonic systems in the visible region of the 
electromagnetic spectrum.

 In order to cater to the requirement of single 
photons for high emission speed in quantum 
communication, Dr. Nair aims to understand 
the light emission down to a single photon 

level from the precise atomic defects in solid-
state materials through the Swarnajayanti 
Fellowship.

He proposes the emission studies of nitrogen-
vacancy (NV) centres (nitrogen impurity 
atoms in a diamond crystal) embedded in 
photonic structures by modifying the photon 
density of states around the emitter. This is 
necessary for enhancing their R & D prospects 
in photonic quantum technologies and ultra-
sensitive sensing. Along with his group, he 
intends to understand the modification of 
single photons emission rate as well as the spin 
properties of NV centres resulting in better 
intensity and rate of emission readout by 
measuring the intensity. The controlled 
manipulation of single spins and photons 
using defect centres, such as the NV centre, is 
the need of the hour and would place India as 
the forerunner in quantum technologies.

Dr. Siddhesh Ghag
DST INSPIRE Faculty fellow working to develop improved disease-resistant banana plants

An improved understanding of Fusarium, a 
root pathogen infection in banana plant may 
soon help develop strategies to prevent the 
disease that causes wilting of the fruit crop 
that is grown in at least 5 major states of India.

India is the leading producer of banana in the 
world and the present cultivation is vulnerable 
to this fungal disease which dwells in soil as a 
saprophyte and shifts to the parasitic mode in 
presence of host roots. Scientists are trying to 
understand the disease paradigm for deve-
loping innovative management strategies.

Dr. Siddhesh Ghag from University of 
Mumbai-Department of Atomic Energy(UM-
DAE) Centre for Excellence in Basic Sciences 
(CEBS), Mumbai  a recipient of the INSPIRE 
Faculty fellowship, of the Department of 
Science & Technology, Government of India, 
is using genetic approaches to decipher the 
molecular cross-talk between banana and 
Fusarium during infection.

Dr Ghag's team is focusing on studying the 
transcriptional factors that regulate the 
expression of virulence genes in Fusarium 
oxysporumcubense(Foc), the fungal plant 
pathogen, that causes Panama disease of 
banana. His research work could lead to 
improved disease-resistant in plants.

According to the research work conducted by 
Dr.Ghag and his team, a molecular combat 
exists between the two partners at the site of 
infection where repertoire of virulent factors 
from Foc and defense molecules from banana 
are secreted. In the process of recognition of 
banana roots, Foc activates a series of 
virulence genes.All these virulence genes are 
under the control of a few master regulators 
which are up-regulated during colonization. 
FocSge1 is one such master regulator that acts 
as a co-activator and triggers the expression of 
effector genes required for pathogenicity. The 
FocSge1 deletion strain of Fusarium created 
in Dr.Ghag's lab showed characteristics that 
toge ther  cont r ibuted  to  the  loss  of 
pathogenicity (property of causing disease). 
These results were recently published in the 

BMC Microbiology journal.

Exploring the regulatory network that is 
triggered during infection, Dr.Ghagis working 
towards studying the role of a protein complex 
that drives the expression of the effector 
genesrequired for pathogenicity. Understanding 
this complex regulatory network can help in 
improved knowledge on the basic biology of 
fungal infection in plants, evolution of virulent 
strains, lifestyle switching in Fusarium from 
saprophytic to parasitic mode and also 
investigation of banana defense responses in 
terms of resistance genes.

Additionally, Dr.Ghag's team earlier isolated 
and characterized a regulatory DNA sequence 
intervening two genes arranged on opposite 
strands technically called bidirectional 
promotersfrom Fusarium that regulated the 
expression of two important virulent genes. 
This promoter can initiate transcription in both 
orientations when induced by a particular 
carbon source (published in Scientific 
Reports) and thus will find application in 
genetic engineering, metabolic engineering 
and synthetic biology using fungal systems.  

Such studies can culminate into better 
understanding of the Fusarium wilt disease of 
banana and aid in devising effective 
management strategies.
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Dr. Sandeep Eswarappa
Swarnajayanti Fellow may provide new genetic treatment for thalassemia, duchenne muscular 
dystrophy, haemophilia

Duchenne Muscular Dystrophy, a severe type 
of muscle weakness that usually begins at an 
early age and worsens quickly, may soon have 
a new strategy of treatment through genetic 
regulation. There is no known cure for 
duchenne muscular dystrophy. Treatments 
usually aim to control symptoms to improve 
quality of life.

Sandeep Eswarappa, Assistant Professor Indian 
Institute of Science (IISc), Bengaluru one of the 
21 recipients of this year's Swarnajayanti 
Fellowship of the Department of Science and 
Technology (DST), Government of India, 
proposes to suppress the disease-causing 
premature stop codon or the genetic process that 
initiates these diseases. He is trying to bring 
about the suppression through translational read 
through a gene regulatory principle found in 
humans, yeasts, bacteria and drosophila which 
takes place with the variation of the genetic 
code.

Prof. Sandeep's group has been developing 
strategies to induce translational read through 

across genetic diseases caused by non-sense 
mutations -- a change in DNA that causes a 
protein to terminate or end its translation 
earlier than expected. They were successful in 
achieving this in vitro in case of thalassemia 
and are working on other disease models. This 
research work has been published in the 
scientific journal 'Biochemistry' recently. 
With the Swarna Jayanti fellowship, they will 
extend it to Duchenne muscular dystrophy. If 
successful, this project may lead to novel 
therapeutics for the treatment of genetic 
diseases like thalassemia, Duchenne muscular 
dystrophy, haemophilia.                                               

In case of any protein formation genetic 

information present in the genome is first 
transcribed into an mRNA, which in turn is 
translated into a protein. Protein synthesis or 
translation is executed by macromolecular 
machinery called ribosomes. Ribosomes start 
this process at a specific location on an mRNA 
called 'start codon' and terminate at a stop 
signal called 'stop codon'. In case of diseases 
with nonsense mutations, such mutations 
result in premature stop signal in mRNA often 
resulting in non-functional truncated protein

Prof. Sandeep Eswarappa's laboratory at IISc 
has shown that in certain mRNAs, under 
certain conditions, translating ribosomes 
misread the stop signal and continue till they 
encounter another stop signal. In this 
translational read through process, a longer 
protein is synthesized with an extension. This 
extension might change the properties of the 
protein. The experiments carried out by his 
group have revealed that such long proteins 
can have different localization, stability and 
function.

Dr. Ranjana Jaiswara
The research by the Inspire Faculty Fellow, will help understand evolutionary relationships among 

nearly 140 species of field crickets from India 

The chirp of the cricket may soon be used to 
monitor their species diversity. Scientists are 
establishing an acoustic signal library that can 
help track the diversity of these insects.

Morphology-based traditional taxonomy has 
gone a long way to recognise and establish 
species diversity. But it is often not sufficient in 
delimiting cryptic species-- a group of two or 
more morphologically indistinguishable species 
(hidden under one species) or individuals of the 
same species expressing diverse morphological 
features (which are often classified into multiple 
species). Therefore, identification solely based on 
morphological features leads to underestimation 
or overestimation of species diversity.

In order to overcome this challenge, Dr. 
Ranjana Jaiswara, a Department of Science 
and Technology (DST) Inspire Faculty 
Fellow at the Department of Zoology, Panjab 
University, is working to establish a field 
crickets acoustic-signal library which can be 
used as a non-invasive tool in species 
diversity estimation and monitoring. The 
library will be a digital one and can be used 

through mobile phone application for 
automated species recognition and discovery 
as well as documentation of new species of 
crickets from India.Dr. Jaiswara's research as 
a DST-INSPIRE Faculty addresses the 
problem of cryptic species by using advanced 
tools in an integrative frame in delineating 
species boundaries.

These tools include acoustic signals, DNA 
sequences, and phonotactic behavioural data 
in studying species diversity. She uses field 
crickets as the model organism. In her 
research published in Journal of Zoological 
Systematics and Evolutionary Research, she 
has shown that species-specific bioacoustics 
signals are a highly efficient and reliable tool 
in marking species boundaries and it can be 

used to get an accurate estimate of species 
richness and diversity estimate of any 
geographical area.

Dr Jaiswara has documented that the issue of 
cryptic species can be addressed economically 
with the basic skill of bioacoustic signal and 
statistical analyses. These integrative 
approach-based studies have led to the 
discovery of several cryptic and new species of 
crickets from India, Brazil, Peru and South-
Africa.

Field crickets are one of the most commonly used 
model organisms in the field of neuroethology, 
behavioural ecology, experimental biology, and 
acoustics because of their unique ability to 
produce loud acoustic signal by rubbing of highly 
specialised forewings against each other.

Dr Jaiswara plans to build a phylogenetic 
relationship and understand evolutionary 
relationships among approximately 140 
species of field crickets known from India. 
This study will provide an evolutionary frame 
structure to the scientific community at a 
global level.



SCIENCE AND SOCIETY 

13 The Scitech Journal Volume 08 Issue 01 January 2021

People

Dr. Basudeb Gupta
Swarna Jayanti Fellow's study could help understand how neutrinos play a role in star explosions

Scientists may soon find a clue to how stars 
explode due to neutrinos, one of the most 
abundant particles in the universe.

These extremely subatomic particles are 
difficult to detect because of their limited 
interactions with matter. However, they are 
very important to the study of supernovas or 
powerful luminous stellar explosions, 
because they power the explosion and provide 
an early warning signal that allows scientists 
to look in the right direction before the 
supernova explosion takes place.

Dr. Basudeb Dasgupta, Associate Professor in 
the Department of Theoretical Physics Tata 
Institute of Fundamental Research at Mumbai, 
is one of the 21 recipients of this year's Swarna 
Jayanti Fellowship of the Department of 
Science and Technology (DST) who aims to 
understand the basic physics of how the 
quantum state of the neutrino evolves, the 
astrophysics of how neutrinos affect the 
exploding star, and how we can experimentally 
detect these neutrinos and decode the 

information they carry with them. His work 
published in the journal 'Physical review D' 
focuses specifically on the effect of so-called 
fast flavour conversions, which occur at a rate 
proportional to the neutrino density in the star 
and affects each of these three issues.

 Dr. Dasgupta has played a leading role in 
understanding collective neutrino oscillations 
in dense astrophysical environments. He and 
his students identified a simple model that 
shows these faster oscillations and proved that 
it is almost identical to a much simpler 
problem that can be solved exactly-- a ball 
rolling down a hill whose slope increases as the 

cube of the horizontal distance travelled. They 
have also shown how these oscillations lead to 
mixing of all the neutrinos, which may have 
major consequences for how neutrinos deposit 
heat  ins ide  a  supernova.  Upcoming 
experiments may be able to probe their theory 
and shed light on the almost century old 
conundrum-- how do stars explode?

Dasgupta has also made insightful contributions 
towards identifying the particle nature of dark 
matter. This includes theoretical ideas as well as 
experimental strategies to test the ideas. His 
most recent works present remarkable neutrino 
and positron-based constraints that disfavour the 
possibility that minuscule black holes from the 
Big Bang may contribute significantly to the still 
unidentified dark matter.

His work has had a palpable impact, and last year 
he was awarded the prestigious International 
Centre for Theoretical Physics Prize, in honour of 
Subrahmanyan Chandrasekhar, by the Abdus 
Salam International Centre for Theoretical 
Physics in Trieste.

Dr.Debojyoti Chakraborty
Indian researcher selected for prestigious international funding award

Council of Scientific and Industrial Research's 
New Delhi-based Institute of Genomics & 
Integrative Biology (CSIR-IGIB) has added a 
feather to its cap. Dr Debojyoti Chakraborty, a 
scientist at the Institute has been selected as a 
European Molecular Biology Organisation 
(EMBO) Young Investigator. He is one of a set 
of 30 life scientists who have been selected 
under the programme.

EMBO was founded in 1964 by a group of 
pioneering molecular biologists, among them 
Nobel Laureates Max Perutz, John Kendrew, 
Francois Jacob and Sydney Brenner to 
promote molecular biology in Europe and 
neighbouring countries by fostering talents, 
disseminating new ideas and knowledge 
among European scientists and by encouraging 
cross-boundary collaborations.

EMBO is now an organization of more than 
1800 leading researchers that promotes 
excellence in life sciences in Europe and 
beyond. Its major goals are to support talented 
researchers at all stages of their careers, 
stimulate the exchange of scientific information, 
and help build a research environment where 
scientists can achieve their best work.

It helps young scientists to advance their 
research,  promote their  international 
reputations and ensure their mobility. Courses, 
workshops, conferences and EMBO Press 
publications disseminate the latest research 
and offer training in techniques to maintain 
high standards of excellence in research 
practice. It helps to shape science policy by 
seeking input and feedback from our 
community and by following closely the trends 
in science.

The EMBO Young Investigator Programme 
supports life scientists who have been group 
leaders for less than four years and have an 
excellent track record of scientific achiev-

ements. The selected scientists receive an award 
of 15,000 euros in the second year of their tenure 
and can apply for additional grants of up to 
10,000 euros per year.

They also benefit from a variety of networking 
opportunities for them and their lab members, 
mentoring by EMBO Members, training in 
research leadership and management as well 
as responsible conduct of research, and access 
to core facilities at the European Molecular 
Biology Laboratory (EMBL) in Heidelberg, 
Germany.

Announcing the selection, EMBO Director 
Maria Leptin, said,“We are delighted to 
welcome the new Young Investigators to the 
EMBO community and look forward to 
support  them in leading and further 
developing their independent laboratories. 
These 30 life scientists have demonstrated 
scientific excellence and are among the next 
generation of leading life scientists. Their 
participation in the EMBO Young Investigator 
Programme will help them in this critical 
phase of their careers.”

(Source: India Science Wire)
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Vaccines are important—but what are they and 
how do they work?

Basically, vaccines train the immune system to 
recognize dangerous pathogens, like SARS-
CoV-2, allowing the body to fight an infection 
without having to get sick.

“The immune system is like an orchestra. It has 
so many different players and instruments that 
need to work together to defend the body 
against invading pathogens,” says Akiko 
Iwasaki, PhD, Waldemar Von Zedtwitz 
Professor of Immunobiology and Molecular, 
Cellular, and Developmental Biology at Yale 
School of Medicine. “The vaccine serves as the 
conductor to orchestrate the defense system.” 

How does this happen? When a pathogen 
infects the body, the immune system 
dispatches an army of different cells to clear 
the infection from the body. Two types of 
immune cells that make up this army—B cells 
and T cells—are particularly important for the 
development of vaccines.

B cells and T cells move through the body, 
constantly on the lookout for pathogens. 
When they encounter one, they attach 
themselves to it via a structure on the 
pathogen's surface called an antigen. When B 
cells bind to antigens, they crank out 
thousands of antibodies, which in turn bind to 
other pathogens circulating in the blood and 
lymphatic fluid. These antibodies send 
chemical signals to other immune cells to 
come and help destroy the pathogen.

But what happens if a virus infects the cells? 

To say that the COVID-19 pandemic has disrupted our lives would be an understatement. Since March, when stay-at-home orders were first put 
in place, many of us have spent our time in our homes, avoiding crowds, wearing masks, social distancing, and working remotely, often while 
taking care of or home-schooling children.

In spite of all of this, the virus continues to spread, and our lives remain far from normal. And while research into therapies and treatments for 
COVID-19 is advancing, there are still none that can prevent severe illness.

We've been told that a vaccine that provides full protection against SARS-CoV-2, the virus that causes COVID-19, offers the best chance for a 
return to normalcy. Getting one would allow people to go about their daily lives, free from worry of getting infected, as well as the need to social 
distance and wear masks.

Ideally, one or more of the many COVID-19 vaccines in development will prove to be effective. But even a vaccine that offers less than complete 
immunity would slow the virus's spread and could reduce the severity of the disease. Along these lines, the Food and Drug Administration (FDA) 
announced in July that it would approve any vaccines that demonstrated at least 50% efficacy against the coronavirus.

All of this may be confusing—and frustrating—to those of us who are simply trying to put one foot in front of the other during this pandemic. 
And the confusion surrounding COVID-19 vaccines may be compounded by the uptick in reporting about them—the trials, their efficacy, and 
their safety.

With this in mind, Yale Medicine offers this primer on vaccine basics—how they work, their different platforms, and the approval process—and 
what that means for a COVID-19 vaccine.

So, how do vaccines actually work?

What are B cells and T cells?

This is where T cells come in: A special type of 
T cell (called a “killer T cell”) monitors the 
body's cells. Should these killer T cells detect 
an infected cell, they kill it in order to prevent 
the infection from spreading to other cells.

After ridding the body of a pathogen, some B 
and T cells live on as memory cells. These 
memory cells can live for years—even 
decades—preserving their knowledge of these 
pathogens. If the immune system sees them 
again, the memory cells will recognize them 
and launch a swift and powerful immune 
response that kills the pathogens before they 
can cause sickness.

If you had chickenpox as a child, for example, 
your immune system will have developed an 
immunological memory against the virus that 
caused it. This memory protects you against 
reinfection. Recent studies suggest this may 
also be true for COVID-19. Some studies 
show that people who've recovered from 
COVID-19 develop memory B and T cells. 
But unlike with chickenpox, scientists don't 
yet know how long this immunological 

memory lasts with COVID-19 or how well it 
protects against reinfection. What's also not 
yet understood is what this means about the 
ability of a COVID-19 vaccine to provide 
long-term protection against the disease.

Because this is complicated, it's worth 
reiterating: It is the ability of memory cells to 
remember pathogens that confers immunity 
and protection against viral and bacterial 
pathogens they have previously confronted. 
Vaccines use this immunological memory.

But instead of exposing people to a dangerous 
pathogen that causes severe disease, a vaccine 
introduces the immune system to the 
pathogen in a way that does not make them ill, 
but which nevertheless prompts the immune 
cells to respond and create memory cells.

In this way, a vaccine against SARS-CoV-2 
would work by introducing your immune 
sys tem to  the  v i rus—or the  v i rus ' s 
antigens—in a manner that does not cause 
COVID-19, but which still stimulates an 
immune response and the formation of an 
immunological memory.
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Vaccines are important—but what are they and how do they work?

been modified so that they cannot replicate 
and consequently cannot cause illness, while 
others use viruses that cannot harm people. 
The University of Oxford-AstraZeneca team, 
CanSino, Johnson & Johnson, and several 
other companies are working to develop viral 
vector vaccines.

Still other companies like Moderna, Pfizer, 
and Inovio are working on RNA and DNA 
vaccines. Like carrier vaccines, RNA and 
DNA vaccines get the body's cells to generate 
copies of antigen proteins, only they do not 
use a viral vector to deliver genetic material. 
Instead, the genetic material, in the form of 
either DNA or messenger RNA, is introduced 
into the body directly.

The genetic material enters cells and instructs 
them to produce copies of the viral antigen. 
This stimulates an immune response and 
ultimately development of memory cells that 
can recognize and respond to the SARS-CoV-
2 virus. DNA and RNA vaccines can be mass 
produced quickly and at reasonable cost.

One important caveat is that though it has 
been tried in the past, no vaccines have ever 
been successfully developed using these new 
types of vaccine platforms.

