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Principal Scientific Adviser, Government of 
India, Prof. K Vijay Raghavan has called for 
reforms in the space of ease of doing science, 
regulation, university functioning in research, 
and industry-academia linkages and stressed 
the need to connect the lab ecosystem to 
industry and bring research into the broader 
ecosystem.

Inaugurating the third edition of `Life 
Sciences Conclave' organised by the 
Confederation of Indian Industry (CII), he 
expressed confidence that India's population, 
its network of labs, and the fundamental 
simplicity of research that is undertaken in the 
country will help it grow as compared to 
similarly placed countries. “There is an 
extraordinary desire to do high-end research 
that is globally competitive, and the industry 
has no shortage of capital but a shortage of risk 
capital”, he added.

Secretary, Department of Biotechnology & 
Department of Science and Technology, 
Ministry of Science & Technology, Dr. Renu 
Swarup, said that India has been able to see 
breakthroughs in silos and the boundaries 
have gotten blurred between academia, 
industry, and startups. “Moving ahead, India 
will not just be the pharmacy of the world but 

Call for reforms in ease of doing science
Principal Scientific Adviser, Government of India, Prof. K Vijay Raghavan has called for reforms 

also the research lab of the world,” said Dr. 
Swarup.

She called for the creation of an industry 
strategized research partnership platform 
intending to encourage new IP generation and 
new innovative research and for greater 
industry collaborations with both academia 
and startups. She noted that the bio-strategy 
document was in place that will lead India to 
become a USD 150 billion market by 2025. 
“Our focus should be on achieving scalability 
that is matched with sustainability”, she 
added.

On the occasion, CII launched a report titled 
“Taking India's Life Sciences to the Global 
Stage - “Make in India” to fuel 4x growth in 
Biosimilars and Vaccines by 2026.” The report 

maps out the measures needed for growing the 
biosimilars market from USD 550 million to 
USD 5-6 billion, and accelerating vaccines 
from USD 2 billion to USD 4-5 billion.

Executive Chairperson & Founder Biocon, Dr. 
Kiran Mazumdar Shaw, called for building a 
biotech sector that is truly vertically integrated 
and said that access to the supply chain for 
reusables, reagents in biologics and manu-
facturing was imperative, and India needed to 
indigenize a lot of these requi-rements, so that 
there were no supply chain disruptions.

Chairman & Managing Director, Bharat 
Biotech International Limited, Dr. Krishna 
Ella, emphasised the need for clinical trial 
centers across the country and to forge 
partnerships with countries all over the world 
especially in South East Asia, Africa, and Latin 
America.

Chairman, CII National Biotechnology 
Committee and Managing Director, Panacea 
Biotec, Dr. Rajesh Jain, and Vice Chairman, 
CII National Committee on Pharmaceuticals 
and Managing Director & GM EPD – Abbott 
Specialty Care, Abbott Healthcare Private 
Limited, Mr. Vivek Kamath, called for greater 
support to the biotech industry in the country.

Prof Ashutosh Sharma, former secretary, 
Department of Science & Technology (DST), 
said that science and technology will impact 
and govern everything in the future, whether it 
is education, health, economy, governance, 
and everything else, at a lecture recently held.

“The five “Ms” - Mechanics (understanding), 
Materials, Machines (Devices, Systems), 
Manufacturing and Wo(Man) - are foundation 
and highways of science and technology. The 
most crucial among this is the human mind 
which will drive science and technology. The 
future of S&T will be what the mind wants,” 
said Professor Ashutosh Sharma while 
speaking at the lecture titled 'A Brief History 
of the Future: S&T Perspective' organised by 
Dr. Renu Swarup, Secretary, DST and 
Department of Biotechnology (DBT).

“Today science and technology has become 
part and parcel of every person's life, the 

and common sense, convergence, negotiating 
change and invention to innovation,” Prof 
Sharma elaborated

Prof VK Paul, Member NITI Aayog, Shri RS 
Sharma, CEO, National Health Authority of 
India, Shri UP Singh, Secretary Ministry of 
Textile, Shri Dinesh Jain, Member, Lokpal of 
India, Shri RP Gupta, Secretary, MoEF & CC, 
Shri Sanjay Agarwal, Secretary, Agriculture; 
Dr Shekhar C Mande, Secretary, DSIR & 
MoES and DG, CSIR, Shri Sandeep Sanyal, 
Principal Economic Adviser, were also 
present for the lecture. The programme was 
coordinated by Dr Akhilesh Gupta, Senior 
Adviser, DST and organsed by Shri Sanjeev 
Varshney, Scientist-G. Senior officials from 
DST, DBT, and the Ministry of Earth Sciences 
(MoES) were also present at the occasion.

future is going to be much more dependent on 
S&T, and it will impact everything. We 
looked at technology from technology point 
of view 50 years ago, but today we are looking 
at technology through the lens of society, and 
people are at the centre. The future lies in the 
convergence of technologies, and the drivers 
of technology are needs, demands, wants, 
desires of the mind as also greed,” the former 
DST Secretary said. “Such needs consist of 
the desire to be healthy, to have a better 
quality of life, to be connected with equality, 
to learn and apply, to make decisions in 
complexity, to be entertained, to create and 
control one's own world and to live longer,” 
Professor Sharma pointed out.

“The future processes of science and 
technology would shift from being tool-
centric to problem-centric; it would involve 
creativity by connecting the dots, intuition 

A brief history of the future: S&T perspective
Science and technology will impact and govern everything in the future, whether it is education, health, economy, governance
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The Vice President, Shri M Venkaiah Naidu 
advised the Council of Scientific and 
Industrial Research (CSIR) to reinvent itself 
and turn futuristic while pursuing the science 
of the highest order. Participating in the 80th 
Foundation Day celebrations of CSIR, he 
wanted CSIR laboratories and institutes to 
address challenges that require long-term 
scientific and technological solutions. In  
particular, Shri Naidu wanted CSIR to bestow 
greater attention on agricultural research and 
come out with new innovations, techniques 
and solutions to address the problems faced by 
farmers. He cited climate change, drug 
resistance, pollution, epidemic and pandemic 
outbreaks, among the challenges that need the 
focus of the scientific community.

In his address, the Union Minister Dr Jitendra 
Singh asked CSIR and all the science 
departments to explore S&T innovations 
needed in the next ten years to make India 
globally competitive.The Minister said, “We 

80th CSIR Foundation Day function
Climate change, drug resistance, pollution, epidemic and pandemic outbreaks, among the challenges that need the focus of the 

scientific community: Vice President

should not restrict our ambition to be best in 
India but be best in the world as India is 
blessed with the demographic dividend of 
youth and they can take up any challenge with 
the right training and motivation”.

Dr Jitendra Singh said, as the Nation is 
celebrating the Azadi ka Amrit Mahostav, the 
combined strength of CSIR, DBT, DST and 
MoES along with other science ministries can 
indeed transform the entire country in the next 
25 years as the entire progress is going to 
remain heavily Technology dependant. He 
said, when India turns 100, it should be a 
global leader ranging from Defence to 
Economics with strong scientific and 
technological inputs.

Dr Jitendra Singh said that under Prime 
Minister Narendra Modi's leadership Science 
and Technology got enhanced budget and a 
very special impetus in the last 7 years and the 
scientific pursuits and endeavors are now 
being assigned special importance. He said, 

the ultimate goal of all Scientific Innovations 
is to bring “Ease of Living” for the common 
man and pointed out that with this aim in mind 
Prime Minister took decision to unlock India's 
potential in Space Sector, thus paving the way 
to transform skill, capacity and creativity to 
make the country self-reliant and techno-
logically advanced. Similarly, country's 
atomic energy field was shut behind a veil of 
secrecy and it was only PM Modi who gave the 
permission to expand India's nuclear progr-
amme.

