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For the first time, the United Nations (UN) 
Sustainable Development Goals (SDGs) are 
the main focus of the 8th triennial conference 
of the International Nitrogen Initiative (INI). 
Postponed from May last year due to the 
COVID-19 pandemic, it was held virtually 
with over 800 scientists and other stake-
holders from over 60 countries joined the 
conference during 31 May and 03 June 2021. 
Also for the first time since the inception of 
INI two decades ago, its conference was 
hosted by Germany's Federal Environment 
Agency (Umwel-tbundesamt – UBA), with 
the support of the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety, said a statement released by 
the INI.

“Reactive nitrogen compounds like NOx, 
ammonia and the greenhouse gas nitrous 
oxide impact air, water and soil quality, health, 
biodiversity and climate change, among 
others. These compounds are lost from 
fertilizers, manures and sewage as well as 
from fuel burning in transport and industry. 
Assessing and managing them sustainably 
will be crucial to achieve the 17 UN SDGs 

8th Global Nitrogen Conference
International Nitrogen Initiative focuses on sustainable development goals 

targeted for 2030”, said Nandula Raghuram, 
Chair of the INI and Professor of bio-
technology from Guru Gobind Singh 
Indraprastha University, New Delhi. “INI 
conferences always brought together the latest 
science to call for governmental action and 

evidence-based policies.  Our earl ier 
conference declarations and nitrogen 
assessment projects led to the first ever UN 
resolution on sustainable nitrogen manag-
ement piloted by Indian government in 2019”, 
he added.

The increasing inter-governmental attention to 
reactive nitrogen is evident from the 
programme posted on the conference website 
(ini2021.com). Apart from scientists and 
German government, the conference will be 
addressed by speakers from UN Environment 
Programme (UNEP), UN Food and Agri-
culture Organisation (FAO) and UN Econ-
omic Commission on Europe (UNECE), 
among others. Nitrous oxide has upto 300 
times higher global warming potential than 
carbon dioxide and the UK government is 
highlighting it in the run up to the UNFCC 
COP26 to be held at Glasgow in November 
this year.

Prof. Tapan Adhya, Director of the INI South 
Asia Nitrogen Centre said “South Asia is one 
of the global hotspots for nitrogen pollution. 
The Indian nitrogen assessment of 2017 has 
provided a huge impetus to the UN resolution, 
as well as to the ongoing South Asian nitrogen 
assessment. Millions of lives and livelihoods 
are affected by nitrogen pollution, apart from 
loss of fertilizers worth billions of dollars from 
farms”.

Observational Astronomy Trainning
Students from universities all over India attend Training School conducted by ARIES

Nearly 100 students from more than 25 
universities from all over India were introduced 
to various topics related to astronomy at an 
online training programme to develop capacity 
in the subject. They were taken through subject 
areas such as telescopes, star formation and 
evolution, exoplanets, solar physics, galactic 
and extragalactic astronomy, observing 
facilities at ARIES, 30-meter telescope 
project, and Aditya L1 space mission.

The 8-day training programme for post-
graduate students titled 'ARIES Training 
School in Observational Astronomy (ATSOA) 
– 2021' included hands-on and demonstration 
sessions on various astronomical data 
processing techniques such as photometry, 
spectroscopy, polarimetry, and machine 
learning every day. It was conducted by the 
Aryabhatta Research Institute of Observational 
Sciences (ARIES), an autonomous institute 
under the Department of Science and 
Technology (DST) Govt. of India

The demonstration sessions were designed to 
help the s tudents  in get t ing a bet ter 

generating huge volumes of data, which 
require a growing number of researchers to 
e x p l o i t  t h e  d a t a  a n d  i m p r o v e  t h e 
understanding of celestial bodies.

By conducting training schools annually, 
ARIES aims to develop an expertise/skill in 
astronomical data-analysis in optical 
wavelengths among young students and create 
a talent pool in the country. ATSOA-2021 was 
an important step in this direction. The 
programme from 17th-24th May 2021 was a 
part of the activities commemorating “75 
years of India's Independence: Azadi ka Amrit 
Mahotsav” at ARIES

understanding of the concepts covered during 
the lectures. The students also got to interact 
with ARIES scientists, post-doctoral fellows, 
and research scholars about various 
opportunities in pursuing astronomy.

The present understanding of the Universe 
depends not only on continuous growth of 
observational facilities but also on the 
number of people utilizing the data generated 
from these facilities. With technological 
advances, there are numerous operational and 
upcoming astronomical facilities in different 
electromagnetic spectrum bands all over the 
globe and in space. These facilities will be 

“Reactive nitrogen 

compounds like NOx, 

ammonia and the 

greenhouse gas nitrous 

oxide impact air, water 

and soil quality, health, 

biodiversity and climate 

change, among others.” 
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Experts from different parts of India discussed 
the importance and different aspects of 
biodiversity conservation, its relationship 
with technology and sustainable development 
at a programme organised on the occasion of 
International Day of Biological Diversity.

Dr. Ramesh Krishnamurthy, a renowned 
Scientist from Wildlife Institute of India, 
Dehradun, emphasised the importance of 
nature and culture-based solutions for 
biodiversity conservation in his talk titled 
'Biodiversity and Technology: Towards 
integrated nature-culture solutions' at the 
programme organised by BioNest-IASST, 
along with Institute of Advanced Study in 
Science and Technology (IASST), Paschim 
Boragaon, Guwahati, an autonomous institute 
of the Department of Science & Technology 
(DST).

Director of IASST Prof. Ashis K. Mukherjee 
stressed that biodiversity gives the answer to 

International Day of Biological Diversity
Importance of nature and culture-based solutions for biodiversity conservation discussed on at a programme

BRICS collaboration among astronomers
India hosts the seventh meeting of BRICS Astronomy Working Group meeting 

Delegates from BRICS nations highlighted the 
importance of enhancing collaboration among 
astronomers from the countries at the seventh 
meeting of the BRICS Astronomy Working 
Group Meeting.

Under the Science, Technology, and Innovation 
track of the BRICS 2021 calendar, India hosted 
the seventh meeting of BRICS Astronomy 
Working Group (BAWG) meeting of Brazil, 
Russia, India, China, and South Africa, as well 
as astronomers from these countries in online 

thmode from 19 to 20  May 2021.

From the Indian side, the Inter-University 
Centre for Astronomy and Astrophysics 
(IUCAA), Pune, and Department of Science 
and Technology (DST), Government of India 
coordinated the meeting. It witnessed 
participation of all five BRICS countries with 
more than 50 part icipants ,  including 
researchers, academicians, and government 
officials.

The delegates deliberated on strategic and 
operational matters and recommended the 
networking of existing Telescopes in BRICS 
countries and create regional Data Network. 
They agreed to develop flagship project in this 
area. The members of the working group also 

Shri S. K. Varshney, Scientist G & Head 
international Cooperation presented India 
(DST) perspectives and lead scientific 
researchers from each BRICS country 
presented their country report highlighting 
research activities and research infrastructure 
they have created.

The key scientific institutions which 
participated from BRICS countries included 
Tata Institute of Fundamental Research 
Mumbai, Indian Institute of Astrophysics, 
Bangalore, National Center for Radio 
Astrophysics Pune, Delhi University from 
India; National Laboratory on Astrophysics;  
Brazilian Center for Research in Physics, 
National Institute for Space Research from 
Brazil; the Institute of astronomy of the 
Russian Academy of Sciences, Russia; 
National Astronomical Observatories, 
Chinese Academy of Sciences, China; the 
African Astronomical Society, South Africa.

India has assumed the BRICS Presidency 
from January 2021, about 100 events, 
including Ministerial level meetings, Senior 
Official meetings, and sectorial meetings 
/conferences, will be organized as part of 
BRICS 2021 Calendar.

indicated future directions of research in this 
area such as building network of intelligent 
telescope and data network, study of transient 
astronomical phenomena in universe, big 
data, artificial intelligence, machine learning 
application to process the voluminous data 
generated now a days due to enhance multi-
wavelength telescope observatory.

The BAWG which provides a platform for 
BRICS member countries to collaborate in 
the field of astronomy recommended that the 
focal points in each country should present 
the scientific results of the work being carried 
out in each country.  This will help seek 
funding support to realize the flagship project 
whenever funding opportunity announced by 
BRICS funding agencies. BAWG noted the 
importance of enhancing collaboration 
among astronomers from the BRICS 
countries.

several sustainable development challenges, 
and we should give our best efforts to save and 
conserve the biodiversity from extinction. He 
was speaking on the International Day of 

Biological Diversity at the online programme 
organised as part of the celebrations of the 75th 
year of India's independence: Azadi ka Amrit 
Mahotsava on May 22, 2021. He also 
mentioned that Bio-Diversity & Eco-System 
is one of the thrust areas of research at IASST 

and highlighted the different biodiversity-
related ongoing research projects in this 
institute.

The programme was attended by several 
dignitaries, including faculty members, staff, 
and research scholars of the Institute via an 
online digital platform following the Covid-19 
protocol. Scientists like Dr Tania Das Paul 
from BioNest (Bioincubators Nurturing 
Entrepreneurship for scaling technologies) 
Facility and Dr Debasish Chowdhury took part 
in the programme. Some important resolutions 
pertaining to augmentation and strengthening 
the research on conservation and exploration 
of biodiversity were also taken.

The International Day for Biological Diversity 
is a United Nations-sanctioned international 
day for the promotion of biodiversity issues 
held on May 22 annually which falls within the 
scope of the UN Post-2015 Development 
Agenda's Sustainable Development Goals.

“biodiversity gives the 
answer to several 
sustainable development 
challenges, and we should 
give our best efforts to save 
and conserve the 
biodiversity from 
extinction”.

The BAWG which 

provides a platform for 

BRICS member 

countries to collaborate 

in the field of astronomy 
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Bharat Ratna Professor C.N.R. Rao has 
received the International Eni Award 2020 for 
research into renewable energy sources and 
energy storage, also called the Energy Frontier 
award. This is considered to be the Nobel 
Prize in Energy Research.

Professor Rao has been working on hydrogen 
energy as the only source of energy for the 
benefit of all mankind. Hydrogen storage, 
photochemica l  and  e lec t rochemica l 
production of hydrogen, solar production of 
hydrogen, and non-metallic catalysis were the 
highlights of his work.

The Energy Frontiers award has been conferred 
for his work on metal oxides, carbon 
nanotubes, and other materials and two-
dimensional systems, including graphene, 
boron-nitrogen-carbon hybrid materials, and 
molybdenum sulfide (Molybdenite - MoS2) 
for energy applications and green hydrogen 
production. The latter can, in fact, be achieved 
through various processes, including the 

Professor C.N.R. Rao 
receives the Eni International Award for Research in Energy Frontiers

Ashoka University announced that a Chair has 
been endowed by two renowned Astro-
physicists, Sunanda Basu and Santimay Basu, 
in their name for teaching and research in 
Astrophysics. The University will undertake 
an extensive search for appointment of a 
distinguished Professor of Astrophysics to the 
Sunanda and Santimay Basu Chair in 
Astrophysics. The Chair-holder will lead the 
setting up of an Astrophysics Centre at 
Ashoka. The permanent Chair will be 
associated with the Physics Department at the 
University.

''We are honoured to announce the Sunanda 
and Santimay Basu Chair in Astrophysics at 
Ashoka University. Their pioneering work in 
the area of ionospheric scintillation have been 
critical to understanding of ionospheric space 
weather. The Chair is a step towards enco-
uraging cutting edge work in Astro-physics 
and the setting up of Centre for Astrophysics 
to nurture Indian astrophysicists who would 
follow in their footsteps, said Prof. Malabika 
Sarkar, Vice-Chancellor, Ashoka University.''

Speaking on the announcement of Sunanda 
and Santimay Basu Chair in Astrophysics, 
renowned physicist Dr. Sunanda Basu said ''I 

aspect of the field encompassing diverse 
natural irregularity formation processes at 
high, middle and low latitudes, as well as 
artificial turbulence generation through high-
power high frequency (HF) radio wave 
interactions. These scintillations, now known 
generically as ionospheric space weather, are 
caused by plasma density irregularities in 
near-Earth space, and are responsible for 
creating errors in space-based communication 
and navigation systems such as GPS. Such 
errors are much enhanced during magnetic 
storms on Earth, which follow transient events 
on the sun, like solar flares or coronal mass 
ejections.

This scientist couple started their research 
careers in India and continued in the US for 
many decades. SantimayBasu passed away in 
2013 and Sunanda has continued her career, 
with greater emphasis on philanthropy within 
the US and in developing countries, including 
Africa. In 2014, she endowed a gold medal and 
prize in memory of her husband Santimay, to 
be given to an early-career scientist at the 
General Assemblies of the International 
Scientific Radio Union (URSI).

am delighted to announce an academic chair 
in astrophysics at Ashoka University. Over 
the past few years, Ashoka University has 
emerged as one of the leading liberal arts and 
sciences Universities in India. I am confident 
that this position will create a nucleus for a 
vibrant centre in astrophysics at Ashoka 
University and encourage world class 
research in the subject at the University.''

Sunanda and Santimay Basu are inter-
nationally recognized experts in the area of 
ionospheric scintillation, having made 
cutting edge research contributions to every 

photodissocia t ion  of  water,  thermal 
dissociation, and electrolysis activated by 
electricity produced from solar or wind energy. 
Professor Rao has worked in all three areas and 
developed some highly innovative materials.

The same or related materials have also been 

shown to have beneficial properties for the 
construction of hydrogen storage systems and 
supercapacitors with high specific power and 
an increased number of charge-discharge 
cycles. The latter are energy storage devices, 
similar to batteries, which will become an 
increasingly important part of the renewable 
energy sector.

The Eni Awards 2020 will be presented on 14 
October 2021, during an official ceremony 
held at the Quirinal Palace in Rome, attended 
by the President of the Italian Republic, Sergio 
Mattarella.

The award, which has become internationally 
recognized over the years in the field of energy 
and environmental research, aims to promote 
better use of energy sources and encourage 
new generations of researchers in their work. It 
bears witness to the importance that Eni places 
on scientific research and innovation. It 
includes a cash prize and a specially minted 
gold medal.

Sunanda and Santimay Basu Chair in Astrophysics
Ashoka University announces that the chair has been endowed by the two renowned Astrophysicists  
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University of Cambridge chemists Shankar 
Balasubramanian and David Klenerman have 
been jointly awarded the 2020 Millennium 
Technology Prize, one of the world's most 
prestigious science and technology prizes, by 
Technology Academy Finland (TAF).

The global prize, awarded at two-year 
intervals since 2004 to highlight the impact of 
science and innovation on society, is worth €1 
million. Of the nine previous winners of the 
Millennium Technology Prize, three have 

Millennium Technology Prize 2020
British duo Professor Shankar Balasubramanian and Professor David Klenerman have been awarded the 
Prize for their development of revolutionary DNA sequencing techniques.

subsequently gone on to win a Nobel Prize. 
This is the first time that the prize has been 
awarded to more than one recipient for the 
same innovation, celebrating the significance 
of collaboration. The announcement of the 
2020 award was delayed due to the COVID-
19 pandemic. 

Professors Balasubramanian and Klenerman 
co-invented Solexa-Illumina Next Generation 
DNA Sequencing (NGS), technology that has 
enhanced our basic understanding of life, 
converting biosciences into 'big science' by 
enabling fast, accurate, low-cost and large-
scale genome sequencing – the process of 
determining the complete DNA sequence of 
an organism's make-up. They co-founded the 
company Solexa to make the technology 
available to the world.

The technology has had – and continues to 
have – a transformative impact in the fields of 
genomics, medicine and biology. One 
measure of the scale of change is that it has 
allowed a million-fold improvement in speed 
and cost when compared to the first 
sequencing of the human genome. In 2000, 

Chemistry, Cancer Research UK Cambridge 
Institute and a Fellow of Trinity College, said: 
“I am absolutely delighted at being awarded 
the Millennium Technology Prize jointly with 
David Klenerman, but it's not just for us, I'm 
happy on behalf of everyone who has 
contributed to this work.”

Professor Sir David Klenerman FMedSci 
FRS from the Yusuf Hamied Department of 
Chemistry, and a Fellow of Christ's College, 
said: “It's the first time that we've been 
internationally recognised for developing this 
technology. The idea came from Cambridge 
and was developed in Cambridge. It's now 
used all over the world, so I'm delighted 
largely for the team of people who worked on 
this project and contributed to its success.”

Next-generation sequencing involves 
fragmenting sample DNA into many small 
pieces that are immobilized on the surface of a 
chip and locally amplified. Each fragment is 
then decoded on the chip, base-by-base, using 
fluorescently coloured nucleotides added by 
an enzyme. By detecting the colour-coded 
nucleotides incorporated at each position on 

sequencing of one human genome took over 
10 years and cost more than a billion dollars: 
today, the human genome can be sequenced in 
a single day at a cost of $1,000. More than a 
million human genomes are sequenced at scale 
each year, thanks to the technology co-
invented by Professors Balasubramanian and 
Klenerman, meaning we can understand 
diseases much better and much more quickly.

Professor Sir Shankar Balsubramanian FRS 
from the Yusuf Hamied Department of 

the chip with a fluorescence detector – and 
repeating this cycle hundreds of times – it is 
possible to determine the DNA sequence of 
each fragment.

The collected data is then analysed using 
computer software to assemble the full DNA 
sequence from the sequence of all these 
fragments. The NGS method's ability to 
sequence billions of fragments in a parallel 
fashion makes the technique fast, accurate and 
cost-efficient. The invention of NGS was a 
revolutionary approach to the understanding 
of the genetic code in all living organisms.

Next-generation sequencing provides an 
effective way to study and identify new 
coronavirus strains and other pathogens. With 
the emergence of the COVID-19 pandemic, 
the technology is now being used to track and 
explore mutations in the coronavirus. This 
work has helped the creation of multiple 
vaccines now being administered worldwide 
and is critical to the creation of new vaccines 
against new dangerous viral strains. The 
results will also be used to prevent future 
pandemics.

The technology is also allowing scientists and 
researchers to identify the underlying factors 
in individuals that contribute to their immune 
response to COVID-19. This information is 
essential to unravelling the reason behind why 
some people respond much worse to the virus 
than others.

NGS technology has revolutionised global 
biological and biomedical research and has 
enabled the development of a broad range of 
related technologies, applications and 
innovations. Due to its efficiency, NGS is 
widely adopted in healthcare and diagnostics, 
such as cancer, rare diseases, infectious 
medicine, and sequencing-based non-invasive 
prenatal testing.

It is increasingly used to define the genetic risk 
genes for patients with a rare disease and to 
define new drug targets for disease in defined 
patient groups. NGS has also contributed to 
the creation of new and powerful biological 
therapies like antibodies and gene therapies.

In the field of cancer, NGS is becoming the 
standard analytical method for defining 
personalised therapeutic treatment. The 
technology has dramatically improved our 
understanding of the genetic basis of many 
cancers and is often used both for clinical tests 
for early detection and diagnostics both from 
tumours and patients' blood samples.

David Klenerman and Shankar Balasubramanian receiving the MTP prize. 
Credit: Millennium Technology Prize
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The first ever international South Asian Award 
on Nitrogen management was announced in a 
special virtual event held on 3 June 2021, as a 
part of the 8th triennial Conference of the 
International Nitrogen Initiative (INI2021). 
The award is shared by Dr. Anjan Datta from 
Bangladesh and Mr. Mahesh Pradhan from 
Nepal, for their work as the founding architect 
and the current-coordinator, respectively, of 
the Global Partnership on Nutrient Manage-
ment (GPNM). It is a unique multi-
stakeholder partnership of governments, 
academia, industry and civil society that 
addresses global nutrient pollution through 
the United Nations Environment Programme 
(UNEP), where both the awardees have been 
employed.

The awardees were congratulated by GPNM 
Chair, Prof. Ramesh Ramachandran, Director 
of the National Centre for Sustainable Coastal 
Management, Chennai and the and INI Chair, 
Prof. N. Raghuram, President of the 
Sustainable India Trust. “The 'Prof. YP Abrol 
Memorial Award for Excellence in Science 
and/or policy towards Sustainable Nitrogen 
Management'  was established by the 
Sustainable India Trust in 2020 in the memory 
of its founder, who passed away on 26 July 
2020. We regard him as the father of Indian 
agricultural nitrogen research, said Raghu-
ram. “This award signifies the emer-gence of 
South Asia on the global stage of nitrogen 
management and is a fitting tribute to him” he 
said.

International South Asian Award on Nitrogen management
The first ever award is shared by Dr. Anjan Datta from Bangladesh and Mr. Mahesh Pradhan from Nepal, for 
their work as the founding architect and the current coordinator, respectively

In addition to medical applications, NGS has 
also had a major impact on all of biology as it 
allows the clear identification of thousands of 
organisms in almost any kind of sample, 
which is important for agriculture, ecology 
and biodiversity research.

Academy Professor Päivi Törmä, Chair of the 
Millennium Technology Prize Selection 
Committee, said: “The future potential of 
NGS is enormous and the exploitation of the 
technology is still in its infancy. The 
technology will be a crucial element in 
promoting sustainable development through 
personalisation of medicine, understanding 
and fighting killer diseases, and hence 
improving the quality of life. Professor 
Balasubramanian and Professor Klenerman 

are worthy winners of the prize.”

Professor Marja Makarow, Chair of Tech-
nology Academy Finland said: “Collab-
oration is an essential part of ensuring 
positive change for the future. Next Gener-
ation Sequencing is the perfect example of 
what can be achieved through teamwork and 
individuals from different scientific 
backgrounds coming together to solve a 
problem.

“The technology pioneered by Professor 
Balasubramanian and Professor Klenerman 
has also played a key role in helping discover 
the coronavirus's sequence, which in turn 
enabled the creation of the vaccines – itself a 
triumph for cross-border collaboration – and 
helped identify new variants of COVID-19.”

“Prof. Abrol developed nitrogen fertilizer 
recommendations for green revolution from 
the Indian Agricultural Research Institute, 
New Delhi. He also founded the Indian 
Nitrogen Group, South Asian Nitrogen Centre 
of INI and the Society for Conservation of 
Nature in New Delhi. They hosted the 5th INI 
Conference in New Delhi that led to the Indian 
Nitrogen Assessment (2017) and the ongoing 
South Asian Nitrogen Assessment”, said Prof. 
Himanshu Pathak, Executive President of the 
Society for Conservation of Nature and 
Director of the National Institute of Abiotic 
Stress Management (NIASM-ICAR), 
Malegaon, Baramati, Maharashtra. He award 
committee was chaired by Prof. Tapan Adhya, 

former director of the National Rice Research 
Institute, Cuttack and currently a biotec-
hnologist at KIIT University, Bhuba-beswar, 
Odisha. He is also the current director of the 
INI South Asian Centre.