How does a vaccine introduce a pathogen 

without making you sick?

Scientists have developed several ways to 
introduce a pathogen to the immune system 
without risking disease. One method—what's 
known as an “inactivated vaccine”—exposes 
the bacteria or virus to certain chemicals, 
radiation, or heat to “kill” it, so that it is no 
longer able to infect human cells; this 
deactivated pathogen is what's in the vaccine. 
Alternatively, scientists might weaken a 
pathogen so that it is still able to infect cells but 
without causing sickness; these are known as 
live or attenuated vaccines. 

Both methods have been used safely and 
effectively for several decades to protect 
people against a variety of diseases that were 
once common and serious. Examples include 
the Salk polio vaccine, as well as vaccines 
against measles, mumps, and rubella, among 
others.

Both inactivated and live attenuated vaccines for 
COVID-19 are currently under development 
worldwide. Sinovac Biotech, a company in 
China, produced an inactivated vaccine that has 
been approved there for emergency use, and 
several other inactivated vaccines are at various 
stages of development in China, India, and 
elsewhere. But one downside to inactivated viral 
vaccines is that they require considerable 
quantities of virus to be produced, which is a 
slow process.

New vaccine methods

Pharmaceutical companies and research 
laboratories are also exploring other ways to 
develop vaccines against COVID-19, beyond 
the methods discussed above.

For instance, several groups are working on 
carrier vaccines (also called virus vector 
vaccines), in which scientists genetically 
engineer an innocuous, or harmless, virus so 
that it carries genetic material that codes for 
the spike protein of SARS-CoV-2, the 
structure the virus uses to attach to and infect 
cells and which also serves as an antigen.

The genetically engineered virus acts as a 
Trojan Horse. When introduced into the body 
(via an injection, for instance), the virus 
infects cells, but in so doing, it covertly 
delivers the genetic material for the spike 
protein—spurring the body's own cells to 
produce copies of it. Recognizing these spike 
proteins as outside invaders, the immune 
system mounts a defense against them, and, in 
the process, creates memory cells that should 
serve to protect against the coronavirus. 

Some vector vaccines use viruses that have 

Is safety monitored after the vaccine is 

approved?

Even after the approval of a vaccine, the FDA 
and Centers for Disease Control and 
Prevention (CDC) continue to monitor its 
safety. Anyone involved in the use or 
distribution of vaccines including patients, 
pharmacists, health care providers, and 
vaccine manufacturers can report side effects 
through the Vaccine Adverse Event Reporting 
System (VAERS).

In all, this process of vaccine development, 
from preclinical research to licensure and 
vaccine production, usually takes a decade or 
longer. The fastest vaccine ever successfully 
developed—a mumps vaccine produced by 
Merck in the 1960s—still required four 
years.But with the COVID-19 pandemic still 
among us, vaccine researchers are rushing to 
develop vaccines in record time, perhaps 
within a year or so from the start of initial 
vaccine research.

But experts like Iwasaki do not see this as 
cause for alarm. “The vaccine candidates 
undergo rigorous testing before being 
approved by the FDA,” she says. “Even 
though the timeline is rushed to develop 
COVID-19 vaccines, the evaluation of safety 
and efficacy is not being compromised.”

(Source: Yale University news release written 
by Jeremy Ledger)   

How are vaccines approved?

Before a vaccine can be used on the general 
population, it must first be carefully tested 
and vetted in an approval process intended to 
ensure that it is both safe and effective.

Here in the United States, this process begins 
with what's called “preclinical research.” This 
is when the vaccine is first tested on cell 
cultures and animals—not humans—to 
determine whether it safely produces the 
desired immune response.

If a vaccine passes the preclinical stage, it 
begins a three-phase trial.

Phase 1: During Phase 1, the vaccine is given  
to a small group of healthy volunteers 
(between 10 and 100). This phase of the trial is 
focused on evaluating whether the vaccine is 
safe, though researchers also study its 
efficacy by determining whether it triggers an 
immune response.

Phase 2: Vaccines that prove safe in Phase 1 
move on to Phase 2. Here, hundreds of 
volunteers receive the vaccine. During Phase 
2, researchers continue to assess the safety of 
the vaccine, though they also try to 
understand how the immune system responds 
to different doses of it. 

Phase 3: Phase 3 occurs after a vaccine 
successfully passes Phase 2. During this 

phase, thousands or even tens of thousands of 
volunteers receive either the vaccine or a 
placebo, but neither the researchers nor the 
volunteers know who gets which treatment.  

The volunteers then live their lives as they 
normally would. Amid COVID-19, this means 
they are encouraged to social distance, wear 
masks, and follow other public health infection 
prevention guidelines. Researchers will track 
how many volunteers get COVID-19 and, to 
measure the effectiveness of the vaccines, 
follow them to learn whether those who 
received the vaccine were infected at lower 
rates than those who got the placebo. 
Researchers continue to monitor the vaccine's 
safety throughout the trial.

If, after all three phases, the vaccine is found to 
be safe and effective—if, in the example of 
COVID-19, it protects against infection or 
reduces severity of illness—then it is submitted 
to the FDA for approval. A multidisciplinary 
team of scientists reviews the data collected 
throughout the trial. And, if the data look good, 
the FDA will license the vaccine and the 
manufacturing process begins in order to 
produce mass quantities, so the general 
population can be vaccinated.
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Quantum computers have already managed to 
surpass ordinary computers in solving certain 
tasks – unfortunately, totally useless ones. The 
next milestone is to get them to do useful 
things. Researchers at Chalmers University of 
Technology, Sweden, have now shown that 
they can solve a small part of a real logistics 
problem with their small, but well-functioning 
quantum computer.  

Interest in building quantum computers has 
gained considerable momentum in recent years, 
and feverish work is underway in many parts of 
the world. In 2019, Google's research team 
made a major breakthrough when their quantum 
computer managed to solve a task far more 
quickly than the world's best supercomputer. 
The downside is that the solved task had no 
practical use whatsoever – it was chosen 
because it was judged to be easy to solve for a 
quantum computer, yet very difficult for a 
conventional computer.

We want to be sure that the quantum comp uter 
we are developing can help solve relevant 
problems early on. Therefore, we work in close 
collaboration with industrial companies”, says 
theoretical physicist Giulia Ferrini, one of the 
leaders of Chalmers University of Technology's 
quantum computer project, which began in 
2018.

Together with Göran Johansson, Giulia 
Ferrini led the theoretical work when a team of 
researchers at Chalmers, including an 
industrial doctoral student from the aviation 
logistics company Jeppesen, recently showed 
that a quantum computer can solve an instance 
of a real problem in the aviation industry.

The algorithm proven on two qubits

All airlines are faced with scheduling 
problems. For example, assigning individual 
aircraft to different routes represents an 
optimisation problem, one that grows very 
rapidly in size and complexity as the number 
of routes and aircraft increases.

Researchers hope that quantum computers 
will eventually be better at handling such 
problems than today's computers. The basic 
building block of the quantum computer – the 
qubit – is based on completely different 
principles than the building blocks of today's 
computers, allowing them to handle enormous 
amounts of information with relatively few 
qubits. 

Tiny quantum computer solves real optimisation 
problem

However, due to their different structure and 
function, quantum computers must be 
programmed in other ways than conventional 
computers. One proposed algorithm that is 
believed to be useful on early quantum 
computers is the so-called Quantum App-
roximate Optimization Algorithm (QAOA).

The Chalmers research team has now 
successfully executed said algorithm on their 
quantum computer – a processor with two 
qubits – and they showed that it can 
successfully solve the problem of assigning 
aircraft to routes. In this first demonstration, 
the result could be easily verified as the scale 
was very small – it involved only two 
airplanes.

Potential to handle many aircraft

With this feat, the researchers were first to 
show that the QAOA algorithm can solve the 
problem of assigning aircraft to routes in 
practice. They also managed to run the 
algorithm one level further than anyone 
before, an achievement that requires very 
good hardware and accurate control.

“We have shown that we have the ability to 
map relevant problems onto our quantum 
processor. We still have a small number of 
qubits, but they work well. Our plan has been 
to first make everything work very well on a 
small scale, before scaling up,” says Jonas 
Bylander, senior researcher responsible for 
the experimental design, and one of the 
leaders of the project of building a quantum 
computer at Chalmers. 

The theorists in the research team also 
simulated solving the same optimisation 
problem for up to 278 aircraft, which would 

require a quantum computer with 25 qubits.

“The results remained good as we scaled up. 
This suggests that the QAOA algorithm has 
the potential to solve this type of problem at 
even larger scales,” says Giulia Ferrini.

Surpassing today's best computers would, 
however, require much larger devices. The 
researchers at Chalmers have now begun 
scaling up and are currently working with five 
quantum bits. The plan is to reach at least 20 
qubits by 2021 while maintaining the high 
quality.

The research results have been published in 
two articles in Physical Review Applied. 

Improved Success Probability with Gre-ater 
Circuit Depth for the Quantum App- 
r o x i m a t e  O p t i m i z a t i o n  A l g o r i t h m 
Applying the Quantum Approximate Opt-
imization Algorithm to the Tail-Assignment 
Problem 

The research is part of the Wallenberg Centre 
for Quantum Technology (WACQT), a 
twelve-year, billion-dollar investment with 
two main purposes: to develop Swedish 
expertise in quantum technology, and to build 
a useful quantum computer with at least one 
hundred quantum bits. The research centre is 
mainly funded by the Knut and Alice 
Wallenberg Foundation.

Therefore, an important task is now to find 
useful, relevant problems that are beyond the 
reach of ordinary computers, but which a 
relatively small quantum computer could 
solve.

(Source: Chalmers University of Technology 

news release written by Ingela Roos.) 

Quantum Computer
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When atoms get extremely close, they develop 
intriguing interactions that could be harnessed 
to create new generations of computing and 
other technologies. These interactions in the 
realm of quantum physics have proven difficult 
to study experimentally due the basic 
limitations of optical microscopes.

Now a team of Princeton researchers, led by 
Jeff Thompson, an assistant professor of 
electrical engineering, have developed a new 
way to control and measure atoms that are so 
close together no optical lens can distinguish 
them.

Described in an article published Oct. 30 in the 
journal Science, their method excites closely 
spaced erbium atoms in a crystal using a finely 
tuned laser in a nanometer-scale optical 
circuit.  The researchers take advantage of the 
fact that each atom responds to slightly 
different frequencies, or colours, of laser light, 
allowing the researchers to resolve and control 
multiple atoms, without relying on their 
spatial information.

In a conventional microscope, the space 
between two atoms effectively disappears 
when their separation is below a key distance 
called the diffraction limit, which is roughly 
equal to the light's wavelength. This is 
analogous to two distant stars that appear as a 
single point of light in the night sky. However, 
this is also the scale at which atoms start to 
interact and give rise to rich and interesting 
quantum mechanical behaviour.

"We always wonder, at the most fundamental 
level — inside solids, inside crystals — what 
do atoms actually do? How do they interact?" 
said physicist Andrei Faraon, a professor at the 
California Institute of Technology who was 
not involved in the research. "This [paper] 
opens the window to study atoms that are in 
very, very close proximity."

Studying atoms and their interactions at tiny 
distances allows scientists to explore and 
control a quantum property known as spin. As 
a form of momentum, spin is usually 
described as being either up or down (or both, 
but that's another story). When the distance 
between two atoms grows vanishingly small 
— mere billionths of a meter — the spin of one 
exerts influence over the spin of the other, and 
vice versa. As spins interact in this realm, they 
can become entangled, a term scientists use to 
describe two or more particles that are 

A new spin on atoms gives scientists a closer look 
at quantum weirdness

inextricably linked. Entangled particles 
behave as if they share one existence, no 
matter how far apart they later become. 
Entanglement is the essential phenomenon 
that separates quantum mechanics from the 
classical world, and it's at the center of the 
vision for quantum technologies. The new 
Princeton device is a steppingstone for 
scientists to study these spin interactions with 
unprecedented clarity.

One important feature of the new Princeton 
device is its potential to address hundreds of 
atoms at a time, providing a rich quantum 
laboratory in which to gather empirical data. 
It's a boon for physicists who hope to unlock 
reality's deepest mysteries, including the 
spooky nature of entanglement.

Such inquiry is not merely esoteric. Over the 
past three decades, engineers have sought to 
use quantum phenomena to create complex 
technologies for information processing and 
communication, from the logical building 
blocks of emerging quantum computers, 
capable of solving otherwise impossible 
problems, to ultrasecure communication 
methods that can link machines into an 
unhackable quantum Internet. To develop 
these systems further, scientists will need to 
entangle particles reliably and exploit their 
entanglement to encode and process 
information.

Thompson's team saw an opportunity in 
erbium. Traditionally used in lasers and 
magnets, erbium was not widely explored for 
use in quantum systems because it is difficult 
to observe, according to the researchers. The 
team made a breakthrough in 2018, 
developing a way to enhance the light emitted 
by these atoms, and to detect that signal 
extremely efficiently. Now they've shown 

they can do it all en masse.

When the laser illuminates the atoms, it excites 
them just enough for them to emit a faint light at 
a unique frequency, but delicately enough to 
preserve and read out the atoms' spins. These 
frequencies change ever so subtly according to 
the atoms' different states, so that "up" has one 
frequency and "down" has another, and each 
individual atom has its own pair of frequencies.

"If you have an ensemble of these qubits, they 
all emit light at very slightly different 
frequencies. And so by tuning the laser 
carefully to the frequency of one or the 
frequency of the other, we can address them, 
even though we have no ability to spatially 
resolve them," Thompson said. "Each atom 
sees all of the light, but they only listen to the 
frequency they're tuned to."

The light's frequency is then a perfect proxy 
for the spin. Switching the spins up and down 
gives researchers a way to make calculations. 
It's akin to transistors that are either on or off in 
a classical computer, giving rise to the zeroes 
and ones of our digital world.

To form the basis of a useful quantum 
processor, these qubits will need to go a step 
further.

"The strength of the interaction is related to the 
distance between the two spins," said Songtao 
Chen, a postdoctoral researcher in Thompson's 
lab and one of the paper's two lead authors. 
"We want to make them close so we can have 
this mutual interaction and use this interaction 
to create a quantum logic gate."

A quantum logic gate requires two or more 
entangled qubits, making it capable of 
performing uniquely quantum operations, 
such as computing the folding patterns of 

Quantum Computer

Artist's rendering by Rachel Davidowitz
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Quantum information is fragile, which is why 
quantum computers must be able to correct 
errors. But what if whole qubits are lost? 
Researchers at the University of Innsbruck, in 
collaboration with RWTH Aachen University 
and University of Bologna, are now 
presenting a method in the journal Nature that 
allows quantum computers to keep going even 
if they lose some qubits along the way.

Qubits—the carriers  of  quantum inf-
ormation—are prone to errors induced by 
undesired environmental interactions. These 
errors accumulate during a quantum com-
putation and correcting them is thus a key 
requirement for a reliable use of quantum 
computers.

It is by now well known that quantum 
computers can withstand a certain amount of 
computational errors, such as bit flip or phase 
flip errors. However, in addition to comp-
utational errors, qubits might get lost altogether. 
Depending on the type of quantum computer, 
this can be due to actual loss of particles, such as 
atoms or ions, or due to quantum particles 
transitioning for instance to unwanted energy 
states, so that they are no longer recognized as a 
qubit. When a qubit gets lost, the information in 
the remaining qubits becomes scrambled and 
unprotected, rendering this process a potentially 
fatal type of error.

Detect and correct loss in real time

New method prevents quantum computers from 
crashing

A team of physicists led by Rainer Blatt from 
the Department of Experimental Physics at the 
University of Innsbruck, in collaboration with 
theoretical physicists from Germany and Italy, 
has now developed and implemented advanced 
techniques that allow their trapped-ion 
quantum computer to adapt in real-time to loss 
of qubits and to maintain protection of the 
fragile stored quantum information. “In our 
trapped-ion quantum computer, ions hosting 
the qubits can be trapped for very long times, 
even days”, says Innsbruck physicist Roman 
Stricker. “However, our ions are much more 
complex than a simplified description as a two-
level qubit captures. This offers great potential 
and additional flexibility in controlling our 
quantum computer, but unfortunately it also 
provides a possibility for quantum information 
to leak out of the qubit space due to imperfect 
operations or radiative decay.” Using an 
approach developed by the Markus Müller's 
theoretical quantum technology group at 
RWTH Aachen University and Fors-
chungszentrum Jülich, in collaboration with 
Davide Vodola from the University of Bologna, 
the Innsbruck team has demonstrated that such 
leakage can be detected and corrected in real-
time. Müller emphasizes that “combining 
quantum error correction with correction of 
qubit loss and leakage is a necessary next step 
towards large-scale and robust quantum 
computing.”

Widely applicable techniques

The researchers had to develop two key 
techniques to protect their quantum computer 
from the loss of qubits. The first challenge was 
to detect the loss of a qubit in the first place: 
“Measuring the qubit directly was not an 
option as this would destroy the quantum 
information that is stored in it”, explains 
Philipp Schindler from the University of 
Innsbruck. “We managed to overcome this 
problem by developing a technique where we 
used an additional ion to probe whether the 
qubit in question was still there or not, without 
disturbing it”, explains Martin Ringbauer. The 
second challenge was to adapt the rest of the 
computation in real-time in case the qubit was 
indeed lost. This adaptation is crucial to 
unscramble the quantum information after a 
loss and maintain protection of the remaining 
qubits. Thomas Monz, who lead the Innsbruck 
team, emphasizes that “all the building blocks 
developed in this work are readily applicable 
to other quantum computer architectures and 
other leading quantum error correction 
protocols.” 

The research was financed by the Austrian 
Science Fund FWF, the Austrian Research 
Promotion Agency FFG and the European 
Union, among others.

(Source: University of Innsbruck news 
release)
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proteins or routing information on the 
quantum internet.

Thompson, who holds a leadership position at 
the U.S. Department of Energy's new $115M 
quantum science initiative, is on a mission to 
bring these qubits to heel. Within the materials 
area of the Co-Design Centre for Quantum 
Advantage, he leads the sections on qubits for 
computing and networking.

His erbium system, a new kind of qubit that is 
especially useful in networking applications, can 
operate using the existing tele-communications 
infrastructure, sending signals in the form of 
encoded light over silicon devices and optical 
fibres. These two properties give erbium an 
industrial edge over today's most advanced 
solid-state qubits, which transmit information 

through visible light wavelengths that don't 
work well with optical-fibre communication 
networks.

Still, to operate at scale, the erbium system 
will need to be further engineered.

While the team can control and measure the 
spin state of its qubits no matter how close 
they get, and use optical structures to produce 
high-fidelity measurement, they can't yet 
arrange the qubits as needed to form two-qubit 
gates. To do that, engineers will need to find a 
different material to host the erbium atoms. 
The study was designed with this future 
improvement in mind.

"One of the major advantages of the way we 
have done this experiment is that it has nothing 
to do with what host the erbium sits in," said 

Mouktik Raha, a sixth-year graduate student in 
electrical engineering and one of the paper's 
two lead authors. "As long as you can put 
erbium inside it and it doesn't jitter around, 
you're good to go."