Lauding the 80-year successful journey of 
CSIR, Dr Jitendra Singh said, it is heartening 
to see the evolution of CSIR from developing 
India's first Indelible Ink used in elections to 
providing Indian Standard time using Atomic 
Clocks today. From the development of 
Swaraj Tractor to the recent test flying of 
HANSA-NG is a testament to the growth of 
CSIR in the last eight decades, he added. 

Setting up of Science Museums across the country
CSIR and National Council of Science Museums (NCSM) sign a MoU setting up of Science Museums to promote scientific temper 

Union Minister Dr. Jitendra Singh said that the 
Government will be setting up Science 
Museums across the country to promote 
scientific temper, particularly among children 
and the younger generation.

Dr Jitendra Singh was speaking after signing 
of a MoU between Council of Scientific and 
Industrial Research (CSIR) and National 
Council of Science Museums (NCSM) in the 
presence of Shri G. Kishan Reddy, Union 
Minister of Culture, Tourism and DoNER. 
The MoU aims at setting up Science Museums 
at select CSIR Laboratories to promote 
scientific curiosity and awareness among the 
common people across all sections of society.

Dr Jitendra Singh called for imbibing 
scientific thinking to face the challenges of 
21st Century. He said, the recent pandemic has 
emphasized the importance of increasing 
awareness of society for science and scientific 
thinking.

Referring to the recent speech of Prime 
Minister at the 76th United National General 

Assembly in New York, wherein Shri Modi 
pointed to the threat of regressive thinking and 
extremism faced by the world, Dr Jitendra 
Singh reiterated that science-based, rational 
and progressive thinking should form the 
basis for development and in order to 
strengthen a science-based approach, India is 
promoting experience-based learning.

The Minister said that today's MoU is a step in 
this direction and will create a new chapter in 
the history of science communication and 
dissemination. He said, it is a matter of pride 
also as this is happening at the opportune time 
when the nation is celebrating the Azadika 
AmritMahotsav to mark 75 years of India's 
independence.

Dr Jitendra Singh said, the new initiative of 
CSIR in setting up Virtual Labs in partnership 
with IIT-Bombay for school students as 
desired by the Prime Minister in the CSIR 
Society Meeting in 2020 is highly laudable. 
He also welcomed the move by CSIR and 
NCSM to set up a museum within NPL to 

showcase the technologies and interventions 
developed by CSIR over the past eight 
decades.

The Minister said, this initiative is also in line 
with the vision of Narendra Modi, who desired 
that S&T must reach every nook and corner of 
the country and that there is a need for 
outreach. He said, museums should not be 
static but must be dynamic and engaging and 
should emerge as crucibles of innovation and 
we must tap into the curiosity and enthusiasm 
in the students and the youth.

Dr Jitendra Singh said, while CSIR has tied up 
with KendriyaVidyalayas and Navodaya 
Vidyalayas and Atal Tinkering Labs Schools 
of NitiAayog, it must reach out to the remote 
areas and schools. He said, use of digital 
means and the virtual labs of CSIR and the 
mobile science museums of NCSM will be 
very complementary and valuable.
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Dr. Jeemon Panniyammakal, currently 
positioned as an Assistant Professor in the 
Sree Chitra Tirunal Institute for Medical 
Sciences and Technology, Trivandrum, an 
autonomous institute of the Department of 
Science & Technology, is one of the 11 
recipients of the prestigious Shanti Swarup 
Bhatnagar Prize for Science and Technology 
(2021) for his exemplary research work and 
research leadership in India in the field of 
chronic disease epidemiology, complex 
public health interventions and quality 
improvement initiatives.                                                                                      

Dr. Jeemon's contributions to the task-sharing 
model for management of hypertension and 
diabetes in community settings have been 
widely appreciated in the academic comm-
unity and policymakers in the low and middle-
income countries. Two important research 
papers based on this work has been published 
recently in the Lancet Global Health journal. 
He contributed novel models of primary care 
for management of cardio-vascular risk in 
community, worksite settings and in high-risk 
families. By focusing on prevention and 
control in India he has helped advance 
cardiovascular science in low and middle-
income countries.         

In his research career spanning over 15 years 
at the national level in India, he has gained 
research expertise in different study designs in 
the prevention and control of cardiovascular 

Dr. Jeemon Panniyammakal
SCTIMST Scientist working on chronic disease epidemiology and complex public health interventions wins Shanti Swarup Bhatnagar Prize

disease conditions. He was involved in clinical 
trials, bedside-to-population type translational 
trials, evaluation of complex public health 
interventions and quality improvement 
initiatives, large scale disease registries, and 
cross-sectional surveillance studies. With 
research grants from Wellcome Trust, MRC 
(UK), NHMRC (Australia), NIH (USA) and 
World Diabetes Federation he has published 
high-impact research papers.

With a rigorous randomised controlled trial, 
his research concluded that the benefits 
accrued from a novel family-based model 
could have the capacity to prevent a 
substantial number of deaths from coronary 
heart disease in India. His recent work based 
on the family-based model has been published 
as an original paper in the Lancet Global 
Health Journal.

The worksite-based model for prevention of 
diabetes and cardiovascular disease that he is 

leading has been recognized as a model to 
emulate in low and middle-income countries 
by international organisations like the World 
Heart Federation. It is an important project, 
especially in the period of the COVID 
pandemic, to manage cardiovascular and 
diabetes risk in the organized work sector in 
India. Other countries in the low and middle-
income regions may be able to replicate this 
model as it is highly relevant to their settings in 
the time of COVID pandemic.

Dr. Jeemon hails from Nilambur, Kerala, and 
focused on cardiovascular epidemiology 
immediately after his post-graduate training in 
Public Health. He further refined his research 
skills while working with eminent cardi-
ologists like Prof. K Srinath Reddy and Prof. D 
Prabhakaran, formerly associated with 
Department of Cardiology, All India Institute 
of Medical Sciences, New Delhi. He was 
awarded a career development fellowship 
(2013-2014), intermediate career fellowship 
(2015-2021) and recently the prestigious and 
highly competitive Senior fellowship (2021-
2026) from the Wellcome -DBT India 
Alliance. These fellowships helped him to 
establish an independent research career in 
cardiovascular disease epidemiology with a 
focus on preventive cardiology. With more 
than 130 publications in his name, he built 
research collaborations with multiple global 
institutions of excellence.

Professor Kanishka Biswas, currently 
working as an Associate Professor at the 
Jawaharlal Nehru Centre for Advanced 
Sc ien t i f i c  Resea rch  ( J N C A S R ) ,  an 
autonomous institute of the Department of 
Science & Technology, Government of India, 
has received the prestigious Shanti Swarup 
Bhatnagar Prize in Chemical Science for 
Science and Technology (2021) for his 
discoveries in the field of solid-state inorganic 
chemistry and thermoelectric energy 
conversion.  His research involves a 
fundamental understanding of the relationship 
between structure and property of inorganic 
solids to develop lead (Pb)-free high-
performance thermoelectric materials, which 
can efficiently convert waste heat to energy 

and are being translated into cost-effective 
technologies.