In his acceptance speech, Anjan Datta said, 
that valuable nutrients like nitrogen and 
phosphorus that are crucial for food security 
often end up in the wrong place causing water 
air pollution, illhealth, biodiversity loss and 
climate change. “The establishment of GPNM 
promoted international efforts towards closing 
the nutrient cycles. Its efforts at UNEP led to 
the UN resolution on Sustainable Nitrogen 
Management piloted by the Indian gover-
nment and more countries are monito-ring and 
developing mitigation targets for nitrogen 
pollution now than ever before. The Indian 
initiative is a result of the decade-long efforts 
of Prof. Abrol and the Indian Nitrogen Group. I 
am fortunate to have known him and I am 
honoured and humbled to receive this award”, 
he said.

Mahesh Pradhan said, “I am fortunate to 
inherit GPNM from Anjan Datta, who did all 
its ground work on nitrogen with INI, Prof. 
Abrol and others. The UN resolution gave us 
the impetus for Colombo declaration to 'have 
nitrogen waste by 2030'. The emphasis of this 
INI conference and the Berlin declaration on 
nitrogen management for sustainable 
development goals is very timely. This will be 
followed by the special nitrogen session 
tomorrow as a part of the World Environment 
Day celebrations being hosted by the 
government of Pakistan. This event connects 
nitrogen with the UN decade of ecosystem 
restoration”

Millennium Technology Prize 2020 ....

Dr. Anjan Datta (L) and Mahesh Pradhan (R) Source: India Science Wire
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The 2021 Technology Pioneers include:

AFRICA

C a m b r i d g e  I n d u s t r i e s ,  E t h i o p i a : 
I n n o v a t i n g  n e x t - g e n e r a t i o n  u r b a n 
infrastructure through sustainable city parks

FlexFinTx, Zimbabwe: Building the next 
generation of identity management

Kuda Technologies, Nigeria: Providing 
Africans with access to credit and free 
banking services

Moringa School, Kenya: A workforce 
development platform serving African 
students

mPharma, Ghana: Building good health in 
Africa through technology-driven healthcare

Sokowatch, Kenya: Offering same-day 
delivery and working capital to African 
retailers

ASIA PACIFIC

AI Medical Service, Japan: Developing the 
world's first endoscopic AI for gastric cancer

Aspire, Singapore: Banking South-East 
Asia's internet economy

Avant Meats, China: Biotechnology for 
healthy, tasty meats made sustainably without 
animals

Banyan Nation, India: Driving circular 
economy via technology-driven informal 
recycler integrative technology solutions

Black Lake Technologies, China: Cloud-

World Economic Forum announces Technology Pioneers 2021
100 Start-ups from 26 economies include new tech leaders in AI, cybersecurity, robotics, healthcare, 
financial access and more join the Community 

based collaboration software empowering 
manufacturers with real-time data

Cinnamon, Japan: An AI platform to drive 
digital transformations

Civic Ledger, Australia: Helping the world 
reduce its water footprint

CredoLab, Singapore: Developing bank-
grade digital credit scorecards built on mobile 
device metadata

DoBrain, Republic of Korea: Game-based 
learning to unlock and optimize children's 
potential

Equota Energy, China: AI intelligence-
based energy optimization, maintenance and 
carbon management company

HiNounou, China: Using AI to promote 
healthy ageing and intergenerational solidarity

Learnable ,  China :  In te rac t ive  and 
explainable AI solutions on less data

MakinaRocks, Republic of Korea: Making 
industrial  technology intell igent and 
delivering it as transformative solutions

mClinica, Singapore: Building the largest 
digital network of pharmacies in South-East 
Asia

Minieye, China :  Using cutting-edge 
computer  v is ion technology to  lead 
automotive industry change

Ocean Protocol, Singapore: Unlocking the 
value of data – a new asset class

Praava Health, Bangladesh: A healthcare 
platform providing high-quality digital health 
and in-clinic experiences

SandStar, China :  Providing leading 
computer vision technology for retail

Shannon Technology, China: A language-
understanding intelligent service powered by 
advanced AI technology

Standard Energy, Republic of Korea: 
Manufacturer of vanadium ion batteries 
specifically for energy storage systems

Videonetics Technology, India: AI and deep 
learning-powered video computing platform 
development

Zyllem, Singapore: Software-as-a-service 
solution for logistics network management

EUROPE

Aave, United Kingdom: Built Aave Protocol, 
an open source and non-custodial liquidity 
protocol

Adhara, United Kingdom: Providing 
liquidity management and international 
payments for decentralized financial networks

Av r i o s ,  S w i t z e r l a n d :  E m p o w e r i n g 
companies to own the true cost of mobility

Carbios, France: Green chemistry company 
providing an industrial solution to PET 
recycling

C e n t u r y  Te c h ,  U n i t e d  K i n g d o m : 
Developing AI-based learning technologies

Ceretai, Sweden: Media diversity partner 

The World Economic Forum announced recently its 2021 Technology 
Pioneers, young and growing tech companies taking on top global 
concerns with innovative technologies and business models. From 
artificial intelligence (AI) to fintech, the 2021 Tech Pioneers cohort is 
using new tech to protect the climate, improve healthcare and much 
more.

“The 2021 cohort of Tech Pioneers includes many future headline 
makers at the forefront of their industries,” said Susan Nesbitt, Head of 
the Global Innovators Community, World Economic Forum. “These 
companies show great potential to not only shake up their industries but 
offer real solutions to global problems. They'll bring great value to the 
World Economic Forum's mission of improving the state of the world 
with their participation in the Technology Pioneers community.”

This year's Technology Pioneers are emerging leaders in a wide range of 
industries that span healthcare, cleantech, AI, logistics and more. While 
at the cutting edge of their industries, many Technology Pioneers are 
also addressing global societal issues by using new tech to improve 
education options, address climate change issues and others.

Ceretai, for example, is a Technology Pioneer helping media companies 
uncover stereotypes and representation gaps in their content through 
automated diversity and equality analysis. Banyan Nation is using 

technology to support circular economy climate solutions in India. 
Century Tech is supporting personalized education options through 
combined innovations in learning science, AI and neuroscience.

This year's cohort has the highest gender diversity yet, with over 30% of 
companies led by women. There are also 26 economies represented this 
year, with the United Arab Emirates, El Salvador, Ethiopia and 
Zimbabwe represented for the first time. All the 2021 Technology 
Pioneers are bringing great innovation to their regions.

FlexFinTx, for example, is building self-sovereign digital identities to 
help the over 400 million Africans that lack proper forms of 
identification. Meanwhile, Cambridge Industries is addressing climate 
change by developing sustainable city infrastructure to support waste-
to-energy products.

Following their selection as Technology Pioneers, this year's companies 
will join an impressive group of alumni that include many household 
names, such as Airbnb, Google, Kickstarter, Mozilla, Palantir 
Technologies, Spotify, TransferWise, Twitter and Wikimedia.

The 2021 cohort will also be invited to participate in World Economic 
Forum workshops events and high-level discussions throughout their 
two years in the community.
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supporting companies with diversity 
strategies and insights

CloudNC, United Kingdom: Making 
manufacturing autonomous

Enapter, Italy: Providing green hydrogen 
technology through anion exchange 
membrane electrolyser manufacturing

EnginZyme, Sweden: Developing the 
definitive technology platform for sustainable 
chemical production

Greyparrot AI, United Kingdom: Waste 
recognition to increase transparency and 
automation in waste management

Hydrogenious, Germany: Enabling high-
performing hydrogen value chains globally.

Parity Technologies, United Kingdom: 
Employing the blockchain pioneers who 
launched Ethereum, now building Polkadot

Polymateria, United Kingdom: A new 
scalable solution for the plastic pollution 
pandemic

Powell Software, France: Digital workplace 
solutions that improve the employee 
experience

PQShield, United Kingdom: Protecting 
information for the quantum era

Riaktr, Belgium: Developing software 
enabling telecom employees to make better 
data-driven decisions

Senseon, United Kingdom: A full-stack 
cyber-defence capability for the future, today

Latin America

Algramo, Chile: A platform connecting 
smart-reusable packaging with internet-of-
things dispensers

Fondeadora, Mexico: Eliminating the 
inefficiencies related to the traditional 
banking system

Hugo Technologies, El Salvador: A multi-
category marketplace for everyday products 
and services

Truora, Colombia: Fast, innovative, safe 
background checks and identity theft 
detection solutions

MENA

CHEQ, Israel: A global leader in customer 
acquisition security

CropX, Israel: Revolutionizing soil sensing, 
leading farmers into the connected soil era

MDClone, Israel: Self-service, big data, 
healthcare platform

MyndYou, Israel: Improving healthcare 
quality and lowering costs, engaging and 
listening

Phinergy, Israel: Clean energy generation 
and storage, using metals as energy carriers

Souqalmal, UAE: Building an online 

World Economic Forum announces Technology Pioneers 2021

financial education platform in the Middle 
East

NORTH AMERICA

54gene, USA: Equalizing precision medicine

Airside Mobile,  U S A :  Empowering 
businesses and people with privacy-based 
identity management

Akash Systems, USA: Manufacturing 
artificial diamond radios and satellites for 
low-cost internet access

AllStripes Research, USA: Unlocking new 
treatments for people affected by rare disease

Calibrate, USA: A telemedicine metabolic 
health business

CloudKnox, USA: Enabling organizations to 
implement least-privilege and zero-trust 
architecture

Crowdz, USA: Building a global ecosystem 
for good for receivables

DefinedCrowd, USA: A trusted data partner 
for AI

Diligent Robotics, USA: Building robots to 
support and empower patient care teams

Duality Technologies, USA: Enabling 
privacy-preserving collaboration and 
artificial intelligence on sensitive data

Dyndrite ,  U S A :  Powering the  next 
generation of digital manufacturing

Enko Chem, USA: Crop health solutions, 
discovered and designed with intention

Evernym, USA : Leading globally in 
verifiable credential technology

FinMkt, USA: Omni channel and scalable 
point of sale financing software-as-a-service 
solutions

Gatik, USA: Developing and operating 
autonomous vehicles for B2B short-haul 
logistics

Gro Intelligence, USA: An AI-powered 
decision engine where ecology meets 
economy

Hazel Technologies, USA: Dedicated to 
solving the problem of food waste

HumanFirst, USA: Healthcare coming 
home, starting with digital clinical measures

Hypergiant, USA :  Focusing critical 
infrastructure, space and defence using 
enterprise AI

Ionomr,  Canada :  Commerc ia l iz ing 
advanced ion-exchange materials to enable 
the hydrogen economy

January, USA: Analysing blood sugar and 
diet for diabetes control and prevention

Jopwell, USA: A diversity, equity and 
inclusion tech and human capital solution

Journera, USA: Helping brands improve 
marketing,  customer experience and 
operations

Kobold Metals, USA: Deploying vanguard 
scientific computing to discover key battery 
material deposits

Kyndi, USA: Accurate and fast answers to 
any natural language question

LiveLike,  U S A :  Convert ing passive 
audiences into engaged communities

Metabiota, USA : Building resiliency 
products and services for infectious disease 
threats

Mori, USA: Reducing waste and creating 
more sustainable supply chains

Natural Fiber Welding, USA: Creating 
circular and sustainable materials from plants 
and natural fibres

Numina, USA: Measuring street-level 
activity, privacy-first, to make the real world 
queryable

Pachama, USA: A tech-verified marketplace 
for nature-based carbon removals

Parsley Health, USA: Reversing chronic 
conditions with cutting-edge holistic medicine

Patientory, USA: Empowering users with 
insights from health data, improving health 
outcomes

Prope l ,  U S A :  He lp ing  low- income 
Americans make it through the month, every 
month

Propy, USA: An end-to-end real estate 
transaction platform facilitating transactions 
online

Reelgood, USA: An all-in-one streaming TV 
guide

Sinai Technologies, USA: Software to cost-
effectively measure, analyse, price and reduce 
emissions

Skyhive, Canada: Optimizing human 
economies for companies, communities and 
countries

Tellus You Care: Improving eldercare with 
dignity and privacy

Unit21, USA: The command centre for risk, 
fraud and compliance

Upguard, USA: A cybersecurity platform that 
helps global organizations prevent data 
breaches

WooBloo, USA: Passionate about disrupting 
the smart home space

Wright Electric, USA: Building the next 
generation of aircraft – large, zero-emissions 
aircraft

Xanadu Quantum Technologies, Canada: A 
quantum technology company building fault-
tolerant quantum computers using photonics

ZeroAvia, USA: The first practical zero-
emissions, hydrogen-fuelled, powertrain 
technology provider for aviation
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3D aggregates of cell lines
3D cultures grow cells into aggregates/spheroids using matrix-based or matrix free techniques.

A hallmark advancement in cell culture techniques has been the 
establishment of three-dimensional (3D) culture systems. They are 
some of the fast-growing experimental approaches in life sciences. The 
fundamental advantage of this culture technique is that it helps in 
enabling practical analysis by relating its structure to in vivo function. 
3D cultures grow cells into aggregates/spheroids using matrix-based or 
matrix free techniques. With each of these methods, aggregates are 
generated in a 3D environment by allowing the cells to interact with each 
other, the extra cellular matrix (ECM) and their microenvironment. 
These interactions established in 3D cultures resemble the 
microenvironment found in vivo and hence the 3D aggregate 
morphology closely imitate its native shape in the body. The cell-cell 
and cell-ECM interactions in such 3D spatial arrangement affect the 
cellular functions such as morphology, cell proliferation, 
differentiation, protein and gene expression and cellular responses to 
external factors. 

3D aggregates generally have a diameter of 200 micrometres or more 
with a spherical shape. They consist of cells in various stages such as 
proliferating, non-proliferating and necrotic cells. The outer layer of the 
aggregate consists of proliferating cells because they are highly exposed 
to the medium. The cells in the middle and the inner layers receive less 

oxygen, growth factors and nutrients from the medium and hence 
consist of non-proliferating and necrotic cells. Such cellular 
heterogeneity is closely similar to in vivo environment. One of the 
primary features as induced by the 3D culture systems is the 
spontaneous formation of distinct morphology of the cells. The 
morphological appearance is usually cell-line dependant. The 
aggregates form round, mass, grape-like or stellate structures 
depending on the type of 3D model utilized. Since the morphology and 
the interactions established in 3D cultures resemble in vivo, the 
cellular processes of the cells also mimic the in vivo conditions. 3D 
culture systems aid in providing outstanding in vitro models to 
understand and study the cellular responses of the spheroids that 
closely reflects in vivo environment in an in vitro setting. Thus, 3D 
culture systems are excellent relevance to biological system and play 
invaluable role as excellent in vitro research models.

About the  author:

 Ms. Arokia Femina is pursuing her MSc in Human Genetics at the 
Department of Human Genetics, Faculty of Biomedical Science, Sri 
Ramachandra Institute of Higher Education and Research, Chennai – 
600116, India. E-Mail ID: femifdo98@gmail.com

Commentary

Arokia Femina

Morphology of a 3D aggregate
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Healthy Eating: Carbohydrates Vs. Proteins 
A healthy diet is made up of foods from different food groups, as each group contributes some new nutrients to the diet

A balanced diet comprises the nutrients the human body needs to stay 
healthy. As part of a balanced diet, people are advised to consume a 
variety of foods in the recommended proportions. Food is classified into 
different food groups according to its main nutrients. Every food group 
has a main nutrient in common and serves the same nutritional needs. A 
healthy diet is made up of foods from different food groups, as each 
group contributes some new nutrients to the diet.

“In a balanced diet, it is important to include cereals and millets, pulses 
and legumes, green leafy vegetables, roots and tubers, other vegetables, 
fish, flesh foods, nuts and oilseeds, spices and condiments, milk and 
milk products, sugar and jaggery, fats, and oils. However, three 
macronutrients: carbohydrates, fats, and proteins are vitally important 
for serving the energy need of human body. A healthy diet provides 55-
60% energy from carbohydrates; 25-30% energy from fats; and 10-15% 
from proteins for daily requirement of energy,” explains Dr. Laxmaiah, 
Head, Division of Community Studies, National Institute of Nutrition, 
Hyderabad.

Two major components of a balanced diet are carbohydrates and 
proteins. They are the major nutrients that the body needs to function 
properly. Experts believe that in India we consume more carbohydrates 
compared to other countries. This may be because of the high 
consumption of cereals and pulses. Roughly one-third of Indians are 
estimated to be vegetarian. Their only source of protein is pulses (Dal) 
which also contain carbohydrates. Every 100g of dal has approximately 
50-55% of carbohydrates and 20-25% of proteins. Cereals have 
approximately 70-80% carbohydrates and 8-10% proteins.

Dr Pulkit Mathur, Teacher In-charge, Department of Food and Nutrition, 
Lady Irwin College, Delhi, elaborates, “A minimum intake of 100-130g 
of carbohydrates/day should be ensured for ages 1 year and above. This 
level is the minimum required for brain glucose utilisation.”

Let's compare this with the quantitative intake of proteins. Dr Mathur 
cautions, “Diets high in protein may be consumed by some trying to lose 
weight or those trying to gain muscle mass. Tolerable upper level of 
protein intake in adults is 40% of energy coming from proteins above 
which there is a risk of adverse effects. For children it is much lower at 
not more than 15% energy coming from protein. High protein intakes 
have been implicated in chronic diseases such as osteopenia and 
osteoporosis, renal stones, renal insufficiency, cancer, coronary artery 
disease, and obesity.”

Dr Mathur emphasises on choosing the right type of carbohydrates as 
well. “We should have more of complex carbohydrates like whole cereal 
grains, millets, pulses, and roots and tubers rather than simple 
carbohydrates like sugar and things made of sugar. The refined cereal 
products like white flour (maida), polished rice, millet flours from 
which fibre has been removed, should be reduced or replaced by whole 
grains. More than half the intake of cereal grains must consist of whole 
grains or intact grains,” she observes.

“We can get enough protein from normal foods in our diet. Protein 
quality of our diet is important – lean meat, fish, and low-fat dairy 
products are sources of good quality protein. In addition, cereal grains 
consumed with pulses, like in our traditional diets, also provide good 
quality protein,” Dr Pulkit asserts.

Dietician Supriya Maurya highlights three major facts related to 

proteins. First, men need more protein than women. How much protein 
one needs depends on their sex, age, body weight, activity level, etc. An 
average man needs about 56 g of protein a day. Women need 46 g.

The second fact is that the athletes need more proteins than non-athletes. 
They need it to repair and rebuild muscles and tissues after strenuous 
physical activity.

The third fact is that our bodies don't store proteins the way they store 
carbohydrates and fats. That's why we need a steady supply of proteins 
every day.

It is important to know how the body identifies the calories being taken 
from carbohydrates and proteins. Dr Radha Reddy Chada, Chief Clinical 
Dietician, Department of Clinical Nutrition & Dietetics, AIG Hospital, 
Hyderabad, elucidates -“Proteins are not used for energy provision. 
They are used for cell synthesis, cell repair, and regeneration. Energy 
provision from proteins happens as the last function when the individual 
is not supplied with enough calories from carbohydrates and fats. 
Carbohydrates, during digestion and metabolism, have a protein sparing 
effect for allowing proteins to perform their primary role in the body.

 Supriya expresses concern over the growing trend of people consciously 
eating a high-protein and negligible-carbohydrate diet.

“Yes it's true that carbohydrates and proteins give the same number of 
calories per gram. However, by not eating enough carbohydrates and 
over-dependence on proteins, we allow our body to borrow the reserved 
calories from the liver. Once this supply exhausts, the body starts taking 
energy from proteins. This leads to ketosis, a metabolic state 
characterized by raised levels of ketone bodies in the body tissues and 
the primary function of proteins to build the muscles gets hampered,” 
cautions Supriya Maurya.

So, what happens inside the body when we eat carbohydrates and 
proteins? How eating them helps in weight gain or weight loss?

Dr Reddy Chada demystifies- “Digestion of carbohydrates and proteins 
has nothing to do with weight gain or weight loss. It's only that if 
complex carbohydrates that contain fibre are included in the diet, then 
the digestion is slowed down and there is a feeling of satiety much 
sooner, thereby resulting in less food consumption. Similarly, the post-
meal thermic effect of proteins in food is slightly higher than the thermic 
effect of carbohydrates in food during digestion.”

Dr Reddy Chada sees no reason to attribute weight gain to the 
consumption of carbohydrates. “Carbohydrates are essential part of a 
healthy balanced diet. Weight gain is not due to carbohydrates alone, but 
from a high calorie coming from excess consumption of large portions of 
any type of food. Just aim to eat complex, whole grains instead of refined 

Commentary
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A gut feeling
Scientists link genetic makeup of bacteria in the human gut to several human diseases

We are truly never alone, not even within our own bodies. Human beings 
play host to trillions of bacteria, fungi, viruses, and other 
microorganisms that make up the human microbiome. In recent years, 
the mix of these resident bacteria, and the presence of specific bacterial 
species, has been linked to conditions ranging from obesity to multiple 
sclerosis.

 Now, going a step farther, researchers at Harvard Medical School and 
Joslin Diabetes Center have gone beyond microbial species. Analyzing 
the genetic makeup of bacteria in the human gut, the team has 
successfully linked groups of bacterial genes, or “genetic signatures,” to 
multiple diseases.

The work brings scientists closer to developing tests that could predict 
disease risk or identify disease presence based on a sampling of the 
genetic makeup of a person's microbiome.  

The findings, to be published May 18 in Nature Communications, link 
sets of bacterial genes to the presence of coronary artery disease, 
cirrhosis of the liver, inflammatory bowel disease, colon cancer, and 
type 2 diabetes. The analysis indicates that three of these conditions — 
coronary artery disease, inflammatory bowel disease, and liver cirrhosis 
— share many of the same bacterial genes. In other words, people whose 
guts harbor these bacterial genes seem more likely to have one or more 
of these three conditions.  

The work represents a significant advance in the current understanding 
of the relationship between microbes residing in the human gut and 
specific diseases, the team said. If confirmed through further research, 
the results could inform the design of tools that could gauge a person's 
risk for a range of conditions based on analysis of a single fecal sample, 
they added.     

“This opens a window for the development of tests using cross-disease, 
gene-based indicators of patient health,” said first author Braden 
Tierney, a graduate student in the biological and biomedical sciences 
program at HMS. “We've identified genetic markers that we think could 
eventually lead to tests, or just one test, to identify associations with a 
number of medical conditions.”  