Christopher M. Phenicie and Salim Ourari, 
both electrical engineering graduate students, 
also contributed to the paper. The work was 
carried out in conjunction with the Princeton 
Quantum Initiative, and funded in part by the 
National Science Foundation, the Princeton 
Centre for Complex Materials, the Young 
Investigator Program of the Air Force Office of 
Scientific Research, and the Defence 
Advanced Research Projects Agency.

( Source: Princeton University news release 
written by Scott Lyon)

A new spin on atoms gives scientists a closer look at quantum weirdness
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Cross section of the ETH researchers' new 
chip. The gold electrodes are used to trap the 
ions, while the laser light is guided directly to 
the ions in an optics layer. (Visualisation: 
Chiara Decaroli / ETH Zurich)

Researchers at ETH have demonstrated a new 
technique for carrying out sensitive quantum 
operations on atoms. In this technique, the 
control laser light is delivered directly inside a 
chip. This should make it possible to build 
large- scale quantum computers based on 
trapped atoms.

Hitting a specific point on a screen with a laser 
pointer during a presentation isn't easy – even 
the tiniest nervous shaking of the hand 
becomes one big scrawl at a distance. Now 
imagine having to do that with several laser 
pointers at once. That is exactly the problem 
faced by physicists who try to build quantum 
computers using individual trapped atoms. 
They, too, need to aim laser beams – hundreds 
or even thousands of them in the same 
apparatus - precisely over several metres such 
as to hit regions only a few micrometres in size 
that contain the atoms. Any unwanted 
vibration will severely disturb the operation of 
the quantum computer.

At ETH in Zurich, Jonathan Home and his co-
 workers at the Institute for Quantum 
Electronics have now demonstrated a new 
method that allows them to deliver multiple 
laser beams precisely to the right locations 
from within a chip in such a stable manner that 
even the most delicate quantum operations on 
the atoms can be carried out.

Aiming for the quantum computer

To build quantum computers has been an 
ambitious goal of physicists for more than 
thirty years. Electrically charged atoms – ions – 
trapped in electric fields have turned out to be 
ideal candidates for the quantum bits or qubits, 
which quantum computers use for their 
calculations. So far, mini computers containing 
around a dozen qubits could be realized in this 
way. “However, if you want to build quantum 
computers with several thousand qubits, which 
will probably be necessary for practically 
relevant applications, current implementations 
present some major hurdles,” says Karan 
Mehta, a postdoc in Home's laboratory and first 
author of the study recently published in the 
scientific journal “Nature”. Essentially, the 
problem is how to send laser beams over 
several metres from the laser into a vacuum 
apparatus and eventually hit the bull's eye 

Optical wiring for large quantum computers

inside a cryostat, in which the ion traps are 
cooled down to just a few degrees above 
absolute zero in order to minimize thermal 
disturbances.

Optical setup as an obstacle

“Already in current small- scale systems, 
conventional optics are a significant source of 
noise and errors – and that gets much harder to 
manage when trying to scale up”, Mehta 
explains. The more qubits one adds, the more 
complex the optics for the laser beams 
becomes which is needed for controlling the 
qubits. “This is where our approach comes 
in”, adds Chi Zhang, a PhD student in Home's 
group: “By integrating tiny waveguides into 
the chips that contain the electrodes for 
trapping the ions, we can send the light 
directly to those ions. In this way, vibrations of 
the cryostat or other parts of the apparatus 
produce far less disturbance.”

The researchers commissioned a commercial 
foundry to produce chips which contain both 
gold electrodes for the ion traps and, in a 
deeper layer, waveguides for laser light. At 
one end of the chips, optical fibres feed the 
light into the waveguides, which are only 100 
nanometres thick, effectively forming optical 
wiring within the chips. Each of those 
waveguides leads to a specific point on the 
chip, where the light is eventually deflected 
towards the trapped ions on the surface.

Work from a few years ago (by some of the 
authors of the present study, together with 
researchers at MIT and MIT Lincoln 
Laboratory) had demonstrated that this 
approach works in principle. Now the ETH 
group has developed and refined the technique 
to the point where it is also possible to use it 
for implementing low- error quantum logic 

gates between different atoms, an important 
prerequisite for building quantum computers.

High- fidelity logic gates

In a conventional computer chip, logic gates 
are used to carry out logic operations such as 
AND or NOR. To build a quantum computer, 
one has make sure that it can to carry out such 
logic operations on the qubits. The problem 
with this is that logic gates acting on two or 
more qubits are particularly sensitive to 
disturbances. This is because they create 
fragile quantum mechanical states in which 
two ions are simultaneously in a superposition, 
also known as entangled states.

In such a superposition, a measurement of one 
ion influences the result of a measurement on 
the other ion, without the two being in direct 
contact. How well the production of those 
superposition states works, and thus how good 
the logic gates are, is expressed by the so-
 called fidelity. “With the new chip we were 
able to carry out two- qubit logic gates and use 
them to produce entangled states with a 
fidelity that up to now could only be achieved 
in the very best conventional experiments”, 
says Maciej Malinowski, who was also 
involved in the experiment as a PhD student.

The researchers have thus shown that their 
approach is interesting for future ion trap 
quantum computers as it is not just extremely 
stable, but also scalable. They are currently 
working with different chips that are intended 
to control up to ten qubits at a time. 
Furthermore, they are pursuing new designs 
for fast and precise quantum operations that 
are made possible by the optical wiring.  
(Source: ETH news release written by Oliver 
Morsch ) 
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The ion- trap chip with integrated waveguides. The laser light is fed into the chip via the optical 
fibres on the right. (Photograph: K. Metha / ETH Zurich)
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Researchers from Trinity have discovered a 
uniquely  quantum effec t  in  eras ing 
information that may have significant 
implications for the design of quantum 
computing chips. Their surprising discovery 
brings back to life the paradoxical “Maxwell's 
demon”, which has tormented physicists for 
over 150 years.

The thermodynamics of computation was 
brought to the fore in 1961 when Rolf 
Landauer, then at IBM, discovered a 
relationship between the dissipation of heat and 
logically irreversible operations. Landauer is 
known for the mantra “Information is 
Physical”, which reminds us that information is 
not abstract and is encoded on physical 
hardware.

The “bit” is the currency of information (it can 
be either 0 or 1) and Landauer discovered that 
when a bit is erased there is a minimum amount 
of heat released. This is known as Landauer's 
bound and is the definitive link between 
information theory and thermodynamics.

Professor John Goold's QuSys group at 
Trinity is analysing this topic with quantum 
computing in mind, where a quantum bit (a 
qubit, which can be 0 and 1 at the same time) is 
erased.

In a recently published work in the journal, 
Physical Review Letters, the group discovered 
that the quantum nature of the information to 
be erased can lead to large deviations in the 
heat dissipation, which is not present in 
conventional bit erasure.

Thermodynamics and Maxwell's demon

One hundred years previous to Landauer's 
discovery people like Viennese scientist, 
Ludwig Boltzmann,  and Scottish physicist, 
James Clerk Maxwell, were formulating the 
kinetic theory of gases, reviving an old idea of 
the ancient  by thinking about matter Greeks
being made of atoms and deriving macroscopic 
thermodynamics from microscopic dynamics.

Professor Goold says:“Statistical mechanics 
tells us that things like pressure and temperature, 
and even the laws of thermodynamics 
themselves, can be understood by the average 
behavior of the atomic constituents of matter. 
The second law of thermodynamics concerns 
something called entropy which, in a nutshell, is 
a measure of the disorder in a process. The 
second law tells us that in the absence of external 

The demon is in the detail – Trinity team discovers 
uniquely quantum effect in erasing information

intervention, all processes in the universe tend, 
on average, to increase their entropy and reach a 
state known as thermal equilibrium.

“It tells us that, when mixed, two gases at 
different temperatures will reach a new state 
of equilibrium at the average temperature of 
the two. It is the ultimate law in the sense that 
every dynamical system is subject to it. There 
is no escape: all things will reach equilibrium, 
even you!”

However, the founding fathers of statistical 
mechanics were trying to pick holes in the 
second law right from the beginning of the 
kinetic theory. Consider again the example of 
a gas in equilibrium: Maxwell imagined a 
hypothetical “neat-fingered” being with the 
ability to track and sort particles in a gas based 
on their speed.

Maxwell's demon, as the being became 
known, could quickly open and shut a trap 
door in a box containing a gas, and let hot 
particles through to one side of the box but 
restrict cold ones to the other. This scenario 
seems to contradict the second law of 
thermodynamics as the overall entropy 
appears to decrease and perhaps physics' most 
famous paradox was born.

But what about Landauer's discovery about the 
heat-dissipated cost of erasing information? 
Well, it took another 20 years until that was 

fully appreciated, the paradox solved, and 
Maxwell's demon finally exorcised.

Landauer's work inspired Charlie Bennett – 
also at IBM – to investigate the idea of 
reversible computing. In 1982 Bennett argued 
that the demon must have a memory, and that it 
is not the measurement but the erasure of the 
information in the demon's memory which is 
the act that restores the second law in the 
paradox. And, as a result, computation 
thermodynamics was born.

New findings

Now, 40 years on, this is where the new work 
led by Professor Goold's group comes to the 
fore,  with the spotl ight  on quantum 
computation thermodynamics.

In the recent paper, published with collaborator 
Harry Miller at the University of Manchester 
and two postdoctoral fellows in the QuSys 
Group at Trinity,  and Mark Mitchison Giacomo 
Guarnieri,  the team studied very carefully an 
experimentally realistic erasure process that 
allows for quantum superposition (the qubit can 
be in state 0 and 1 at same time).

Professor Goold explains: “In reality, 
computers function well away from Landauer's 
bound for heat dissipation because they are not 
perfect systems. However, it is still important to 
think about the bound because as the 

Quantum Computer

A bit of information can be encoded in the position of a particle (left or right). A demon can erase a 
classical bit (blue -top) by raising one side until the particle is definitely on the right. A quantum 
particle (red- bottom) can also tunnel under the barrier, which generates more heat.
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Super- fas t  quan tum  compute r s  and 
communication devices could revolutionize 
countless aspects of our lives — but first, 
researchers need a fast, efficient source of the 
entangled pairs of photons such systems use to 
transmit and manipulate information. 
Researchers at Stevens Institute of Technology 
have now done just that, creating a chip-based 
photon source 100 times more efficient than 
previously possible. The work brings massive 
quantum device integration within reach. 

“It's long been suspected that this was possible 
in theory, but we're the first to show it in 
practice,” said  Yuping Huang, Gallagher 
Associate Professor of Physics at Stevens and 
director of the Center for Quantum Science 
and Engineering. 

To create photon pairs, researchers trap light 
in carefully sculpted nanoscale microcavities; 
as light circulates in the cavity, its photons 
resonate and split into entangled pairs. But 
there's a catch: at present, such systems are 
extremely inefficient, requiring a torrent of 
incoming laser light comprising hundreds of 
millions of photons before a single entangled 
photon pair will grudgingly drip out at the 
other end. 

Huang and colleagues at Stevens have now 
developed a new chip-based photon source 
that's 100 times more efficient than any 
previous device, allowing the creation of tens 
of millions of entangled photon pairs per 
second from a single microwatt-powered laser 
beam. 

“This is a huge milestone for quantum comm-

Stevens researchers create entangled photons 100 
times more efficiently than previously possible

unications,” said Huang, whose work appears 
today in the Dec. 17 issue of Physical Review 
Letters.

Working with Stevens graduate students 
Zhaohui Ma and Jiayang Chen, Huang built 
on his laboratory's previous research to carve 
extremely high-quality microcavities into 
flakes of lithium niobate crystal. The 
racetrack-shaped cavities internally reflect 
photons with very little loss of energy, 
enabling light to circulate longer and interact 
with greater efficiency. 

By fine-tuning additional factors such as 
temperature, the team was able to create an 
unprecedentedly bright source of entangled 
photon pairs. In practice, that allows photon 

pairs to be produced in far greater quantities 
for a given amount of incoming light, 
dramatically reducing the energy needed to 
power quantum components. 

The team is already working on ways to further 
refine their process, and say they expect to 
soon attain the true Holy Grail of quantum 
optics: a system with that can turn a single 
incoming photon into an entangled pair of 
outgoing photons, with virtually no waste 
energy along the way. “It's definitely 
achievable,” said Chen. “At this point we just 
need incremental improvements.”

Until then, the team plans to continue refining 
their technology, and seeking ways to use their 
photon source to drive logic gates and other 
quantum computing or communication 
components. “Because this technology is 
already chip-based, we're ready to start scaling 
up by integrating other passive or active 
optical components,” explained Huang.

The ultimate goal, Huang said, is to make 
quantum devices so efficient and cheap to 
operate that they can be integrated into 
mainstream electronic devices. “We want to 
bring quantum technology out of the lab, so 
that it can benefit every single one of us,” he 
explained. “Someday soon we want kids to 
have quantum laptops in their backpacks, and 
we're pushing hard to make that a reality.”

(Source: Stevens Institute of Technology news 
release)

Quantum Computer

miniaturisation of computing components 
continues, that bound becomes ever closer, and 
it is becoming more relevant for quantum 
computing machines. What is amazing is that 
with technology these days you can really study 
erasure approaching that limit.

“We asked: 'what difference does this 
distinctly quantum feature make for the 
erasure protocol?' And the answer was 
something we did not expect. We found that 
even in an ideal erasure protocol – due to 
quantum superposition – you get very rare 
events which dissipate heat far greater than the 
Landauer limit.“In the paper we prove 

mathematically that these events exist and are 
a uniquely quantum feature. This is a highly 
unusual finding that could be really important 
for heat management on future quantum chips 
– although there is much more work to be 
done, in particular in analysing faster 
operations and the thermodynamics of other 
gate implementations.

“Even in 2020, Maxwell's demon continues to 
pose fundamental questions about the laws of 
nature.”

(Source: Trinity College Dublin news release)

The demon is in the detail – Trinity ...

Yuping Huang and colleagues at Stevens Institute of Technology demonstrate a quantum circuit 
that can readily be integrated with other optical components, paving the way for high-speed, 
reconfigurable, and multifaceted quantum devices.



RESEARCH FOCUS

22 The Scitech Journal Volume 08 Issue 01 January 2021

Researchers at the University of Rochester and 
Cornell University have taken an important step 
toward developing a communications network 
that exchanges information across long 
distances by using photons, mass-less measures 
of light that are key elements of quantum 
computing and quantum communications 
systems.

The research team has designed a nanoscale 
node made out of magnetic and semi-
conducting materials that could interact with 
other nodes, using laser light to emit and accept 
photons.

The development  of  such a  quantum 
network—designed to take advantage of the 
physical properties of light and matter 
characterized by quantum mechanics — 
promises faster, more efficient ways to 
communicate, compute, and detect objects and 
materials as compared to networks currently 
used for computing and communications.

Described in the journal Nature Comm-
unications, the node consists of an array of 
pillars a mere 120 nanometers high. The pillars 
are part of a platform containing atomically thin 
layers of semiconductor and magnetic materials.

The array is engineered so that each pillar serves 
as a location marker for a quantum state that can 
interact with photons and the associated photons 
can potentially interact with other locations 
across the device—and with similar arrays at 
other locations. This potential to connect 
quantum nodes across a remote network 
capitalizes on the concept of entanglement, a 
phenomenon of quantum mechanics that, at its 
very basic level, describes how the properties of 
particles are connected at the subatomic level.

“This is the beginnings of having a kind of 
register, if you like, where different spatial 
locations can store information and interact with 
photons,” says Nick Vamivakas, professor of 
quantum optics and quantum physics at 
Rochester.

Toward 'miniaturizing a quantum 
computer'

The project builds on work the Vamivakas Lab 
has conducted in recent years using tungsten 
diselenide (WSe2) in so-called Van der Waals 
heterostructures. That work uses layers of 
atomically thin materials on top of each other to 
create or capture single photons.

The new device uses a novel alignment of WSe2 
draped over the pillars with an underlying, 
highly reactive layer of chromium triiodide 
(CrI3). Where the atomically thin, 12-micron 

Building a quantum network one node at a time
New research demonstrates a way to use quantum properties of light to transmit information

area layers touch, the CrI3 imparts an electric 
charge to the WSe2, creating a “hole” alongside 
each of the pillars.

In quantum physics, a hole is characterized by 
the absence of an electron. Each positively 
charged hole also has a binary north/south 
magnetic property associated with it, so that 
each is also a nanomagnet

When the device is bathed in laser light, further 
reactions occur, turning the nanomagnets into 
individual optically active spin arrays that emit 
and interact with photons. Whereas classical 
information processing deals in bits that have 
values of either 0 or 1, spin states can encode 
both 0 and 1 at the same time, expanding the 
possibilities for information processing.

“Being able to control hole spin orientation 
using ultrathin and 12-micron large CrI3, 
replaces the need for using external magnetic 
fields from gigantic magnetic coils akin to those 
used in MRI systems,“ says lead author and 
graduate student Arunabh Mukherjee. “This will 
go a long way in miniaturizing a quantum 
computer based on single hole spins. “

Still to come: Entanglement at a distance?

Two major challenges confronted the 
researchers in creating the device.

One was creating an inert environment in which 
to work with the highly reactive CrI3. This was 
where the collaboration with Cornell University 

came into play. “They have a lot of expertise 
with the chromium triiodide and since we were 
working with that for the first time, we 
coordinated with them on that aspect of it,” 
Vamivakas says. For example, fabrication of the 
CrI3 was done in nitrogen-filled glove boxes to 
avoid oxygen and moisture degradation.

The other challenge was determining just the 
right configuration of pillars to ensure that the 
holes and spin valleys associated with each pillar 
could be properly registered to eventually link to 
other nodes.

And therein lies the next major challenge: 
finding a way to send photons long distances 
through an optical fiber to other nodes, while 
preserving their properties of entanglement.

“We haven't yet engineered the device to 
promote that kind of behavior,” Vamivakas says. 
“That's down the road.”

In addition to Vamivakas and Mukherjee, other 
coauthors of the paper include lead authors 
Kamran Shayan of Vamivakas' lab and Lizhong 
Li, Jie Shan, and Kin Fai Mak at Cornell 
University.

The National Science Foundation, the Air Force 
Office of Scientific Research, and the 
Department of Energy supported the project with 
funding.