Using fundamental and insightful chemical 
principles, Kanishka Biswas has achieved an 
unprecedented thermoelectric performance 
through control of atomic ordering and 
consequent electronic state delocalization in a 

crystalline inorganic solid, simultaneously 
enhancing its electronic transport and 
reducing the thermal conductivity, which was 
published in Science journal this year.

His innovative strategies to tune the 
thermoelectric properties with chemical 
bonding hierarchy, ferroelectric instability, 
and rattling atoms in a class of chemical 
compounds called metal chalcogenides have 
advanced the frontiers of inorganic solid-state 
chemistry introducing new paradigms. Nearly 
65% of all utilized energy gets irreversibly 
dissipated as waste heat. It is a dream to have 
an inorganic solid that recovers electricity 
efficiently from the wasted heat, which can 
then be reused to power our electronic 
gadgets, home appliances, vehicles and small 
industrial equipment.  Thermoelectric 

Professor Kanishka Biswas
JNCASR Scientist developing innovative strategies to make high-performance thermo-electrics materials wins Shanti Swarup 

Bhatnagar Prize
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Professor T Govindaraju from Jawaharlal 
Nehru Centre for Advanced Scientific 
Research, an autonomous institute under the 
Department of Science & Technology, Govt. 
of India, has received the prestigious Shanti 
Swarup Bhatnagar Prize for Science and 
Technology, 2021 for his ground-breaking 
concepts and discoveries, which have 
significant potential for diagnosis and 
treatment for Alzheimer's, lung cancer among 
other health problems. His innovative work on 
small molecules, peptides, and natural 
products offers both diagnostics as well as 
therapeutics, leading to personalised 
medicine.

Hailing from a remote village in Bangalore 
Rural District, Prof. Govindaraju first brushed 
with neuro-generative diseases during school 
days when he witnessed insensitive treatment 
of patients with mental illness, which played a 
major influence in the choice of his research 
area.

“During my childhood days, it was common 
to equate mental illness to aging, thereby 
neglecting patients and even denying any 
treatment. Sadly, I saw similar treatment 
meted out to patients while I was pursuing my 
higher education in big cities. These 
observations inspired me to take up research 
in neurosciences when I  started my 
independent research career,” he recalls.

After completing Ph.D. from CSIR-NCL and 
post-doctoral fellowship in leading research 
institutes in  USA and Germany, Prof. 
Govindaraju 's  research focussed on 
bioorganic and chemical biology is addressing 
unresolved problems related to human health 
– neuro-degenerative diseases as well as 
cancer, directly benefitting the society.

Professor T Govindaraju
JNCASR Scientist wins Shanti Swarup Bhatnagar Prize for ground-breaking discoveries for treatment of Alzheimer's and lung cancer

Prof. Govindaraju's persistent research efforts 
over the last 10 years paid off earlier this year. 
He has discovered a novel drug candidate 
molecule (TGR63), which effectively reduces 
the burden of toxic protein aggregation species 
called amyloid in the brain affected by 
Alzheimer's disease and reverses cognitive 
decline in animal models. A pharmaceutical 
company has picked this molecule for clinical 
trials, which shows excellent promise to treat 
Alzheimer's disease in humans.

His pioneering work on molecular tools 
selectively detect Alzheimer's disease and 
differentiate it from other neurodegenerative 
diseases. Prof. Govindaraju has also set up a 
company – VNIR Biotechnologies Pvt Ltd 
(https://vnir.life/)- to develop NIR, PET, and 
retina-based platforms for early diagnosis of 
Alzheimer's. This four-year-old firm has been 
recognised by one of the promising biotech 
companies from India and has been featured in 
international media.

“I was keen to tread the unbeaten path in the 
field related to human health. The fact that 
neuro-diseases such as Alzheimer's did not 
have effective methods of early diagnosis or 

cure led me to choose this field. I hope my 
contributions and research will pave the way 
for early diagnosis as well as treatment,” Prof. 
Govindaraju elaborated.

His interest in understanding the relationship 
between Alzheimer's disease and cancer 
resulted in the discovery of the first small 
molecule-based drug candidate (TGP18) for 
lung cancer, one of the difficult types for early 
detection and treatment. Fascinatingly, this 
molecule can also function as a diagnostic tool 
and is one of the few molecules globally to be 
classified as “theranostic” (diagnostic 
therapy) candidate. Prof. Govindaraju is 
taking forward translational efforts on this.

His research on silk-derived formulations 
have a far-reaching impact on human health, 
ranging from controlled insulin delivery, 
diabetic wound healing, skeletal muscles to 
stem cell-based neuronal tissue engineering to 
treat Alzheimer's disease. These silk-based 
innovations can provide a fillip to the 
sericulture industry and farmers.

Govindaraju's ground-breaking work on 
functional amyloids inspired the concept of 
molecular architectonics, which integrates the 
realms of molecules and derived nano-scale 
molecular architectures into functional 
biomaterials.

Besides visi t ing facult ies at  leading 
universities in the USA, Europe, Australia, 
and Japan, Prof. Govindaraju is passionate 
about improving the quality of education in 
rural schools and has been involved in 
outreach initiatives. He is also creating 
awareness about mental illness among school 
children in Karnataka and other states.

materials discovered by Kanishka Biswas can 
directly and reversibly convert waste heat into 
electricity, and it will play a significant role in 
the future energy management. Further, the 
thermoelectric energy conversion does not 
emit any hazardous gas like CO or CO . 2

Thereby, high-performance thermoelectric 
materials made in Prof. Biswas' laboratory 
will be beneficial in waste heat to electrical 
energy conversion in power plants like 
thermal, steel, chemical and nuclear; 
automobiles, space missions to chulas in rural 
India. 

Kanishka hails from a small-town Habra, near 
Kolkata, and developed his love for science 
early. With Honours in chemistry from 
Jadavpur University, he proceeded to his MS 
and Ph.D from Indian Institute of Science 
(IISc) Bangalore. During his postdoctoral 
research from Northwestern University, 
Chicago, he developed his area of focus in 
thermoelectric. Kanishka Biswas has several 
national and international awards to his credit. 
He has published 165 research papers, 
including over 10 papers in each of highest 
quality chemistry journals like the Journal of 

American Chemical Society and Angewandte 
Chemie on solid-state inorganic chemistry 
and thermo-electrics energy conversion in his 
independent career from JNCASR. His total 
citations and h-index are 13650 and 50, 
respectively. He has received Swarna Jayanti 
Fellowship from DST. He is an invited fellow 
in the Royal Society of Chemistry (FRSC), 
UK. He serves as an Executive Editor in ACS 
Applied Energy Materials, ACS, USA and 
editorial advisory board member in several 
important journals.

Professor Kanishka Biswas  continued
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Stem cell awareness month
Saveetha College of Allied Health Sciences observed the stem cell awareness month in the month of October

Stem cells are the future of healthcare. They 
are a wonderment in science which can 
provide answers to all our quests upon 
meticulous exploration. Stem cell awareness 
month was conceived with the idea of taking 
stem cell knowledge to a wider population, 
and give those who benefit from stem cell 
therapeutics a chance to express gratitude. It is 
now high time stem cells are introduced to 
students of all healthcare streams to widen the 
horizons of exploration. 