The researchers caution that their study was not designed to elucidate 
exactly how and why these microbial genes may be linked to different 
diseases. Thus far, they said, it remains unclear whether these bacteria 

are involved in disease development or are mere bystanders in this 
process. 

The goal of the study was to determine whether groups of genes could 
reliably indicate the presence of different diseases. These newly 
identified microbial genetic signatures, however, could be studied 
further to determine what role, if any, the organisms play in disease 
development.  

“Our study underscores the value of data science to tease out complex 
interplay between microbes and humans,” said study senior author 
Chirag Patel, associate professor of biomedical informatics in the 
Blavatnik Institute at HMS. 

The researchers started out by collecting microbiome data from 13 
groups of patients totaling more than 2,500 samples. Next, they analyzed 
the data to pinpoint linkages between seven diseases and millions of 
microbial species, microbial metabolic pathways, and microbial genes. 
By trying out a variety of modeling approaches — computing a total of 
67 million different statistical models — they were able to observe what 
microbiome features consistently emerged as the strongest disease-
associated candidates. 

Of all the various microbial characteristics — species, pathways, and 
genes — microbial genes had the greatest predictive power. In other 
words, the researchers said, groups of bacterial genes, or genetic 
signatures, rather than merely the presence of certain bacterial families, 
were linked most closely to the presence of a given condition. 

Some of the main observations included:

 Clusters of bacterial genes, or genetic signatures, rather than individual 
bacterial genes, appear implicated in various types of human disease.

Coronary artery disease, inflammatory bowel disease, and liver 
cirrhosis have similar gut microbiome genetic signatures. 

Type 2 diabetes, by contrast, has a microbiome signature unlike any 
other phenotype tested. 

The analysis did not find a consistent link between the presence of the 
bacterial species Solobacterium moorei and colon cancer — an 
association previously reported in numerous studies. However, the 
researchers did identify particular genes from a S. moorei subspecies 
associated with colorectal cancer. This finding indicates that gene-level 
analysis can yield biomarkers of disease with greater precision and more 
specificity compared with current approaches. Patel said this result 
underscores the notion that it is not merely the presence of a given 

grains. Carbohydrates are processed by the body regardless of the time 
of day or night,” concludes Dr Chada.

It is a myth that vegetarians and vegans don't get enough proteins. 
Combining different plant foods, such as grains, pulses, and legumes, in 
a balanced diet, contributes to a “complete protein” for the day's diet. 
Eating a variety of protein-rich plant foods in the course of the day 
provides enough protein and easily fills in any amino acid gaps and 
requirements.

(Source: India Science Wire, written by Neha Tripathi)

Healthy Eating: Carbohydrates Vs. Proteins  

Research Focus
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Earth's vegetation is changing faster 
Global study discovered that the planet's vegetation is changing quickly today as it did when the last ice sheets retreated around 10,000 years ago

A global survey of fossil pollen has discovered that the planet's 
vegetation is changing at least as quickly today as it did when the last ice 
sheets retreated around 10,000 years ago.

Beginning some 3,000-to-4,000 years ago, Earth's plant communities 
began changing at an accelerating pace. Today, this pace rivals or 
exceeds the rapid turnover that took place as plants raced to colonize 
formerly frozen landscapes and adapt to a global climate that warmed by 
about 10 degrees Fahrenheit.

The research, published May 20 in Science, suggests that humanity's 
dominant influence on ecosystems that is so visible today has its origin 
in the earliest civilizations and the rise of agriculture, deforestation and 
other ways our species has influenced the landscape.

This work also suggests ecosystem rates of change will continue to 
accelerate over the coming decades, as modern climate change further 
adds to this long history of flux. And by showing that recent biodiversity 
trends are the start of a longer-term acceleration in ecosystem 
transformations, the new study provides context for other recent reports 
that global biodiversity changes have accelerated over the last century.

An international collaboration of scientists led the new analysis, which 
was powered by an innovative database for paleoecological data. The 
Neotoma Paleoecology Database is an open-access tool that gathers and 
curates data on past ecosystems from hundreds of scientists. Neotoma is 
chaired by University of Wisconsin–Madison professor of geography 
Jack Williams, who helped lead the new research.

The study authors analyzed more than 1,100 fossil pollen records from 
Neotoma, spanning all continents except Antarctica, to understand how 
plant ecosystems have changed since the end of the last ice age about 
18,000 years ago, and how quickly this change occurred.

“At the end of the ice age, we had complete, biome-scale ecosystem 
conversions,” says Williams, who also curates Neotoma's North 
American pollen database. “And over the past few thousand years, we're 
at that scale again. It has changed that much. And these changes began 
earlier than we might have thought before.”

Fossil pollen provides an extremely sensitive measure of past plant 
communities. As pollen from surrounding plants falls into lakes, it settles 
in layers from oldest at the bottom to newest at the top. Scientists can 
extract sediment cores and conduct the painstaking work of identifying 
pollen and reconstructing plant ecosystems over thousands of years.

Yet each sediment core only provides information about one place on 
Earth, so true global-scale analyses of past vegetation change require the 
amassing and curating of many such records. Neotoma has gathered 
thousands of such datapoints to help scientists uncover global trends. 
Researchers from the University of Bergen in Norway, UW–Madison, 
and Neotoma data stewards from around the world collaborated to 
perform the new analysis.

Using these pollen records, the team applied new statistical methods to 
better analyze how quickly plant communities have changed in the last 
18,000 years.

They discovered that the rate of change initially peaked between 8,000 
and 16,000 years ago, depending on the continent. These continental 
differences are likely caused by different timing and patterns of climate 
change linked to retreating glaciers, rising carbon dioxide 
concentrations in the atmosphere, changes in Earth's orbit, and changes 
in ocean and atmospheric circulation.

Ecosystems then stabilized until about 4,000 years ago. Then, the rate of 
change began a meteoric rise that continues today, when most plant 
ecosystems are changing at least as fast as they did at the peak of ice-age-
induced flux.

“That was a surprising finding, because over the last few thousand years, 
not a whole lot was happening climatically, but the rates of ecosystem 
change were as big or bigger than anything we've seen from the last ice 
age to the present,” says Williams.

Although this analysis of pollen records was focused on detecting 
ecosystem changes, rather than formally determining causes, these 
recent ecosystem changes correlate with the beginning of intensive 
agriculture and the earliest cities and civilizations around the world.

Williams says that one intriguing feature of these analyses is that the 
early rise is so early worldwide, even though each continent had different 
trajectories of land use, agricultural development and urbanization.

bacterial family that may portend risk, but rather the strains and gene 
signatures of the microbes that matter. The ability to identify 
interconnections with such precision will be critical for designing tests 
that can measure risk reliably, he added. Thus, in this specific example, 
a test intended to measure colon-cancer risk by merely detecting the 
presence of S. moorei in the gut may not be as reliable as a more refined 
test that measures bacterial genes to detect the presence of specific 
strains of S. moorei that are associated with colon cancer.

Two conditions — ear inflammation and benign soft-tissue tumors 
called adenomas — showed weak associations with the gut 
microbiome, suggesting that microorganisms residing in the human gut 
are not likely to play a role in the development of these conditions, nor 
are they likely to be reliable indicators that these conditions are present.

In a previous study, the HMS team used massive amounts of publicly 
available DNA-sequencing data from human oral and gut microbiomes 
to estimate the size of the universe of microbial genes in the human 
body. The analysis revealed that there may be more genes in the 
collective human microbiome than stars in the observable universe.

(Source: Harvard Gazette) 

A gut feeling ...

Study Report
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Why it is so important we believe people about 
their mental health
Despite the increase in mental health awareness there remains a confusion as to what does and does not 
count as mental distress

When Meghan Markle said she thought of ending her life during her 
time living with the royal family in the UK, people online said: No, 
actually, you didn't feel like that. When British MP Nadia Whittome said 
she was taking time off because she had PTSD, again people said no, 
she's just stressed, stress is normal. And when tennis player Naomi 
Osaka said recently she would stop giving press conferences because of 
the impact they have on her mental health, people decided for 
themselves what that phrase meant, and concluded she was being unfair, 
unreasonable and overdramatic.

It is relevant that these three public figures are women of colour, and 
therefore especially likely to be scrutinised. But it is also indicative of a 
deeply problematic trend in the way mental health is being discussed in 
the public domain.

Mental distress is largely invisible. You can't see symptoms of most 
mental health conditions, things like depression and social anxiety (both 
of which Osaka has experienced). And when the person talking about 
their difficulties is famous or successful, it is easy to be sceptical. It is 
easy to think: well, they look fine. This disbelief happens when it comes 
to celebrities but also for regular joes too. For example, undergraduate 
students today commonly talk about their mental health problems, and I 
think the suspicion of some academics is obvious. Students can't all be 
that unwell, the logic goes, so none of them are.

Part of the problem, ironically, is exactly how much we are talking about 
this. Spearheaded by charity campaigns like Time To Change, there has 
been a huge drive to talk more openly about all and any mental health 
problems. This, paired with vagueness around the right terminology to 
use, means people are more confused than ever about what mental 
distress does and doesn't “count”, and what we should do about it.

But here is the real crux: you have to believe people. You have to take 
their descriptions of mental distress at face value, just as doctors have to 
believe the person sat in front of them, otherwise the whole system falls 
apart. Even those experiencing acute mental health problems – in a bad 
enough way to end up in emergency rooms – say they aren't taken 
seriously.

In spite of the awareness-raising efforts, stigma and mistrust are still key 
reasons why people don't seek mental health treatment. But for health 
systems, and society at large, to work effectively, we need to believe 
people when they describe how they feel – including the vast number of 
experiences that we cannot or did not see.

It would help to remember that anyone can develop mental health 
problems or a mental health condition, even celebrities. This is partly 
because these symptoms are linked to biological vulnerabilities – 
anything from inflammation to overactive brain regions – and biology 
doesn't care if you are famous. But these vulnerabilities also interact 
with stress in the outside world, and celebrities experience stress too.

The nature of the stress might be different. Celebrities don't tend to be in 
overcrowded housing or worrying about where their next meal is 
coming from. But loneliness and persecution — which are often 
experienced by celebrities hounded by the press — are well-established 
triggers for mental distress and illness.

It is not easy to alleviate mental health problems. But since stress clearly 
exacerbates the issue, reducing stress seems an obvious way to help. If 
someone like Osaka steps forward, under the glaring lights of the media, 
saying what they need, people in power should actually do something 
about it. Mental health awareness is one thing, but what we need now is 
mental health support. When someone puts up their hand, whoever they 
are, we have to listen.

( Source: University College London news release. This article was 
originally published in the New Scientist on Wednesday 2 June 2021.). 

Scientists have coined the term the Anthropocene to describe the 
modern geological period, when humans are the dominant influence on 
the world. “And one of the questions has been, when did the 
Anthropocene begin?” says Williams. “This work suggests that 3,000 
to 4,000 years ago, humans were already having an enormous impact on 
the world (and) that continues today.”

A sobering implication from this work, say the scientists, is that in the 
past, the periods of ecosystem transformations driven by climate 
change and those driven by land use were largely separate. But now, 
intensified land use continues, and the world is warming at an 
increasing rate due to the accumulation of greenhouse gases. As plant 
communities respond to the combination of direct human impacts and 
human-induced climate change, future rates of ecosystem 
transformation may break new records yet again.

(Source: University of Wisconsin–Madison)

Earth's vegetation is changing faster 

Despite the increase in mental health awareness there remains a 
confusion as to what does and does not count as mental 
distress.So, when someone puts their “hand up to talk, whoever 
they are, we have to listen", writes Dr Lucy Foulkes (UCL 
Psychology & Language Sciences).

Opinion
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Looking deep into the universe
A large radio telescope that over the coming years should provide cosmologists with new insights into the 
makeup and history of our universe

How is matter distributed within our universe? And what is the 
mysterious substance known as dark energy made of? HIRAX, a new 
large telescope array comprising hundreds of small radio telescopes, 
should provide some answers. Among those instrumental in developing 
the system are physicists from ETH Zurich.

“It's an exciting project,” says Alexandre Refregier, Professor of Physics 
at ETH Zurich, as he considers the futuristic- looking visualisation from 
South Africa. The image shows a scene in the middle of the Karoo 
semidesert, far away from larger settlements, with rows upon rows of 
more than 1,000 parabolic reflectors all directed towards the same point. 
At first glance, one might assume this is a solar power station, but it's 
actually a large radio telescope that over the coming years should 
provide cosmologists with new insights into the makeup and history of 
our universe.

Key element: hydrogen

HIRAX stands for “Hydrogen Intensity and Real- time Analysis 
eXperiment” and marks the start of a new chapter in the exploration of 
the universe. The new large telescope will collect radio signals within a 
frequency range of 400 to 800 MHz. These signals will make it possible 
to measure the distribution of hydrogen in the universe on a large scale. 
“If we can use hydrogen, the most common element in the universe, to 
discover how matter is distributed in space, we could then draw 
conclusions about what dark matter and dark energy are made of,” 
Refregier explains.

Dark energy and dark matter are two mysterious components that 
together make up the vast majority of the universe.  They play a major 
role in the formation of structures and in the universe's accelerated 
expansion. But experts remain puzzled about exactly what dark energy 
and dark matter are made of. HIRAX should help home in on the precise 
nature of these two components. The researchers also hope that the new 
system will deliver insights into fast radio bursts and pulsars.

Combining hundreds of individual signals

Not only will Refregier and his team be involved in the scientific 
analysis of the data, the professor is also helping to develop the new 
system together with his postdoc Devin Crichton and engineer Thierry 
Viant. “HIRAX is a remarkable undertaking, not just from a scientific 
point of view, but also because it represents a significant technological 
challenge,” Refregier says. As part of their subproject in collaboration 
with scientists from the University of Geneva, the ETH researchers are 
developing what's known as a digital correlator, which will combine the 
signals recorded by each of the approximately six- metre telescopes. 
“Rather than consisting of a single large telescope, the HIRAX array is 
made up of numerous smaller radio telescopes that are correlated with 
each other,” Refregier says. “This enables us to build a telescope with a 
collection surface and resolution much greater than a measuring device 
with only one parabolic reflector.”

Tested in Switzerland

The physicists first tested the technology for the digital corrector in 
Switzerland using a pilot system. To do so, they used the two historic 
radio telescopes housed at the Bleien facility in the Swiss canton of 
Aargau. They will now use the results of these tests to develop a digital 
corrector capable of linking 256 reflectors. “The HIRAX telescope is 

being set up in stages, which allows us to develop and refine the 
technology we need as we go along,” Refregier says. The funding 
required for this subproject was recently secured.

For their digital correlator, the ETH Zurich physicists are using high-
 performance graphics processing units that were originally developed 
for video and gaming applications. The researchers are also breaking 
new ground when it comes to calibration. To synchronise the 
measurement signals received by the individual antennas, they use a 
radio signal transmitted by a drone. It is crucial to pinpoint the position 
of these signals so that the telescope can then provide the required 
precision.

An ideal location

It's no accident that the HIRAX telescope is being installed in the Karoo 
semidesert. As a protected area, it is still largely free of disruptive 
signals from mobile communications antennas. “It's actually quite 
ironic,” Refregier says. “On the one hand, mobile communications 
technology is a massive help in developing telescopes. On the other, that 
same technology makes life difficult for radio astronomers because 
mobile communications antennas transmit within similar frequency 
ranges.

Another reason why the Karoo region is an ideal location is that this is 
also where part of the planned Square Kilometre Array will be erected. 
Once completed, this will be the world's largest radio telescope, 
connecting systems in South Africa and Australia and representing yet 
another giant leap forward in radio astronomy. “Despite its remote 
position, the Karoo location is well connected by power and data lines,” 
Refregier says. In this respect, the undertaking presents a challenge 
because the new telescope will generate 6.5 terabytes of data every 
second. “This is why we're going to install the digital corrector directly 
on site, so that the amount of data can first be reduced before it is sent 
somewhere else for further processing,” Refregier says.

(Source: ETH Zurich)

How the final expansion of the HIRAX telescope in the Karoo 
semidesert in South Africa should look once completed. (Image: 
Cynthia Chiang / HIRAX)
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Precise look at universe's evolution
Dark Energy Survey releases most precise measurements of the universe's composition and growth to date.

New results from the Dark Energy Survey use the largest ever sample of 
galaxies over an enormous piece of the sky to produce the most precise 
measurements of the universe's composition and growth to date.

The analysis, which includes the first three years of data from the survey, 
is consistent with predictions from the current best model of the 
universe, the standard cosmological model. Nevertheless, there remain 
hints from DES and other experiments that matter in the present-day 
universe is less clumpy, or forms less structure, than predicted.

The DES collaboration consists of more than 400 scientists from 25 
institutions in seven countries, including a host of faculty, postdoctoral 
researchers and students from the University of Michigan. U-M 
cosmologist Dragan Huterer co-led the DES working group in charge of 
connecting data to theory and producing key constraints on the 
properties of dark matter and dark energy.

“New results from the Dark Energy Survey provide unprecedented 
constraints on the evolution of cosmic structure over the past 7 billion 
years,” he said. “They answer old questions and raise new ones about 
how the universe went from being dominated by dark matter to starting a 
new phase of accelerated expansion powered by a mysterious 
component called dark energy.

“The new science release, captured in 29 cross-cutting papers describing 
the multiprobe methodology and its application, is a milestone in the 
field of cosmology. The combined results from the distribution of 
galaxies and its evolution over cosmic time dramatically improve our 
knowledge of the universe.”

Over the course of six years, DES surveyed 5,000 square 
degrees—almost one-eighth of the entire sky—in 758 nights of 
observation, cataloguing hundreds of millions of objects. The results 
announced today draw on data from the first three years—226 million 
galaxies observed over 345 nights—to create the largest and most 
precise maps yet of the distribution of galaxies in the universe at 
relatively recent epochs.

Since DES studied nearby galaxies as well as those billions of light-
years away, its maps provide both a snapshot of the current large-scale 
structure of the universe and a movie of how that structure has evolved 
over the course of the past 7 billion years.

Ordinary matter makes up only about 5% of the universe. Dark energy, 
which cosmologists hypothesize drives the accelerating expansion of 
the universe by counteracting the force of gravity, accounts for about 
70%. The last 25% is dark matter, whose gravitational influence binds 
galaxies together. Both dark matter and dark energy remain invisible and 
mysterious, but DES seeks to illuminate their natures by studying how 
the competition between them shapes the large-scale structure of the 
universe over cosmic time.

To test cosmologists' current model of the universe, DES scientists 
compared their results with measurements from the European Space 
Agency's orbiting Planck observatory. Planck used light signals known 
as the cosmic microwave background to peer back to the early universe, 
just 400,000 years after the Big Bang. The Planck data give a precise 
view of the universe 13 billion years ago, and the standard cosmological 
model predicts how dark matter should evolve to the present. If DES's 
observations don't match this prediction, there is possibly an 
undiscovered aspect to the universe.

While there have been persistent hints from DES and several previous 
galaxy surveys that the current universe is a few percent less clumpy 
than predicted—an intriguing find worthy of further investigation—the 
recently released results are consistent with the prediction.

DES photographed the night sky using the 570-megapixel Dark Energy 
Camera on the Victor M. Blanco 4-meter Telescope at the Cerro Tololo 
Inter-American Observatory in Chile, a program of the National Science 
Foundation's NOIRLab. One of the most powerful digital cameras in the 
world, the Dark Energy Camera was designed specifically for DES and 
built and tested at Fermilab. The DES data were processed at the 
National Center for Supercomputing Applications at the University of 
Illinois.

To quantify the distribution of dark matter and the effect of dark energy, 
DES relied on two main phenomena. First, on large scales, galaxies are 
not distributed randomly throughout space but rather form a weblike 
structure due to the gravity of dark matter. DES measured how this 
cosmic web has evolved over the history of the universe. The galaxy 
clustering that forms the cosmic web, in turn, revealed regions with a 
higher density of dark matter.

Second, DES detected the signature of dark matter through weak 
gravitational lensing. As light from a distant galaxy travels through 
space, the gravity of both ordinary and dark matter can bend it, resulting 
in a distorted image of the galaxy as seen from Earth. By studying how 
the apparent shapes of distant galaxies are aligned with each other and 
with the positions of nearby galaxies along the line of sight, DES 
scientists inferred the spatial distribution (or clumpiness) of the dark 
matter in the universe.

U-M cosmologists played an important role in all aspects of the Dark 
Energy Survey. More than a decade ago, physicist Gregory Tarlé's team 
helped build parts of the camera, while in the intervening years 
professors Gus Evrard, Chris Miller and Tim McKay and their students 
and postdocs led the analysis of galaxy clusters, the largest 
gravitationally stable objects in the universe.

Physicist David Gerdes led an effort to discover hundreds of distant 
solar system objects, including a new dwarf planet, in the DES data, 
while professor Marcelle Soares-Santos field-tested the telescope in its 
early phase and then used the survey's data to find galactic homes of 
black holes and neutron stars whose mergers were detected via 
gravitational waves.

DES concluded observations of the night sky in 2019. With the 
experience of analyzing the first half of the data, the team is now 
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Climate change research in India
Researchers in India are tracing the impact of climate change on the country, finding new ways to track the 
global problem

Researchers from corners of India are tracing the impact of climate 
change on the country, finding new ways to track the global problem, 
improving the projection of climate, its impact as well as vulnerability to 
prepare for the future.

Dehradun-based researchers have found that small-sized glaciers in 
Sikkim are melting at a higher magnitude as compared to other 
Himalayan regions in a study published in 'Science' conducted by the 
Wadia Institute of Himalayan Geology. Researchers from the same 
institute have also found that black carbon from agricultural burning & 
forest fire has alerted over the years may influence melting of Gangotri 
Glacier. A team of Scientists from IIT Kanpur has 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. In another 
work supported by DST, IISc researchers showed that a planetary wave 
from the North Atlantic is capable of derailing the Indian monsoon on 
which the Indian economy is heavily dependent.

 Climate Centres of excellence strengthen models

Centres of excellence in Climate Change in four Indian Institute of 
Technologies – Delhi, Bombay, Kharagpur and Madras, are working on 
improving climate projection models to make them more 
comprehensive and accurate.

The Centres of Excellence (CoEs) Centre for Climate Change, IIT 
Delhi, has contributed to significant improvements to the base model, 
moving towards development of the India Centric Climate Model 
(ICCM).