(Source: University of Rochester news release)

Quantum Computer

This illustration of a nanoscale node created by the lab of Nick Vamivakas, professor of 
quantum optics and quantum physics, shows a closeup of one of an array pillars, each a mere 
120 nanometers high. Each pillar serves as a location marker for a quantum state that can 
interact with photons. A novel alignment of tungsten diselenide (WSe2) is draped over the 
pillars with an underlying, highly reactive layer of chromium triiodide (CrI3). Where the 
atomically thin, 12-micron area layers touch, the CrI3 imparts an electric charge to the WSe2, 
creating a “hole” alongside each of the pillars. (University of Rochester illustration / Michael 
Osadciw)



DISCOVERIES & INNOVATIONS

23 The Scitech Journal Volume 08 Issue 01 January 2021

Ultrasensitive biosensors

Like a magnet that helps in searching for a 
needle in a haystack, biologists use 
biosensors to detect minute concentrations of 
a specific molecule in a solution containing 
different molecules. These sensors contain an 
array of specially designed molecules called 
receptors that can bind to selected molecules. 
Some applications such as measuring trace 
quantities of DNA having a small mutation in 
a pool of other genes require highly sensitive 
biosensors. In a new study, researchers from 
the Indian Institute of Technology Bombay 
(IIT Bombay) present a theoretical method to 
quantify and improve the sensitivity of 
biosensors. This method identifies critical 
parameters that dictate the detection of 
minute quantities of target molecules 
suspended in a solution with a large 
concentration of other molecules. The study 
was published in the journal ACS Sensors 
and was supported by DST INSPIRE 
Faculty Fellowship and Visvesvaraya Young 
Faculty Fellowship.

'Dynamic tracking biosensors' can provide 
real-time information about the interactions 
between the receptors and molecules. 

Researchers can trace the time-stamp of 
interactions between target and receptors, 
which helps in getting a more accurate count 
of the target molecules. “Endpoint sensors 
and dynamic tracking biosensors, in the end, 
tell you the concentration of the molecules. 
But factors such as time taken for stable 
experimental reading, the detection limits, the 
complexity and the cost of the technology 
determine which scheme to go for,” explains 
Prof Pradeep Nair. He is an Associate 
Professor at IIT Bombay and the senior 
author of this study.

In a dynamic tracking biosensor, due to the 
specific nature of interactions between target 
and receptor molecules, the target molecules 
will latch on to the receptors for a long time 
while undesired molecules are released 
sooner. It is clearly possible then to distinguish 
between desired and undesired molecules 
based on their time of interaction with the 
receptors.

The researchers generated a mathematical 
model to determine the ideal time threshold 
that can define the boundary between the two 
categories of molecules. Any molecule that is 
bound to the receptors for longer than the 
calculated threshold time is considered a target 
molecule and is counted in the final 
concentration value. The model takes in data 
about the total number of receptors bound to 
the  target  and non-target  molecules 
respectively, and the dissociation rates of the 
molecules, which is the inverse of the average 
time taken by the molecules to unbind from the 
receptor. (Source: IIT Bombay News release 
written by Utkarsha A. Singh)

Injectable hydrogel from spirulina 

Scientists at the Institute of Nano Science and 
Technology (INST), Mohali, an autonomous 
Institute under the Department of Science and 
Technology (DST), Govt. of India, have 
recently developed an injectable hydrogel from 
κappa-carrageenan, a water-soluble poly-
saccharide found in edible red seaweeds and a 
pigmented protein called C-phycocyanin found 
in spirulina. The gelling property of κ-
carrageenan was utilized by the researchers 
along with C-phycocyanin as an injectable and 
regenerative wound dressing matrix to heal the 
wound rapidly and also to monitor it progress 
in real-time. The matrix developed was highly 
biocompatible. The research published in the 
journal 'Acta Biomaterialia' established the 
superior haemostatic (blood flow retarding ) 
capabilities of the combination in traumatic 
injury conditions.

The hydrogel matrix developed by Dr. Surajit 
Karmakar and his group is fluorescent and 
allowed in vivo Near-infrared (NIR) imaging. 
Thus, it could help monitor the recovery of the 
wound by taking the time-lapse 3D images of 

the hydrogel filled wound. Changing depth of 
the wound bed allow detection of the 
percentage recovery in wounds. Such types of 
imaging can allow real-time monitoring of 
wound repair in internal injuries and diabetic 
patients where monitoring of wound repair is a 
challenge. The anti-inflammatory response and 
rapid blood clotting ability of κ-carrageenan-
C-phycocyanin  (κ-CRG-C-Pc) further 
empowered its applicability in rapid blood 
clotting, anti-inflammation, and appropriate 
monitoring of accelerated wound recovery. 
The hydrogel was built by ionic cross-linking 
of κ-carrageenan monomers (β-d-galactose 
and 3,6-anhydro-α-d-galactose, linked by α-

(1,3) and β-(1,4) glycosidic unions) ) along with 
C-phycocyan in ,  wh ich  p rov ided  an 
interconnected network of porous material with 
hydrophilic surface and mechanical stiffness. 
This porosity allowed nutrients transportation 
and gaseous exchange across the wound 
healing site for the proliferation of various cells.

According to the INST group, the synthesized 
hydrogel will be highly beneficial for people of 
all age groups in wound healing applications. 
Its injectable property allowed its application in 
tough to reach internal injuries without opening 
the peritoneum of the patients. It also holds 
promise to be utilized in high altitude frost 
injury application due to its self-healing 
properties.

The team is now exploring the mechanism of 
action of κ-carrageenan-C-phycocyanin (κ-
CRG-C-Pc) hydrogel and involvement of 
signalling pathway for exploring the process 
of wound healing and regenerative properties. 
(Source: Edited from India Science Wire 
release)

Biological science - biochemistry

Biological science - biotechnology

Photo by National Cancer Institute on 
Unsplash



DISCOVERIES & INNOVATIONS

24 The Scitech Journal Volume 08 Issue 01 January 2021

Bioengineered probiotic to prevent Listeria infections

Purdue University's Arun Bhunia, a professor 
of food science, and postdoctoral researcher 
Rishi Drolia have developed a probiotic that 
could prevent infections in at-risk populations. 
A bioengineered version of Lactobacillus, a 
bacterium common in the human gut, can 
block the pathway the Listeria monocytogenes 
bacteria use to cross intestinal wall cells into 
the bloodstream, his team reports in the journal 
Nature Communications. “The Lactobacillus 
bacteria we developed seeks out the same 
proteins as Listeria monocytogenes in the gut. 
When it attaches, it blocks the roadway for 
Listeria,” Bhunia said. “This could be included 
in probiotic yogurts, capsules or gummies and 
used as a preventive measure to treat people 
who are at high risk of infection.”

Bhunia's team has isolated the Listeria 
adhesion protein from nonpathogenic 
strains of the listeria bacterium and added it 
to the Lactobacillus to make a probiotic. 
When introduced to human gut cells and in 
mice, the Lactobacillus probiotic stably 
colonized the intestine and attached to 

epithelial cells on the heat shock protein. 
When pathogenic Listeria was introduced, it 
wasn't able to attach to those gut cells and 
invade the bloodstream. The Lactobacillus 
probiotic could also have potential for other 
gut illnesses such as celiac disease or 
inflammatory bowel disease. Bhunia has 
applied for a patent for the bioengineered 

Lactobacillus probiotic and envisions 
licensing the technology. “We're also 
interested in using this model to look at other 
pathogenic bacteria such as E. coli or 
Salmonella,” Bhunia said. “If we can engineer 
bacteria properly, we may be able to use this 
technology to prevent a wider range of 
foodborne illnesses.”

The Purdue AgSEED program, BioMatrix Inc., 
the U.S.  Department of Agriculture's 
Agricultural Research Service, the U.S. 
Department of Agriculture's  National institute 
of Food and Agriculture, the Purdue Research 
Foundation, the Purdue University Office of 
Executive Vice President for Research and 
Partnerships and the National Institutes of 
Health-supported Indiana Clinical and 
Translation Sciences Institute provided funding 
for this work. 

Source: (Edited from Purdue University news 
release)

Boosting rice production

In a major boost to efforts to help meet the 
growing need for high quality hybrid rice 
seeds, a team of Hyderabad-based researchers 
has developed a new method to assess the 
genetic quality of the seeds that are used in their 
production. A hybrid seed is created by 
crossing two different varieties of the same 
plant. Hybrid seed is produced when the egg of 
female parent is fertilised with the pollen from 
another plant. In this process, it is particularly 
essential to ensure the genetic purity of the 
female parent. It is a highly tricky process as 
the cytoplasmic male sterile line (CMS) used 
as the female plant has to be at least 99 percent 
genetically pure. This is easier said than done. 
For, they can't be raised in isolation. They have 
to be raised adjacent to what is called 
maintainer lines, which bear bisexual flowers 
and are, therefore, both male fertile and female 
fertile. This is required since CMS lines can be 
propagated only by fertilization with pollen of 
the Maintainer lines. Thus, there is a risk of the 
seeds of the CMS line mixing with the 
maintainer lines. The purity of the CMS line is 

normally tested by growing around 400 seeds 
of CMS line and at the time of flowering 
testing whether the plants are bearing only 
unisexual (female flowers) or do they have 
bisexual flowers also. This test is called a 
grow-out test (GOT). Another traditional 
method is to do conventional DNA analysis 
tests to differentiate the CMS lines from 
Maintainer lines. However, this test has to be 
done on at least 200 individual seeds. This is a 
tedious process.

In a new study, a team consisting of 
researchers from the Centre for DNA 
Fingerprinting and Diagnostics (CDFD) and 

Indian Institute of Rice Research (IIRR) has 
now come out with a new technique that is 
based on bulked-seed where more than 200 
seeds can be analysed at one go. Experiments 
with this method suggest that it is more 
accurate and cost-effective compared to the 
grow-out test and conventional DNA analysis.

Speaking to India Science Wire,  the 
corresponding author for the study Dr. K. 
Anupama of CDFD, said, “using this method 
20 samples can be analysed in three days, 
while analysing even one sample takes more 
than 3 days in the conventional method. The 
method will be tested in other crops also where 
molecular markers to differentiate between 
CMS line and maintainer line are available”. 
The study is published a report on the work in 
the journal Electrophoresis. 

(Source: Edited from India Science Wire 
release)
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Novel species of Muraingrass in the Western Ghats of Goa

A new species of Indian Muraingrasses 
known for their ecological and economic 
importance, such as fodder, have been 
spotted by scientists in Goa in the Western 
Ghats, one of the four global biodiversity 
hotspots of India. The species has adapted to 
survive harsh conditions, low nutrient 
availability, and blossoms every monsoon. 
Globally 85 species are known from 
Ischaemum, of which 61 species are 
exclusively found in India. The Western 
Ghats have 40 species with the highest 
concentration of the genus.

Agharkar Research Institute (ARI), Pune, an 
autonomous institute of the Department of 
Science & Technology, has been exploring the 
biodiversity of the Western Ghats for last few 
decades. A team led by Dr. Mandar Datar and 
Dr.Ritesh Kumar Choudhary from ARI has 
been working on relationships among different 
groups of plants and their evolutionary 
development (plant taxonomy and phylogeny) 
of Indian Muraingrasses (Genus Ischaemum) 
to document the diversity and report novel 
species. The team discovered a novel species 

named Ischaemumjanarthanamii from plateaus 
of Western Ghats of Goa, and a research paper 
describing this species was published recently 
in Annales BotaniciFennici, a Finland based 
journal.

During their explorations on lateritic outcrops 
(habitats where portions of freely exposed 
bedrocks protrude above the soil level due to 

natural reasons) of Goa, the ARI team collected 
an interesting specimen of the species. Careful 
observations and critical morphological studies 
identified the species as a novel one. The 
species was named Ischaemumjanarthanamiiin 
honour of Prof. M. K. Janarthanam, Professor 
of Botany, Goa University, for his contribution 
t o  t h e  I n d i a n  g r a s s  t a x o n o m y  a n d 
documentation of the floristic diversity of Goa 
state. The first collection of this new species 
was made in the 2017 monsoon. The population 
was kept under observation for the next two 
years to confirm the consistency of its 
characters. Morphological and molecular data 
of the species were used to confirm the novelty 
of the species.

Ischaemumjanarthanamii grows on low 
altitude lateritic plateaus in the outskirts of 
Bhagwan Mahavir National Park, Goa. The 
vegetation is exposed to extreme climatic 
conditions like desiccation in drier months and 
soils with low nutrient availability. However, 
withstanding these, the species has adapted to 
survive harsh conditions and blossom every 
monsoon. (Source: Edited from PIB release)

Development of insect wings

It sounds like a just-so story— “How the Insect 
Got its Wings”—but it's really a mystery that 
has puzzled biologists for over a century. 
Intriguing and competing theories of insect 
wing evolution have emerged in recent years, 
but none were entirely satisfactory. Finally, a 
team from the Marine Biological Laboratory at 
Woods Hole, Massachusetts, has settled the 
controversy, using clues from long-ago 
scientific papers as well as state-of-the-art 
genomic approaches. The study—published in 
Nature Ecology & Evolution—was conducted 
by research associate Heather Bruce and 
director Nipam Patel of the Marine Biological 
Laboratory, which is affiliated with the 
University of Chicago.

Insect wings, the team confirmed, evolved from 
an outgrowth or “lobe” on the legs of an 
ancestral crustacean (yes, crustacean). After this 
marine animal had transitioned to land-dwelling 
about 300 million years ago, the leg segments 
closest to its body became incorporated into the 
body wall during embryonic development, 
perhaps to better support its weight on land. 
“The leg lobes then moved up onto the insect's 

back, and those later formed the wings,” said 
Bruce.

One of the reasons it took a century to figure 
this out, Bruce said, is that it wasn't 
appreciated until about 2010 that insects are 
most closely related to crustaceans within the 
arthropod phylum, as revealed by genetic 
similarities. Bruce picked up the scent of her 
now-reported discovery while comparing the 
genetic instructions for the segmented legs of 
a crustacean, the tiny beach-hopper Parhyale, 
and the segmented legs of insects, including 

the fruit fly Drosophila and the beetle 
Tribolium.

Using CRISPR-Cas9 gene editing, she 
systematically disabled five shared leg-
patterning genes in Parhyale and in insects, 
and found those genes corresponded to the six 
leg segments that are farthest from the body 
wall.  It would have been impossible to resolve 
this longstanding riddle without the tools now 
available to probe the genomes of a myriad of 
organisms, including Parhyale, which the 
Patel lab has developed as the most genetically 
tractable research organism among the 
crustaceans.

 “People get very excited by the idea that 
something like insect wings may have been a 
novel innovation of evolution,” Patel said. 
“But one of the stories that is emerging from 
genomic comparisons is that nothing is brand 
new; everything came from somewhere. And 
you can, in fact, figure out from where.” 
(Source: Edited from University of Chicago 
news release written by Diana Kenney)
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Genetics answers the underlying profile of a human face 

The genetics behind the shape of the human 
face are difficult to decipher, but now an 
international team of researchers has 
connected specific genetic signals with 
specific areas of the face. They not only can 
see the signals of normal facial features in the 
genome, but also hope their work can shed 
light on craniofacial malformations such as 
cleft lip and palate. "The face tells the outside 
world about your identity, who you are related 
to, where your ancestors come from and even 
your health," said Julie White, graduate 
student in anthropology, Penn State. 

In many cases of facial dysmorphology there 
are limited numbers of subjects, making 
location and identification of errant genetics 
difficult. However, White believes that if 
researchers knew the genetic location for 
normal range lip formation, that location might 
be a site contributing to malformations of the 
lip. Another area where understanding the 
genetics of normal facial structure can help is in 
understanding the evolution of the face. The 
researchers note that another possible use for 
their work is in forensics, but there is a long way 

to go until DNA facial reconstruction can be 
legal evidence. 

The researchers used two data sets, one from 
the Avon Longitudinal Study of Parents and 
Children in the U.K., containing 3,566 
individuals, and one from the U.S., containing 
4,680 individuals. All subjects had highly 
detailed 3D facial photographs and the 
researchers placed over 7,000 point locations 
on the images using a gridded mask that was 
digitally stretched and pulled to conform to the 
facial contours of each individual. They report 

their findings today (Dec. 7) in Nature 
Genetics.

"We looked for connections between shared 
genetics and facial features, asking things like, 
do people with upturned noses share a 
genotype?" said White. "We found an extensive 
set of locations in our DNA that play a role in 
the development of the human face," said 
Karlijne Indencleef, graduate student in 
biomedical sciences at KU Leuven, Belgium. 
Eventually, looking at only genetic locations 
that had similar associations in both datasets, 
the researchers identified 203 genomic regions. 
Of the 203 genetic locations identified as 
significant for facial structure, 89 had already 
been found from other studies, either using the 
same data or with independent data. They also 
found 61 locations that were already implicated 
as the source of facial malformations in humans 
or mice. 53 locations were completely new to 
this study.(Source: Edited from Penn State 
University news release written by A'ndrea 
Elyse Messer)

New therapy for tonsil cancer

Oropharyngeal cancer or tonsil cancer as it is 
known in common parlance is increasingly 
becoming a matter of grave concern.  DNA 
Methylation is one of the ways in which 
genetic modifications happen, which leads to 
a change in the expression of genes. It occurs 
early and commonly in cancer. Further, there 
is a stable change of DNA, which can be 
monitored in a lab. It is easy to detect even in 
small amounts and is known to have potential 
in predicting survival differences and/or 
responses to therapy. The identification and 
characterization of differentially methylated 
genes and regions are used for the early 
detection of cancers leading to more effective 
diagnosis and better treatment outcomes.

A study on the whole genome methylation 
profile for tonsil cancer was recently 
undertaken on a subset of the northeast India 
population. There is a need to expand the 
scope for such studies.

A team of scientists from the Department of 
Biotechnology's National Institute of Bio-medical 
Genomics (DBT-NIBMG), Kalyani, North-
eastern Hill University (NEHU) and North 

Eastern Indira Gandhi Regional Institute of 
Health and Medical Sciences (NEIGRIHMS), 
Shillong have sought to fill the gap, though 
partially. They have jointly investigated the 
changes in the DNa methylation and expression 
of genes in tumours of patients suffering from 
Oropharyngeal cancer in Meghalaya. They, 
among other things, have found that as many as 
241 genes were overexpressed and 194 were 
muted due to changes in the DNA methylation in 
the tumor tissue of these patients. The findings of 
the study are expected to significantly improve 
upon the understanding of the disease and thus 
help in the development of better drugs, 

diagnostic methods. The study was conducted 
under a research grant funded by the Department 
of Biotechnology.

Speaking to India Science Wire, Dr. Arindam 
Maitra of NIBMG, a leader of the study team 
along with Dr. Srimoyee Ghosh of NEHU, 
said, “this was the first comprehensive study 
on genome whole genome DNA methylation 
and gene expression of this cancer type from 
this region, albeit on a limited number of 
patients. We plan to expand the study to a 
larger number of patients in other states of the 
north east region. We have identified key 
changes in the epigenome in these tumours 
which are predicted to have major roles in the 
development of this cancer. We would like to 
use this information for the development of 
biomarkers of oropharyngeal cancer which 
can be implemented in the clinic for improved 
diagnosis and management of patients”. The 
work was published in the journal Frontiers of 
Genetics. (Source: Edited from India Science 
Wire release)

Biological science - genetics

Biological science - genetics
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Cyclic mass extinctions of terrestrial animals 

Mass extinctions of land-dwelling animals 
including amphibians, reptiles, mammals, and 
birds—follow a cycle of about 27 million 
years, coinciding with previously reported 
mass extinctions of ocean life, according to a 
new analysis published in the journal 
Historical Biology. The study also finds that 
these mass extinctions align with major 
asteroid impacts and devastating volcanic 
outpourings of lava called flood-basalt 
eruptions—providing potential causes for why 
the extinctions occurred. “It seems that large-
body impacts and the pulses of internal Earth 
activity that create flood-basalt volcanism may 
be marching to the same 27-million-year 
drumbeat as the extinctions, perhaps paced by 
our orbit in the Galaxy,” said Michael 
Rampino, a professor in New York University's 
Department of Biology and the study's lead 
author.