Adaptability is in the nature of humankind. 
When left in an environment, we adapt, learn 
and thrive. This is the very nature of stem cells 
as well. They inherently respond to their 
environment and thrive to rise to the occasion; 
be it in terms of wound healing, organ 
regeneration or growing an entire organism 
from scratch. This is the profound approach 
that will garner us success in the under-
standing and application of stem cells. A 
multi-disciplinary approach from healthcare 
professionals of various specialties' is what 
will determine the direction of stem cell 
research in future.

With this goal in mind, Saveetha College of 
Allied Health Sciences observed the stem cell 
awareness month in the month of October, 
through a series of lectures and an ideation 
contest for students. The lecture series 
organized by the Department of Biomedical 
Sciences saw the participation of over 200 
students from 18 different constituent 

departments of Saveetha College of Allied 
Health Sciences and various academic 
institutions across south India.  

The first lecture in the series was conducted 
as a webinar where the speaker Mr. Girish 
Ramesh, Research scholar and scientific 
staff from Centre for Integrative Physiology 
& Molecu la r  Medic ine  ( C I P M M ), 
Universität des Saarlandes, Germany 
introduced stem cells to students and gave an 
overview of recent advancements in stem 
cell research in his talk titled “Stem cells - 
Advancements in therapeutic application.” 
His introductory lecture helped set the tone 
of the lecture series and kindled the interest 
of students towards stem cells.

The next lecture in the series was delivered 
by Prof. Colin Jamora, Investigator from the 
Centre for Inflammation and Tissue 
Homeostasis, Institute for Stem Cell Science 
and Regenerative Medicine, Bangalore, 
established under the Department of Bio-
technology, Government of India. The 
webinar on 'Stem cells and wound healing' 
left the students awestruck with Prof. Colin's 
exemplary work on wound healing. Having a 
pioneer in the field of stem cells like Prof. 
Colin Jamora managed to spark an interest in 
the applications of stem cells in their 
respective areas of healthcare.

The culmination of this lecture series was 
orchestrated through a guest lecture by Dr. 

Saravanan  Sekaran, assistant professor in the 
Department of Pharmacology, Saveetha 
Dental College and Hospitals, Chennai. It is 
noteworthy that Dr. Saravanan Sekaran has 
recently been featured in the list of world's top 
2% of the most cited scientists in various 
disciplines, released by Stanford University. 
His talk on the title, 'Stem Cells in Medicine – 
Reality or Myth' successfully highlighted the 
status quo and managed to capture the young 
minds with fascinating possibilities in stem 
cell research.

The students also participated in an ideation 
contest and contributed novel ideas as to where 
stem cells can be applied in various healthcare 
streams to facilitate problem solving. Thus 
through this lecture series, the students were 
familiarized with basic concepts in stem cells, 
their applications in healthcare and recent 
advancements in stem cells, in addition to 
generating a curiosity towards multi-
disciplinary stem cells research.

Multidisciplinary approach to research is the 
way forward. While stem cells are the future of 
healthcare, what better way than to induce the 
young minds and provide a suitable enviro-
nment for them to excel in research.   

Contact details: Pooja S Madhavan,  
Department of Biomedical Sciences, 
Saveetha College of Allied Health Sciences, 
Chennai. E-mail: bms.ahs@saveetha.com 

Pooja S Madhavan
  Department of Biomedical Sciences, Saveetha College of Allied Health Sciences, Chennai.
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The Nobel Prize in Physiology or Medicine 2021

Our ability to sense heat, cold and touch is essential for survival and 
underpins our interaction with the world around us. In our daily lives we 
take these sensations for granted, but how are nerve impulses initiated so 
that temperature and pressure can be perceived? This question has been 
solved by this year's Nobel Prize laureates.

David Julius utilized capsaicin, a pungent compound from chili peppers 
that induces a burning sensation, to identify a sensor in the nerve endings 
of the skin that responds to heat. Ardem Patapoutian used pressure-
sensitive cells to discover a novel class of sensors that respond to 
mechanical stimuli in the skin and internal organs. These breakthrough 
discoveries launched intense research activities leading to a rapid 
increase in our understanding of how our nervous system senses heat, 
cold, and mechanical stimuli. The laureates identified critical missing 
links in our understanding of the complex interplay between our senses 
and the environment.

How do we perceive the world?

One of the great mysteries facing humanity is the question of how we 
sense our environment. The mechanisms underlying our senses have 
triggered our curiosity for thousands of years, for example, how light is 
detected by the eyes, how sound waves affect our inner ears, and how 

different chemical compounds interact with receptors in our nose and 
mouth generating smell and taste. We also have other ways to perceive 
the world around us. Imagine walking barefoot across a lawn on a hot 
summer's day. You can feel the heat of the sun, the caress of the wind, and 
the individual blades of grass underneath your feet. These impressions 
of temperature, touch and movement are essential for our adaptation to 
the constantly changing surrounding.

In the 17th century, the philosopher René Descartes envisioned threads 
connecting different parts of the skin with the brain. In this way, a foot 
touching an open flame would send a mechanical signal to the brain 
(Figure 1). Discoveries later revealed the existence of specialized 
sensory neurons that register changes in our environment. Joseph 
Erlanger and Herbert Gasser received the Nobel Prize in Physiology or 
Medicine in 1944 for their discovery of different types of sensory nerve 
fibers that react to distinct stimuli, for example, in the responses to 
painful and non-painful touch. Since then, it has been demonstrated that 
nerve cells are highly specialized for detecting and transducing differing 
types of stimuli, allowing a nuanced perception of our surroundings; for 
example, our capacity to feel differences in the texture of surfaces 
through our fingertips, or our ability to discern both pleasing warmth, 

he 2021 Nobel Prize in Physiology or Medicine was jointly awarded to David Julius and Ardem Patapoutian “for their discoveries of receptors Tfor temperature and touch”

David Julius was born in 1955 in New York, USA. He received a Ph.D. in 1984 from University of California, Berkeley and was a postdoctoral fellow 
at Columbia University, in New York. David Julius was recruited to the University of California, San Francisco in 1989 where he is now Professor.

Ardem Patapoutian was born in 1967 in Beirut, Lebanon. In his youth, he moved from a war-torn Beirut to Los Angeles, USA and received a Ph.D. in 
1996 from California Institute of Technology, Pasadena, USA. He was a postdoctoral fellow at the University of California, San Francisco. Since 2000, 
he is a scientist at Scripps Research, La Jolla, California where he is now Professor. He is a Howard Hughes Medical Institute Investigator since 2014

David Julius (Image credit: UCSF 
photo by Noah Berger)

Ardem Patapoutian (Image credit: 
Scripps Research.)

Discoveries of receptors for 
temperature and touch
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and painful heat.

Prior to the discoveries of David Julius and Ardem Patapoutian, our 
understanding of how the nervous system senses and interprets our 
environment still contained a fundamental unsolved question: how are 
temperature and mechanical stimuli converted into electrical impulses 
in the nervous system?

The science heats up!

In the latter part of the 1990's, David Julius at the University of 
California, San Francisco, USA, saw the possibility for major advances 

by analyzing how the chemical compound capsaicin causes the burning 
sensation we feel when we come into contact with chili peppers. 
Capsaicin was already known to activate nerve cells causing pain 
sensations, but how this chemical actually exerted this function was an 
unsolved riddle. Julius and his co-workers created a library of millions of 
DNA fragments corresponding to genes that are expressed in the sensory 
neurons which can react to pain, heat, and touch. Julius and colleagues 
hypothesized that the library would include a DNA fragment encoding 
the protein capable of reacting to capsaicin. They expressed individual 
genes from this collection in cultured cells that normally do not react to 
capsaicin. After a laborious search, a single gene was identified that was 
able to make cells capsaicin sensitive (Figure 2). The gene for capsaicin 
sensing had been found! Further experiments revealed that the identified 
gene encoded a novel ion channel protein and this newly discovered 
capsaicin receptor was later named TRPV1. When Julius investigated 
the protein's ability to respond to heat, he realized that he had discovered 
a heat-sensing receptor that is activated at temperatures perceived as 
painful (Figure 2).