Connection between monsoon and irrigation practices has been 
established by DST Centre for Excellence in Climate Studies, IIT 
Bombay. They have underlined the need for representation of irrigation 
practices, farmer's behavior, and vegetation- land and atmosphere 
interactions to improve model predictions and also develop agricultural 
vulnerability maps at the National level.

DST Centre for Excellence in Climate Change Impact on Coastal 
Infrastructure and the Adaptation strategies, IIT Madras is developing 
suitable climate change adaptation measures for coastal infrastructure 
and utilization of water resources. A technique is known as “pseudo 
global warming method” has been adapted and successfully used for 
prognostic understanding of how cyclones originating in the Bay of 
Bengal would behave in the near future (2025) and in far future (2075) 
under different RCP scenarios (a greenhouse gas concentration 
trajectory adopted by the Intergovernmental Panel on Climate Change). 
It is predicted that cyclone damage potential will increase significantly 

in future. This strategic knowledge is essential for all the studies related 
to adaptation of coastal infrastructure, water resources management in 
coastal areas and preparedness of coastal communities to extreme events 
in the future. 

Historical climate data for the Indian Ocean region has been used by 
Center of Excellence (CoE)- IIT Kharagpur to understand the temporal 
variability of wave height (SWH) over the Bay of Bengal (BoB) region 
for the period 1997-2015, which have been reputed international and 
national journals.

The temperature thresholds for survival of vectors of major Vector-
borne diseases (VBDs) have been studied by the DST-ICMR Centre of 
Excellence for Climate Change and Vector-borne Diseases, National 
Institute of Malaria Research to set up a system for early warning of 
outbreaks for malaria and dengue. The impact of temperature on 
development and survival of vector of dengue (Aedesaegypti), Malaria 
(An. stephensi, An. culicifacies) on immature stages like eggs, larvae, 
pupae, and adults was studied. The most preferred breeding habitats of 
Japanese Encephalitis vectors were also identified in Gorakhpur.

High-risk areas have been identified by the DST-ICRISAT Center of 
Excellence on Climate Change Research for Plant Protection (CoE-
CCRPP) for mapping the spatial and temporal distribution of diseases 
and insect-pests under changing climate scenarios and study 
host–insect-pest/pathogens interactions in relation to simulated climate 
variables. This will help develop adaptation strategies to minimize crop 
losses and weather-based plant protection advisory tools for the timely 
management of diseases and insect pests.

State Climate Change Cells/Centres in the 12 Himalayan States are 
undertaking vulnerability assessment, training programmes, public 
awareness, and institutional capacity building in the area of Climate 
Change science, impacts, and adaptation. It led to the first-ever Pan-
Himalayan vulnerability profile map covering the 12 IHR States 
developed under the common framework, which has been widely 
accepted by different stakeholders for climate adaptation planning in the 
IHR. It has also been extended to the rest of the Indian states using the 
Common Framework for rest of the Indian states, which identified eight 
eastern states to be the most vulnerable to climate change. 

Scientists from the Indian Institute of Geomagnetism (IIG) have found 
that Information frozen in magnetic minerals can forecast climatic 
changes faster & more accurately

As part of the National Action Plan on Climate Change (NAPCC), 
Department of Science & Technology has been entrusted with the 

prepared to handle the complete dataset. The final DES analysis is 
expected to paint an even more precise picture of the dark matter and 
dark energy in the universe. And the methods developed by the team 
have paved the way for future sky surveys to probe the mysteries of the 
cosmos.

(Source: University of Michigan)

Precise look at universe's evolution
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Cause of recent flood in Uttarakhand 
Researchers determined that the flood was caused by falling rock and glacier ice that melted 

The event began when a wedge of rock carrying a glacier broke off of a 
steep ridge in the Himalayan Mountain range. The resulting debris flow 
destroyed two hydropower facilities and left more than 200 people dead 
or missing.

A self-organized coalition of 53 scientists came together in the days 
following the disaster to investigate the cause, scope and impacts. The 
team determined that the flood was caused by falling rock and glacier ice 
that melted on its descent — not by a lake or diverted river — which will 
help researchers and policymakers better identify emerging hazards in 
the region.

The study, which used satellite imagery, seismic records and eyewitness 
videos to produce computer models of the flow, was published June 10 
in Science.

“On the morning of the event, I was reading the news over coffee, and 
saw a headline about a disaster in the Himalayas,” said co-author David 
Shean, a University of Washington assistant professor of civil and 
environmental engineering. “I sat down at the computer and pulled up 
the satellite images that had been acquired that morning. When I saw the 
dust cloud moving down the valley, I started writing emails to other 
scientists asking if they were working on this. One email thread quickly 
became five, then 10, and the response effort consumed most of our 
waking hours for the next two weeks.”

Initial hypotheses for the cause of the event suggested a glacial lake 
outburst flood. But there are no glacial lakes large enough to produce a 
flood anywhere near the site, the team determined.

“Our access to high-resolution satellite imagery and research software, 
and our expertise in satellite remote sensing were crucial to get a bird's-
eye view of how the event unfolded,” said co-author Shashank Bhushan, 
a UW doctoral student in civil and environmental engineering. “We 
worked with our French collaborators to coordinate satellite collections 
within days of the event and rapidly process the images to derive detailed 
topographic maps of the site.”

The researchers compared the images and topographic maps from before 
and after the event to document all of the changes and reconstruct the 
sequence of events.

“We tracked a plume of dust and water to a conspicuous dark patch high 
on a steep slope,” said lead author Dan Shugar, associate professor at the 
University of Calgary.

The dark patch turned out to be the scar left by the 35 million cubic yards 
of missing rock and glacier ice — enough material to cover Washington, 
D.C., with a half-foot-deep layer.

“This was the source of a giant landslide that triggered the cascade of 
events, and caused immense death and destruction,” said Shugar, who 
was previously an assistant professor at UW Tacoma.

The researchers also used the maps to determine how far the block of ice 
and rock fell.

“The failed block fell over a mile before impacting the valley floor. To 
put this height in context, imagine vertically stacking up 11 Space 
Needles or six Eiffel Towers,” Bhushan said.

Then the larger team was able to quantify how the pulverized rock and 
ice were redistributed over the downstream areas.

“As the block fell, most of the glacier ice melted within minutes. This 
resulted in a huge volume of water associated with the flooding,” 
Bhushan said. “This is highly unusual — a normal rock landslide or 
snow/ice avalanche could not have produced such huge volumes of 
water.”

For Bhushan, the work was personal.

“In general, doctoral research projects are very niche. I sometimes have 
a hard time explaining to my parents why measuring glacier dynamics is 
important,” Bhushan said. “But due to the scale of this disaster, my 
family and friends back in India were very curious to know how this 
event unfolded, and they were expecting me to come up with an answer. 
These interactions provided me with a sense of belonging and 
motivation that some of my research can be of such immediate use to 

responsibility of coordinating and implementing two national missions 
on climate change. These missions, the National Mission for Sustaining 
the Himalayan Ecosystem (NMSHE) and National Mission on Strategic 
Knowledge for Climate Change (NMSKCC), are being implemented 
through a cluster of programmes that are supporting climate change 
research as well as to strengthen capacity in the area and nurture future 
researchers in different parts of India.

Building the next generation of climate experts

In order to build capacity in the area, over 1000 scientists, experts, and 
200 institutions in the country trained research students to carry on the 
legacy of the work. International collaborations have helped enhance 
this capacity and helped in the exchange of expertise in the subject.

The Government of India and the Government of Switzerland 
established an Indo-Swiss Joint Committee for Scientific and 
Technological Cooperation. The Swiss Agency for Development and 
Cooperation (SDC), through its Indian Himalayan Climate Adaptation 
Programme (IHCAP) programme, has been working as a knowledge 
partner of DST in providing technical support for undertaking 
vulnerability and risk assessment, stakeholder training and public 
awareness programme to the 12 State CC Cells established under 
NMSHE. As part of this cooperation, a detailed district-wise 
vulnerability assessment has been carried out for all the 12 Himalayan 
States.

Climate change research 
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Bacteria are connected to how babies experience fear
New research shows that an infant's gut microbiome could contain clues to help monitor and support healthy 
neurological development

Why do some babies react to perceived danger more than others? 
According to new research from Michigan State University and the 
University of North Carolina, Chapel Hill, part of the answer may be 
found in a surprising place: an infant's digestive system.

 he human digestive system is home to a vast community of 
microorganisms known as the gut microbiome. The MSU-UNC 
research team discovered that the gut microbiome was different in 
infants with strong fear responses and infants with milder reactions.

 These fear responses — how someone reacts to a scary situation — in 
early life can be indicators of future mental health. And there is growing 
evidence tying neurological well-being to the microbiome in the gut.

 The new findings suggest that the gut microbiome could one day 
provide researchers and physicians with a new tool to monitor and 
support healthy neurological development.

“This early developmental period is a time of tremendous opportunity 
for promoting healthy brain development,” said MSU's Rebecca 
Knickmeyer, leader of the new study published June 2 in the journal 
Nature Communications. “The microbiome is an exciting new target 
that can be potentially used for that.”

Studies of this connection and its role in fear response in animals led 
Knickmeyer, an associate professor in the College of Human Medicine's 
Department of Pediatrics and Human Development, and her team to 
look for something similar in humans. And studying how humans, 
especially young children, handle fear is important because it can help 
forecast mental health in some cases.

 “Fear reactions are a normal part of child development. Children should 
be aware of threats in their environment and be ready to respond to 
them” said Knickmeyer, who also works in MSU's Institute for 
Quantitative Health Science and Engineering, or IQ. “But if they can't 
dampen that response when they're safe, they may be at heightened risk 
to develop anxiety and depression later on in life.”

 On the other end of the response spectrum, children with exceptionally 
muted fear responses may go on to develop callous, unemotional traits 
associated with antisocial behavior, Knickmeyer said.

To determine whether the gut microbiome was connected to fear 

response in humans, Knickmeyer and her co-workers designed a pilot 
study with about 30 infants. The researchers selected the cohort carefully 
to keep as many factors impacting the gut microbiome as consistent as 
possible. For example, all of the children were breastfed and none was on 
antibiotics. The researchers then characterized the children's 
microbiome by analyzing stool samples and assessed a child's fear 
response using a simple test: observing how a child reacted to someone 
entering the room while wearing a Halloween mask.

 “We really wanted the experience to be enjoyable for both the kids and 
their parents. The parents were there the whole time and they could jump 
in whenever they wanted,” Knickmeyer said. “These are really the kinds 
of experiences infants would have in their everyday lives.”

Compiling all the data, the researchers saw significant associations 
between specific features of the gut microbiome and the strength of 
infant fear responses.

 For example, children with uneven microbiomes at 1 month of age were 
more fearful at 1 year of age. Uneven microbiomes are dominated by a 
small set of bacteria, whereas even microbiomes are more balanced.

The researchers also discovered that the content of the microbial 
community at 1 year of age related to fear responses. Compared with less 
fearful children, infants with heightened responses had more of some 
types of bacteria and less of others.  The team, however, did not observe 
a connection between the children's gut microbiome and how the 
children reacted to strangers who weren't wearing masks. Knickmeyer 
said this is likely due to the different parts of the brain involved with 
processing potentially frightening situations.

 “With strangers, there is a social element. So children may have a social 
wariness, but they don't see strangers as immediate threats,” 
Knickmeyer said. “When children see a mask, they don't see it as social. 
It goes into that quick-and-dirty assessment part of the brain.”

As part of the study, the team also imaged the children's brains using 
MRI technology. They found that the content of the microbial 
community at 1 year was associated with the size of the amygdala, which 
is part of the brain involved in making quick decisions about potential 
threats.

 Connecting the dots suggests that the microbiome may influence how 
the amygdala develops and operates. That's one of many interesting 
possibilities uncovered by this new study, which the team is currently 
working to replicate. Knickmeyer is also preparing to start up new lines 
of inquiry with new collaborations at IQ, asking new questions that she's 
excited to answer. (Source: Michigan State University)

society.”

The team also used satellite image archives to show that previous large 
ice masses had been dislodged from the same ridge and struck the same 
valley in recent years. The researchers suggest that climate change is 
likely increasing the frequency of such events, and that the greater 
magnitude of the latest disaster should be considered before further 
infrastructure development in the area.

“These high-mountain rivers are appealing for hydropower projects, and 
we need a better understanding of the full spectrum of potential high-
mountain hazards,” Shean said. “We hope that lessons learned from this 
effort will improve our ability to respond to future disasters and guide 
policy decisions that will save lives.”

(Source: University of Washington)

Cause of recent flood in Uttarakhand

Rebecca Knickmeyer, associate professor Michigan State University 
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Tackling cognition with an ornamental plant
Researchers tested ultra-stable cyclic peptides, of ~30 residue length that extracted from the plant on the 

worms and recorded the impact on the neurons

One way of tackling the progression of 
Alzheimer's disease (AD) is to prevent the 
underlying adverse changes in the brain. A 
team of researchers from the National Centre 
for Biological Sciences (NCBS) has recently 
published a study in the Journal of Medicinal 
Chemistry, dedicated to neuroprotection 
against these toxic changes. They used 
Caenorhabditis elegans and the butterfly pea 
plant for their exploration. Clitoria ternatea, 
or the butterfly pea plant has long been used in 
traditional medicine in India. As the lead 
author of the study, Neha V. Kalmankar says, 
“Plants have hundreds of compounds that 
could be repurposed for the benefit of society 
but the first step is to find which ones have the 
potential for medicinal purposes.” Based on 
existing academic knowledge of its thera-
peutic properties, the research team extracted 
and isolated a set of ultra-stable cyclic 
peptides (or “cyclotides”) from the plant. 
They tested these peptides of ~30 residue 
length on the worms and recorded the impact 
on the neurons.

Neurons in the human brain synthesize a 

protein called amyloid beta (Aβ). In patients 
with Alzheimer's, these proteins undergo a 
process called aggregation, where they form 
large deposits (plaques). The aggregates are 
toxic to the cells and impair the important 
tasks neurons need to carry out. This neuro-
toxicity can be duplicated in the transgenic 
worms too—manifesting as paralysis in the 
muscles, chemotaxis defects such as 
movement deficits towards chemical cues, 
and oxidative stress. The experiments showed 
that the cyclotides from the plant protected the 
neurons against the amyloid aggregate 

formation. The worms which fed on the 
cyclotides showed significantly less paralysis 
than the ones that did not. They also showed 
that these peptide mixtures displayed 
antioxidant properties, an already well-
established role of the plant. The different 
experiments provide strong evidence for the 
beneficial value of cyclotides, given that 
oxidative stress is a commonly related process 
in AD progression. Other age-related neuro-
degenerative disorders such as Parkinson's 
disease and Huntington's disease are also 
associated with the accumulation of toxic 
proteins, and this research avenue could lead 
to treatment options for several such diseases. 
Dr. Radhika Venkatesan, the corresponding 
author, explains, “Using a soil-dwelling 
nematode like C. elegans as a model is 
extremely valuable as these worms have 
conserved gene function, short life cycle and 
are experimentally tractable. They are 
excellent models to screen for therapeutic 
leads”. 

Source: National Centre for Biological 
Sciences news release

Biosciences - Biochemistry

Excess sugar can cause fatty liver
The unravelling of the molecular link between sugar and fat accumulation in liver is key to developing 

therapeutics for the disease

A team of researchers from IIT Mandi, led by 
Dr Prosenjit Mondal, Associate Professor, 
School  of  Basic  Sciences,  has used 
complementary experimental approaches to 
establish the underlying biochemical 
relationship between the consumption of 
excessive sugar and the development of 'fatty 
liver', medically known as Non-Alcoholic 
Fatty Liver Disease (NAFLD).  NAFLD is a 
medical condition in which excess fat deposits 
in the liver. The disease starts silently, with no 
overt symptoms for as much as two decades. If 
left untreated, the excess fat can irritate the 
liver cells, resulting in scarring of the liver 
(cirrhosis), and in advanced cases, can even 
lead to liver cancer. The treatment of advanced 
stages of NAFLD is difficult. Dr Prosenjit 
Mondal said, “The molecular mechanisms 
that increase hepatic DNL due to overcon-
sumption of sugar have not been clear.” “Our 
goal was to unravel this mechanistic pathway 
between excessive sugar consumption and 
onset and development of fatty liver Through 

DNL”, he further added. India is the first 
country in the world to identify the need for 
action on NAFLD and with good reason. The 
prevalence of NAFLD in India is about 9% to 
32% of the population, with the state of Kerala 
alone having a prevalence of 49% and a 
staggering 60% prevalence among obese 
school-going children.

One of the causes for NAFLD is the over-
consumption of sugar – both table sugar 
(sucrose) and other forms of carbohydrates. 
The consumption of excess sugar and 
carbohydrates causes the liver to convert them 
into fat in a process called hepatic De Novo 
Lipogenesis or DNL, which leads to fat 
accumulation in the liver. Through a 
complementary experimental approach 
involving mice models, the IIT Mandi team 
has shown the hitherto unknown link between 
the carbohydrate-induced activation of a 
protein complex called NF-κB and increased 
DNL. “Our data indicates that the sugar-

mediated shuttling of hepatic NF-κB p65 
reduces the levels of another protein, sorcin, 
which in turn activates liver DNL through a 
cascading biochemical pathway,” explained 
the lead scientist. The research team has shown 
that drugs that can inhibit NF-κB can prevent 
sugar-induced hepatic fat accumulation. They 
have also shown that the knockdown of sorcin 
reduces the lipid-lowering ability of the NF-
κB inhibitor. This study shows that NAFLD 
can now be added to the repertoire of diseases 
that can be treated with drugs that block NF-
κB. NF-κB also plays a role in other diseases 
that involve inflammation, such as cancer, 
Alzheimer's disease, atherosclerosis, IBS, 
stroke, muscle wasting and infections, and 
scientists around the world are developing 
therapeutics that can block NF-κB, IIT Mandi 
Statement said. This study has been published 
in the Journal of Biological Chemistry. 
Source: India Science Wire
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Understanding viral evolution
Researchers  have recreated a key step in the evolutionary history of viruses in a laboratory experiment

Researchers at ETH Zurich have recreated a 
key step in the evolutionary history of viruses 
in a laboratory experiment. They succeeded in 
remodeling a natural protein to create capsids 
capable of storing genetic material. The study 
has been published in the journal Science. 
Researchers at ETH Zurich have managed to 
recapitulate a potentially pivotal stage in virus 
evolution in the lab: the creation of a virus- like 
protein container capable of storing its own 
genetic information. In simple terms, viruses 
are made up of genetic material (RNA or 
DNA) wrapped in a protein shell. The purpose 
of the capsid is to protect the genetic material 
from environmental influences and to aid 
propagation. Success in storing the genetic 
material hinges on parts of the capsid being 
able to accurately recognise the viral genetic 
material and bind to it according to the lock-
 and-key principle.

Researchers led by Donald Hilvert have 
succeeded in altering a bacterial protein to 
acquire this capability. They used a protein 

found in the thermophilic bacterium Aquifex 
aeolicus. In the bacteria, 60 copies of this 
protein naturally assemble into tiny, 
geometrically regular, 12- sided particles. 
“These bacterial capsids look a lot like virus 
shells, except they don't interact with RNA,” 
Hilvert explains. To ensure that the capsid 
proteins do just that, he and his colleagues 
used genetic engineering to modify the 
protein so that it can to bind to any RNA 
molecules they chose. They subsequently 
carried out an evolution experiment in the 
laboratory to optimize the system, subjecting 
it to several rounds of random genetic 
modification and appropriate selection 
pressure. The end result was a capsid that 

specifically enveloped the target RNA 
molecule. In this way, the scientists succeeded 
in producing a protein container that 
efficiently packages its own messenger RNA 
in its interior. The resulting capsule was larger 
than the original, containing 240 proteins that 
self- assembled into a geometrically regular 
shell with 42 faces.  Moreover, each particle 
contained two or three messenger RNA 
molecules. The researchers, together with 
colleagues from the Universities of Leeds and 
York, subsequently showed that the RNA 
cargo had also changed its three- dimensional 
structure in the evolution experiments, 
enabling a packaging mechanism common to 
many natural virus families. “In the lab, we 
were able to show that an RNA molecule and 
the non- viral protein it encodes can be altered 
to produce capsids that efficiently package 
RNA,” Hilvert says. “This could be similar to 
the way RNA viruses evolved billions of years 
ago.” 

Source: ETH Zurich news release

Biosciences - Molecular Biology

Distinguishing bacterial and viral infections
A set of molecular biomarkers that can be used in the differential diagnosis of acute bacterial and viral infections

A recent study from the Indian Institute of 
Science (IISc) has identified a set of 
molecular biomarkers that can be used in the 
differential diagnosis of acute bacterial and 
viral infections. These biomarkers are 
different messenger RNA (mRNA) mole-
cules found in the blood; differences in their 
levels can detect and predict with high 
probability if an infection is viral or bacterial. 
A quick method to detect acute viral and 
bacterial infections and distinguish between 
them can be immensely useful in the clinic, as 
accurate diagnosis will win half the battle and 
guide the clinician towards the optimal 
treatment path. It will also prevent the rise of 
such antimicrobial resistance. In the new 
study, published in the journal EBioMedicine, 
the researchers have developed such a test 
using patient blood transcriptomes and 
sophisticated computational modelling.

A transcriptome is a full set of mRNA 
molecules expressed by a biological cell, 
which is measured using Next-Generation 
Sequencing (NGS) technologies. During an 
infection, there are specific genes that get 

turned on and these in turn lead to higher 
amounts of specific mRNAs and ultimately 
higher amounts of the corresponding proteins. 
The scientists analysed transcriptomic data of 
patients (from publicly available databases, 
and samples collected from MS Ramaiah 
Medical College in collaboration with a 
clinical team) and discovered a ten-gene RNA 

signature in the patients' blood that is produced 
in varying quantities for viral and bacterial 
infections. To make it useful in the clinic, the 
researchers devised a standalone score called 
VB10, which could be used for diagnosis, 
monitoring the stage of recovery after 
infection, and estimating the severity of the 
infection. VB10 accurately indicated whether 
a given blood sample had a bacterial or viral 
infection, across different bacteria and viruses 
and across different age groups. The authors 
suggest that the test could be useful for 
differentiating COVID-19 infection from 
bacterial infections as well. In the study, they 
looked at various viral infections for which 
transcriptomic data is publicly available. This 
allowed them to develop a generic VB10 test 
score for viral infections. As soon as 
transcriptomic data became available for 
COVID-19, the team tested their approach and 
found that the test scores could differentiate 
between SARS-CoV-2 infection and common 
bacterial respiratory infections.