Sixty-six million years ago, 70 percent of all 
species on land and in the seas, including the 
dinosaurs, suddenly went extinct, in the 
disastrous aftermath of the collision of a large 

asteroid or comet with the Earth. Subsequently, 
paleontologists discovered that such mass 
extinctions of marine life, in which up to 90 
percent of species disappeared, were not random 
events, but seemed to come in a 26-million-year 
cycle.

In their Historical Biology study, Rampino 
and co-authors Ken Caldeira of the Carnegie 
Institution for Science and Yuhong Zhu of 
NYU's Center for Data Science, examined the 
record of mass extinctions of land-dwelling 
animals and concluded that they coincided 

with the extinctions of ocean life. They also 
performed new statistical analyses of the 
extinctions of land species and demonstrated 
that those events followed a similar cycle of 
about 27.5 million years.

“These new findings of coinciding, sudden 
mass extinctions on land and in the oceans, and 
of the common 26- to 27-million-year cycle, 
lend credence to the idea of periodic global 
catastrophic events as the triggers for the 
extinctions,” said Rampino. “In fact, three of 
the mass annihilations of species on land and 
in the sea are already known to have occurred 
at the same times as the three largest impacts of 
the last 250 million years, each capable of 
causing a global disaster and resulting mass 
extinctions.” The researchers were surprised 
to find another possible explanation beyond 
asteroids for mass extinctions: flood-basalt 
eruptions, or giant volcanic eruptions that 
cover vast areas with lava. All eight of the 
coinciding mass die-offs on land and in the 
oceans matched times of flood-basalt 
eruptions. (Source: Edited from New York 
University news release)

Vitamin D levels are associated with gut microbiome

University of California San Diego researchers 
and collaborators recently demonstrated in older 
men that the makeup of a person's gut 
microbiome is linked to their levels of active 
vitamin D, a hormone important for bone health 
and immunity. The study, published November 
26, 2020 in Nature Communications, also 
revealed a new understanding of vitamin D and 
how it's typically measured. Vitamin D can take 
several different forms, but standard blood tests 
detect only one, an inactive precursor that can be 
stored by the body. To use vitamin D, the body 
must metabolize the precursor into an active 
form.  “We were surprised to find that 
microbiome diversity — the variety of bacteria 
types in a person's gut — was closely associated 
with active vitamin D, but not the precursor 
form,” said senior author Deborah Kado, MD, 
director of the Osteoporosis Clinic at UC San 
Diego Health. “Greater gut microbiome 
diversity is thought to be associated with better 
health in general.”

Kado led the study for the National Institute 
on Aging-funded Osteoporotic Fractures in 
Men (MrOS) Study Research Group, a large, 

multi-site effort that started in 2000. She 
teamed up with Rob Knight, PhD, professor 
and director of the Center for Microbiome 
Innovation at UC San Diego, and co-first 
authors Robert L. Thomas, MD, PhD, fellow 
in the Division of Endocrinology at UC San 
Diego School of Medicine, and Serene 
Lingjing Jiang, graduate student in the 
Biostatistics Program at Herbert Wertheim 
School of Public Health and Human 
Longevity Sciences.   “Our study suggests 
that might be because these studies measured 
only the precursor form of vitamin D, rather 
than active hormone,” said Kado, who is also 
professor at UC San Diego School of 
Medicine and Herbert Wertheim School of 
Public Health. “Measures of vitamin D 
formation and breakdown may be better 
indicators of underlying health issues, and 
who might best respond to vitamin D 
supplementation.” 

In addition to discovering a link between 
active vitamin D and overall microbiome 
diversity, the researchers also noted that 12 
particular types of bacteria appeared more 

often in the gut microbiomes of men with lots 
of active vitamin D. Most of those 12 bacteria 
produce butyrate, a beneficial fatty acid that 
helps maintain gut lining health.

Because they live in different regions of the 
U.S., the men in the study are exposed to 
differing amounts of sunlight, a source of 
vitamin D. As expected, men who lived in San 
Diego, California got the most sun, and they 
also had the most precursor form of vitamin D. 
But the team unexpectedly found no 
correlations between where men lived and their 
levels of active vitamin D hormone. “It seems 
like it doesn't matter how much vitamin D you 
get through sunlight or supplementation, nor 
how much your body can store,” Kado said. “It 
matters how well your body is able to 
metabolize that into active vitamin D, and 
maybe that's what clinical trials need to 
measure in order to get a more accurate picture 
of the vitamin's role in health.”  (Source: Edited 
from UC San Diego news release written by 
Mario Aguilera)

Biological science - historical biology 

Biological science - microbiology

The vast and thick Deccan flood basalt in 
India. Photo: Stephen Self
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A turmeric-based anti-cancer drug 

In a significant boost in efforts to find better anti-
cancer drugs, a team of Indian scientists has 
found a way to control the expression of cancer -
inducing gene called cancer myelocytomatosis 
(c-myc), using a synthetic derivative of 
Curcumin obtained from Turmeric. In every 
organism, there are a set of genes called proto-
oncogenes. They play a vital role in the growth, 
progression, and death of cells. In healthy cells, 
they are produced in a highly regulated manner. 
Consequently, they perform their roles with 
clockwork precision. However, they can either 
mutate or there can be an increase in the number 
of copies of the genes in the cells due to genetic 
or environmental factors. When such things 
happen, the genes turn into `rogues'. They can 
become permanently turned on or get activated 
when they are not supposed to be, resulting in 
the cells growing out of control leading to 
cancer. These rogue genes are called oncogenes.

Cancer myelocytomatosis is an important 
oncogene. Studies have shown it to be one of 
the highly active oncogenes in several types of 

cancers. It has been one of the targets for 
scientists working on developing anti-cancer 
drugs. Some leads have been found and efforts 
are underway to develop them into drugs.

Curcumin extracted from the roots and rhizomes 
of turmeric (Curcuma longa), is one such 
naturally available molecule. It has been 
reported to have multiple medicinal applications 
including anti-bacterial, anti-viral, anti-fungal, 
antioxidant, and anti-tumor activities. However, 
it has its limitations: It has low potency and poor 
bioavailability. The new work conducted by the 
Indian researchers at Indian Institute of 

Technology (IIT)-Indore, IIT Bombay, Raja 
Ramanna Centre for Advanced Technology 
(RRCAT), Indore and IIT-Jodhpur promises to 
overcome this limitation. The team led by Dr. 
Amit Kumar of IIT-Indore explored different 
synthetic derivatives of Curcumin. They found 
that a derivative called `Cur-4' can fit the bill 
well.

Speaking to India Science Wire, Dr. Kumar, 
noted, “Curcumin is considered as one of the 
most effective nutritional supplements widely 
used especially in India on a regular basis in 
daily diets. Now we have found a derivative 
that showed high anticancer activity. We hope 
our findings will lead to the development of a 
better drug against cancer”. Besides Dr. 
Kumar, the team consisted of Nirali Pandya, 
Eshan Khan, and Neha Jain, Lakshminarayana 
Satham, Rahul Singh, Ravindra D. Makde and 
Amit Mishra from IIT Jodhpur. They have 
published a report of their study in Elsevier's 
`Biochimie”. ( Source: Edited from India 
Science Wire release)

Biological Science – natural compounds

Eco-friendly packaging material from cucumber peels

Biological science - polymer technology

Throwing away cucumber peels after preparing 
your salad could be a past phenomenon. 
Researchers at the Indian Institute of 
Technology (IIT) Kharagpur have developed 
cellulose nanocrystals from cucumber peels 
with high cellulose content, compared to other 
peel wastes, which can be used to create food 
packaging materials. While single-use plastic is 
consciously being avoided by consumers, they 
remain largely in circulation as food packaging 
items. Natural biopolymers are unable to make 
a way in this industry as they lack strength, 
elongation, barrier property, optical property, 
and in some cases even biological safety. The 
cellulose nanomaterial developed by Prof. 
Jayeeta Mitra and research scholar N. Sai 
Prasanna at IIT Kharagpur's from raw 
cucumber waste has addressed this challenge.

Talking about the findings, she further added, 
“Our study shows that cellulose nanocrystals 
derived from cucumber peels possess 
modifiable properties due to the presence of 
abundant hydroxyl groups, which resulted in 
better biodegradability and biocompatibility. 
These nanocellulose materials emerged as 
strong, renewable and economic material of 
the near future, due to unique properties like a 

high surface area to volume ratio, light in 
weight, and excellent mechanical properties. 
Thereby, such nanocrystals, when reinforced 
as nano-fillers in bio-composites films, can 
produce effective food packaging materials 
with low oxygen permeabilities."

This non-toxic, biodegradable and bio-
compatible product has no adverse effects on 
health and the environment hence could have a 
huge market potential by rendering management 
of organic waste with high cellulose content 
profitable. “Apart from the food packaging and 
beverage industries the researchers are optimistic 
about its scope in various fields like thermo-
reversible and tenable hydrogels making, paper 

making, coating additives, food packaging 
materials, bio-composites, optically transparent 
films, as stabilizers in the oil-water emulsion. 
Also, CNCs find good potential applications in 
biopharmaceutical applications such as drug 
delivery and fabricating temporary implants like 
sutures, stents etc.,” added Sai Prasanna. More 
research and product development focused on 
various biopolymers from either macro-
molecules or the microbial polymers would be 
able to make the sector acceptable to packing 
material producers with wider awareness, 
alternative products at economic prices,” she 
said. This study has been published in the 
Carbohydrate Polymers Research Journal. 
(Source: Edited from India Science Wire release)

Jayeeta Mitra (L) and N. Sai Prasanna (R)
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Fluorine as a substitute for lithium in rechargeable batteries

With increased use of rechargeable batteries to 
power modern technology, particularly 
electric vehicles, researchers have been 
looking for alternative materials for lithium-
ion in rechargeable batteries. Modern batteries 
use lithium and cobalt, but these have a very 
limited supply. Materials scientists in the 
McKelvey School of Engineering at 
Washington University in St. Louis have 
found a potential alternative for lithium in 
fluorine, a relatively abundant and light 
element. Their research was printed Dec. 7 in 
the Journal of Materials Chemistry.

Interestingly, the fluoride ion is the mirror 
opposite of the lithium ion, having the 
strongest attraction for electrons, which 
allows it to easily carry out electrochemical 
reactions. Researchers in Japan also are 
testing fluoride-ion batteries as possible 
replacements for lithium-ion batteries in 
vehicles. They say these batteries could allow 
electric vehicles to run 1,000 kilometers (621 
miles) on a single charge. However, current 
fluoride-ion batteries have poor cyclability — 

that is, they tend to degrade rapidly with 
charge-discharge cycles.

Researchers Steven Hartman and Rohan 
Mishra have adopted a new approach to 
fluoride-ion battery design, identifying two 
materials that easily gain or lose fluoride ions 
while undergoing small structural changes to 
enable good cyclability. Mishra, assistant 
professor of mechanical engineering & 

materials science, said that the new battery 
materials are both layered electrides.

Electrides are a relatively new class of 
materials that have been known in principle for 
about 50 years, but it wasn't until the past 10 to 
15 years that their properties were better 
understood, Mishra said. While these 
materials conduct electrons like ordinary 
metals, unlike the “sea of electrons” in metals 
where the electrons are delocalized throughout 
the crystal, in electrides, the electrons reside at 
specific interstitial sites within the crystal 
structure, similar to an ion.

Minimizing this volume and shape change is 
essential to create a durable fluoride battery. 
“In these layered electride materials, we 
predict that adding and removing the fluoride 
ions would cause significantly smaller 
structural changes, thus helping achieve a 
longer cycling life,” Hartman said. (Source: 
Edited from Washington University in St. 
Louis news release written by Beth Miller)

Chemical science - material science

Courtesy: Mishra lab

Boost for protein production in cyanobacteria

activity. While most of the promoters from the P 
rbcL library worked relatively similar to each 
other in both strains, the promoters from the P 
cpcB library behaved differently. Although there 
was an increase in activity for the mutated P 
cpcB promoters under high intensities of light, 
some got inactivated. The researchers also found 
an increase in the production of eYFP when the 
promoters were incorporated in a different 
bacterium, Escherichia coli, showing that the 
promoters can also be used in other organisms.

“The promoters that we have developed do not 
require any chemical inducers,” says Dr 
Annesha Sengupta, a researcher involved in the 
study. “Unlike the promoters that are generally 
used in cyanobacteria for production, we have 
developed a set of promoters whose activity can 
be tweaked using environmental parameters 
such as carbon dioxide and light. Hence, there is 
no additional cost involved when these 
promoters are used.” (Source: IIT Bombay 
Research Highlights written by Nagashree 
Avabhrath)

Biological science - synthetic biology

cpcB. Then, they introduced them into 
Synechococcus elongatus, a fast-growing 
cyanobacterium, and noted their influence on 
the production of a protein called enhanced 
yellow fluorescent protein (eYFP), which is 
easy to observe in experiments. All except 
eight of the P rbcL promoters showed six to 
eight times higher production of the protein 
than usual even with elevated concentrations of 
carbon dioxide. Similarly, all 12 of the mutated 
P cpcB promoters showed heightened activity 
under high light intensities as well.

The researchers also tested the library of 
promoters in a different strain of Synechococcus 
to determine if it showed the same changes in 

Cyanobacteria are a type of unicellular 
organisms that can utilize sunlight and 
synthesize their food. Their ability to carry out 
photosynthesis makes them excellent 
candidates in the field of biotechnology for the 
production of desired chemicals and proteins. 
To kick-start this process, scientists use 
promoters, which are the parts of DNA from 
suitable organisms, including cyanobacteria, 
that dictate the production of the required 
protein. Now, researchers from the Indian 
Institute of Technology Bombay (IIT Bombay) 
have developed a set of promoters that can 
boost protein production, are tolerant to light 
and work well with different strains of 
cyanobacteria. The study, published in the 
journal ACS Synthetic Biology, was funded by 
the Department of Biotechnology, Government 
of India.

The researchers evolved two promoters, P rbcL 
and P cpcB that are already present in 
cyanobacteria and which are known to spur a 
high production of proteins. They created 
mutations in the promoters to make a library of 
36 mutant promoters of P rbcL and 12 of P 
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Solvent-based plastic recycling
Multilayer plastic materials are ubiquitous in 
food and medical supply packaging, particularly 
since the specific properties of layered polymers 
can keep moisture from fouling sterile syringes 
or light and oxygen from making potato chips 
stale. But despite their utility, those ever-present 
plastics are impossible to recycle using 
conventional methods. Now, University of 
Wisconsin –Madison engineers have pioneered 
a method for reclaiming the polymers in these 
materials using solvents, a technique they've 
dubbed Solvent-Targeted Recovery and 
Precipitation (STRAP) processing. Their proof-
of-concept is detailed in the journal Science 
Advances.

By using a series of solvent washes guided by 
thermodynamic calculations of polymer 
solubility, UW–Madison professors of 
chemical and biological engineering George 
Huber and Reid Van Lehn and their students 
used the STRAP process to separate the 
polymers in a commercial plastic composed of 
common layering materials polyethylene, 
ethylene vinyl alcohol, and polyethylene 

terephthalate. The result? The separated 
polymers appear chemically similar to those 
used to make the original film. The team now 
hopes to use the recovered polymers to create 
new plastic materials, demonstrating that the 
process can help close the recycling loop. In 
particular, it could allow multilayer-plastic 
manufacturers to recover the 40 percent of 
plastic waste produced during the production 
and packaging processes. The goal is to 
eventually develop a computational system 
that will allow researchers to find solvent 
combinations to recycle all sorts of multilayer 
plastics.

As the complexity of the multilayer plastics 
increases, so does the difficulty of identifying 
solvents that can dissolve each polymer. That's 
why STRAP relies on a computational 
approach used by Van Lehn called the 
Conductor-like Screening Model for Realistic 
Solvents (COSMO-RS) to guide the process. 
COSMO-RS is able to calculate the solubility 
of target polymers in solvent mixtures at 
varying temperatures, narrowing down the 

number of potential solvents that could dissolve 
a polymer. The team can then experimentally 
explore the candidate solvents. The goal is to 
eventually develop a computational system that 
will allow researchers to find solvent 
combinations to recycle all sorts of multilayer 
plastics. The team also hopes to look at the 
environmental impact of the solvents it uses and 
establish a database of green solvents that will 
allow them to better balance the efficacy, cost 
and environmental impact of various solvent 
systems.

The team is continuing its research on STRAP 
processing through the newly established 
Multi-University Center on Chemical 
Upcycling of Waste Plastics, directed by 
Huber. Researchers in the $12.5 million U.S. 
Department of Energy-funded center are 
investigating several chemical pathways for 
recovering and recycling polymers. This 
Research Was Supported by A Grant from The 
U.S. Department Of Energy (Source: Edited 
from University of Wisconsin–Madison news 
release written by Jason Daley)

Chemical science- polymer technology

Harvesting drinking water from air

have also compared the performance of their 
pitcher-plant-inspired SLIPS materials to other 
bio-inspired ideas and have found theirs to be 
superior in terms of efficiency of water 
harvesting.

Apart from water harvesting, SLIPS could be 
used for other purposes, such as easily 
cleanable household appliances, in underwater 
hulls of ships and submarines to prevent bio-
fouling and anti-icing windows for aircraft. The 
research team comprised Dr Uttam Manna, 
Kousik Maji, Avijit Das, and Manideepa Dhar. 
The research findings have been published in 
the journal The Royal Society of Chemistry 
(Source: Edited from India Science Wire 
release)

Chemical Science - nanotechnology

water harvesting performance.

The researchers produced a patterned hydr-
ophilic SLIP by spraying a sponge-like porous 
polymeric material on top of a simple A4 printer 
paper.  Further,  chemically modulated 
hydrophilic spots were associated with the 
coating before lubricating with two distinct 
types of oils – natural olive oil and synthetic 
krytox. This surface could harvest water from 
foggy/water vapour laden air without the need 
for any cooling arrangement.

“We have produced a highly efficient water 
harvesting interface where the fog collecting 
rate is as high as 4400±190 mg/cm2/h”, says 
the lead researcher, Dr Manna. The researchers 

Researchers at the Indian Institute of Technology 
(IIT) Guwahati have developed novel materials 
that can efficiently harvest water from humid air. 
With increasing water scarcity throughout the 
world, there have been attempts to collect and 
conserve water through non-traditional means. 
“Such water-harvesting techniques use the 
concept of hydrophobicity or water-repelling 
nature of some materials”, explains Dr. Uttam 
Manna, Associate Professor,  Chemistry 
department and Centre of Nanotechnology, IIT 
Guwahati. The concept of hydrophobicity can be 
understood by looking at the lotus leaf. The lotus 
leaf is water repellent because there is a layer of 
trapped air between the leaf surface and the water 
droplet, which causes the droplet to slide off the 
leaf.