The discovery of TRPV1 was a major breakthrough leading the way to 
the unravelling of additional temperature-sensing receptors. 
Independently of one another, both David Julius and Ardem Patapoutian 
used the chemical substance menthol to identify TRPM8, a receptor that 
was shown to be activated by cold. Additional ion channels related to 
TRPV1 and TRPM8 were identified and found to be activated by a 
range of different temperatures. Many laboratories pursued research 
programs to investigate the roles of these channels in thermal sensation 
by using genetically manipulated mice that lacked these newly 
discovered genes. David Julius' discovery of TRPV1 was the 
breakthrough that allowed us to understand how differences in 
temperature can induce electrical signals in the nervous system.

Figure 1 Illustration depicting how the philosopher René Descartes 
imagined how heat sends mechanical signals to the brain.

Figure 2 David Julius used capsaicin from chili peppers to identify TRPV1, an ion channel activated by painful heat. Additional related ion channels 
were identified and we now understand how different temperatures can induce electrical signals in the nervous system
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the sense of touch. Moreover, Piezo2 was shown to play a key role in the 
critically important sensing of body position and motion, known as 
proprioception. In further work, Piezo1 and Piezo2 channels have been 
shown to regulate additional important physiological processes 
including blood pressure, respiration and urinary bladder control.

It all makes sense!

The groundbreaking discoveries of the TRPV1, TRPM8 and Piezo 
channels by this year's Nobel Prize laureates have allowed us to 
understand how heat, cold and mechanical force can initiate the nerve 
impulses that allow us to perceive and adapt to the world around us. The 
TRP channels are central for our ability to perceive temperature. The 
Piezo2 channel endows us with the sense of touch and the ability to feel 
the position and movement of our body parts. TRP and Piezo channels 
also contribute to numerous additional physiological functions that 
depend on sensing temperature or mechanical stimuli. Intensive ongoing 
research originating from this year's Nobel Prize awarded discoveries 
focusses on elucidating their functions in a variety of physiological 
processes. This knowledge is being used to develop treatments for a wide 
range of disease conditions, including chronic pain (Figure 4).

(Source: Nobeprize.org press release)

Research under pressure!

While the mechanisms for temperature sensation were unfolding, it 
remained unclear how mechanical stimuli could be converted into our 
senses of touch and pressure. Researchers had previously found 
mechanical sensors in bacteria, but the mechanisms underlying touch in 
vertebrates remained unknown. Ardem Patapoutian, working at Scripps 
Research in La Jolla, California, USA, wished to identify the elusive 
receptors that are activated by mechanical stimuli.

Patapoutian and his collaborators first identified a cell line that gave off a 
measurable electric signal when individual cells were poked with a 
micropipette. It was assumed that the receptor activated by mechanical 

force is an ion channel and in a next step 72 candidate genes encoding 
possible receptors were identified. These genes were inactivated one by 
one to discover the gene responsible for mechanosensitivity in the 
studied cells. After an arduous search, Patapoutian and his co-workers 
succeeded in identifying a single gene whose silencing rendered the 
cells insensitive to poking with the micropipette. A new and entirely 
unknown mechanosensitive ion channel had been discovered and was 
given the name Piezo1, after the Greek word for pressure (í; píesi). 
Through its similarity to Piezo1, a second gene was discovered and 
named Piezo2. Sensory neurons were found to express high levels of 
Piezo2 and further studies firmly established that Piezo1 and Piezo2 are 
ion channels that are directly activated by the exertion of pressure on cell 
membranes (Figure 3).

The breakthrough by Patapoutian led to a series of papers from his and 
other groups, demonstrating that the Piezo2 ion channel is essential for 

Figure 3 Patapoutian used cultured mechanosensitive cells to identify 
an ionchannel activated by mechanical force. After painstaking work, 
Piezo1 was identified. Based on its similarity to Piezo1, a second ion 
channel was found (Piezo2).

Figure 4 The seminal discoveries by this year's Nobel Prize laureates 
have explained how heat, cold and touch can initiate signals in our 
nervous system. The identified ion channels are important for many 
physiological processes and disease conditions.
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that many people have wondered why we didn't think of it earlier,” says 
Johan Åqvist, who is chair of the Nobel Committee for Chemistry.

Organic catalysts have a stable framework of carbon atoms, to which 
more active chemical groups can attach. These often contain common 
elements such as oxygen, nitrogen, sulphur or phosphorus. This means 
that these catalysts are both environmentally friendly and cheap to 
produce.

The rapid expansion in the use of organic catalysts is primarily due to 
their ability to drive . When molecules are being asymmetric catalysis
built, situations often occur where two different molecules can form, 
which – just like our hands – are each other's mirror image. Chemists will 
often only want one of these, particularly when producing 
pharmaceuticals.

Organocatalysis has developed at an astounding speed since 2000. 
Benjamin List and David MacMillan remain leaders in the field, and 
have shown that organic catalysts can be used to drive multitudes of 
chemical reactions. Using these reactions, researchers can now more 
efficiently construct anything from new pharmaceuticals to molecules 
that can capture light in solar cells. In this way, organocatalysts are 
bringing the greatest benefit to humankind.

uilding molecules is a difficult art. Benjamin List and David BMacMillan are awarded the Nobel Prize in Chemistry 2021 for 
their development of a precise new tool for molecular 

construction: organocatalysis. This has had a great impact on 
pharmaceutical research and has made chemistry greener.

Many research areas and industries are dependent on chemists' ability to 
construct molecules that can form elastic and durable materials, store 
energy in batteries or inhibit the progression of diseases. This work 
requires , which are substances that control and accelerate catalysts
chemical reactions, without becoming part of the final product. For 
example, catalysts in cars transform toxic substances in exhaust fumes 
to harmless molecules. Our bodies also contain thousands of catalysts in 
the form of enzymes, which chisel out the molecules necessary for life.

Catalysts are thus fundamental tools for chemists, but researchers long 
believed that there were, in principle, just two types of catalysts 
available: metals and enzymes.  and  are Benjamin List David MacMillan
awarded the Nobel Prize in Chemistry 2021 because in 2000 they, 
independent of each other, developed a third type of catalysis. It is called 
asymmetric organocatalysis and builds upon small organic molecules.

“This concept for catalysis is as simple as it is ingenious, and the fact is 

Nobel Prize in Chemistry 2021 was awarded to Benjamin List and David W.C. MacMillan, “for the development of asymmetric organocatalysis”.

Benjamin List, born 1968 in Frankfurt, Germany. Ph.D. 1997 from Goethe University Frankfurt, Germany. Director of the Max-Planck-Institut 
für Kohlenforschung, Mülheim an der Ruhr, Germany.

David W.C. MacMillan, born 1968 in Bellshill, UK. Ph.D. 1996 from University of California, Irvine, USA. Professor at Princeton University, 
USA.