Source: India Science Wire release

Vb10, a new blood biomarker for differential 
diagnosis and recovery monitoring of acute 
viral and bacterial infections (Image: 
Sathyabaarathi Ravichandran)
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Leaf engineering puzzle better understood
Conserved cellular basis of plant growth are key to understanding leaf architecture and potentially modifying 

it in the future to improve plants

In a computational modeling and cell biology 
paper in the journal Nature Plants, Purdue's 
Dan Szymanski ,  a  professor  in  the 
Department of Botany and Plant Pathology, 
discovered that tensile force patterns in thin, 
pressurized cell walls carry information that 
pattern cell and tissue morphogenesis. The 
findings uncover a conserved cellular basis of 
plant growth and are key to understanding leaf 
architecture and potentially modifying it in 
the future to improve plants. “The leaf 
epidermis is like an exoskeleton, the growth of 
which determines the size and shape of 
organs,” Szymanski said. “We're showing 
how groups of cells can function as dynamic 
building blocks for the organ. The tensile 
force patterns in the cell wall are decoded by a 
cytoskeleton-cell wall system that determines 
how cells in the tissue interact and grow at 
maximal rates. These cellular growth patterns 
can be maintained for days to affect tissue and 
organ-level morphology.”

Szymanski, in collaboration with Joseph 
Turner, a professor of mechanical and 

materials engineering at the University of 
Nebraska-Lincoln, showed that cells have 
areas of high tensile force in their walls. The 
magnitude and direction of these forces are 
sensed and mirrored by the microtubule 
cytoskeleton. The extracellular fibers 
accumulate and orient in these high-pressure 
areas to create patterns of cell expansion that 
maintain tissue integrity and enable the rapid 
expansion of thin-bladed leaves. A lobed 
morphology in internal cell types in the leaf 
enables efficient gas exchange for photo-
synthesis, and this cellular trait affects yield in 
major crop species. Szymanski's group 
discovered a general mechanism for lobe 

formation in any plant cell type.

Realistic mechanical computational models of 
the cell wall showed that the microtubule 
system mirrors the magnitude and direction of 
wall tensile forces. Szymanski said. “We 
quantitatively showed that forces in the wall 
are sensed continuously by the microtubule 
system, he said. These microtubules, which 
were analyzed in real time by Samy Belteton, a 
graduate student in Szymanski's lab, using live 
cell imaging, pattern the movement of 
cellulose synthase machines that make 
extracellular fibers that locally reinforce cell 
wall domains. This enables the tissue to grow 
adaptively in the expanding leaf. Szymanski 
and his collaborators identified the location 
and magnitude of the important tensile forces 
and the identity of the subset of microtubules 
controlling cell shape for the first time. This 
work provides important insights into how 
mechanical signaling at the cell periphery 
occurs and how it dictates local growth 
behaviors.

Source: Purdue University news release

Biosciences - Plant Science

Improving nitrogen use efficiency in rice
Scientists identified candidate genes for nitrogen use efficiency (NUE) in rice that may help crop 

improvement to save nitrogenous pollution and fertilizers worth billions

In a major boost to the scientific efforts for 
crop improvement to save nitrogenous 
pollution and fertilizers worth billions, Indian 
biotechnologists identified candidate genes 
for nitrogen use efficiency (NUE) in rice. This 
was accomplished by Prof. Nandula Raghu-
ram, Dr. Supriya Kumari and Dr. Narendra 
Sharma from the School of Biotechnology, 
Guru Gobind Singh Indra-prastha University, 
New Delhi. Their findings have been 
published in the premier inter-national 
journal, Frontiers in Plant Science. Analysing 
over 16,600 genes compiled from their own 
research and dozens of others, they syste-
matically shortlisted “62 candidate genes”; 
they further narrowed them down to “06 high 
priority target genes” for their potential to 
improve NUE in rice.

“Every year, urea worth Rs. 50,000 crores (5 
billion) is lost from Indian farms, with rice and 
wheat accounting for about two-thirds of it”, 
says Raghuram, who led the research. “This 
loss roughly equals the annual government 

subsidy on urea. We can neither afford such 
waste of money, nor the pollution it causes” he 
says.  “Half of the solution lies in biological 
crop improvement, while the other half can 
come from improving fertilizer formulations 
and cropping practices. Rice is an ideal target 
crop for this, but the main challenge was the 
lack of identified or predicted gene targets for 
crop improvement. We now offer them to the 
scientific community to collectively fast 
forward crop improvement”, says Raghuram.

Supriya Kumari and Narendra Sharma 
compiled a list of 14,791 rice genes involved 
in nitrogen response and 1,842 genes involved 

in yield, totaling 16,633 to begin with. They 
identified 1064 genes common to both for 
further shortlisting, as NUE involves both N 
input and grain yield output. “Using a series of 
genet ic  and bioinformat ic  tools ,  we 
hierarchically shortlisted them to 62 genes, 
most of which were located on chromosome 1 
and 3” says Kumari. Further, “using machine 
learning tools, we narrowed them down to 6 
high priority target genes” says Sharma. 

“NUE is controlled by too many genes and 
shortlisting them is very important for crop 
improvement towards NUE”, says Dr. 
Subramanyam Desiraju,  co-principal 
investigator of the SANH project from the 
Indian Institute of Rice Research, Hyderabad.  
According to Indian Nitrogen Assessment, rice 
is important for NUE, as it consumes 37% of 
all N-fertilizers in India, the highest among all 
crops on account of its lowest NUE. 

Source: India Science Wire release
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New species of African Violet plant
Researchers have discovered a new species of plant belonging to the African Violets family in Mizoram and 

adjacent areas in Myanmar.

Researchers at Indian Institute of Science 
Education and Research (IISER) Bhopal have 
discovered a new species of plant belonging to 
the African Violets family in Mizoram and 
adjacent areas in Myanmar.  The newly 
described species Didymocarpus vickifunkiae 
(Gesneriaceae) is currently known from only 
three locations in Mizoram and considered as 
an endangered species. It is an epiphyte 
(plants that grow on trees) and produces light 
pink flowers during the monsoons. The 
species is named in honour of Late Dr. Vicki 
Ann Funk, a renowned Botanist who worked 
at Smithsonian Institute, USA. The study is an 
outcome of extensive fieldwork across 
northeast India coupled with rigorous study of 
past collections kept in herbariums across the 
world, say IISER Bhopal statement. This 
study has been published in Systematic 
Botany journal in a paper co-authored by 
Prasanna N.S., Research Scholar, and Dr. 
Vini ta  Gowda,  Associa te  Professor, 
Department of Biological Sciences, IISER 

Bhopal. “Northeast India is home to highly 
diverse  f lora  because of  i ts  unique 
biogeographic placement as part of two 
biodiversity hotspots: the Indo-Burma 
hotspot and the Eastern Himalayas, said Dr. 
Vinita Gowda.”

The new discovery brings new insights into 
the unique evolutionary trajectory of flora in 
this region of India. Beyond the academic 
desire to document biodiversity, finding the 
'missing pieces' of the biodiversity puzzle are 
important in designing conservation 
approaches to protect the fragile ecosystem of 
such hotspots, say researchers. Because of its 

complex geology and climatic conditions, 
Northeast India, is home to a diverse flora and 
fauna. However, much of it remains poorly 
documented. The IISER Bhopal team was 
studying the evolution and biogeography of 
Didymocarpus plants. While collecting the 
plants for study, authors stumbled upon a plant 
which was distinct from all botanically known 
plants. After critical examination of the 
morphology, published literature and past 
collections that are preserved in the natural 
history museums in India and UK, they 
described it as a new species. The biodiversity 
in this region of the country is poorly known 
due to low priority in research, inaccessibility 
and remoteness, challenges that are being 
tackled by research groups such as the Tropical 
Ecology & Evolution (TrEE) lab. The team 
combines traditional processes of taxonomy 
with modern methods such as molecular 
phylogenetics to unravel the biodiversity of 
the Northeast and place it in the context of the 
larger Asian landscape.

Source: India Science Wire release

Biosciences - Plant Science

A natural dye extract can protect eye from laser-induced damages
Natural indigo dye is extracted from leaves of a plant of the bean family

Scientists have found that the natural indigo 
dye extracted from leaves of a plant of the 
bean family is capable of protecting human 
eyes from harmful laser radiation. It could be 
used to develop optical limiters useful in 
weakening the potentially harmful radiation 
and protecting the human eyes or other 
sensitive optical devices from accidental 
damage in an environment where such lasers 
are in use. The blue dye extracted from Indigo 
feratinctoria or the famed Indigo plants has 
been used over the years to colour clothes and 
clothing materials. Although synthetic indigo 
dyes are now available, the natural variety also 
is in common use. 

Researchers from the Raman Research 
Institute (RRI), Bengaluru, and Kensri School 
and College, Bengaluru, studied the optical 
properties of the natural Indigo dye and found 
that it can act as a device to protect human eyes 
from harmful laser radiation. The study, 
funded by the Department of Science and 
Technology, Government of India, was 

published in the journal 'Optical Materials'. 
The researchers extracted the dye and stored it 
in a refrigerator below 4º Celsius to preserve 
its natural properties. Their study on how 
much i t  absorbed l ight  a t  d i fferent 
wavelengths of the electromagnetic spectrum 
showed that the absorption is maximum in the 
ultraviolet region of the spectrum, at a 
wavelength close to 288 nanometres, and in 
the visible region, close to 660 nanometres. 
The absorption is comparatively high for the 
green light as well. “Indigo absorbs light 
because of molecular absorption bands. The 
maximum absorption wavelength can vary 

over several nanometers depending on the 
dye's solvent and concentration,” explains Reji 
Philip, professor at RRI and a co-author of the 
study. The absorption's variation with 
wavelength indicated that chlorophyll, an 
organic compound that takes part  in 
photosynthesis, is present in the dye.

The researchers wanted to study whether the 
organic dye showed additional absorption 
when the input light intensity is high. The team 
found that when they increase the intensity of 
the laser pulse, the dye absorbs more light. 
That is, it is more opaque to higher intensity 
light. Scientists refer to such materials as an 
'optical limiter'. Optical limiters are useful in 
weakening the potentially harmful radiation 
emitted by powerful lasers and protecting both 
eyes and sensitive optical instruments. 
“Making a prototype optical limiter using 
natural Indigo is the next logical step, followed 
by a commercially viable product,” Reji 
pointed out.

Source: PIB release
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Climate control of buildings through smart materials
Newly designed smart window material can effectively control the amount of heat and light passing through it

According to the United Nations Environment 
Program (UNEP), buildings around the globe 
account for 36 percent of energy use and 39 
percent of energy-related carbon dioxide 
emissions annually. Researchers at Indian 
Institute of Technology (IIT), Guwahati 
developed smart window materials for 
automatic climate control of buildings. These 
materials can be helpful in designing smart 
climate control systems in buildings to save 
energy and reduce carbon emissions. Newly 
designed smart window material can 
effectively control the amount of heat and 
light passing through it in response to an 
applied voltage. Such smart window materials 
would help developing efficient automatic 
climate control systems in buildings, 
researchers said. The results of their study 
have recently been published in the journal, 
Solar Energy Materials and Solar Cells. 
“There has been increased attention to 
sustainable architectural designs for better 
light and heat management in buildings in 
recent years, and deploying smart windows is 

the first step for such structures”, said Dr. 
Debabrata Sikdar, Assistant Professor, 
Department of Electronics and Electrical 
Engineering, IIT Guwahati. The emergent 
smart windows can dynamically adjust the 
amount of light and heat radiation entering a 
building in response to external stimuli, thus 
conserving the building's energy.

The design of smart windows that are 
tuneable for all-weather conditions is 
challenging. The IIT Guwahati team has 
designed smart window 'glasses' using noble 
metals as well as their relatively inexpensive 
alternatives that can dynamically control the 
intensity of transmitted solar radiation, 
depending upon the weather/climate 
condition. “We have proposed an electro-
tuneable glass made of two ultra-thin metal 
layers sandwiching an electro-optic polymer 
whose refractive index can be changed by 
applying a small voltage, which allows 
filtering of visible and infrared radiation,” 
explained Mr. Ashish Kumar Chowdhary, 

Research Scholar, I IT Guwahati. The 
researchers used this design to perform 
simulation studies to understand the light and 
heat transmission properties in response to the 
applied voltage. They initially considered gold 
and silver as the metal layers, but later tested 
their model with cheaper alternatives such as 
copper, and transparent semiconductor such as 
indium tin oxide.

When the researchers  s imulated the 
application of a bias voltage ranging from −15 
V to +15 V across this sandwich structure 
using Finite Element Methods, the smart glass 
could selectively filter solar radiation, 
spanning the visible, infrared and shortwave 
infrared wavelengths. Simulation also showed 
that this material reflected mid-wave infrared, 
long-wave infrared (LWIR; 8–15 μm), and a 
part of far-infrared wavelengths thereby 
providing insulation from heat and light 
reflected from neighbouring buildings and 
structures. 

Source: India Science Wire release

Chemical Sciences - Materials

'Vegan spider silk', an alternative to single-use plastics
Researchers have created a plant-based, sustainable, scalable material that could replace single-use plastics

The researchers, from the University of 
Cambridge, created a polymer film by 
mimicking the properties of spider silk, one of 
the strongest materials in nature. The new 
material is as strong as many common plastics 
in use today and could replace plastic in many 
common household products. The material 
was created using a new approach for 
assembling plant proteins into materials that 
mimic silk on a molecular level. The energy-
efficient method, which uses sustainable 
ingredients, results in a plastic-like free-
standing film, which can be made at industrial 
scale. Non-fading 'structural' colour can be 
added to the polymer, and it can also be used to 
make water-resistant coatings. The material is 
home compostable, whereas other types of 
bioplastics require industrial composting 
facilities to degrade. In addition, the 
Cambridge-developed material requires no 
chemical modifications to its natural building 
blocks, so that it can safely degrade in most 
natural environments. The results are reported 
in the journal Nature Communications. For 

many years, Professor Tuomas Knowles in 
Cambridge's Yusuf Hamied Department of 
Chemistry has been researching the behaviour 
of proteins. Co-author Dr Marc Rodriguez 
Garcia, a postdoctoral researcher in Knowles' 
group began looking at how to replicate this 
regular self-assembly in other proteins.  

The researchers successfully replicated the 
structures found on spider silk by using soy 
protein isolate, a protein with a completely 
different composition. “Because all proteins 
are made of polypeptide chains, under the 
right conditions we can cause plant proteins to 
self-assemble just like spider silk,” said 
Knowles, who is also a Fellow of St John's 

College. “In a spider, the silk protein is 
dissolved in an aqueous solution, which then 
assembles into an immensely strong fibre 
through a spinning process which requires 
very little energy.” The researchers used soy 
protein isolate (SPI) as their test plant protein, 
since it is readily available as a by-product of 
soybean oil production. Plant proteins such as 
SPI are poorly soluble in water, making it hard 
to control their self-assembly into ordered 
structures. The new technique uses an 
environmentally friendly mixture of acetic 
acid and water, combined with ultrasonication 
and high temperatures, to improve the 
solubility of the SPI. This method produces 
protein structures with enhanced inter-
molecular interactions guided by the hydrogen 
bond formation. In a second step, the solvent is 
removed, which results in a water-insoluble 
film. The material has a performance 
equivalent to high-performance engineering 
plastics such as low-density polyethylene. 

Source: University of Cambridge news release
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Graphene-based ultra-high-density hard drives
Graphene can be used for ultra-high density hard disk drives (HDD), with up to a tenfold jump 

Hard disk drives (HDDs) first appeared in the 
1950s, but their use as storage devices in 
personal computers only took off from the 
mid-1980s. They have become ever smaller in 
size, and denser in terms of the number of 
stored bytes.  HDDs contain two major 
components: platters and a head. Data are 
written on the platters using a magnetic head, 
which moves rapidly above them as they spin. 
The space between head and platter is 
continually decreasing to enable higher 
densities. Currently, carbon-based overcoats 
(COCs) occupy a significant part of this 
spacing. The data density of HDDs has 
quadrupled since 1990, and the COC 
thickness has reduced from 12.5nm to around 
3nm, which corresponds to one terabyte per 
square inch.  Now, graphene has enabled 
researchers to multiply this by ten. The 
Cambridge researchers have replaced 
commercial COCs with one to four layers of 
graphene, and tested friction, wear, corrosion, 
thermal stability, and lubricant compatibility. 
Beyond its unbeatable thinness, graphene 

fulfills all the ideal properties of an HDD 
overcoat in terms of corrosion protection, low 
friction, wear resistance, hardness, lubricant 
compatibility, and surface smoothness.

Graphene enables two-fold reduction in 
friction and provides better corrosion and 
wear than state-of-the-art solutions. In fact, 
one single graphene layer reduces corrosion 
by 2.5 times. Cambridge scientists transferred 
graphene onto hard disks made of iron-
platinum as the magnetic recording layer, and 
tested Heat-Assisted Magnetic Recording 
(HAMR) – a new technology that enables an 
increase in storage density by heating the 
recording layer to high temperatures. Current 

C O Cs do not  perform at  these high 
temperatures, but graphene does. Thus, 
graphene,  coupled with H A M R, can 
outperform current HDDs, providing an 
unprecedented data density, higher than 10 
terabytes per square inch. A jump in HDDs' 
data density by a factor of ten and a significant 
reduction in wear rate are critical to achieving 
more sustainable and durable magnetic data 
recording.  Professor Andrea C. Ferrari, 
Director of the Cambridge Graphene Centre, 
added: “This work showcases the excellent 
mechanical, corrosion and wear resistance 
properties of graphene for ultra-high storage 
density magnetic media. Considering that in 
2020, around 1 billion terabytes of fresh HDD 
storage was produced, these results indicate a 
route for mass application of graphene in 
cutting-edge technologies.” The study, 
published in Nature Communications, was 
carried out in collaboration with teams at the 
University of Exeter, India, Switzerland, 
Singapore, and the US.

Source: Cambridge University news release
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New material created for harvesting water all day long
Micro-engineered design allows to collect moisture from cool fog as well as generating and collecting steam

Tiny structures inspired by the shape of cactus 
spines allow a newly created material to gather 
drinkable water from the air both day and 
night, combining two water-harvesting 
technologies into one. The material, a micro-
architected hydrogel membrane can produce 
water through both solar steam-water 
generation and fog collection—two indep-
endent processes that typically require two 
separate devices. A paper about the material 
was published in Nature Commu-nications. 
Fog collection is exactly what it sounds like. 
At night, low-lying clouds along sea coasts are 
heavy with water droplets.  Solar-steam 
generation is another water-collection 
technique. It works especially well in coastal 
areas because it is also capable of water 
purification, though it works during the day 
instead of at night.  Because the two 
technologies operate under such different 
conditions, they typically require different 
materials and devices to make them work. 
Now, a material developed at Caltech could 
combine them into a single device, working to 

generate clean water 24 hours a day. "Water 
scarcity is a huge issue that humanity will 
need to overcome as the world's population 
continues to grow," says Julia R. Greer, one of 
the chief researchers of this study. "Cacti are 
uniquely adapted to survive dry climates," she 
says. "In our case, these spines, which we call 
'micro-trees,' attract microscopic droplets of 
water that are suspended in the air, allowing 
them to slide down the base of the spine and 

coalesce with other droplets into relatively 
heavy drops that eventually converge into a 
reservoir of water that can be utilized."

The spines are built out of a hydrogel; that is, a 
network of hydrophilic (water-loving) 
polymers that naturally attract water. Due to 
their tiny size, they can be printed onto a wafer-
thin membrane. During the day, the hydrogel 
membrane absorbs sunlight to heat up water 
trapped beneath it, which becomes steam. The 
steam then recondenses onto a transparent 
cover, where it can be collected. During the 
night, the transparent cover folds up and the 
hydrogel membrane is exposed to humid air to 
capture fog. As such, the material can harvest 
water from both steam and fog. Using 
computer modeling, Ilic computed the heat 
distribution within the micro-trees to help 
define the size and shape that would be most 
effective at drawing water from the air. 

Source: California Institute of Technology 
news release



DISCOVERIES & INNOVATIONS

29 The Scitech Journal Volume 08 Issue 07 July 2021

Chemical Sciences - Materials

Materials that remember and respond to environment
New research identifies properties that allow proteins to strengthen under pressure

A research team at the University of Chicago 
is now exploring the properties of a material 
found in cells which allows cells to remember 
and respond to environmental pressure. In a 
paper published in the journal Soft Matter, 
they teased out secrets for how it works and 
how it could someday form the basis for 
making useful materials. Protein strands, 
called actin filaments, act as bones within a 
cell. A separate family of proteins called 
cross-linkers hold these bones together into a 
cellular skeleton. The study found that an 
optimal concentration of cross-linkers, which 
bind and unbind to permit the actin to 
rearrange under pressure, allow this skeletal 
scaffolding to remember and respond to past 
experience. This material memory is called 
hysteresis. “Our findings show that the 
properties of actin networks can be changed 
by how filaments are aligned,” said Danielle 
Scheff, a graduate student in the Department 
of Physics who conducted the research in the 
lab of Margaret Gardel, Horace B. Horton 
Professor of  Physics and Molecular 

Engineering, the James Franck Institute, and 
the Institute of Biophysical Dynamics. “The 
material adapts to stress by becoming 
stronger.”

To understand how the composition of this 
cellular scaffolding determines its hysteresis, 
Scheff mixed up a buffer containing actin, 
isolated from rabbit muscle, and cross-
linkers, isolated from bacteria. She then 
applied pressure to the solution, using an 
instrument called a rheometer. If stretched in 
one direction, the cross-linkers allowed the 
actin filaments to rearrange, strengthening 
against subsequent pressure in the same 
direction. To see how hysteresis depended on 

the solution's consistency, she mixed different 
concentrations of cross-linkers into the buffer. 
Surprisingly, these experiments indicated that 
hysteresis was most pronounced at an optimal 
cross-linker concentration; solutions exhibited 
increased hysteresis as she added more cross-
linkers, but past this optimal point, the effect 
again became less pronounced. To better 
understand the structural changes, the team 
created a computational simulation of the 
protein mixture Scheff produced in the lab. 
This computational rendition wielded a more 
systematic control over variables than possible 
in the lab. By varying the stability of bonds 
between actin and its cross-linkers, Redford 
showed that unbinding allows actin filaments 
to rearrange under pressure, aligning with the 
applied strain, while binding stabilizes the new 
alignment, providing the tissue a 'memory' of 
this pressure. Together, these simulations 
demonstrated that impermanent connections 
between the proteins enable hysteresis.