However, simple hydrophobicity such as this 
is unsuitable for water harvesting from highly 
humid environments because high moisture 
content can displace the trapped air and cause 
permanent damage. Instead, researchers 
mimic the pitcher plant, an 'insect-eating' 
plant, that has a slippery surface that causes 
insects that land on it to fall into its tube-
shaped structure, to be digested. In the past 
geometries of Rice leaves and cacti are 
associated with 'Slippery Liquid-Infused 
Porous Surface(s)' or SLIPS to improve the 

Manideepa Dhar, Avijit Das and Dr Uttam Manna from IIT Guwahati
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Shedding light on mechanism of solar flares

Solar flares or sudden explosion of energy 
caused by tangling, crossing, or reorganizing 
of magnetic field lines near sunspots and 
active regions, has been probed by scientists 
for years, and much of it still remain a mystery. 
In order to delve deep into the intrigue of the 
solar flares, solar physicists have explored the 
first evidence of a significant number of 
plasma blobs, which they have observed 
associated with the biggest solar flare of the 
decade on September 10, 2017. Their 
statistical analysis of the plasma blobs or 
plasmoids, which are aftermaths of the solar 
flare, reveals a very hot current sheet with 
temperature over 20 million Kelvin. These 
current sheets are formed when magnetic 
fields of opposite polarities come close to each 
other and reconfigure, giving rise to a 
phenomenon called magnetic reconnection. 
This process is accompanied by the release of 
large amount of energy stored in the magnetic 
fields very fast and drives the eruption (CME) 
as well as heat the local plasma. Thus, the 
current sheets are often very hot.

Recently, the solar physicists at Aryabhatta 
Research Institute of Observational Sciences 
(ARIES) Nainital, an autonomous institute 
under the Department of  Science & 

Technology (DST), Government of India, 
along with their collaborators from the 
Instituto de Astrofísica de Canarias (IAC), 
Tenerife, Spain and the University of Oslo, 
Norway, used the imaging observations from 
NASA's Solar Dynamics Observatory 
(S D O),  and Solar  and Hel iospher ic 
Observatory (SoHO), and KCor coronagraph 
in Mauna Loa Solar Observatory (US), to 
observe a very hot current sheet with 
temperature over 20 million Kelvin associated 
with the biggest solar flare of the decade 
observed on September 10, 2017. This study 

will appear in an upcoming issue of the 
Astronomy and Astrophysics journal.

The research provides the first evidence of 
significant number of plasma blobs along with 
the current sheet in the wake of a solar flare 
that could help delve deeper into solar flares.  
It could be a step further in our understanding 
on the role of formation of plasma blobs in 
current sheets for dissipating a large amount of 
magnetic energy in a short time during or after 
solar flares. (Source: Edited from India 
Science Wire release)

Earth and planetary science – astrophysics

Identifying habitable M Dwarf stars

Astronomical Society' recently.

A total of 53 M dwarfs were studied using the 
TIFR Near-Infrared (NIR) Spectrometer and 
Imager (TIRSPEC) instrument on the 2-m 
Himalayan Chandra Telescope (HCT) at 
Hanle, India. A new medium resolution 
spectra of M-type dwarf stars (M0V–M7V) 
covering the NIR wavelength was derived. 
Using effective temperature (Teff), radius, and 
luminosity of nearby bright calibrator stars, 
the team has created new empir ical 
relationships among those fundamental 
parameters and spectral indices of M dwarfs.

The determination of stellar parameters in M 
dwarfs have been a challenging task as these M 
dwarfs are smaller, cooler, and fainter than 
Sun-l ike stars .  These new empirical 
relationships could help overcome this 
challenge. (Source: Edited from PIB release)

Earth and planetary science - astronomy

searches due to their proximity, small size, 
and low mass. NASA's Kepler mission 
suggests that M dwarfs are swarming with 
rocky planets, making the characterization of 
these low-mass stars crucial.

A team of scientists from the S. N. Bose 
National  Centre  for  Basic  Sciences 
(SNBNCBS), an autonomous institute under 
the Department of Science & Technology 
(DST), Government of India, led by Dr.Soumen 
Mondal (faculty at SNBNCBS) along with his 
colleagues Mr. Dhrimadri Khata (Ph.D. Student 
at SNBNCBS), Dr. Ramkrishna Das (faculty at 
SNBNCBS), Dr. Supriyo Ghosh (now a 
postdoctoral fellow at TIFR) and Mr. Samrat 
Ghosh (Ph.D. student at SNBNCBS), have 
established new reliable empirical relationships 
for finding the fundamental parameters of M 
dwarfs for characterization of hosts having a 
rocky extra-solar planet. The findings of the 
present research work were published in the 
journal 'Monthly Notices of the Royal 

The clouds are becoming clearer in the search 
for a new kind of life in the universe. Scientists 
have established some empirical relationships 
enabling the use of spectral indices for finding 
the fundamental parameters of M dwarf stars 
that could identify them as potentially 
habitable.

M dwarfs are the tiniest of the stars that have 
masses ranging from about 8 percent to about 
50 percent of the Sun's mass. More than 70% 
of all stars in our Galaxy are M dwarfs (also 
known as red dwarfs), dominating the stellar 
populations by number. For long, scientists 
have considered them unlikely host of 
habitable planets.

As new evidence that the chances of the 
occurrence of planetary systems, especially 
Earth-like planets orbiting in 'habitable 
zones', increases with decreasing stellar mass 
and radius, M dwarfs are becoming attractive 
targets for potentially habitable extra-planet 

Standard flare-CME model depicting a 

current sheet between the post-flare loops 

and the ejecting flux rope that forms a CME.  

(Yuan-Kuen Ko et al. 2010
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Increased incidents of high rainfall in the Himalayan foothills 
explained

Scientists have found that aerosols like black 
carbon and dust, which makes the Indo-
Gangetic Plain one of the most polluted 
regions of the world, have led to increased 
incidents of high rainfall events in the foothills 
of the Himalayan Region. The Indo-Gangetic 
Plainis located South and upwind of the 
Himalayan foothills. The region is associated 
with high aerosol loading, much of which is 
black carbon and dust, and thus provides an 
opportunity for studying how aerosol affects 
extreme rainfall events, particularly when air 
mass is forced from a low elevation to a higher 
elevation as it moves over rising terrain 
technically called orographic forcing.

A team of researchers from National Institute of 
Technology Rourkela, Leipzig Institute for 
Meteorology (LIM), University of Leipzig, 
Germany, Indian Institute of Technology 
Madras, Indian Institute of Technology Kanpur 
supported by the Department of Science & 
Technology, Government of India under DST 
Climate Change program have highlighted the 
crucial role of the aerosol direct radiative effect 
on high precipitation events over the 
Himalayan region. The findings of the current 
work have been accepted for publishing in the 
scientific journal 'Atmospheric Chemistry and 
Physics' recently.  The study used 17 years 

(2001–2017) of rainfall  rate,  aerosol 
measurements called aerosol optical depth 
(AOD), meteorological reanalysis fields such 
as pressure, temperature, and moisture content 
at different altitudes are used to compute the 
thermodynamic variable “moist static energy” 
and outgoing long-wave radiation from Indian 
region to investigate high precipitation events 
on the foothills of the Himalayas. The team 
found clear associations between high 
precipitation events, high aerosol loading, and 
high moist static energy (MSE) values (Moist 
static energy of an air mass includes the 

potential energy due to its height above the 
ground and the latent heat due to its moisture 
content). The findings also highlight the crucial 
role of the radiative effect of aerosol on high 
precipitation events over the Himalayan region. 
The results of the study indicate that aerosols 
can play a vital role in exciting high 
precipitation (HP) events over the Himalayas 
during the monsoon season. Thus, aerosols, 
including chemistry, are essential to consider 
when forecasting HP events over the 
Himalayan region in regional modelling 
studies. Source: (Edited from PIB release)

Earth and planetary science - atmospheric science

North Atlantic air currents influence droughts in India

there was a sudden steep decline in rainfall, 
which resulted in drought conditions. The 
researchers noticed an unusual atmospheric 
disturbance in the midlatitudes. It emerged 
from winds in the upper atmosphere 
interacting with a deep cyclonic circulation 
above abnormally cold North Atlantic water. 
The resulting wave of air currents, called a 
Rossby wave, curved down from the North 
Atlantic ‒ squeezed in by the Tibetan plateau ‒ 
and hit the Indian subcontinent around mid-
August, suppressing rainfall and throwing off 
the monsoon that was trying to recover from 
the June slump. The wave's usual course is to 
go from west to east, but not towards the 
equator, explains Sukhatme. “This inward 
curving was the peculiar thing that we noticed 
during these particular years.” The findings 
underscore the importance of also considering 
influences on the Indian monsoon from 
outside the tropics, which current forecast 
models focus heavily on. (Source: Edited from 
IISc news release)

Earth and planetary science - atmospheric science

th is  midla t i tude inf luence,”  says  V 
Venugopal, Associate Professor at CAOS and 
one of the senior authors of the paper.  

The research team looked closely at daily 
rainfall during both El Niño and non-El Niño 
drought years and noticed stark differences in 
their patterns between June and September. 
The droughts that happen during an El Niño 
year follow a standard pattern. The rainfall 
deficit ‒ departure from a long-term average ‒ 
sets in early around mid-June and becomes 
progressively worse. By mid-August, the 
deficit spreads across the country and there is 
no going back from a drought. 

Surprisingly, the droughts during the non-El 
Niño years, when analysed together, also 
seemed to follow a common pattern. First, 
there was a moderate slump in June. Then, 
during mid-July to mid-August ‒ the peak of 
the season ‒ the monsoon showed signs of 
recovery and the rainfall amount increased. 
However, around the third week of August, 

Nearly half of the droughts that occurred 
during the Indian summer monsoon season in 
the past century may have been driven by 
atmospheric disturbances from the North 
Atlantic region, finds a new study published in 
Science. It was carried out by researchers at 
the Centre for Atmospheric and Oceanic 
Sciences (CAOS), Indian Institute of Science 
(IISc). The IISc study shows that these 
droughts were a consequence of a sudden and 
steep drop in rainfall in late August. This drop 
was linked to an atmospheric disturbance in 
the midlatitude region over the North Atlantic 
Ocean, creating a pattern of atmospheric 
currents that swoop in over the subcontinent 
and “derail” the monsoon. 

“As early as the 1980s, people have looked at 
these droughts individually. But they have not 
collated and pooled them together and 
deduced that these droughts may all have a 
different type of evolution than El Niño 
droughts, as well as a common cause, which is 

Map of Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) in kilometers, 
provided by the US Geological Survey. Thin black lines mark country borders. The black rectangle 
marks the domain on the foothills of the Himalayas that was used in this study
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Timing the subduction of Earth's plate 

A new study from scientists at Scripps 
Institution of Oceanography at UC San 
Diego and the University of Chicago sheds 
light on a hotly contested debate in Earth 
sciences: when did plate subduction begin? 
According to findings published Dec. 9 in 
the journal Science Advances, this process 
could have started 3.75 billion years ago, 
reshaping Earth's surface and setting the 
stage for a planet hospitable to life.

For geochemists like Scripps assistant 
professor and study lead author Sarah 
Aarons, the clues to Earth's earliest 
habitability lie in the elements that ancient 
rocks are composed of – specifically 
titanium. Aarons analyzed samples of 
Earth's oldest-known rocks from the Acasta 
Gneiss Complex in the Canadian tundra – an 
outcrop of gneisses 4.02 billion years old. 
These rocks are dated from the Hadean eon, 
which started at the beginning of Earth's 
formation and was defined by hellish 
conditions on a planet that would look alien 
to our modern eyes. 

Aarons' research focused on isotopes, which 

are variations of the same element based on 
the number of neutrons they have. Taking the 
samples from Acasta Gneiss provided by 
Jesse Reimink, an assistant professor at Penn 
State University, she crushed bits of the rock 
into a powder that was then heated to form a 
glass bead, a process that allows dissolution 
of the titanium she sought to analyze. Once 
cooled, the bead was dissolved in acid and the 
titanium was chemically separated from other 
elements. Aarons was then able to determine 
the variations of titanium isotopes present in 
the sample using a mass spectrometer in the 

Origins lab led by her collaborator Nicolas 
Dauphas at the University of Chicago.

Aarons compared these samples to newer, 
modern rocks formed in subduction zones. In 
samples aged at 3.75 billion years old, she 
noticed similari t ies  in structure and 
composition to the modern ones, suggesting 
that plate subduction began around that time. 
In four-billion-year-old rock samples, Aarons 
saw similarities to modern rocks that are 
formed in plume settings, like Hawaii and 
Iceland, where a landmass is drifting over a hot 
spot. However, in rocks aged at 3.75 billion 
years, she noticed a shift in trend to rocks that 
are formed in modern subduction zones, 
suggesting that around that time in Earth's 
history these areas began forming. The 
technique used in this study could be applied to 
other ancient rock formations around the 
world to gain more information about the 
composition and evolution of Earth's emerged 
lands through time. (Source: Edited from UC 
San Diego news release written by Chase 
Martin)

New clues on the solar system's history

In a new paper published in the journal Nature 
Communications Earth and Environment, 
researchers at the University of Rochester 
were able to use magnetism to determine, for 
the first time, when carbonaceous chondrite 
asteroids—asteroids that are rich in water and 
amino acids—first arrived in the inner solar 
system. The research provides data that helps 
inform scientists about the early origins of the 
solar system and why some planets, such as 
Earth, became habitable and were able to 
sustain conditions conducive for life, while 
other planets, such as Mars, did not.

The research also gives scientists data that can 
be applied to the discovery of new exoplanets.

“There is special interest in defining this 
history—in reference to the huge number of 
exoplanet discoveries—to deduce whether 
events might have been similar or different in 
exo-solar systems,” says John Tarduno, the 
William R. Kenan, Jr., Professor in the 
Department of Earth and Environmental 
Sciences and dean of research for Arts, 
Sciences & Engineering at Rochester. “This is 

another component of the search for other 
habitable planets.”

Studying the magnetization of meteorites can 
give researchers a better idea of when the 
objects formed and where they were located 
early in the solar system's history. In order to 
learn more about the origin of meteorites and 
their parent bodies, Tarduno and the 
researchers studied magnetic data collected 
from the Allende meteorite, which fell to 
Earth and landed in Mexico in 1969. The 
Allende meteorite is the largest carbonaceous 
chondrite meteorite found on Earth and 
contains minerals—calcium-aluminum 

inclusions—that are thought to be the first 
solids formed in the solar system. It is one of 
the most studied meteorites and was 
considered for decades to be the classic 
example of a meteorite from a primitive 
asteroid parent body.

Tarduno's magnetics group then combined thier 
work with theoretical work from Eric 
Blackman, a professor of physics and 
astronomy, and computer simulations led by 
graduate student Atma Anand and Jonathan 
Carroll-Nellenback, a computational scientist 
at Rochester's Laboratory for Laser Energetics. 
These simulations showed that solar winds 
draped around early solar system bodies and it 
was this solar wind that magnetized the bodies. 
Using these simulations and data, the 
researchers determined that the parent asteroids 
from which carbonaceous chondrite meteorites 
broke off arrived in the Asteroid Belt from the 
outer solar system about 4,562 million years 
ago, within the first five million years of solar 
system history. (Source: Edited from Rochester 
University news release)
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High-efficiency rapid Hepatitis B diagnostic test 

In a new study, teams of researchers from 
DBT-Translational Health Science and 
Technology Institute (DBT-THSTI), DBT-
International Centre For Genetic Engineering 
And Biotechnology (DBT-ICGEB), and 
University of Turku, Finland, have come 
together to develop an ultra-sensitive rapid 
diagnostic test that circumvents the sensitivity 
gap. Experiments by the researchers have 
shown that the new test had a very high 
sensitivity even while it was based on a simple 
assay procedure and did not require skilled 
personnel to administer. A comparison of 
assay performance among patients positive 
and negative for HBsAg showed that the new 
test had 95.4% sensitivity. In contrast, 
conventional rapid tests have a sensitivity of 
87.7%.

The scientists are now planning to get the 
assay to the bedside in the form of a point-of-
care kit and evaluate the function of the assay 
in clinical settings, with freshly drawn patient 
samples, using a battery-operated reader 
device. The study was supported by Wellcome 
Trust, UK, and DBT Biotechnology Industry 
Research Assistance Council (DBT-BIRAC). 
A report on the study was published in 

Analytical and Bioanalytical Chemistry. The 
research team consisted of Iida Martiskainen, 
Sheikh M. Talha, Karoliina Vuorenpää, Teppo 
Sa lminen ,  E tv i  Jun tunen ,  Souv ick 
Chattopadhyay, Dinesh Kumar, Tytti Vuorinen, 
Kim Pettersson, Navin Khanna & Gaurav 
Batra.

Hepatitis B virus can be transmitted through 
contact with infected blood or other body 
fluids as well as perinatally from infected 
mothers to neonates. It is a major health 
problem in low and middle-income countries. 
Most of the infected individuals are 
asymptomatic at the early stage of infection. 
However, a small proportion of acute 

infections are symptomatic, and a very small 
proportion can develop acute liver failure. In 
some individuals, HBV can cause chronic 
liver infection which may result in cirrhosis 
and hepatocellular carcinoma leading to death.

Identification and treatment of asymptomatic 
people with chronic HBV infection should 
reduce the disease burden. However, HBV 
screening is non-existent in several LMIC and 
even the blood donor screening is performed 
using tests with inadequate sensitivity. Only 
10.5% of all chronically infected individuals 
are aware of their infection. The new test could 
fill the gaps. (Source: Edited from India 
Science Wire release)

An autonomous drone that uses a live antenna from a moth

A team led by the University of Washington 
has developed Smellicopter: an autonomous 
drone that uses a live antenna from a moth to 
navigate toward smells. Smellicopter can also 
sense and avoid obstacles as it travels through 
the air. The team published these results in the 
journal IOP Bioinspiration & Biomimetics. 
“Nature really blows our human-made odor 
sensors out of the water,” said lead author 
Melanie Anderson, a UW doctoral student in 
mechanical engineering. “By using an actual 
moth antenna with Smellicopter, we're able to 
get the best of both worlds: the sensitivity of a 
biological organism on a robotic platform 
where we can control its motion.” The team 
used antennae from the Manduca sexta 
hawkmoth for Smellicopter. Researchers 
placed moths in the fridge to anesthetize them 
before removing an antenna. Once separated 
from the live moth, the antenna stays 
biologically and chemically active for up to 
four hours. That time span could be extended, 
the researchers said, by storing antennae in the 

fridge.

By adding tiny wires into either end of the 
antenna, the researchers were able to connect 
it to an electrical circuit and measure the 
average signal from all of the cells in the 
antenna. The team then compared it to a 
typical human-made sensor by placing both at 
one end of a wind tunnel and wafting smells 
that both sensors would respond to: a floral 
scent and ethanol, a type of alcohol. The 
antenna reacted more quickly and took less 
time to recover between puffs. To create 
Smellicopter, the team added the antenna 
sensor to an open-source hand-held 

commercially available quadcopter drone 
platform that allows users to add special 
features. The researchers also added two 
plastic fins on the back of the drone to create 
drag to help it be constantly oriented upwind.