Development of a precise new tool 
for molecular construction: 
organocatalysis

Ben List – (Portrait of Frank Vinken / MPI) David MacMillan (Photo by Denise Applewhite, Princeton University)
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climate models can be reliable despite weather being changeable and 
chaotic. He also developed methods for identifying specific signals, 
fingerprints, that both natural phenomena and human activities imprint 
in the climate. His methods have been used to prove that the increased 
temperature in the atmosphere is due to human emissions of carbon 
dioxide.

Around 1980, Giorgio Parisi discovered hidden patterns in disordered 
complex materials. His discoveries are among the most important 
contributions to the theory of complex systems. They make it possible to 
understand and describe many different and apparently entirely random 
materials and phenomena, not only in physics but also in other, very 
different areas, such as mathematics, biology, neuroscience and machine 
learning.

“The discoveries being recognised this year demonstrate that our 
knowledge about the climate rests on a solid scientific foundation, based 
on a rigorous analysis of observations. This year's Laureates have all 
contributed to us gaining deeper insight into the properties and evolution 
of complex physical systems,” says Thors Hans Hansson, chair of the 
Nobel Committee for Physics.

Three Laureates share this year's Nobel Prize in Physics for their studies 
of chaotic and apparently random phenomena. Syukuro Manabe and 
Klaus Hasselmann laid the foundation of our knowledge of the Earth's 
climate and how humanity influences it. Giorgio Parisi is rewarded for 
his revolutionary contributions to the theory of disordered materials and 
random processes.

Complex systems are characterised by randomness and disorder and are 
difficult to understand. This year's Prize recognises new methods for 
describing them and predicting their long-term behaviour.

One complex system of vital importance to humankind is Earth's 
climate. Syukuro Manabe demonstrated how increased levels of carbon 
dioxide in the atmosphere lead to increased temperatures at the surface 
of the Earth. In the 1960s, he led the development of physical models of 
the Earth's climate and was the first person to explore the interaction 
between radiation balance and the vertical transport of air masses. His 
work laid the foundation for the development of current climate models.

About ten years later, Klaus Hasselmann created a model that links 
together weather and climate, thus answering the question of why 

Physics for climate and other 
complex phenomena
The Nobel Prize in Physics 2021 was awarded to Syukuro Manabe  Klaus Hasselmann, and Giorgio Parisi “for ground-breaking contributions to our ,  
understanding of complex physical systems”.

Syukuro Manabe and Klaus Hasselmann will jointly share one half of the prize Giorgio Parisi will receive one half of the prize. Syukuro Manabe and 
and Klaus Hasselmann were awarded the prize “for the physical modelling of Earth's climate, quantifying variability and reliably predicting global 
warming”. Giorgio Parisi won the prize “for the discovery of the interplay of disorder and fluctuations in physical systems from atomic to planetary   
scales”

Syukuro Manabe, born 1931 in Shingu, Japan. Ph.D. 1957 from University of Tokyo, Japan. Senior Meteorologist at Princeton University, USA.

Klaus Hasselmann, born 1931 in Hamburg, Germany. Ph.D. 1957 from University of Göttingen, Germany. Professor, Max Planck Institute for 
Meteorology, Hamburg, Germany.

Giorgio Parisi, born 1948 in Rome. Italy. Ph.D. 1970 from Sapienza University of Rome, Italy. Professor at Sapienza University of Rome, Italy

Syukuro Manabe (photo: University of Tokyo), Klaus Hasselmann (photo: The Max Planck Institute for Meteorology), Giorgio Parisi 
(Photo: Barbara Sabatini – Sapienza)
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Natural climate protection may be written in stone

hen it comes to reducing the impact of climate change, Whumanity appears caught between a rock and a hard 
place.But, in this case, the rock may offer a surprisingly 

softer landing.

The rocky surface of our planet's geology may provide a buffered 
bumper to absorb excess carbon – that is, if society wants to protect 
Earth, according to a new paper co-authored by Benjamin Houlton, 
Cornell's Ronald P. Lynch Dean of the College of Agriculture and Life 
Sciences, and professor of ecology and evolutionary biology.

The study, led by the University of California at Davis, Northern 
Arizona University and Cornell, published Oct. 4 in the journal Global 
Biogeochemical Cycles.

“Excess carbon is already harming people, economies and our planet,” 
said Houlton, the paper's senior author “But we've been enjoying a free 
subsidy provided by Earth – a large carbon sink on land and in the ocean 
– and, as a society we're not paying for the carbon-sink service 
explicitly. But where is this sink and how long will it last?”

The new research demonstrates that something as simple as rock-
weathering reactions – slowly releasing nitrogen once bound up in 
rocks, which nature has been doing long before humans – slowly deliver 
natural fertilizers around the world, allowing large areas of terrestrial 
habitat to take up carbon dioxide.

Since the start of the Industrial Revolution, humanity has been pouring 
carbon dioxide into the atmosphere. However, land and its vegetation 
has been naturally drawing down nearly a quarter of it. It was only in the 
late 1990s that scientists discovered this terrestrial carbon sink. With 
another quarter of the carbon dioxide going into the oceans, the 
remaining half of the carbon dioxide remains in the atmosphere 
contributing to climate change.

“We're facing incredible threats from climate change and unless we find 
pathways to store and sequester carbon, it will get worse,” Houlton said.

Through the rest of the century, background nitrogen inputs from rock 

weathering and biological fixation can contribute two to five times more 
to terrestrial carbon uptake than nitrogen pollution primarily from 
agricultural and industrial activities, said the scientists, looking at a 
business-as-usual scenario.

“Previously, we had believed that this terrestrial carbon sink was more 
vulnerable,” said lead author Pawlok Dass, a postdoctoral researcher at 
Northern Arizona University, formerly in Houlton's laboratory at the 
University of California, Davis, where Houlton conducted the research 
before coming to Cornell. “Now we're suggesting that because of the 
previously undiscovered slow-release nitrogen, the terrestrial carbon 
sink will continue to be robust.”

Still, society should not lower its guard, as fossil fuel use tends to add 
excess nitrogen to the atmosphere, which instead of acting as a fertilizer, 
bypasses terrestrial carbon cycles, which in turn, pollutes downstream 
water bodies. Abating such excess nitrogen pollution can boost human 
health, environment and the economy, Dass said, without jeopardizing 
the natural, terrestrial carbon sinks.

 Dass explained that to preserve carbon sinks, we need to conserve places 
where rock nitrogen weathering or biological nitrogen fixation is strong 
– such as the biologically diverse tropical forests, mountainous regions 
and the rapidly changing boreal zone (the entire stretch of forests 
stretching from Alaska to Canada to Siberia, for example).

“Our work suggests that the conservation of these ecosystems, which 
have built-in capacity to absorb carbon dioxide,” Houlton said, “is going 
to be vital to making sure that we don't lose out on Earth's terrestrial 
carbon sink service in the future.”

In addition to Dass and Houlton on the research, “Bedrock Weathering 
Controls on Terrestrial Carbon-Nitrogen-Climate Interactions,” the 
other researchers include Yingping Wang, of the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) Oceans and 
Atmosphere, Australia; David Warlind, Lund University, Sweden; and 
Scott Morford, University of Montana, Missoula.

The rocky surface of our planet's geology may provide a buffered bumper to absorb excess carbon – that is, if 

society wants to protect Earth

This tree-lined rocky creek demonstrates verdant woodland growth from bedrock weathering that slowly releases nitrogen.

Source: Cornell University nes release written by Blaine Friedlander 
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 new analysis published in Science shows that under current Aclimate policy, newborns across the globe will on average face 
seven times more scorching heatwaves during their lives than 

their grandparents.