Source: University of Chicago news release
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Understanding the reason for decline in star formation
Scientists have found that the likely cause for the decline is that galaxies were running out of fuel

Astronomers tracking star formation activity 
of the young Universe billions of years ago 
have long been intrigued by the fact that star 
formation in galaxies which was at its highest 
about 8-10 billion years ago, had declined 
steadily thereafter. Searching for the reason 
behind this, they have found that the likely 
cause for the decline is that galaxies were 
running out of fuel. The fuel critical to 
hydrogen formation is atomic hydrogen gas 
content of galaxies. A team of astronomers 
from the National  Centre for  Radio 
Astrophysics (NCRA-TIFR) in Pune, and the 
Raman Research Institute (RRI), Bangalore, 
an autonomous institute of the Department of 
Science and Technology, used the Giant 
Metrewave Radio Telescope (GMRT) to 
measure the atomic hydrogen gas content of 
galaxies 9 billion years ago. This is the earliest 
epoch in the universe for which there is a 
measurement of the atomic hydrogen content 
of galaxies. The new result is a crucial 
confirmation of the group's earlier result, 
where they had measured the atomic hydrogen 

content of galaxies 8 billion years ago and 
pushes our understanding of galaxies to even 
earlier in the universe. The new research has 
been published in the 2 June 2021 issue of The 
Astrophysical Journal Letters.

Aditya Chowdhury, a Ph.D. student at 
NCRA-TIFR and the lead author of both the 
new study and of the 2020 one, said, “Our new 
results are for galaxies at even earlier times, 
but still towards the end of the epoch of 
maximum star-formation activity. We find 
that galaxies 9 billion years ago were rich in 
an atomic gas, with nearly three times as much 
mass in atomic gas as in stars. This is very 
different from galaxies today like the Milky 
Way, where the gas mass is nearly ten times 
smaller than the mass in stars.” The 
measurement of the atomic hydrogen gas 
mass was done by using the GMRT to search 

for a spectral line in atomic hydrogen, which 
can only be detected with radio telescopes. 
“The star formation in these early galaxies was 
so intense that they would consume their 
atomic gas in just two billion years. And, if the 
galaxies could not acquire more gas, their star 
formation activity would decline and finally 
cease,” said Chowdhury. “It thus appears likely 
that the cause of the declining star- formation 
in the Universe is simply that galaxies were not 
able to replenish their gas reservoirs after some 
epoch, probably because there wasn't enough 
gas available in their environments,” headed. 
“With the present result, using a completely 
different set of receivers and electronics, we 
now have two independent measurements of 
the atomic hydrogen gas mass in these early 
galaxies,” Kanekar pointed out.

Source: PIB Release

“We find that galaxies 9 billion years ago were rich in an atomic 
gas, with nearly three times as much mass in atomic gas as in stars” 
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Estimating distribution of molecular & atomic hydrogen in galaxies
The result can help lead to clues to the star formation processes and the evolution of the galaxies

Galaxies like the one we reside in, the Milky 
Way, consist of discs containing stars, 
molecular and atomic hydrogen, and helium. 
The molecular hydrogen gas collapses on 
itself in distinct pockets, forming stars, its 
temperature was found to be low --close to 10 
kelvin, or -263 ºC and thickness is about 60 to 
240 light-years. The atomic hydrogen extends 
both above and below the discs. However, 
more sensitive observations in the past two 
decades have surprised astronomers. They 
have estimated that molecular hydrogen 
extends farther from the disc in both 
directions, up to about 3000 light-years. This 
gaseous component is warmer than the one 
straddling the disc and has comparatively 
lesser densities, thus escaping earlier 
observations. They called it the 'diffuse' 
component of the molecular disc. How much 
of the total molecular hydrogen is this diffuse 
component of the disc remains unclear. In a 
new study, a researcher from Raman Research 
Institute (RRI), Bengaluru, an autonomous 
organisation of the Department of Science and 

Technology (DST), Government of India, has 
carried out mathematical calculations and 
used publicly available astronomical data of a 
nearby galaxy to pin down the ratio of the 
narrow and diffuse gaseous components. The 
study, funded by the DST, Government of 
India, was published in the journal Monthly 
Notices of the Royal Astronomical Society.

For the study, Narendra focussed on a single 
galaxy about 20 million light-years away 
from the Milky Way. The galaxy's proximity 

makes it easier to observe with telescopes, and 
spectral lines of carbon monoxide (CO) are 
available for public research. “The carbon 
monoxide molecule is known to accurately 
trace molecular hydrogen, whose spectral 
lines are more difficult to observe,” explains 
Narendra. “The galaxy I chose is very much 
like the Milky Way and is therefore interesting 
for studying the ratio of diffuse and thin 
components of the disc,” he adds. The 
researcher used the observed spectral lines of 
the C O molecule to infer the three-
dimensional distribution of both the narrow 
disc component and the diffuse component of 
molecular hydrogen. Estimating how the ratio 
of the two components varies with the distance 
away from the centre of the galaxy, he found 
that the diffuse component makes up about 70 
percent of the molecular hydrogen, and this 
fraction remains roughly constant along the 
radius of the disc. “This is the first time that 
such a calculation has been done for any 
galaxy,” he asserts.

Source: PIB release
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Mechanism behind lithium production in low mass Red Clump Stars 
Scientists found evidence for lithium enhancement during the helium-flashing phase of 2 million years

Scientists from the Indian Institute of 
Astrophysics  have pinned down the 
mechanism behind the lithium production in 
low mass Red Clump Stars. Having found 
lithium excess to be common among the low 
mass Red Clump Giants, they have now traced 
helium-flashing phase of the star's evolution 
as the site for high lithium production. This 
transition phase lasts for about 2 million years, 
during which Red Giant Branch (RGB) giant 
stars with inert helium-core at the centre 
become Red Clump Giant stars of helium-core 
burning. Recently, a group of astronomers at 
the Indian Institute of Astrophysics (IIA), 
Bengaluru found observational evidence for 
lithium enhancement during the helium-
flashing phase of 2 million years, followed by 
a rapid decrease in lithium abundances of such 
stars. According to their work, it seems the 
lithium excess in giants is a transient 
phenomenon.

The researchers led by Mr. Raghubar Singh 
and Prof. Eswar Reddy of IIA along with 

Simon Campbell of Monash University, 
Australia; Bharat Kumar of CAS, China; and 
Mathieu Vrard of Ohio State University, USA 
used asteroseismology (seismic study of stars 
using time-resolved photometry from Kepler 
Space Telescope) combined with spect-
roscopic abundances of elements to track the 
evolution of lithium in a sample of giant stars. 
In addition to the evidence for lithium 
production site, a first-of-its-kind correlation 
between the two independent observed 
quantities - lithium abundance and stellar 
oscillations (gravity mode period spacing) - 
will serve to track the helium-flashing phase 
of converting RGB giant of an inert, electron-
degenerate hel ium-core into a ful ly 
convective helium-burning core by a series of 
core helium-flashes, a theory developed in the 
1960s. This work is published in the 
'Astrophysical Journal Letters'. Lead author 

Mr. Raghubar Singh said, "We do not have 
much insight into the helium-flash phase, let 
alone understanding of lithium production. 
These new results will inspire further 
observations as well as theoretical models." 
Talking about the importance of this result 
Prof. Reddy said, "These results will be of 
great interest to a larger community of 
theoreticians and observers. This is because of 
lithium's broader implications to cosmological 
models, which predict Big Bang lithium 
abundance, which is a factor of four less than 
the presently observed values in the interstellar 
medium or very young stars, indicating lithium 
is increasing. Identification of production sites 
is important for accounting for lithium 
enhancement in the Universe and provides 
excellent insights into the internal working of 
stars."

Source: India Science Wire release

These new results will inspire further observations as 
well as theoretical models
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Aerosol in urban locations in India
Major fraction of the particles can reach to sizes of cloud condensation nuclei where they have climatic impacts

Scientists tracing the concentration, size and 
evolution of aerosol particles smaller than 3 
nanometres at an urban location in India have 
found frequent formation of sub-3nm aerosol 
particles in the atmosphere. This has critical 
importance as a major fraction of these newly 
formed particles can reach to sizes of cloud 
condensation nuclei where they have climatic 
impacts. The formation of small molecular 
clusters of sub-3nm size is technically called 
aerosol nucleation, and subsequent growth of 
these newly formed clusters to the large sizes 
is called atmospheric new particle formation 
(NPF). NPF occurs everywhere in the 
terrestrial troposphere, and therefore it is a 
large source of aerosol numbers to the 
atmosphere. Though extensively studied 
globally using field observations, laboratory 
experiments and modelling approach, it is 
largely unexplored in India.

 Scientists from the University of Hyderabad 
measured neutral sub-3nm particles for the 
first time at an urban location in India. Dr 

Vijay Kanawade and Mr Mathew Sebastian 
used AIRMODUS nano Condensation 
Nucleus Counter (nCNC) to measure particle 
size distribution in the size range of 1 to 3 nm. 
In the study supported by the Department of 
Science & Technology (DST) under Climate 
Change Programme Division, they conducted 
continuous observations since January 2019 
at the University of Hyderabad campus site 
and reported the formation rate of small 
molecular clusters in sub-3nm size regime, 
where aerosol nucleation triggers. This work 
has been recently published in the journal 
'Atmospheric Environment'. The research 
showed that a pool of sub-3nm particles is 
often present in the atmosphere, but how fast 
these clusters grow depends on various 
factors. The scientists observed that only half 
of these events showed newly formed 
molecular clusters growing past 10 nm size. 
Thus particle size distributions display a 
conventional banana-shaped aerosol growth, 
which is indicative of regional NPF event.

The team found a strong positive correlation 
between sub-3nm particle concentrations and 
sulphuric acid concentrations, confirming the 
potential role of sulfuric acid in the formation 
of sub-3nm particles. While NPF often starts 
with sulphuric acid in the atmosphere, 
sulphuric acid alone fails to explain observed 
particle formation and growth rates in the 
atmosphere. Other vapours such as ammonia, 
amines and organics play a crucial role in the 
growth of newly formed particles. Moreover, 
these newly formed particles did not always 
grow to large sizes, and the team hypothesized 
that the particle growth was limited by lower 
concentrations of condensable vapours such as 
organic compounds, calling for research using 
state-of-the-art instrumentation to understand 
the mechanisms driving NPF in diverse 
environments across India.  

Source: PIB release
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Detecting tropical cyclones early
Novel technique could help detect tropical cyclones for Bay of Bengal Basin earlier than satellites

Indian Scientists have found a promising 
technique for early detection of development 
or strengthening of tropical cyclones in the 
atmospheric column prior to satellite 
detection over ocean surface in North Indian 
Ocean region. Early detection of Tropical 
cyc lones  has  w ide  soc io -economic 
implications. So far, remote sensing tech-
niques have detected them the earliest. 
However, this detection was possible only 
after system developed as a well-marked low-
pressure system over the warm ocean surface. 
A larger time gap between the detection and 
the impact of the cyclone could help 
preparation activities. Prior to the formation of 
cyclonic system over the warm oceanic 
environment,  the initial  atmospheric 
instability mechanism, as well as the vortex 
development, is triggered at higher atmo-
spheric levels. These cyclonic eddies are 
prominent features in the vertical atmospheric 
column encompassing the disturbance 
environment with a potential to induce and 
develop into a well-marked cyclonic 

depression over the warm ocean surface. They 
could be used for detection of prediction of 
cyclones

A team of Scientists including Jiya Albert, 
Bishnupriya Sahoo, and Prasad K. Bhaskaran 
from IIT Kharagpur, with support from the 
Department of Science & Technology, 
Government of India under the Climate 
Change Programme (CCP), devised a novel 
method using Eddy detection technique to 
investigate the formative stages and advance 
detection time of tropical cyclogenesis in the 
North Indian Ocean region. The research was 
published in the journal 'Atmospheric 
Research' recently.

The method developed by the scientists' aims 
to identify initial traces of pre-cyclonic eddy 
vortices in the atmospheric column and track 
its Spatio-temporal evolution. They used 
coarser grid resolution of 27 km for 
identification and finer resolution of 9 km to 
evaluate the characteristics of eddy vortices. 
The study was conducted with cases of four 

post-monsoon severe cyclones –Phailin 
(2013), Vardah (2013), Gaja (2018), Madi 
(2013), and two pre-monsoon cyclones Mora 
(2017) and Aila (2009) that developed over 
North Indian Ocean. The team observed that 
the method could bring about genesis of 
prediction with a minimum of four days (~ 90 
h) lead time for cyclones developed during the 
pre-and post-monsoon seasons. Initiation 
mechanisms of genesis of tropical cyclones 
occurs at upper atmospheric levels and are also 
detected at higher lead time for pre-monsoon 
cases, unlike the post-monsoon cases. The 
study made a comprehensive investigation on 
the behavior of eddies in an atmospheric 
column for non-developing cases and 
compared these findings with developing 
cases. The technique was found to have 
potential for early detection of tropical 
cyclogenesis in the atmospheric column prior 
to satellite detection over ocean surface.

Source: PIB release
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Understanding the space around Earth
A novel theory has paved way to unlock the mysteries of the ion hole structures - a localized plasma region 

A novel theory by three Indian scientists has 
paved way to unlock the mysteries of the ion 
hole structures - a localized plasma region 
where the ion density is lower than the 
s u r r o u n d i n g  p l a s m a .  H a r i k r i s h n a n 
Aravindakshan, Prof. Amar Kakad, and Prof. 
Bharati Kakad from the Indian Institute of 
Geomagnetism (I IG), an autonomous 
institute under the Department of Science and 
Technology, have developed the theory. Prof. 
Peter Yoon of the University of Maryland, 
USA also joined the Indian scientists. The 
theory solves every bit of uncertainty 
regarding the conflict between the obser-
vations from Magnetospheric Multiscale 
(MMS) Mission. It's a NASA robotic space 
mission to study the Earth's magnetosphere 
and theoretical predictions. The scientists 
have developed a theory that helps understand 
the complicated nature of Sun-Earth 
interactions happening in the magnetosphere, 
the space around Earth that is controlled by the 
Earth's magnetic field. Using their theory, the 

scientists are now working towards a detailed 
study of the ion hole structures observed in 
various space and astrophysical envir-
onments. They have completely ruled out the 
necessity of the upper limit in the temperature 
ratio between ions and electrons for 
generation of a special kind of wave called 
Bernstein Green Kruskal (BGK) waves, 
named after the scientists who predicted this 
wave. They revealed that the electrons that are 
not part of ion hole dynamics also play a vital 
role. The work has been published in the 
journal, Monthly Notices of the Royal 

Astronomical Society.

On 2 November 2017, NASA's expedition to 
unlock Sun-Earth interaction's complicated 
nature, the MMS spacecraft, observed 
negative monopolar potential, electric field 
potentials which can be visualized in the form 
of single-humped, pulse-type structures. The 
scientific community suddenly recognized its 
importance, and several publications were 
presented. But none of the available theories 
could explain the characteristics of these 
structures due to the exotic background 
conditions. The new theory developed by the 
IIG team now provides a better understanding 
of their characteristics and sheds light on the 
generation of these structures leading to the 
unravelling of nature's greatest mystery that 
causes the phenomena, plasma transport and 
heating of plasma, the fourth state of matter 
after solid, liquid, and gas, which is the most 
natural and widely observed state of matter in 
the entire universe.

Source: India Science Wire release
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Imaging technique could help identify landslide occurrences
Researchers created a new method to understand how topographic stress influence landslide events

Each year, landslides kill thousands of people 
around the world and cause catastrophic 
property damage. But scientists are still trying 
to better understand the circumstances that 
cause them. Doing so would go a long way 
toward helping people predict where 
landslides could occur and how severe they 
might be.   A study led by Seulgi Moon, a 
UCLA professor of Earth, planetary and space 
sciences, could be a significant step toward 
that goal.   Moon and Gen Li, a former UCLA 
postdoctoral scholar, created a new method to 
understand how topographic stress - which 
occurs when tectonic plates beneath the 
Earth's surface slide toward each other enough 
to change the landscape above - influence 
landslide events. Their research is published 
in Nature Geoscience.    The study is the first 
to combine information about natural 
processes that take place both on the surface of 
the Earth and at the tectonic level; previous 
research focused only on landslides caused by 
events like earthquakes and rain. “We found 
that the magnitude of big landslides is affected 
by not only local conditions such as slope and 

precipitation but can be also affected by forces 
deep underground,” Moon said. “This implies 
that the interaction between what's above and 
below the ground is important to better 
understanding surface processes of the 
Earth.”  

For the study, the scientists developed a new 
adaptation of an existing technology called 
3D topographic stress modeling in order to 
identify places deep below the Earth's surface 
where rocks are weathered or fractured. By 
identifying those spots, the model can 
determine which locations are most 
susceptible to landslides.  “Understanding 
earth science and geology will be critical to 

making mitigation plans for landslides,” Moon 
said. Moon and Li conducted the research on 
the Longmen Mountains, on the Eastern 
Tibetan Plateau. Their approach uses high-
resolution satellite images to detect the sizes 
and locations of landslides. Those satellite 
images are compared to the fracturing and 
weathering of rocks in the same locations, 
which Moon said can be predicted from the 
topography of the Earth's surface.

Areas in which the underground bedrock is 
particularly weak or fractured may be 
vulnerable to a large landslide. Moon's 
technique, which uses high-resolution 
underground stress distribution data, enabled 
the scientists to locate fracturing that would 
otherwise not have been apparent because it's 
so deep beneath the Earth's surface — as much 
as 500 meters (or about 1600 feet) down. The 
high-resolution underground stress distr-
ibution data allows the researchers to 
distinguish areas below the ground that are 
damaged due to high stress.  

Source: UCLA news release



DISCOVERIES & INNOVATIONS

33 The Scitech Journal Volume 08 Issue 07 July 2021

Engineering Sciences - Bioengineering

Synthetic SPECIES as a confinable gene drive
Researchers create novel CRISPR-based fly species as a new method of controlling gene drive spread

Scientists at the University of California San 
Diego and their colleagues have developed a 
gene drive with a built-in genetic barrier that is 
designed to keep the drive under control. Led 
by molecular geneticist Omar Akbari's lab, the 
researchers engineered synthetic fly species 
that, upon release in sufficient numbers, act as 
gene drives that can spread locally and be 
reversed if desired. The scientists describe 
their SPECIES (Synthetic Postzygotic 
ba r r i e r s  Exp lo i t ing  C R I S P R -based 
Incompatibilities for Engineering Species) 
deve lopment  as  a  p roof -of -concept 
innovation that could be portable to other 
species such as insect disease vectors. 
Spreading gene drives that limit pests that 
feast on valuable food crops is another 
example of a potential SPECIES application. 
“Gene drives can potentially spread beyond 
intended borders and be hard to control. 
SPECIES offers a way to control populations 
in a very safe and reversible manner,” said 
Akbari, a UC San Diego Division of 
Biological Sciences associate professor and 
senior author of the paper, which is published 

June 2 in the journal Nature Communications.

The idea behind the creation of SPECIES is 
reflective of the formation of new species in 
nature. As members of a single species 
separate over time, due to, for example, a new 
land formation, earthquake separation or 
other geological event, a new species 
eventually can evolve from the physical 
disconnection. If the new species eventually 
returns to mate with the original species, they 
could produce unviable offspring due to 
biological changes following the separation 
through a natural phenomenon known as 
reproductive isolation.

Working in the fly species Drosophila 
melanogaster, UC San Diego researchers and 
their colleagues at the California Institute of 
Technology, UC Berkeley and the Innovative 
Genomics Institute used CRISPR genetic-
editing technologies to develop flies encoding 
SPECIES systems that are reproductively 
incompatible with wild versions of D. 
melanogaster. “Even though speciation 
happens consistently in nature, creating a new 
artificial species is actually a pretty big 
bioengineering challenge,” said Anna 
Buchman, the lead author of the paper. “The 
beauty of the SPECIES approach is that it 
simplifies the process, giving us a defined set 
of tools, we need in any organism to elegantly 
bring about speciation.” Conceptually, when 
SPECIES are deployed in the wild in 
sufficient numbers, they can controllably drive 
through a population and replace all of their 
wild counterparts as they spread. Using 
malaria as an example, SPECIES mosquitoes 
could be developed with a genetic element that 
makes them incapable of transmitting malaria.

Source: UC San Diego news release

Engineering Sciences - Biomedical Engineering

Controlling insulin release using smartwatch
This revolutionary approach could be used to treat diabetes in the future

ETH Zurich researchers have developed a 
gene switch that can be operated with the 
green LED light emitted by commercial 
smartwatches. This revolutionary approach 
could be used to treat diabetes in the future. A 
team of ETH researchers now wants to 
capitalise on that popularity by using the 
LEDs to control genes and change the 
behaviour of cells through the skin. The team 
is led by Martin Fussenegger from the 
Department of Biosystems Science and 
Engineering in Basel. He explains the 
challenge to this undertaking: “No naturally 
occurring molecular system in human cells 
responds to green light, so we had to build 
something new.” The ETH professor and his 
colleagues ultimately developed a molecular 
switch that, once implanted, can be activated 
by the green light of a smartwatch. The switch 
is linked to a gene network that the researchers 
introduced into human cells. As is customary, 
they used HEK 293 cells for the prototype. 
Depending on the configuration of this 

network – in other words, the genes it contains 
– it can produce insulin or other substances as 
soon as the cells are exposed to green light. 
Turning the light off inactivates the switch and 
halts the process. As they used the standard 
smartwatch software, there was no need for 
the researchers to develop dedicated 
programs. During their tests, they turned the 
green light on by starting the running app. 

The molecular switch is more complicated, 
however. A molecule complex was integrated 
into the membrane of the cells and linked to a 
connecting piece, similar to the coupling of a 

railway carriage. As soon as green light is 
emitted, the component that projects into the 
cell becomes detached and is transported to the 
cell nucleus where it triggers an insulin-
 producing gene. When the green light is 
extinguished, the detached piece reconnects 
with its counterpart embedded in the 
membrane. The researchers tested their system 
on both pork rind and live mice by implanting 
the appropriate cells into them and strapping a 
smartwatch on like a rucksack. Opening the 
watch's running program, the researchers 
turned on the green light to activate the 
cascade. “It's the first time that an implant of 
t h i s  k i n d  h a s  b e e n  o p e r a t e d  u s i n g 
commercially available, smart electronic 
devices – known as wearables because they are 
worn directly on the skin,” the ETH professor 
says. Most watches emit green light, a practical 
basis for a potential application as there is no 
need for users to purchase a special device.