The team created a “cast and surge” protocol for 
the drone that mimics how moths search for 
smells. Smellicopter begins its search by 
moving to the left for a specific distance. If 
nothing passes a specific smell threshold, 
Smellicopter then moves to the right for the 
same distance. Once it detects an odor, it 
changes its flying pattern to surge toward it. 
Smellicopter can also avoid obstacles with the 
help of four infrared sensors that let it measure 
what's around it 10 times each second. Another 
advantage to Smellicopter is that it doesn't need 
GPS, the team said. Instead it uses a camera to 
survey its surroundings, similar to how insects 
use their eyes. This makes Smellicopter well-
suited for exploring indoor or underground 
spaces like mines or pipes. (Source: Edited 
from University of Washington news release)
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World's smallest atom-memory unit

Engineers at The University of Texas at 
Austin created the smallest memory device 
yet. And in the process, they figured out the 
physics dynamic that unlocks dense memory 
storage capabilities for these tiny devices. 
The research published recently in Nature 
Nanotechnology builds on a discovery from 
two years ago, when the researchers created 
what was then the thinnest memory storage 
device. In this new work, the researchers 
reduced the size even further, shrinking the 
cross section area down to just a single square 
nanometer. Getting a handle on the physics 
that pack dense memory storage capability 
into these devices enabled the ability to make 
them much smaller. Defects, or holes in the 
material, provide the key to unlocking the 
high-density memory storage capability.

“When a single additional metal atom goes 
into that nanoscale hole and fills it, it confers 
some of its conductivity into the material, 
and this leads to a change or memory effect,” 
said Deji Akinwande, professor in the 
Department of Electrical and Computer 
Engineering. The race to make smaller chips 
and components is all about power and 

convenience. With smaller processors, you 
can make more compact computers and 
phones. But shrinking down chips also 
decreases their energy demands and increases 
capacity, which means faster, smarter devices 
that take less power to operate. “The results 
obtained in this work pave the way for 
developing future generation applications 
that are of interest to the Department of 
Defense, such as ultra-dense storage, 
neuromorphic computing systems, radio-
frequency communication systems and 
more,” said Pani Varanasi, program manager 
for the U.S. Army Research Office, which 
funded the research.

The original device – dubbed “atomristor” by 
the research team – was at the time the thinnest 
memory storage device ever recorded, with a 
single atomic layer of thickness. But shrinking 
a memory device is not just about making it 
thinner but also building it with a smaller 
cross-sectional area. Akinwande's device falls 
under the category of memristors, a popular 
area of memory research, centered around 
electrical components with the ability to 
modify resistance between its two terminals 
without a need for a third terminal in the 
middle known as the gate. That means they can 
be smaller than today's memory devices and 
boast more storage capacity.

This version of the memristor – developed 
using the advanced facilities at the Oak Ridge 
National Laboratory – promises capacity of 
about 25 terabits per square centimeter. That is 
100 times higher memory density per layer 
compared with commercially available flash 
memory devices. (Source: Edited from 
University of Texas at Austin news release)

Early detection of fever with a smart ring 

Temperature data collected by wearable devices 
worn on the finger can be reliably used to detect 
the onset of fevers, a leading symptom of both 
COVID-19 and the flu, according to a team of 
researchers from the University of California 
San Diego, UC San Francisco and MIT Lincoln 
Lab. Researchers published their results in the 
journal Scientific Reports. They emphasize that 
the study is a proof-of-concept effort with data 
from only 50 participants reporting COVID-19. 
The Scientific Reports paper is the first 
published result from TemPredict, a study of 
more than 65,000 people wearing a ring 
manufactured by Finnish startup Oura, that 
records temperature, heart rate, respiratory rate 
and levels of activity. The goal of the study is to 
develop an algorithm that can predict the onset 
of symptoms such as fever, cough and fatigue, 
which are characteristic of COVID-19. “This 
isn't just a science problem, it's a social 
problem,” said Benjamin Smarr, the paper's 
corresponding author and a professor in the 
Department of Bioengineering and the 
Halicioglu Data Sciences Institute at UC San 
Diego. “With wearable devices that can measure 

temperature, we can begin to envision a public 
COVID early alert system.”

But users from diverse backgrounds would 
need to feel safe sharing their data for such 
efforts to really work, Smarr added.  The data is 
stripped of all personal information, including 
location, and each subject is known by a 
random identifying number.

Smarr is TemPredict's data analytics lead. 
Ashley Mason, a professor in the Department 
of Psychiatry and the Osher Center for 
Integrative Medicine at UC San Francisco, is 
the principal investigator of the study. 

Wearables such as the Oura ring can collect 

temperature data continuously throughout the 
day and night, allowing researchers to measure 
people's true temperature baselines and 
identify fever peaks more accurately. Smarr 
and colleagues noticed that fever onset often 
happened before subjects were reporting 
symptoms, and even to those who never 
reported other symptoms. “It supports the 
hypothesis that some fever-like events may go 
unreported or unnoticed without being truly 
asymptomatic,” the researchers write. 
“Wearables therefore may contribute to 
identifying rates of asymptomatic [illness] as 
opposed to unreported illness, [which is] of 
special importance in the COVID-19 
pandemic.” Researchers also are keeping up 
efforts to recruit a diverse pool of subjects that 
reflects the U.S. population. “We need to make 
sure that our algorithms work for everyone,” 
Smarr said.  In future, researchers plan to 
expand their early detection methods to other 
infectious diseases, such as the flu. (Source: 
Edited from University of California San 
Diego news release)
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Enhancing power output of piezoelectric materials

Indian Institute of Technology Mandi (IIT-
Mandi) researchers have proposed a technique 
to enhance the power output of piezoelectric 
materials. Piezoelectric materials can be used 
in floor tiles to generate electricity from 
human walking, or on roads, where the weight 
from the vehicles can power road lights and 
signals. In their study, the researchers have 
numerically examined the piezoelectric 
materials  and have proposed a new 
arrangement to enhance the electrical output of 
these materials when subjected to stress. 
“Piezoelectric materials can generate electrical 
energy when a force is applied on them, and 
are thus extremely useful”, explains Dr Rajeev 
Kumar, Associate Professors, School of 
Engineering, IITMandi. However, currently, 
the electrical energy produced by these 
materials is very low, which limits their 
applications in real life situations. “We have 
developed a technique known as "graded 
poling" to enhance the power output of 
piezoelectric materials by more than 100 
times”, says Dr Rahul Vaish, Associate 
Professors, School of Engineering, IIT Mandi. 
The researchers have used numerical 
techniques to utilize multiple mechanical 
stresses – bending, compressive and tensile 
stresses at the top and bottom of the 

piezoelectric cantilever beams and shear stress 
in the mid-section to significantly improve the 
electrical output. 

The promise of the generation of higher 
amounts of electrical energy from mechanical 
movement can potentially enable applications 
in which smart devices can be powered simply 
by human motion. Other applications could 
include generating power from the soles of 
footwear equipped with these materials. 
Piezoelectric materials can do the reverse as 
well – generate mechanical motion in response 
to electrical energy. Thus, improving the 

mechanical-electrical energy interconversion 
efficiency can enable engineering applications 
such as reduction of vibration and noise and 
advanced technological applications such as 
positioning and steering of satellite antennas in 
space. The researchers are extending their work 
further for a more accurate prediction of the 
effects of the proposed poling technique on the 
mechanical properties of the material, which 
will offer better insights into harnessing the 
advantages of this technique in real life 
applications. The study has been published in 
the journal 'Engineering Reports'. (Source: 
Edited from India Science Wire release)

New wastewater recycling system

Researchers at the Centre for Sustainable 
Technologies (CST), Indian Institute of 
Science (IISc), have developed a decentralised 
wastewater treatment and recycling system at a 
primary school, situated in the remote village 
of Berambadi in Karnataka, which has helped 
save 180,000 litres of water in a year. The 
system has, over the past year, enabled the 
reuse of wastewater and reduced dependence 
on freshwater resources. The study has been 
carried out in collaboration with researchers in 
the UK.

According to the IISc press release, the 
research team operated the greywater treatment 
system for a year and monitored the different 
physicochemical and biological characteristics 
of the greywater at the entry and exit points. 
The performance of every treatment stage was 
quantified in terms of removal efficiencies 
(REs) of turbidity, Total Suspended Solids 
(TSS), nitrate, total phosphorus, Biological 
Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD) and faecal coliforms (FC). 
Overall, the system showed high REs – more 
than 90% for most of the parameters. The 
system treated 667 litres of greywater daily, 
saving around 180,000 litres of water annually. 
“We have demonstrated for the first time that 
decentralised wastewater treatment systems 
can be economically put into practice in a rural 
setting” says Lakshminarayana Rao, Assistant 
Professor at CST, and a senior author of the 
paper published in the 'Journal of Water 
Process Engineering'.

The treatment system first passes the greywater 
from the hand wash sinks through strainers that 
screen out large food particles from water. 
“Then, the water goes through three anaerobic 
sand bio-filters – tanks filled with locally 
available coarse gravel, medium gravel and 
sand, where bacterial biofilms help in the 
breakdown of nutrients in greywater to reduce 
nutrient levels of water,” explains PS Ganesh 
Subramanian, a former Project Assistant at 

CST and the first author of the paper.

The greywater from the kitchen sinks is first 
passed through a grease trap to strip off the top 
layer of oil and grease from water. After this, 
water flows through an anaerobic sludge 
bioreactor followed by a stratified biofiltration 
chamber. Finally, the filtered water from both 
hand wash sinks and kitchen sinks is passed 
through aeration and ozonation tanks, where it 
is treated with ozone for disinfection. The 
treated water stored in an overhead tank is then 
readily available for reuse by the students and 
staff of the school for domestic non-potable 
purposes such as toilet flushing and gardening. 
India will need 1.5 trillion cubic metres water 
by 2030, according to the Central Pollution 
Control Board. The decentralised wastewater 
treatment systems may be holding one of the 
keys to the answer. (Source: Edited from India 
Science Wire release)
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Measuring evaporation efficiently

A team of scientists from the Indian Institute 
of Science (IISc) has developed a new device 
that could measure the rate of evaporation of 
a local area within a couple of minutes. The 
device is a more efficient and inexpensive 
way to measure evaporation when compared 
with existing methods. “Our method allows 
you to get a much more realistic measure of 
transpiration from plants and evaporation 
from soils,” says Jaywant H Arakeri, 
Professor in the Department of Mechanical 
Engineering, IISc, and senior author of the 
study recently published in the Journal of 
Hydrology. Being able to measure the 
evaporation rate is useful for farmers to gauge 
water requirements for their fields and in 
weather stations to characterise the local 
atmospheric condition. It is also widely used 
by botanists to study the dynamics underlying 
transpiration by plants. The proposed device 
consists of a filter paper connected to a 
capillary tube that takes water from a 
reservoir to the filter paper, thereby wetting it 

and thus mimicking an evaporating water 
surface. By measuring the distance travelled 
by the lower meniscus in the capillary tube 
over a couple of minutes, the evaporation rate 
is estimated. The innovation lies in being able 
to measure the very small amount (about 1 
microlitre) of water that is lost in evaporation 
from the surface in a minute.

The device would be useful to scientists 
studying the physiological process of 
transpiration in plants because of its ability to 
measure the evaporation rate over small areas 
over short periods of time. Stomatal responses 
can also now be addressed, in a better and more 
controlled way, using this device. The authors 
also suggest that it could be used in oceans to 
study changing evaporation patterns in the 
open sea and in weather stations to estimate 
evaporation rates in the atmosphere, an 
important parameter that is currently not 
measured. The next step is to make the device 
commercially available. “We are looking for 
interested companies to take it up to make it 
into a product. Meanwhile, we have been 
doing some experiments in the polyhouse [a 
kind of greenhouse used to grow crops in a 
controlled environment], and we also want to 
try it out in the field,” says Arakeri. The 
research was published in Journal of Water 
Process Engineering. (Source: Edited from 
IISc news release)

Human touch digitally communicated 

A prototype developed by Purdue University 
engineers would essentially let your body act 
as the link between your card or smartphone 
and the reader or scanner, making it possible 
for you to transmit information just by 
touching a surface. The prototype doesn't 
transfer money yet, but it's the first technology 
that can send any information through the 
direct touch of a fingertip. While wearing the 
prototype as a watch, a user's body can be used 
to send information such as a photo or 
password when touching a sensor on a laptop, 
the researchers show in a new study.

“We're used to unlocking devices using our 
fingerprints, but this technology wouldn't rely 
on biometrics – it would rely on digital 
signals. Imagine logging into an app on 
someone else's phone just by touch,” said 
Shreyas Sen, a Purdue associate professor of 
electrical and computer engineering. The 
study is published in Transactions on 
Computer-Human Interaction, a journal by 
the Association for Computing Machinery. 
Shovan Maity, a Purdue alumi, led the study as 
a Ph.D. student in Sen's lab. 

The technology works by establishing an 

“internet” within the body that smartphones, 
smartwatches, pacemakers, insulin pumps 
and other wearable or implantable devices can 
use to send information. These devices 
typically communicate using Bluetooth 
signals that tend to radiate out from the body. 
A hacker could intercept those signals from 30 
feet away, Sen said.

Sen's technology instead keeps signals 
confined within the body by coupling them in 
a so-called “Electro-Quasistatic range” that is 
much lower on the electromagnetic spectrum 
than typical Bluetooth communication. This 
mechanism is what enables information 

transfer by only touching a surface.

Even if your finger hovered just one 
centimeter above a surface, information 
wouldn't transfer through this technology 
without a direct touch. This would prevent a 
hacker from stealing private information such 
as credit card credentials by intercepting the 
signals.

The researchers demonstrated this capability 
in the lab by having a person interact with two 
adjacent surfaces. Each surface was equipped 
with an electrode to touch, a receiver to get 
data from the finger and a light to indicate that 
data had transferred. If the finger directly 
touched an electrode, only the light of that 
surface turned on. The fact that the light of the 
other surface stayed off indicated that the data 
didn't leak out. Similarly, if a finger hovered as 
close as possible over a laptop sensor, a photo 
wouldn't transfer. But a direct touch could 
transfer a photo. The researchers believe that 
the applications of this technology would go 
beyond how we interact with devices today. 
(Source: Edited from Purdue University news 
release)
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Flexible and powerful screen-printed rechargeable battery

A team of researchers has developed a flexible, 
rechargeable silver oxide-zinc battery with a five 
to 10 times greater areal energy density than 
state of the art. The battery also is easier to 
manufacture; while most flexible batteries need 
to be manufactured in sterile conditions, under 
vacuum, this one can be screen printed in normal 
lab conditions. The device can be used in 
flexible, stretchable electronics for wearables as 
well as soft robotics. The team, made up of 
researchers at the University of California San 
Diego and California-based company ZPower, 
details their findings in the journal Joule. "Our 
batteries can be designed around electronics, 
instead of electronics needed to be designed 
around batteries,” said Lu Yin, one of the paper's 
co-first authors and a Ph.D. student in the 
research group of UC San Diego's nano-
engineering Professor Joseph Wang. The areal 
capacity for this innovative battery is 50 
milliamps per square centimeter at room 
temperature—this is 10-20 times greater than 
the areal capacity of a typical Lithium ion 
battery. So for the same surface area, the battery 

described in Joule can provide 5 to 10 times 
more power.

The new battery has higher capacity than any 
of the flexible batteries currently available on 
the market. That's because the battery has a 
much lower impedance—the resistance of an 
electric circuit or device to alternative 
current. The batteries successfully powered a 
flexible display system equipped with a 
microcontroller and Bluetooth modules. Here 
too the battery performed better than 
commercially available Li coin cells. The 
printed battery cells were recharged for more 
than 80 cycles, without showing any major 
signs of capacity loss. The cells also remained 
functional in spite of repeated bending and 
twisting. To create the battery, the researchers 
used a proprietary cathode design and 
chemistry from ZPower. The battery's 
exceptional energy density is due to its silver 
oxide-zinc, (AgO-Zn) chemistry. Most 
commercial flexible batteries use a Ag2O-Zn 
chemistry. As a result, they usually have 
limited cycle life and have low capacity. This 

limits their use to low-power, disposable 
electronics. 

AgO had never been used in a screen-printed 
battery before, because it is highly oxidative 
and chemically degrades quickly. By testing 
various solvents and binders, researchers in 
Wang's lab at UC San Diego were able to find 
an ink formulation that makes AgO viable for 
printing. As a result, the battery can be printed 
in only a few seconds once the inks are 
prepared. It is dry and ready to use in just 
minutes. The battery could also be printed in a 
roll-to-roll process, which would increase the 
speed and make manufacturing scalable. The 
batteries are printed onto a polymer film that is 
chemically stable, elastic and has a high 
melting point (about 200 degrees C or 400 
degrees Fahrenheit) that can be heat sealed. 
Current collectors, the zinc anode, the AgO 
cathode and their corresponding separators 
each constitute a stacked screen-printed layer. 
(Source: Edited from University of California 
San Diego news release)

Addressing groundwater crisis in South India

Researchers from IIT Bombay report 
increasing dependence on groundwater after 
frequent droughts as the cause for the 
alarming decrease in groundwater levels in 
South India.

Last year, in June 2019, the people of Chennai 
were forced to deal with an alarming fact — 
the water in the city's reservoirs had dropped 
to 0.1% of their capacity. Now, the sight of 
frenzied water trucks, empty buckets, and 
agitated citizens has become increasingly 
common in India, especially in the south. A 
2019 report from the National Institute of 
Transforming India (NITI) Aayog, the 
Government of India, claimed that 21 Indian 
cities, including Bangalore, Delhi, Vellore, 
Chennai, and Hyderabad, will run out of 
groundwater by 2020. What is causing this 
crisis, and why is the South being affected 
disproportionately? Researchers Akhilesh S 
Nair and Prof J Indu from the Department of 
Civil Engineering at the Indian Institute of 
Technology Bombay (IIT Bombay) offer an 
explanation to these questions in a recent 
study, where they stress the repercussion of 
frequent droughts. The study was published in 
the International Journal of Remote Sensing.

The researchers analysed the groundwater data 

retrieved from the Gravity Recovery and 
Climate Experiment (GRACE) satellite of 
NASA as well as from a collection of about 
6000 wells that are monitored by the Central 
Ground Water Board (CGWB) for a period of 
13 years (2003–2016). They observed that 
most of the periods that saw significant 
changes in groundwater levels were from 
2009, and hence, split their analysis into two 
segments: pre-2009 and post-2009. The 
researchers found that, in the south, ground-
water levels were increasing pre-2009 and 
decreasing at an extremely alarming rate of 
0.25 centimetres per month post-2009. In 
2009, India experienced one of the worst 
droughts due to insufficient rainfall, which was 
23% below the average annual levels. 

Moreover, the unfavourable geology of South 
India consisting of hard rocks such as granite 
and basalt, which does not allow rainwater to 
seep easily, adversely affected the depleting 
groundwater levels.