In addition, they will on average live through 2.6 times more droughts, 
2.8 times as many river floods, almost three times as many crop failures, 
and twice the number of wildfires as people born 60 years ago.

However, hitting the Paris Agreement goal of limiting warming to 1.5°C 
above pre-industrial temperatures, instead of following current policy 
pledges that place the world on a course for more than 3°C of warming 
substantially reduces the intergenerational burden for extreme 
heatwaves, wildfires, crop failures, droughts, tropical cyclones, and 
river floods.

Fundamental injustice

The study was led by Vrije Universiteit Brussel (VUB) and an 
international team of researchers from institutions including Imperial 
College London and the University of Nottingham. Co-author Dr Joeri 
Rogelj, from the Grantham Institute – Climate Change and the 
Environment at Imperial, said: “With this study we lay bare the 
fundamental injustice of climate change across generations, as well as 
the responsibilities of today's adults and elders in power.

“The consequence of children suffering unprecedented sequences of 
climate extremes over the course of their lives can now be attributed to 
the inaction of today's adults. It also shows how much can be gained by 
ambitious emissions reductions.”

The team quantified lifetime exposure to droughts, heatwaves, crop 
failures, river floods, tropical cyclones, and wildfires. They computed 
lifetime exposure for every generation born between 1960 and 2020, for 
every country in the world, and for every global warming scenario 
between today's 1°C and 3.5°C above pre-industrial temperatures.

The team also compared the increase in extreme event exposure of 

population cohorts living today with a reference person that would have 
thlived under the pre-industrial climate conditions of the end of the 19  

Century.

The results show that for a 3°C global warming pathway, a six-year-old 
in 2020 will experience twice as many wildfires and tropical cyclones, 
three times more river floods, four times more crop failures, five times 
more droughts, and 36 times more heatwaves. Under a 3.5°C warming 
scenario, children born in 2020 will experience 44 times more 
heatwaves.

Even at and above 1.5°C of warming, lifetime exposure to heatwaves, 
crop failures, droughts, and river floods for people born after 1980 
exceeds pre-industrial climate conditions, showing some changes are 
already locked in.

Lead author Professor Wim Thiery from VUB said: “This basically 
means that people younger than 40 today will live an unprecedented life 
even under the most stringent climate change mitigation scenarios. Our 
results highlight a severe threat to the safety of young generations and 
call for drastic emission reductions to safeguard their future.”

Youth action

The impacts are also strongly regional, with children growing up in the 
worst-hit areas facing a more than fivefold increase in overall lifetime 
extreme event exposure. While 53 million children born in Europe and 
Central Asia since 2016 will experience about four times more extreme 
events under current pledges, 172 million children of the same age in 
sub-Saharan Africa face an almost sixfold increase in lifetime extreme 
event exposure, and even 50 times more heatwaves.

The Fridays for Future movement led by the world's youth has 
drastically increased awareness around the importance of climate 
change mitigation for future generations. Next to school strikes and 
protest marches, young people are now also suing their governments, for 
instance for violating their fundamental rights under the United Nations 
Committee on the Rights of the Child.

Children will face huge increases in extreme climate 
events in their lifetimes
Children born today will face disproportionate increases in floods, heatwaves, droughts, wildfires, and crop 

failures due to climate change

The aftermath of a typhoon in the Philippines. Credit: Asian 
Development Bank

Drought in Ethiopia. Credit: Anouk Delafortrie / EU/ECHO
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 team of scientists have used tea and banana waste to prepare Anon-toxic activated carbon, which is useful for several 
purposes like industrial pollution control, water purification, 

food and beverage processing, and odour removal. The newly 
developed process avoids usage of any toxic agent for synthesizing 
activated carbon, thus making the product cost-effective as well as non-
toxic.

The processing of tea generates a lot of waste, generally in the form of 
tea dust. This could be converted to useful substances. The structure of 
tea was favourable for conversion to high-quality activated carbon. 
However, conversion to activated carbon involves use of strong acid 

and bases, making the product toxic and hence unsuitable for most uses. 
So a non-toxic method of conversion was needed to overcome this 
challenge.

Dr N. C. Talukdar, Former Director, Institute of Advanced Study in 
Science and Technology (IASST), Guwahati, an autonomous institute of 
the Department of Science & Technology, Govt. of India and Dr 
Devasish Chowdhury, Associate Professor, used banana plant extract as 
an alternative activating agent for the preparation of activated carbon 
from tea wastes.

Oxygenated potassium compounds contained in the banana plant extract 
help in activating the carbon prepared from tea waste. An Indian patent 
has recently been granted for this.

The banana plant extract used in the process was prepared by traditional 
way and is known as Khar, which is an alkaline extract from the ashes of 
burnt dried banana peels. The most preferred banana for this is called 
'Bheem Kol' in Assamese. Bheem Kol is an indigenous variety of 
bananas found only in Assam and parts of North East India. To make 
khar, first, the peel of the banana is dried and then burnt to make an ash 
out of it. The ash is then crushed and made into a fine powder. Then using 
a clean cotton cloth, water is filtered through the ash powder, and the 
final solution that we get is called khar. The natural khar which is 
extracted from banana is called 'Kol Khar' or 'Kola Khar'. This extract 
was used as the activating agent.

IASST team explains, “The reason for the use of tea as a precursor for 
the synthesis of active carbon is that in tea structure, the carbon atoms are 
conjugated and having polyphenols bond. This makes the quality of 
activated carbon better compared to other carbon precursors.”

The main advantage of this process is that starting materials, as well as 
activating agents, are both waste materials. In the developed process use 
of any toxic activating agent (e.g., toxic acids and bases) for synthesizing 
active carbon are avoided. Thus, this process is green for the first time 
plant materials have been used as an activating agent for the first time. 
This novel process of synthesizing of active carbon makes the product 
cost-effective as well as non-toxic. (Source: PIB)

Non-toxic activated carbon from tea and banana waste
Scientists use tea and banana waste to prepare activated carbon, which is useful for pollution control, water 

purification, food processing etc. 

(From left) Dr. Manash Jyoti Deka, Dr. Devasish Chowdhury, Dr. N. C. Talukdar

Co-author Simon Gosling, Professor of Climate Risk at the University 
of Nottingham, said: “Our research shows very clearly the 
responsibility that the current generation holds for future generations in 
terms of climate change. We're already seeing extreme events that are 
attributable to human climate change across the world, like heat waves, 
floods and forest fires.

“We show that children will be affected to a greater extent by such 
events over their lifetime compared to people who are older now. We 
have to turn a sharp corner if we want to limit the intergenerational 
impacts of climate change. In this respect, the setting of more ambitious 
greenhouse gas emissions reduction targets at the UN climate 
conference in Glasgow in November this year is going to be crucial.”.

The new study is accompanied by a report by international charity Save 
the Children, titled 'Born into the Climate Crisis', which highlights why 
we need to act now to secure children's rights. The report recommends 
actions including recognising children as equal stakeholders and key 
agents of change, scaling up social protection systems, and taking 
bolder action to limit warming.

Children born today will face 

Source: Imperial College London written by Hayley Dunning 
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cientists find a way to use pristine graphene in valleytronics, a 

Spromising technology for encoding and processing quantum 
information

Valleytronics is an emerging field in which valleys—local minima in the 
energy band structure of solids—are used to encode, process, and store 
quantum information. Though graphene was thought to be unsuitable 
for valleytronics due to its symmetrical structure, researchers from the 
Indian Institute of Technology Bombay, India, have recently shown that 
this is not the case. Their findings may pave the way to small-sized 
quantum computers that can operate at room temperature.