Source: ETH Zurich news release
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Artificial synaptic network mimicking human brain
Scientists have fabricated a device that can mimic human brain cognitive actions 

Scientists have fabricated a device that can 
mimic human brain cognitive actions and is 
more efficient than conventional techniques 
in emulating artificial intelligence, thus 
enhancing the computational speed and power 
consumption efficiency. Scientists from 
Jawaharlal Nehru Centre for Advanced 
Scientific Research, Bengaluru, an auto-
nomous institute of the Department of Science 
& Technology, Government of India, devised 
a novel approach of fabricating an artificial 
synaptic network (ASN) resembling the 
biological neural network via a simple self-
forming method (the device structure is 
formed by itself while heating). This work has 
been recently published in the journal 
'Materials Horizons'.

Aiming to develop a synaptic device for 
neuromorphic applications with a humble 
fabrication method, the JNCASR team 
explored a material system mimicking 
neuronal bodies and axonal network 
connectivity much like the biological system. 
In order to realize such a structure, they found 

that a self-forming process was easy, scalable, 
and cost-effective. In their research JNCASR 
team dewetted Silver (Ag) metal to form 
branched islands and nanoparticles with 
nanogap separations to resemble bio neurons 
and neurotransmitters where dewetting is a 
process of rupture of continuous film into 
disconnected/isolated islands or spherical 
particles. With such an architecture, several 
higher-order cognitive activities are 
emulated. The fabricated artificial synaptic 
network (ASN) consisted of Silver (Ag) 
agglomerates network separated by nanogaps 
filled with isolated nanoparticles. They found 
that dewetting Ag film at a higher temperature 
resulted in the formation of island structures 

separated by nanogaps resembling the bio-
neural network.

Using programmed electrical signals as a real-
world stimulus, this hierarchical structure 
emulated various learning activities such as 
short-term memory (STM), long-term 
memory (LTM), potentiation, depression, 
associative learning, interest-based learning, 
supervision, etc. Synaptic fatigue due to 
excessive learning and its self-recovery was 
also mimicked. Remarkably, all these 
behaviors were emulated in a single material 
system without the aid of external CMOS 
circuits. A prototype kit has been developed to 
emulate Pavlov's dog behavior which 
demonstrates the potential of this device 
towards neuromorphic artificial intelligence. 
By organizing a nanomaterial resembling the 
biological neural substance, the JNCASR 
team has moved a step further in accom-
plishing advanced neuromorphic artificial 
intelligence.

Source: PIB release

Engineering Sciences - Computer Engineering

Translating a bird's brain activity into song
Study demonstrates the possibilities of a future speech prosthesis for humans

It is possible to re-create a bird's song by 
reading only its brain activity, shows a first 
proof-of-concept study from the University of 
California San Diego. The researchers were 
able to reproduce the songbird's complex 
vocalizations down to the pitch, volume and 
timbre of the original. Published in Current 
Biology, the study lays the foundation for 
building vocal prostheses for individuals who 
have lost the ability to speak. “The current 
state of the art in communication prosthetics is 
implantable devices that allow you to generate 
textual output, writing up to 20 words per 
minute,” said senior author Timothy Gentner, 
a professor of psychology and neurobiology at 
UC San Diego. “Now imagine a vocal 
prosthesis that enables you to communicate 
naturally with speech, saying out loud what 
you're thinking nearly as you're thinking it. 
That is our ultimate goal, and it is the next 
frontier in functional recovery.” The approach 
that Gentner and colleagues are using involves 
songbirds such as the zebra finch.  The team 

implanted silicon electrodes in male adult 
zebra finches and monitored the birds' neural 
activity while they sang. Specifically, they 
recorded the electrical activity of multiple 
populations of neurons in the sensorimotor 
part of the brain that ultimately controls the 
muscles responsible for singing.

The researchers fed the neural recordings into 
machine learning algorithms. The idea was 
that these algorithms would be able to make 
computer-generated copies of actual zebra 
finch songs just based on the birds' neural 
activity. But translating patterns of neural 

activity into patterns of sounds is no easy task. 
The team used simple representations of the 
birds' vocalization patterns. These are 
essentially mathematical equations modeling 
the physical changes—that is, changes in 
pressure and tension—that happen in the 
finches' vocal organ, called a syrinx, when they 
sing. The researchers then trained their 
algorithms to map neural activity directly to 
these representations. This approach, the 
researchers said, is more efficient than having 
to map neural activity to the actual songs 
themselves. “With our collaboration,” said 
Gentner, “we are leveraging 40 years of 
research in birds to build a speech prosthesis 
for humans—a device that would not simply 
convert a person's brain signals into a 
rudimentary set of whole words but give them 
the ability to make any sound, and so any word, 
t h e y  c a n  i m a g i n e ,  f r e e i n g  t h e m  t o 
communicate whatever they wish.”

Source: University of California San Diego 
news release
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Harvesting energy from WiFi signals
Scientists developed a technology to harvest and convert wireless radio frequencies into energy  

With the rise of the digital age, the amount of 
WiFi sources to transmit information 
wirelessly between devices has grown 
exponentially. This results in the widespread 
use of the 2.4GHz radio frequency that WiFi 
uses, with excess signals available to be 
tapped for alternative uses. To harness this 
under-utilised source of energy, a research 
team from the National University of 
Singapore (NUS) and Japan's Tohoku 
University (TU) has developed a technology 
that uses tiny smart devices known as spin-
torque oscillators (STOs) to harvest and 
convert wireless radio frequencies into energy 
to power small electronics. In their study, the 
researchers had successfully harvested energy 
using WiFi-band signals to power a light-
emitting diode (LED) wirelessly, and without 
using any battery. “We are surrounded by 
WiFi signals, but when we are not using them 
to access the Internet, they are inactive, and 
this is a huge waste. Our latest result is a step 
towards turning readily available 2.4GHz 

radio waves into a green source of energy, 
hence reducing the need for batteries to power 
electronics that we use regularly. In this way, 
small electric gadgets and sensors can be 
powered wirelessly by using radio frequency 
waves as part of the Internet of Things. The 
results were published in Nature Communi-
cations on 18 May 2021.

To overcome the spatial and low frequency 
limitations, the research team came up with an 
array in which eight STOs are connected in 
series. Using this array, the 2.4 GHz 
electromagnetic radio waves that WiFi uses 
was converted into a direct voltage signal, 
which was then transmitted to a capacitor to 
light up a 1.6-volt LED. When the capacitor 
was charged for five seconds, it was able to 
light up the same LED for one minute after the 
wireless power was switched off. In their 
study, the researchers also highlighted the 
importance of electrical topology for 
designing on-chip STO systems and 
compared the series design with the parallel 

one. They found that the parallel configuration 
is more useful for wireless transmission due to 
better time-domain stability, spectral noise 
behaviour, and control over impedance 
mismatch. On the other hand, series 
connections have an advantage for energy 
harvesting due to the additive effect of the 
diode-voltage from STOs. Commenting on 
the significance of their results, Dr Raghav 
Sharma, the first author of the paper, shared, 
“Aside from coming up with an STO array for 
wireless transmission and energy harvesting, 
our work also demonstrated control over the 
synchronising state of coupled STOs using 
injection locking from an external radio-
frequency source. These results are important 
for prospective applications of synchronised 
STOs, such as fast-speed neuromorphic 
computing.”

Source: National University of Singapore 
news release

Engineering Sciences - Robotics

Miniature robots controlled by magnetic fields
This could pave the way to possible future applications in biomedicine and manufacturing

A team of scientists at Nanyang Technological 
University, Singapore (NTU Singapore) has 
developed millimetre-sized robots that can be 
controlled using magnetic fields to perform 
highly manoeuvrable  and dexterous 
manipulations. The research team created the 
miniature robots by embedding magnetic 
microparticles into biocompatible polymers 
— non-toxic materials that are harmless to 
humans. The robots are 'programmed' to 
execute their desired functionalities when 
magnetic fields are applied. The made-in-
NTU robots improve on many existing small-
scale robots by optimizing their ability to 
move in six degrees-of-freedom (DoF) – that 
is, translational movement along the three 
spatial axes, and rotational movement about 
those three axes, commonly known as roll, 
pitch and yaw angles. While researchers have 
previously created six DoF miniature robots, 
the new NTU miniature robots can rotate 43 
times faster than them in the critical sixth DoF 
when their orientation is precisely controlled. 
They can also be made with 'soft' materials and 

thus can replicate important mechanical 
qualities. The research by the NTU team was 
published in the journal Advanced Materials 
in May 2021 and is featured as the front cover 
of the June 10 issue.

Lead author of the study, Assistant Professor 
Lum Guo Zhan from the School  of 
Mechanical and Aerospace Engineering said 
the crucial factor that led to the team's 
achievement lie in the discovery of the 
'elusive' third and final principal vector of 
these magnetic fields, which is critical for 

controlling such machines. By contrast, 
previous works had only defined the applied 
magnetic fields in terms of two principal 
vectors. Measuring about the size of a grain of 
rice, the miniature robots may be used to reach 
confined and enclosed spaces currently 
inaccessible to existing robots, say the NTU 
team, making them particularly useful in the 
field of medicine. The movements of the robots 
can be controlled remotely by an operator, 
using a programme running on a control 
computer that precisely varies the strength and 
direction of magnetic fields generated by an 
electromagnetic coil system. Demonstrating 
precise orientation control, the miniature robot 
also recorded a rotation speed of 173 degrees 
per second for their sixth DoF motion, 
exceeding the fastest rotation that existing 
miniature robots have achieved, which is four 
degrees per second for their sixth DoF motion.

Source: Nanyang Technological University, 
Singapore
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Luring the bacteria into an evolutionary trap
Using the technology researchers have developed a vaccine that protects animals from Salmonella bacteria

Researchers at  E T H Zurich and the 
University of Basel have developed a vaccine 
that protects animals from Salmonella. These 
bacteria often escape the effects  of 
vaccination by genetically modifying their 
protective coat. The researchers have 
succeeded in manipulating this process to lure 
the bacteria into an evolutionary trap. 
Developing vaccines against bacteria is in 
many cases much more difficult than vaccines 
against viruses. Like virtually all pathogens, 
bacteria are able to sidestep a vaccine's 
effectiveness by modifying their genes. For 
many pathogens, such genetic adaptations 
under selective pressure from vaccination will 
cause their virulence or fitness to decrease. 
This lets the pathogens escape the effects of 
vaccination, but at the price of becoming less 
transmissible or causing less damage. Some 
pathogens, however, including many bacteria, 
are extremely good at changing in ways that 
allow them to escape the effects of vaccination 
while remaining highly infectious.

For scientists looking to develop vaccines, 

this kind of immune evasion has been a 
fundamental problem for decades. If they set 
out to develop vaccines against bacterial 
pathogens, often they will notice that these 
quickly become ineffective. Now, however, 
researchers at ETH Zurich and the University 
of Basel have exploited precisely this 
mechanism to come up with an effective 
vaccine against bacteria. They succeeded in 
developing a Salmonella vaccine that, instead 
of trying to outright kill intestinal bacteria, 
rather guides their evolution in the gut to make 
them a weaker pathogen. “This allowed us to 
show that immune evasion is not only a major 
challenge in vaccine development, but that it 

can in fact be put to good use in both human 
and veterinary medicine,” explains ETH 
Professor Emma Slack.  In their study, the 
researchers inoculated mice with a series of 
slightly different vaccines against Salmonella 
typhimurium ,  and observed how the 
Salmonella in the animals' guts modified their 
genes to escape the vaccines' effects. This let 
the scientists identify the full spectrum of 
possible immune evasion mutations in 
Salmonella typhimurium. Subsequently, the 
researchers produced a combination vaccine 
from four Salmonella strains that covered the 
bacteria's full spectrum of genetic evasion 
options. A surprising immune evasion was 
driven by this combined vaccine, causing an 
important Salmonella sugar coating on the 
surface to atrophy. While the affected bacteria 
were still able to multiply in the animals' guts, 
they were largely unable to infect body tissues 
and cause disease. 

Source: ETH Zurich news release

Medical Sciences - Biotechnology

Training viruses to fight antibiotic resistance
Phages that undergo special evolutionary training increase their capacity to subdue bacteria

Bacteriophage, or “phage,” have become a 
new source of hope against growing antibiotic 
resistance. Ignored for decades by western 
science, phages have become the subject of 
increasing research attention due to their 
capability to infect and kill bacterial threats. A 
new project led by University of California 
San Diego Biological Sciences graduate 
student Joshua Borin, a member of Associate 
Professor Justin Meyer's laboratory, has 
provided evidence that phages that undergo 
special evolutionary training increase their 
capacity to subdue bacteria. Like a boxer in 
training ahead of a title bout, pre-trained 
phages demonstrated they could delay the 
onset of bacterial resistance. The study, which 
included contributions from researchers at the 
University of Haifa in Israel and the 
University of Texas at Austin, is published in 
the Proceedings of the National Academy of 
Sciences. “Antibiotic resistance is inherently 
an evolutionary problem, so this paper 
describes a possible new solution as we run 
out of antibiotic drug options,” said Borin. 
“Using bacterial viruses that can adapt and 

evolve to the host bacteria that we want them 
to infect and kill is an old idea that is being 
revived. It's the idea of the enemy of our 
enemy is our friend.”

The idea of using phages to combat bacterial 
infections goes back to the days prior to World 
War II. But as antibiotic drugs became the 
leading treatment for bacterial infections, 
phage research for therapeutic potential was 
largely forgotten. That mindset has changed in 
recent years as deadly bacteria continue to 
evolve to render many modern drugs 
ineffective. Borin's project was designed to 

train specialized phage to fight bacteria before 
they encounter their ultimate bacterial target. 
The study, conducted in laboratory flasks, 
demonstrated classic evolutionary and 
adaptational mechanisms at play. The bacteria, 
Meyer said, predictably moved to counter the 
phage at tack.  The difference was in 
preparation. Phages trained for 28 days, the 
study showed, were able to suppress bacteria 
1,000 times more effectively and three- to 
eight-times longer than untrained phage. “The 
trained phage had already experienced ways 
that the bacteria would try to dodge it,” said 
Meyer. “It had 'learned' in a genetic sense. It 
had already evolved mutations to help it 
counteract those moves that the bacteria were 
taking. We are using phage's own impro-
vement algorithm, evolution by natural 
selection, to regain its therapeutic potential and 
solve the problem of bacteria evolving 
resistance to yet another therapy.”

Source: University of California San Diego 
news release
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Structure of key COVID-19 virus protein
Helps in understanding its role in the spread,severity of the disease and development of antiviral therapeutics

A team of researchers from the Indian Institute 
of Technology Mandi (IIT Mandi), led by Dr. 
Rajanish Giri, Assistant Professor, School of 
Basic Sciences, have elucidated the part of 
structure of a key protein in the COVID-19 
virus, which helps in understanding its mode 
of action, its role in the spread and severity of 
the disease and development of antiviral 
therapeutics. “From a conformational or 
'shape' point of view, several proteins contain 
ordered and intrinsically disordered regions. 
These classical conformations are in the 
proteins in the SARS-CoV-2 virus as well. 
The structure of non-structural protein 1 
(NSP1) is composed of 180 amino acids. The 
first 1-127 region has been experimentally 
shown to form an independent structure. 
However, there was no experimental proof 
given by any group on the 131 to 180 amino 
acid regions of this NSP1 protein, which plays 
a key role in suppressing the host immune 
system. “We have deciphered the confo-
rmation of this region in isolation”, explained 
Dr. Rajanish Giri, Assistant Professor of 
Biotechnology, IIT Mandi. This virus has 
s i x t e e n  n o n - s t r u c t u r a l  p r o t e i n s 

(NSP1–NSP16), of which, the NSP1 plays a 
vital role in the pathogenicity (ability to cause 
disease) of the virus. The NSP1 disrupts the 
proteins of the host cell and suppresses its 
immune functions. Its importance can be 
understood by the fact that it is also called the 
'host shutoff factor'. Particularly Nenad Ban 
and colleagues have found that if the C-
terminal region of NSP1 i.e. 131-180 residues 
are removed from NSP1 then NSP1 is unable 
to stop the translation by ribosomes. It is 
therefore important to understand the 
molecular  mechanisms,  b iophysical 
interactions, and chemistry of the interplay of 
the NSP1 with the host cell. “Earlier in 2020, 
we have shown through bioinformatics 
studies that NSP1 C-terminal region has 
intrinsic disorder propensity between 0.4 to 
0.5 scales, i.e. very close to borderline of 
intrinsic disorder prediction. However, 
without experimental studies we were not 
sure that this 131-180 amino acid region is 
actually an intrinsically disordered protein 
region. Generally, these regions are unfolded 
in solution but are folded into particular 
conformations when binding with specific 

molecules or partners inside the host cells”, 
said Dr. Giri.

The IIT Mandi team has experimentally 
studied the structural conformations of SARS-
CoV-2 NSP1 under various conditions – in an 
organic  solvent ,  membrane mimet ic 
environment, and inside liposomes. The 
researchers have shown the dynamic changes 
in the conformation of the IDR of the NSP1, in 
response to i ts  surroundings,  due to 
hydrophobic and electrostatic interactions 
between the protein and the environment. 
Understanding the conformational structure 
and associated functions of key viral proteins 
such as the NSP1 can eventually help develop 
therapeutics that can target these proteins and 
stop the virus in its tracks. Studies such as 
those conducted by Dr. Giri and his co-
workers can bring this approach closer to 
reality. This study has been published in the 
journal 'Current Research in Virological 
Science'.

Source: India Science Wire

Medical Sciences - Metabolism

Bile acids trigger satiety in the brain
New insights into the signals and mechanisms by which satiety is controlled

EPFL scientists have discovered a new role 
for bile acids: they curb appetite by entering 
the brain. Their findings, which were recently 
published in Nature Metabolism, provide new 
insights into the signals and mechanisms by 
which satiety is controlled and may have 
implications for treating obesity. Several 
hormones and nutrients are known to 
influence the feeding neurocircuit in the 
hypothalamus. In the last years, the list of 
appetite- or satiety-triggering signals has been 
steadily growing with the identification of 
several gut hormones. Those are involved in 
fine-tuning feeding behaviour by regulating 
the perception of hunger or satiety, ultimately 
leading to the initiation or termination of a 
meal. The gut-brain axis is thus a critical 
gatekeeper in regulating feeding behavior. 
Bile acids are among the most abundant 
metabolites in the gut and act as versatile 
signalling molecules that relay nutrient 
availability to a physiological response by 
activating the bile acid responsive membrane 
receptor, Takeda G-coupled receptor 5 

(TGR5). 

In a new study from the Schoonjans' lab at 
EPFL, together with the EPFL Brain Mind 
Institute and Bertarelli Platform for Gene 
Therapy, and several collaborators from 
France, Italy and the US, the authors showed 
that bile acids reach the mouse brain shortly 
after a meal to suppress food intake. Bile acids 
escape the digestive tract, transiently 
accumulate in the blood circulation, and spike 
in the hypothalamus for a very short period of 
time after feeding. The authors demonstrated 
that the anorexic response of bile acids is 
mediated by TGR5, located at the cell surface 
of a distinct group of hypothalamic cells, 

called AgRP/NPY neurons. When focusing on 
this neuronal subpopulation, they found that 
bile acids mediate two processes staggered in 
time. “While bile acids acutely block the 
release of appetite-stimulating AgRP and NPY 
peptides during the first minutes following 
binding of their cognate receptor, they further 
reinforce the repression by blunting the 
expression of these neurotransmitters” says 
Alessia Perino, first-author of the paper.

The current study reveals that the bile acid-
TGR5 signaling axis is not only important in 
disease, but also in the physiological control of 
eating behavior. In the absence of dietary fat, 
bile acids temporarily suppress food intake 
without affecting the normal energy balance. 
“This is not surprising as homeostasis is about 
a self-regulatory process in which systems 
tend to maintain stability” says Kristina 
Schoonjans. “In contrast, chronic high fat diet 
feeding may override this equilibrium”.

Source: EPFL news release
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Gut microbiome role in depression and hypertension
The gut microbiome affects physiology and molecular events throughout the body

To solve the elusive medical mystery of why 
many adults, have both high blood pressure 
and depression, University of Florida Health 
researchers took a long, in-depth look at one 
suspected culprit: gut bacteria. The gut 
microbiome affects physiology and molecular 
events throughout the body, including parts of 
the brain that control blood pressure and 
depression, newly published findings show. 
Using a branch of artificial intelligence 
known as machine learning, the researchers 
have zeroed in on the specific bacteria 
suspected of causing depression coupled with 
high blood pressure. It's a crucial step toward 
the long-term goal of improving health 
management and developing novel treatments 
based on the analysis and manipulation of gut 
bacteria, the researchers said. The two 
conditions are sometimes so intertwined it has 
also led them to coin a new phrase: depressive 
hypertension. The findings were published 
recently in the American Heart Journal. 
Stevens and his colleagues used a novel 
machine learning approach to develop a much 
more sophisticated DNA analysis of gut 

bacteria. Mohan K. Raizada, Ph.D., a co-
author of the study and a distinguished 
professor emeritus of physiology and 
functional genomics in the UF College of 
Medicine, suspected that people with 
depression and hypertension would have 
unique gut microbiomes. To establish their 
findings, the researchers focused on four 
groups of people — those with high blood 
pressure and depression, those who only had 
high blood pressure, those who only had 
depression, and healthy people.

Stevens deployed machine learning to make 

sense of myriad data points about the patients 
and their gut bacteria. The computer analysis 
filtered out statistically irrelevant “noise” and 
distilled the data into a coherent picture. 
Without machine learning, Stevens said the 
mind-boggling mountain of raw data would 
have been incomprehensible to the human 
brain.

“Because the patients have unique gut 
microbes, we knew we could use machine 
learning to identify them. The computer could 
distinguish the patients' health conditions 
based on their personal microbiome,” Stevens 
said. What emerged was a clear view of the 
unique gut bacteria in different patients: A trio 
of dominant bacteria were found in people 
with depression. Five other bacteria were 
prevalent in those with high blood pressure 
and five different dominant strains were noted 
in people with depression and hypertension. 
The healthy patients in the study had yet 
another combination of four dominant 
bacteria.