After 2009, the fluctuating rainfall levels had a 
prominent effect on groundwater storage. 
Further, expansion of major cities like 
Chennai, which saw infrastructure being 
constructed over water reservoirs, has 
weakened the groundwater recharge process. 
These human-made obstructions hamper the 
seepage of water into the ground, leading to 
floods and contamination of groundwater with 
harmful microbes and chemicals. (Source: 
Edited from IIT Bombay Research Highlights 
written by Balaram Vishnu Subramani)

Engineering science - manufacturing technology

Engineering science – remote sensing



DISCOVERIES & INNOVATIONS

39 The Scitech Journal Volume 08 Issue 01 January 2021

Shape-changing robots that adapt to their environments

The laboratory of Rebecca Kramer-Bottiglio, 
the John J. Lee Assistant Professor of 
Mechanical Engineering & Materials Science, 
has created a robot that changes its shape and 
gait to adapt to different environments. The 
results are published in Nature Machine 
Intelligence. Kramer-Bottiglio specializes in 
soft robotics, which is particularly well-suited 
to the challenge of making shape-changing 
robots. Pitting shape-changing robots against 
robots that were otherwise similar but 
maintained only one shape, the researchers 
found that the shape-changers had a distinct 
edge over their opponents in certain 
environments. On pretty much any kind of flat 
or slightly inclined terrain, they found that the 
robots that could deploy inner bladders to ball 
up and then roll to their destination did the 
best. But these same robots had more trouble 
on uphill stretches, often rolling back down. 
On this terrain, robots that could transition to a 
flat pancake-like shape and mimic an 
inchworm's movements emerged victorious.

Before they built the physical robots, they 
used computer simulations to search for 
appropriate shape and behavior pairs for each 

environment, and then find the best ways for 
the robot to transform between shapes. 
However, it's one thing to create an idealized 
robot simulation that can theoretically do 
various tasks, it's another to build a physical 
device that can do the same things in real-
world settings. After the physical robots were 
built, they were pitted against the computer 
simulations they were based on to see what's 
actually possible in real-world settings. 

“The final robot design was driven by a 
combination of what we observed in the 
simulations and what we knew could be 
achieved in reality,” said Dylan Shah, a Ph.D. 
student in Kramer-Bottiglio's lab, and lead 

author of the study. “With the software, you 
can make crazy shape-changing robots with 
dozens of independent moving parts, but in 
previous studies, we had trouble making these 
idealized robots move in ways that matched 
the simulations.”

In adapting the simulations to physical robots, 
the researchers often simplified the designs and 
then explored the various ways that the robots 
could change shapes. One thing they found was 
that even relatively small changes in shape 
could be paired with behavior adaptations to 
achieve locomotion within the two env-
ironments. The researchers are currently 
investigating how to leverage smart materials to 
increase the flexibility and dexterity of shape-
changing robots, for instance by growing limbs 
and controlling the location of joints throughout 
the robot's limbs and spine. Shape-changing 
robots could be used as scientific tools for 
studying amphibious behavior, delivery 
vehicles that need to traverse multiple terrains, 
and inspection tools for accessing difficult-to-
reach locations. (Source: Edited from 
University of Vermont news release)

Robots grasp and move objects with ease with deep-learning

Researchers at the University of California, 
Berkeley, have created new artificial 
intelligence software that gives robots the 
speed and skill to grasp and smoothly move 
objects, making it feasible for them to soon 
assist humans in warehouse environments. 
The technology is described in a paper 
published online in the journal Science 
Robotics. Automating warehouse tasks can be 
challenging because many actions that come 
naturally to humans — like deciding where 
and how to pick up different types of objects 
and then coordinating the shoulder, arm and 
wrist movements needed to move each object 
from one location to another — are actually 
quite difficult for robots. Robotic motion also 
tends to be jerky, which can increase the risk 
of damaging both the products and the robots.

“Warehouses are still operated primarily by 
humans, because it's still very hard for robots 
to reliably grasp many different objects,” said 
Ken Goldberg,  Will iam S. Floyd Jr. 
Distinguished Chair in Engineering at UC 
Berkeley and senior author of the study. “In an 
automobile assembly line, the same motion is 

repeated over and over again, so that it can be 
automated. But in a warehouse, every order is 
different.” In earlier work, Goldberg and UC 
Berkeley postdoctoral researcher Jeffrey 
Ichnowski created a Grasp-Optimized Motion 
Planner that could compute both how a robot 
should pick up an object and how it should 
move to transfer the object from one location 
to another. However, the motions generated 
by this planner were jerky. While the 
parameters of the software could be tweaked 
to generate smoother motions, these 
calculations took an average of about half a 
minute to compute.

In the new study, Goldberg and Ichnowski, in 
collaboration with UC Berkeley graduate 
student Yahav Avigal and undergraduate 
student Vishal Satish, dramatically sped up the 
computing time of the motion planner by 
integrating a deep learning neural network.

Neural networks allow a robot to learn from 
examples. Later, the robot can often generalize 
to similar objects and motions. However, these 
approximations aren't always accurate 
enough. Goldberg and Ichnowski found that 
the approximation generated by the neural 
network could then be optimized using the 
motion planner. By combining the neural 
network with the motion planner, the team cut 
average computation time from 29 seconds to 
80 milliseconds, or less than one-tenth of a 
second. Goldberg predicts that, with this and 
other advances in robotic technology, robots 
could be assisting in warehouse environments 
in the next few years.

(Source: Edited from University of California, 
Berkeley news release)
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Aquatic robot that walks, rolls and transports cargo

Northwestern University researchers have 
developed a first-of-its-kind life-like material 
that acts as a soft robot. It can walk at human 
speed, pick up and transport cargo to a new 
location, climb up hills and even break-dance to 
release a particle. Nearly 90% water by weight, 
the centimeter-sized robot moves without 
complex hardware, hydraulics or electricity. 
Instead, it is activated by light and walks in the 
direction of an external rotating magnetic field. 
Resembling a four-legged octopus, the robot 
functions inside a water-filled tank, making it 
ideal for use in aquatic environments. The 
researchers imagine customizing the mov-
ements of miniature robots to help catalyze 
different chemical reactions and then pump out 
the valuable products. The robots also could be 
molecularly designed to recognize and actively 
remove unwanted particles in specific 
environments, or to use their mechanical 
movements and locomotion to precisely deliver 
bio-therapeutics or cells to specific tissues.

“Conventional robots are typically heavy 

machines with lots of hardware and 
electronics that are unable to interact safely 
with soft structures, including humans,” said 
Samuel I. Stupp, who led the experimental 
research. “We have designed soft materials 
with molecular intelligence to enable them to 
behave like robots of any size and perform 
useful functions in tiny spaces, underwater or 
underground.” “By combining walking and 
steering motions together, we can program 
specific sequences of magnetic fields, which 
remotely operate the robot and direct it to 
follow paths on flat or inclined surfaces,” 
added Monica Olvera de la Cruz, who led the 
theoretical work. “This programmable 
feature allows us to direct the robot through 
narrow passages with complex routes.” The 
research was published in the journal Science 
Robotics. 

By coupling responses to light and magnetic 
fields, the researchers designed a robot that 
also can pick up cargo and deliver it to a 
destination by walking or rolling. Then it 

drops the cargo at the new location by either 
inverting its shape — allowing smooth 
payloads to gently slide off the robot — or 
performing a spinning “break dance” to 
dislodge and release stickier objects. 

The secret to the robot's precise movement and 
agility lies within its water-filled structure and 
the embedded skeleton of aligned nickel 
filaments that are ferromagnetic. The soft 
component is a molecularly designed network 
with parts that allow it to respond to light, hold 
or expel water in its interior, and have just the 
right stiffness to respond rapidly to magnetic 
fields. Stupp and Olvera de la Cruz imagine 
these soft robotic materials potentially could be 
used to create objects for many applications, 
including chemical production, new tools for 
environmentally important technologies or as 
smart biomaterials for highly advanced 
medicine. (Source: Edited from Northwestern 
University news release)

Evolution as a high risk for advanced human cancers

Compared to chimpanzees, our closest 
evolutionary cousins, humans are particularly 
prone to developing advanced carcinomas — 
the type of tumors that include prostate, 
breast, lung and colorectal cancers — even in 
the absence of known risk factors, such as 
genetic predisposition or tobacco use.   A 
recent study led by researchers at University 
of California San Diego School of Medicine 
and Moores Cancer Center helps explain why. 
The study, published December 9, 2020 in 
FASEB BioAdvances, suggests that an 
evolutionary genetic mutation unique to 
humans may be at least partly to blame.  “At 
some point during human evolution, the 
SIGLEC12 gene and more specifically, the 
Siglec-12 protein it produces as part of the 
immune system suffered a mutation that 
eliminated its ability to distinguish between 
'self' and invading microbes, so the body 
needed to get rid of it,” said senior author Ajit 
Varki, MD, Distinguished Professor at UC 
San Diego School of Medicine and Moores 
Cancer Center. “But it's not completely gone 
from the population, it appears that this 
dysfunctional form of the Siglec-12 protein 
went rogue and has now become a liability for 

the minority of people who still produce it.” 

Ajit Varki, who is also co-director of both the 
Glycobiology Research and Training Center 
and Center for Academic Research and 
Training in Anthropogeny, led the study with 
Nissi Varki, MD, professor of pathology at 
UC San Diego School of Medicine. In a study 
of normal and cancerous tissue samples, the 
researchers discovered that the approximately 
30 percent of people who still produce Siglec-
12 proteins are at more than twice the risk of 

developing an advanced cancer during their 
lifetimes, compared to people who cannot 
produce Siglec-12. 

When Nissi Varki's team set out to detect the 
Siglec-12 in non-cancerous tissue samples 
using an antibody against the protein, 
approximately 30 percent of the samples were 
positive, as expected from the genetic 
information. In contrast, the majority of 
advanced cancer samples from the same 
populations were positive for the Siglec-12 
protein.  Looking at a different population of 
patients with advanced stage colorectal 
cancer, the researchers found that more than 
80 percent had the functional form of the 
SIGLEC-12 gene, and those patients had a 
worse outcome than the minority of patients 
without it. 

The researchers also validated their findings in 
mice by introducing tumor cells engineered to 
produce Siglec-12. The resulting cancers grew 
much faster and turned on many biological 
pathways known to be involved in advanced 
cancers, compared to control tumor cells 
without functioning Siglec-12. (Source: 
Edited from UC San Diego news release)
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A new treatment for Retinitis Pigmentosa

In a significant development in the area of 
ophthalmology, a team of New Delhi-based 
researchers has come out with a finding that 
shows the possibility for a cure for the 
progressively irreversible retinal 
degenerative disease which causes partial or 
complete blindness. Presently, there is no 
cure for the disease. Current modules of 
treatment offer only symptomatic relief. 
Some recent studies across the world have 
shown that cell therapy could be of help. 
However, it is difficult to find an accessible 
and abundant source of stem cells using 
minimally invasive techniques for this 
purpose. Besides, there is a lot of safety and 
ethical issues surrounding the use of stem 
cells.

Scientists have been toying with the alternative 
idea of using monocytes, which are a type of 
leukocyte, or white blood cell. Recent studies 
have shown that they could be converted into 
stem cell-like cells without needing to go 
through genetic modification. A major plus 
point with monocytes, if the strategy is found 
effective, will be that they constitute as much as 
five to eight percent of blood and they are, thus, 

available in relatively larger quantities.

In their new study, researchers, who hailed 
from the Department of Biotechnology's New 
Delhi-based National Institute of Immunology 
(DBT-NII) and Dr. Rajendra Prasad Centre for 
Ophthalmic Sciences at All India Institute of 
Medical Sciences, assessed the potential of 
monocytes obtained from peripheral blood and 
have found that they do fit the bill.

They first modified the monocytes into stem 

cell like cells by culturing in a unique media and 
then exposed them to biochemicals involved in 
the natural process of retinal differentiation, 
leading to a state that mimicked retinal neuron-
like cells. These were studied for molecular, 
phenotypic, and functional properties followed 
by transplantation in a mouse model previously 
developed in their lab to test their integration 
within the body. They then checked if these 
induced cells could gain retinal neuron-like 
function upon transplantation in an eye with a 
degenerated retina. The study team has 
published a report on their work in the journal 
`Stem Cell Research and Therapy'.

The researchers noted that it was a proof-of-
concept study to demonstrate that reconditioned 
monocytes can be induced to acquire retinal 
neuron-like properties through differentiation 
using a defined growth media and that it can be a 
potential candidate for cell therapy-based 
interventions and disease modelling for ocular 
diseases and cautioned against over-enthusiasm.

(Source: Edited from India Science Wire 
release)

New imaging technique to detect prostate cancer

The University of California's two nationally 
ranked medical centers, UCSF and UCLA, 
and their nuclear medicine teams have 
obtained approval from the U.S. Food and 
Drug Administration to offer a new imaging 
technique for prostate cancer that locates 
cancer lesions in the pelvic area and other 
parts of the body to which the tumors have 
migrated. Known as prostate-specific 
membrane antigen PET imaging, or PSMA 
PET, the technique uses positron emission 
tomography in conjunction with a PET-
sensitive drug that is highly effective in 
detecting prostate cancer throughout the body 
so that it can be better and more selectively 
treated. The PSMA PET scan also identifies 
cancer that is often missed by current 
standard-of-care imaging techniques.

“UCLA and UCSF researchers studied 
PSMA PET to provide a more effective 
imaging test for men who have prostate 

cancer,” said Dr. Jeremie Calais, an assistant 
professor at the David Geffen School of 
Medicine at UCLA. “Because the PSMA 
PET scan has proven to be more effective in 
locating these tumors, it should become the 
new standard of care for men who have 
prostate cancer, for initial staging or 
localization of recurrence.” A clinical trial 
conducted by the UCSF and UCLA research 
teams on the effectiveness of PSMA PET 
proved pivotal in garnering FDA approval for 
the technique at both universities. The PSMA 
drug used in the technique was developed 
outside the U.S. by the University of 
Heidelberg.  

PSMA PET works using a radioactive tracer 
drug called 68Ga-PSMA-11, which is injected 
into the body and attaches to proteins known as 
prostate-specific membrane antigens. Because 
prostate cancer tumors overexpress these 

proteins on their surface, the tracer enables 
physicians to pinpoint their location. In their 
research comparing PSMA PET and 
fluciclovine PET, the UCLA and UCSF 
research teams found that imaging with PSMA 
PET was able to detect significantly more 
prostate lesions than fluciclovine PET in men 
who had undergone a radical prostatectomy but 
had experienced a recurrence of their cancer. 
Their findings indicate that PSMA PET should 
be strongly considered both before initial 
treatment in men with high-risk cancers and in 
cases of cancer recurrence after surgery or 
radiation to provide more precise care. The 
PSMA tracer also can be used in conjunction 
with CT or MRI scans. (Source: Edited from 
UCLA news release)
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Personalised cancer vaccine

Published in Science Advances, a new study 
by Universi ty  of  Chicago scient is ts 
demonstrates a new approach that delivers a 
one-two punch against cancer cells: using tiny 
metal-organic frameworks to generate X-rays 
that kill cancer cells directly, while also 
boosting the body's immune system to 
recognize the tumor cells. By combining these 
two approaches into one easily administered 
“vaccine,” this new technology may provide 
the key to better local and systemic treatment 
of difficult-to-treat cancers. In a collaboration 
between the Lin Group in the University of 
Chicago Department of Chemistry and the 
Weichselbaum Lab at University of Chicago 
Medicine, the research team combined 
expertise from inorganic chemistry and cancer 
biology to tackle the challenging problem of 
properly targeting and activating an innate 
immune response against cancer.

They leveraged the unique properties of 
nanoscale metal-organic frameworks, or 
nMOFs—nanoscale lattice structures that are 
capable of infiltrating tumors. These nMOFs 
can be irradiated with X-rays to generate high 
concentrations of free oxygen radicals, killing 

the cancer cells directly and producing 
antigens and inflammatory molecules that 
help the immune system recognize and clear 
cancerous cells—much like a vaccine. Their 
lattice-like structure also makes nMOFs ideal 
transporters for delivering anti-cancer drugs 
directly to tumors. Thus far, however, it has 
been difficult to activate innate and adaptive 
immune responses necessary for eliminating 
cancerous tumors.

In this new study, the researchers generated a 
new type of nMOF structure that could be 
loaded with drugs known as PAMPs 
(pathogen-associated molecular patterns), 
which can activate the immune response 

against tumor cells. Now, when the nMOFs 
were applied to cancerous tumors, irradiating 
the tissue had a double effect: it triggered the 
nMOFs to kill local cancer cells to produce 
antigens against the tumor and released the 
PAMPs, which then triggered a much stronger 
activation of the immune response to the tumor 
antigens. This one-two punch was capable of 
killing both colon and pancreatic cancer cells 
with high efficacy, even in tumor models that 
are highly resistant to other kinds of 
immunotherapy. In further experiments with 
mice, the investigators saw they could extend 
the effects of the nMOFs even to distant 
tumors with the application of immunotherapy 
drugs called checkpoint inhibitors, providing 
new hope for treating cancer both locally and 
systemically with this approach. The effects of 
the treatment were so pronounced that the 
researchers are eager to bring the technology 
to clinical trials, where other versions of the 
nMOF technology are already being tested, 
with promising results thus far. (Source: 
Edited from University of Chicago news 
release written by Alison Caldwell)

Solving structure of light nuclei
Saori Pastore, assistant professor of physics in 
Arts & Sciences at Washington University in St. 
Louis, helps explain what happens in nuclei 
when they decay, scatter among each other or 
come into contact with subatomic particles. Her 
recent publication, “Weak Transitions in Light 
Nuclei,” in November's Frontiers in Physics, 
contributes to a body of increasingly accurate, 
descriptive calculations of nuclear structure and 
reactions. Pastore's nuclear theory research 
directly complements experimental work in the 
national nuclear and particle physics program, 
like the work that will be conducted at the 
Facility for Rare Isotope Beams (FRIB), a 
$760-million user facility that the Department of 
Energy (DOE) is building at Michigan State 
University (MSU). Washington University 
physicists have collaborated for decades with 
researchers at MSU, a Midwestern hub for 
nuclear science. “Here at Washington Uni-
versity, we perform microscopic calculations of 
nuclear structure and reactions using theoretical 
and computational methods,” Pastore said. 
“This allows us to fully retain the complexity of 
nucleonic correlations and dynamics, which are 

crucial to explain nuclear properties.

With her new DOE grant, Pastore is tackling 
the calculation of beta decay rates in light 
nuclei. A recent Physical Review C publication, 
written with first author Garrett King, a 
graduate student in physics at Washington 
University, lays out the approach. Pastore 
works closely with collaborator Maria Piarulli, 

assistant professor of physics, and members of 
the university's Quantum Monte Carlo Group 
to advance the university's work with 
researchers using the new FRIB. She is also 
part of the McDonnell Center for the Space 
Sciences' Particle and Nuclear Physics, 
Cosmology and Gravitation research group. 
(Source: Edited from Washington University in 
St. Louis news release written by Talia Ogliore)
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