Source: University of Florida news release

Medical Sciences - Neuroscience
Flickering lights and sound to tackle Alzheimer's

The results of the first human feasibility study of the flicker treatment are promising

For the past few years, Annabelle Singer and 
her collaborators have been using flickering 
lights and sound to treat mouse models of 
Alzheimer's disease, and they've seen some 
dramatic results. Now they have results from 
the first human feasibility study of the flicker 
treatment, and they're promising, with Qiliang 
He, a postdoctoral fellow in the School of 
Psychology, serving as first author for the 
study. “We looked at safety, tolerance, and 
adherence, and several different biological 
outcomes, and the results were excellent — 
better than we expected,” said Singer, 
assistant professor in the Wallace H. Coulter 
Department of Biomedical Engineering at 
Georgia Tech and Emory. Singer shared 
preliminary results of the feasibility study in 
October at the American Neurological 
Association annual meeting. Now she is a 
corresponding author with Emory neurology 
researcher James Lah of a paper outlining their 
findings in the journal Alzheimer's & 
Dementia: Translational Research & Clinical 
Interventions.

The flicker treatment stimulates gamma 

waves, manipulating neural activity, 
recruiting the brain's immune system, and 
clearing pathogens — in short, waging a 
successful fight against a progressive disease 
that still has no cure. Previous research 
already had shown that sensory areas in the 
human brain will entrain to flickering stimuli 
for seconds to hours. But this was the first time 
Singer and her team were able to test gamma 
sensory stimulation over an extended period 
of time. The study included 10 patients with 
Alzheimer's-associated mild cognitive 
impairment, which required them to wear an 
experimental visor and headphones that 
exposed one group to light and sound at 40 
hertz for an hour a day over eight weeks, and 
another group for four weeks after a delayed 
start. “We were able to tune the devices to a 
level of light and sound that was not only 
tolerable, but it also successfully provoked an 
underlying brain response,” Lah said. As they 
hoped and expected, Singer said, “there was 
widespread entrainment.” That is, brain 
activity – in this case, gamma waves – 
synchronized to the external stimulation.

Gamma waves are associated with high-level 
cognitive functions, like perception and 
memory. Disruptions to these waves have been 
found in various neurological disorders, not 
just Alzheimer's. The human feasibility study 
showed that the gamma flicker treatment was 
safe and tolerable. And perhaps most 
surprising, patients followed the full treatment 
schedule. Adherence rates hovered around 90 
percent, with no severe adverse effects 
reported during the study or the 10-month open 
label  extension (some pat ients  even 
volunteered to continue being monitored and 
assessed after the study, though this data wasn't 
part of the published research). Some 
participants reported mild discomfort that 
could have been flicker related — dizziness, 
ringing in the ears, and headaches. But overall, 
Singer said, the device's safety profile was 
excellent. She also reported some positive 
biological outcomes.

Source: Georgia Tech news release
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Precision non-invasive therapy using ultrasound
Non-invasive neuromodulation via low-intensity ultrasound can manipulate neurons

Parkinson's disease, epilepsy and insomnia 
are just a few of the neurological disorders that 
use neuromodulation treatment techniques 
today. Neuromodulation delivers controlled 
physical energy to the nervous system to treat 
and improve patients' quality of life. Current 
neuromodulation approaches, while effective, 
bring both drawbacks and limitations. The 
latest research from Carnegie Mellon Uni-
versity's He Lab has demonstrated that non-
invasive neuromodulation via low-intensity 
ultrasound can have cell-type selectivity in 
manipulating neurons. "Deep brain stim-
ulation, which is highly successful, but an 
invasive form of electric stimulation through 
implanted electrodes, is one example of how 
neuromodulation is being used in a clinical 
setting today," explained Bin He, professor of 
biomedical engineering at CMU. "Medical 
professionals have also used non-invasive 
transcranial magnetic stimulation and trans-
cranial current stimulation, both of which lack 
the ability to specifically focus on the neuro-
circuit level. My group is interested in helping 
to develop a more effective and completely 
non-invasive alternative."

Low-intensity transcranial focused ultra-
sound, or tFUS, is an emerging and fully 
reversable neuromodulation technology. It is 
non-invasive, precise and does not require 
surgery. During tFUS neuromodulation, 
pulsed mechanical energy is transmitted 
through the skull, with high spatial resolution 
and selectivity, at highly targeted brain 
regions, which can be steered to elicit 
activation or inhibition through parameter 
tuning. In work recently published in Nature 
Communications, He's group demonstrated, 
for the first time, that specific cell types can be 
targeted through tFUS neuromodulation. 
Their study found that excitatory neurons 

showed high sensitivity to ultrasound pulse 
repetition frequency, while inhibitory neurons 
did not .  This  f inding is  s ignif icant , 
demonstrating the first non-invasive neuro-
modulation technique to modulate a selected 
cell subpopulation that can be directly 
translated for human use. With the demon-
strated capability of tFUS to activate excit-
atory or inhibitory neurons, future applications 
may lead to precise targeting of brain circuits 
using focused ultrasound energy and activate 
or inhibit selected sub-popu-lations of neurons 
by tuning ultrasound parameters. The 
application of this research has broad 
implications; it's not just limited to one 
disease. For many people suffering from pain, 
depression and addition, He believes non-
invasive tFUS neuromodulation could be used 
to facilitate treatment. "If we can localize and 
target areas of the brain using acoustic, 
ultrasound energy, I believe we can potentially 
treat a myriad of neurological and psychiatric 
diseases and conditions," said He. 

Source: Carnegie Mellon University news 
release

Medical Sciences - Neuroscience

Nature experience helps to overcome distractions and build focus
Even brief experiences of nature can help people to concentrate on their tasks in a better way

In a study conducted at the User Experience 
Lab (UX) Lab, IIT Delhi, it was found that 
even brief experiences of nature (like a walk-
in park, garden; taking care of plants in 
garden, viewing greenery) can help people to 
concentrate on their tasks in a better way. 
Human brain has actually been designed to 
love nature. This phenomenon is called 
biophilia (bio=life, Philia = love). Living amid 
nature and appreciating it not only calms down 
the mind, but it also improves its performance, 
say researchers. The study, 'Effect of Nature 
Experience on Fronto-parietal Correlates of 
Neurocognitive Processes involved in 
Directed Attention: An ERP study' has been 
published in Annals of Neurosciences in April 
2021.The research was undertaken by Dr. 
Pooja Sahni, Research Fellow and Prof. Jyoti 
Kumar, IIT Delhi.

This study is an attempt to map the effects of 
nature experience on our brain processes. 
Participants were observed while they were 
presented nature audio/video as stimuli to 
evoke experience akin to being in nature albeit 

in lab settings. The brain activity was 
examined during the nature experience and 
while a task was performed both before and 
after the experiment'. The underlying 
neurocognitive processes of inhibitory 
control mechanisms in the fronto parietal 
regions of the brain get enhanced post nature 
experience. Enhanced alpha in frontal and 
theta in fronto-central regions of the brain 
indicating a state of  relaxation and 
internalized attention was found associated 
with nature experience.

Dr. Pooja Sahni, Research Fellow, IIT Delhi 
said, “Though there is evidence that suggests 

that viewing nature is inherently rewarding - 
producing a cascade of positive emotions, yet 
the underlying neural and cognitive processes 
have not been fully explored. This paper, in its 
novel contribution, provides empirical 
evidence for the neurocognitive processes 
underlying a mental state which is relaxed yet 
alert after a brief experience in nature.” Prof. 
Jyoti Kumar, Dept. of Design, IIT Delhi said, 
“This research is particularly useful where we 
often feel distracted and fatigued due to 
overarching demands on our attentional 
resources posed by our jobs. During such times 
perhaps a walk in the garden or even viewing 
nature through our window may help us get 
back to task in hand in a more focused way.” 
“Interestingly, importance of nature expe-
rience had been emphasised in the vedic 
culture where 'aranyakas' (meaning delibe-
rated in the jungle) were part of the 'vedas' 
emphasising the need to deliberate amidst 
nature in order to understand the deeper 
aspects of life, He added.”

Source: India Science Wire
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Optogenetic therapy partially restores vision
The first time a patient has achieved partial functional recovery in any neuro-degenerative disease

In a paper published in Nature Medicine, 
scientists reported the first-ever case of partial 
vision recovery in a blind patient after 
optogenetic therapy. The pioneering study 
describes the first time a patient has achieved 
partial functional recovery in any neuro-
degenerative disease by using optogenetic 
tools. “I hope it will be a major breakthrough,” 
said first and corresponding author, José-
Alain Sahel, chair of ophthalmology at the 
University of Pittsburgh, director of the 
UPMC Eye Center and professor at Sorbonne 
University in France. 

The paper describes the progress of a patient 
in Paris who 40 years ago was diagnosed with 
retinitis pigmentosa—a progressive neuro-
degenerative disease that destroys light-
sensitive cells in the retina and leads to 
complete blindness.  “The eye is a very 
complex system that allows our vision to 
adapt to different levels of light,” said Sahel. 
“But complex systems are very fragile—so 
when vision disappears, there are few 

treatments left aside from using prosthetics or 
reactivating remaining cells in the retina.” So, 
the researchers approached the problem from 
a completely different angle—rather than 
fixing mutated genes one-by-one in cells that 
respond to light by activating nerve cells in the 
retina, they decided to activate the nerve cells 
directly. 

For this study, researchers injected the worse-
seeing eye of a patient with an adenovirus-
associated vector that carried genetic 
information encoding a light-sensing protein 
called channelrhodopsin protein ChrimsonR. 
Channelrhodopsin proteins, which are found 

in glowing algae in nature, respond to light by 
changing their shape and allowing the flow of 
ions in and out of the cells. The flow of ions 
activates the cells and, in the case of neurons 
experimentally engineered to express 
channelrhodopsins, causes them to fire and 
transmit the signal through nerve endings to 
the brain. To activate the ganglion cells this 
way, researchers used special goggles 
equipped with a camera that detects changes in 
light intensity pixel by pixel as distinct events. 
The transformed image from the camera is 
then projected as discrete light pulses onto the 
retina in real time, like a movie projector onto a 
theatre screen. The results were remarkable. 
After a period of adjusting and learning how to 
use the technology, the patient was able to 
locate, identify and count different objects 
using the treated eye while wearing the 
goggles. The patient could not visually detect 
any objects before the injection or without the 
goggles after the injection.

Source: University of Pittsburgh news release

Medical Sciences - Virology

Improving cancer-killing potency of viruses
Researchers describes a method for improving the effectiveness of a powerful oncolytic virus known as myxoma virus

In recent years, an unusual new domain in 
cancer research has opened up. The idea is to 
use infectious pathogens to attack and kill 
cancerous cells. So-called oncolytic viruses, 
in particular, have shown great promise for 
targeting cancer cells while leaving normal, 
healthy cells intact. In new research, Rahman 
Masmudur and his colleagues describe a 
method for improving the effectiveness of a 
powerful oncolytic virus known as myxoma 
virus.  A member of the pox family of viruses, 
myxoma virus has some highly unusual 
properties. It has long been recognized as 
lethal to European rabbits, producing an 
invariably fatal disease known as myxo-
matosis, while appearing harmless to other 
species, including humans. Remarkably, 
myxoma virus has more recently been shown 
to display an insatiable appetite for cancer 
cells, attacking and killing them.  “We are 
trying to improve myxoma virus's ability for 
infection, replication and killing different 
types of human cancer cells,” Masmudur said. 
“We are doing it by identifying and targeting 

the cellular proteins that restrict myxoma 
virus replication in human cancer cells.” 
Masmudur is a researcher with the Biodesign 
Center for Immunotherapy, Vaccines and 
Virotherapy at ASU. The new study was 
spearheaded by co-corresponding author 
Grant McFadden, who directs the center and 
is a leading authority on the myxoma virus 
and its oncolytic potential. The new research 
appears in the Journal of Virology, which has 
highlighted the new study in its Spotlight 
section, reserved for especially meritorious 

articles.

Scientists are hoping to design a range of new 
cancer therapies, based on oncolytic viruses 
such as myxoma. One challenge in advancing 
such research is the fact that certain cancers, 
known for their many-faceted efforts to resist 
effective therapy, can outwit myxoma virus by 
using an anti-viral cellular component called 
RNA helicase A/DHX9. RNA helicases are 
members of a large family of proteins 
considered crucial for RNA metabolism and 
gene expression. RNA helicase A/DHX9 has 
been shown to reduce the effectiveness of 
myxoma virus against cancer cells. It does this 
by forming anti-viral granules in the cancer 
cell's cytoplasm, inhibiting the myxoma virus's 
ability to replicate. The new research identifies 
the RNA helicase A/DHX9 protein as a 
potential target for new therapies that could 
neutralize its antiviral properties, thus 
improving the cancer-fighting potential of 
myxoma and other oncolytic viruses.

Source: Arizona State University news release
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Cancer causing virus targets glial cells
The study could pave the path towards understanding the probable role of the virus 

Scientists have recently found that the cancer-
causing virus Epstein-Barr Virus (EBV) 
affects the glial cells or the non-neural cells in 
the central nervous system and alters 
molecules like phospho-inositols (PIP); a 
type of lipid, glycerol, and cholesterol, when 
the virus infects the brain cells. This could 
pave the path towards understanding the 
probable role of the virus in neuro-degen-
erative pathologies. The EBV can cause 
cancers like nasopharyngeal carcinoma (a 
type of head and neck cancer), B-cell (a type 
of white blood cells) cancer, stomach cancer, 
Burkett's lymphoma, Hodgkin's lymphoma, 
post-transplant lymphoid disorders, and so on. 
More than 95% of the adult population is 
positive for EBV. However, the infection is 
mostly asymptomatic, and very little is known 
about the factors which trigger the develo-
pment of such disease. It was the detection of 
the virus in patients with neurodegenerative 
diseases that triggered the search for the 
mechanism of propagation of the virus.

Teams from the Departments of Physics (led 

by Dr. Rajesh Kumar) and Biosciences and 
Biomedical Engineering (Dr. Hem Chandra 
Jha) at  I I T Indore along with their 
collaborator, Dr. Fouzia Siraj, at National 
Institute of Pathology (ICMR), New Delhi, 
used Raman Spectroscopy System supported 
by “Fund For Improvement of S&T 
Infrastructure (FIST)” scheme of Department 
of Science and Technology to trace the 
propagation mechanism of the virus. 
Research scholars Ms. Deeksha Tiwari, Ms. 
Shweta Jakhmola, and Mr. Devesh Pathak 
also contributed to this study published 
recently in the journal 'ACS Omega'. The 
teams have elucidated the infection pattern of 

EBV in the brain cells showing that the virus is 
also capable of infecting the glial cells 
(astrocytes and microglia) in the brain. This 
study noticed a differential pattern of infection 
progression in different glial cells. Dr. Jha said, 
“We found that the virus may take different 
time intervals to establish and spread infection 
in various types of glial cells of the brain.” 
Apart from the timeline of infection 
progression, their team also tried to reveal the 
biomolecules involved at each step of the virus 
infection and relate it to various neurological 
manifestations. The study was helpful in 
advancing the application of Raman 
Scattering as a technique for rapid and non-
invasive detection of virus infection in clinical 
settings. Since all the techniques available for 
viral load detection in the brain by far include 
invasive methods, RS can be a relief for 
patients undergoing brain biopsies for 
diagnostic purposes. Furthermore, it can aid in 
early diagnosis.

Source: PIB release

Physical Sciences - Astrophysics

Aurora borealis or northern lights
A team of scientists have resolved one of the final mysteries surrounding its origin

A team of scientists has resolved one of the 
final mysteries surrounding the origin of the 
spectacularly colourful aurora borealis or 
northern lights that fills the sky in high-
latitude regions. The study is published in the 
journal Nature Communications. A popular 
theory has been that electrons hitch a ride on 
Alfvén waves, a type of electromagnetic wave 
that spacecraft have frequently identified 
traveling Earthward along magnetic field lines 
above auroras. While space-based research 
has provided strong support for the theory, 
limitations inherent to spacecraft measure-
ments have prevented a definitive test. To 
overcome these limitations, the physicists 
conducted laboratory experiments on the 
Large Plasma Device at UCLA's Basic 
Plasma Science Facility. After reproducing 
conditions that mimicked those in Earth's 
auroral magnetosphere, the team used 
specially designed instruments to launch 
Alfvén waves down the plasma device's 20-
meter–long chamber. Because Alfvén waves 
are thought to collect only a small portion of 

electrons in the plasma of space, the physicists 
focused on determining whether there were 
electrons that appeared to be traveling at a rate 
comparable to the electric field of the waves.

“This challenging experiment required a 
measurement of the very small population of 
electrons moving down the chamber at nearly 
the same speed as the Alfvén waves, 
numbering less than one in a thousand of the 
electrons in the plasma,” said Troy Carter, a 
professor of physics and director of the 
UCLA Plasma Science and Technology 
Institute.

Howes noted that these Alfvén waves appear 
following geomagnetic storms, space-based 
phenomena triggered by violent events on the 
sun, such as solar flares and coronal mass 
ejections. These storms can cause what is 
known as “magnetic reconnection” in the 
Earth's magnetic field, in which magnetic field 
lines are stretched like rubber bands, snap and 
then reconnect. These shifts launch Alfvén 
waves along the lines toward Earth. Because 
regions of magnetic reconnection shift during 
a storm, the Alfvén waves and their 
accompanying surfing electrons travel along 
different field lines over that time period, 
ultimately leading to the shimmering glow of 
the aurora's curtains of light, Carter said. The 
agreement of experiment, simulation and 
modeling provides the first direct test showing 
that Alfvén waves can produce accelerated 
electrons that cause the aurora.

Source: UCLA news release
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Efficient artificial photosynthesis to generate hydrogen
Researchers develop a new way to harness sun's energy for clean, storable, efficient fuel 

Humans might soon acquire the capacity for 
photosynthesis as explained by Yulia Puskhar, 
a biophysicist and professor of physics in 
Purdue's College of Science. Photosynthesis 
is a complex dance of processes whereby 
plants convert the sun's radiance and water 
molecules into usable energy in the form of 
glucose. To do this, they use a pigment, 
usually the famous chlorophyll, as well as 
proteins, enzymes and metals. The closest 
process to artificial photosynthesis humans 
have today is photovoltaic technology, where 
a solar cell converts the sun's energy into 
electricity. That process is famously ineffici-
ent, able to capture only about 20% of the 
sun's energy. Photosynthesis, on the other 
hand, is radically more efficient; it is capable 
of storing 60% of the sun's energy as chemical 
energy in associated biomolecules.

The efficiency of simple photovoltaic cells – 
solar panels – is limited by semiconductors' 
ability to absorb light energy and by the cell's 
ability to produce power. That limit is some-
thing scientists could surpass with synthetic 

p h o t o s y n t h e s i s .  “ W i t h  a r t i f i c i a l 
photosynthesis, there are not fundamental 
physical limitations,” Pushkar said. “You can 
very easily imagine a system that is 60% 
efficient because we already have a precedent 
in natural photosynthesis. And if we get very 
ambitious, we could even envision a system of 
up to 80% efficiency.

Pushkar's group is mimicking the process by 
building her own artificial leaf analog that 
collects light and splits water molecules to 
generate hydrogen. Hydrogen can be used as a 
fuel by itself via fuel cells or be added to other 
fuels such as natural gas, or built into fuel cells 
to power everything from vehicles to houses 
to small electronic devices, laboratories and 
hospitals. Her most recent discovery, an 
insight into the way water molecules split 
during photosynthesis, was recently publi-
shed in the journal Chem Catalysis: Cell 
Press.

Scientists in Pushkar's lab experiment with 
natural photosystem II proteins and synthetic 

catalysts combinations in attempts to 
understand what works best – and why. She 
also puts a priority on using compounds and 
chemicals that are readily abundant on Earth, 
easily accessible and nontoxic to the planet. 
Progress in artificial photosynthesis is 
complicated, though, by the fact that photos-
ynthesis is so multifaceted, a fact bemoaned by 
biochemistry students every-where. “The 
reaction is very complex,” Pushkar said. “The 
chemistry of splitting water molecules is 
extremely intricate and difficult.” Scientists 
have been working on artificial photosynthesis 
since the 1970s. That's a long time, but not 
when you remember that photosynthesis took 
millions of years to evolve. Not only that, but 
scientists believe that, unlike flight, comm-
unication or intelligence, photo-synthesis has 
evolved only once – about 3 billion years ago, 
only about 1.5 billion years into Earth's 
existence.

Source: Purdue University news release

Physical Sciences - Quantum Physics

A heat switch with no moving parts
A promising future devices that could turn heat on and off with the application of a magnetic “switch.”

Researchers have discovered a new electronic 
property at the frontier between the thermal 
and quantum sciences in a specially 
engineered metal alloy – and in the process 
identified a promising material for future 
devices that could turn heat on and off with the 
application of a magnetic “switch.” In this 
material, electrons, which have a mass in 
vacuum and in most other materials, move like 
massless photons or light – an unexpected 
behaviour, but a phenomenon theoretically 
predicted to exist here. The alloy was 
engineered with the elements bismuth and 
antimony at precise ranges based on 
foundational theory. Under the influence of an 
external magnetic field these oddly behaving 
electrons manipulate heat in ways not seen 
under normal conditions. On both the hot and 
cold sides of the material, some of the 
electrons generate heat, or energy, while 
others absorb energy, effectively turning the 
material into an energy pump. The result: a 
300% increase in its thermal conductivity. 
“The generation and absorption form the 

anomaly,” said study senior author Joseph 
Heremans, “The heat disappears and 
reappears elsewhere – it is like teleportation. 
It  only happens under very specific 
circumstances predicted by quantum theory.” 
This property, and the simplicity of 
controlling it with a magnet, makes the 
material a desirable candidate as a heat switch 
with no moving parts. The research is 
published in the journal Nature Materials.

The bismuth-antimony alloy is among a class 
of quantum materials called Weyl semimetals 
– whose electrons don't behave as expected. 

They are characterized by properties that 
include negatively and positively charged 
particles, electrons and holes, respectively that 
behave as “massless” particles. Also part of a 
group called topological materials, their 
electrons react as if the material contains 
internal magnetic fields that enable the 
establishment of new pathways along which 
those particles move. In physics, an anomaly – 
the electrons' generation and absorption of heat 
discovered in this study – refers to certain 
symmetries that are present in the classical 
world but are broken in the quantum world, 
said study co-author Nandini Trivedi, 
professor of physics at Ohio State. The 
theoretical physicists and engineers colla-
borating on this study predicted that these 
properties existed in specific bismuth alloys 
and other topological materials. These results 
show that theories developed for high-energy 
physics and subatomic particle theories can 
often be realized in specially designed 
electronic materials.

Source: Ohio State University news release
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