From the consumer's side, it's pretty easy to notice the giant strides that 
the field of electronics has made over the past few decades; with 
wearable gadgets, smart cities, self-driving cars, improved space 
missions, robots, holography, and supercomputers, the possibilities of 
technological advancement seem infinite. However, unbeknownst to 
most people, this accelerated trend of technological advancement 
fuelled by electronics is rapidly coming to a halt as electronic 
components reach their practical limits. If we are to keep improving our 
computing power and capacity, we will need to find new ways to store 
and process data beyond the simple flow and charge of electrons, which 
is how modern electronics operates.

That is why quantum computers have recently become a hot topic. By 
encoding information in quantum phenomena, quantum computers 
transcend the binary notion of each bit being either “0” or “1.” Instead, 
quantum bits exist as superpositions of “0” and “1” and can therefore 
take intermediate values. By exploiting superpositions through 
carefully designed algorithms, quantum computers could theoretically 
outperform conventional computers by several orders of magnitude in 
terms of speed. Sadly, it has proven difficult to find suitable quantum 
phenomena to encode information at room temperature. Existing 
computers, such as those owned by Google, IBM, and Microsoft, have 
to be kept at ultralow temperatures below –196.1°C, which makes them 
costly and impractical to operate.

Fortunately, there is a very promising approach for encoding quantum 
information that is actively being explored: valleytronics. Aside from 
their charge, electrons have another parameter that can be manipulated, 
namely their “valley pseudospin,” which is the valley that the electron 
occupies. These so-called valleys are local minima in the energy bands 
of solids, which dictate the energetic state and location of electrons. 
Valleys, with their occupation state governed by quantum mechanics, 
can be used to encode, process, and store quantum information at less 
restrictive temperatures.

Recently, a team of scientists from the Indian Institute of Technology 
(IIT) Bombay, India, and Max-Born Institut, Germany, achieved a 
breakthrough in the field of valleytronics. In their latest study, published 
in Optica, they present a way to perform valley operations in monolayer 
or pristine graphene, which was assumed to be impossible by other 
researchers in the field. As the poster child of carbon nanomaterials, 
graphene is made from carbon atoms in a hexagonal pattern and bears a 
plethora of favorable properties. Atomically thin layers of graphene 
have electron valleys but, due to the material's inherent symmetry, they 
were deemed useless for valley operations.

Despite the odds, the team came up with a strategy to break graphene's 
valley symmetry using light. Associate Professor Gopal Dixit from IIT 
Bombay, who led the study, explains: “By tailoring the polarization of 

two beams of light according to graphene's triangular lattice, we found it 
possible to break the symmetry between two neighbouring carbon atoms 
and exploit the electronic band structure in the regions close to the 
valleys, inducing valley polarization.” In other words, this enables the 
use of graphene's valleys to effectively “write” information. Dr Dixit 
also highlights that the flashes of light can cause electrons to wiggle 
several hundred trillion times a second. In theory, this means 
valleytronics at petahertz rates is possible, which exceeds modern 
computational speeds by a million times.

One of the most attractive aspects of conducting valley operations in 
graphene is that it's possible to do so at room temperature. “Our work 
could open the door to miniature, general-purpose quantum computers 
that can be used by regular people, much like laptops,” remarks Dr. 
Dixit. With the higher computational speeds provided by quantum 
computers, it will be much quicker to perform molecular simulations, 
big data analysis, deep learning, and other computationally intensive 
tasks. In turn, this will accelerate the development of new drugs and the 
elucidation of molecular structures, which will help in the search for 
cures to complex diseases including COVID-19. Let us hope this study 
helps quantum computers arrive at our lives sooner!

About Associate Professor Gopal Dixit

Gopal Dixit obtained a PhD in theoretical atomic and molecular physics 
from the Indian Institute of Technology Kharagpur, India, in 2011. He 
spent around eight years as guest and post-doctoral researcher in 
German institutions, including Max-Born Institut, before joining IIT 
Bombay in 2015. He became an Associate Professor in 2021. His 
research group at the Ultrafast Lab focuses on probing ultrafast 
processes in nature at the attosecond and femtosecond timescales. He is a 
referee of several scientific journals in the fields of optics and physics 
and has published 50 research articles.

(Source: IIT Mumbai news release)

Graphene Valleytronics:
Paving the Way to Small-Sized Room-Temperature Quantum Computers
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nergy efficiency brings a variety of benefits which include Ereducing greenhouse gas emissions, reducing demand for 
energy imports, and lowering costs on a household and 

economy-wide level. Emphasis is placed on energy-efficient design and 
construction of energy-efficient buildings without compromising on the 
comfort of the occupants of such buildings. However, developing 
effective materials is needed for this purpose.

Researchers at the Indian Institute of Science (IISc), Bangalore have 
developed a technology to produce energy-efficient walling materials 
using construction and demolition waste and alkali-activated binders. 
These are called low carbon bricks, do not require high-temperature 
firing, and avoid the use of high-energy materials such as Portland 
cement. The technology will also solve the disposal problems 
associated with C&D waste mitigation, said the Ministry of Science & 
Technology statement, released on Thursday.

IISc researchers have devised a method for producing alkali-activated 
bricks/blocks by utilising fly ash and furnace slag. They developed low 
embodied carbon bricks from construction and demolition waste 
through an alkali activation process using fly ash and ground slag and 
characterising the thermal, structural, and durability characteristics of 
Low carbon bricks and their masonry.

After ascertaining the Physico-chemical and compaction characteristics 
of the construction and demolition waste, the optimum mix ratios of the 
materials were obtained, and then the production process was evolved 
to produce low carbon bricks. Based on the optimum binder 
proportions, the compressed bricks were manufactured. The bricks 
were examined for engineering characteristics.

The masonry units are manufactured either through the process of firing 
or using high-energy/embodied carbon binders such as Portland 

cement. The annual consumption of bricks and blocks in India is about 
900 million tonnes. Besides, the construction industry generates vast 
amounts (70 –100 million tonnes per annum) of construction and 
demolition waste.

“To promote sustainable construction, two important issues need to be 
addressed while manufacturing the masonry units – conserving mined 
raw material resources and emission reduction, researchers,” said 
researchers.

“A start-up has been registered which will be functional within 6-9 
months to manufacture low carbon bricks and blocks with the technical 
support from IISc. The start-up unit will act as a technology 
dissemination unit through training, capacity building, and providing 
technical know-how for establishing such commercial units across 
India,” remarked Prof. B V Venkatarama Reddy, IISc Bangalore.

Conventionally, building envelopes consist of masonry walls built with 
burnt clay bricks, concrete blocks, hollow clay blocks, fly ash bricks, 
lightweight blocks, and so on. The envelopes spend energy during their 
production, thus incurring carbon emission (i.e., possess embodied 
carbon) consume mined raw material resources which lead to 
unsustainable constructions.

The major beneficiary of this development undertaken by IISc, 
Bangalore with funding from the Department of Science and 
Technology (DST), Govt. of India, is the construction industry in 
general and the building sector in particular. This technology will also 
mitigate the disposal problems associated with the construction and 
demolition wastes.

Low-carbon bricks for energy-efficient buildings
Scientists develop a technology to produce energy-efficient walling materials using construction and demolition waste 
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s the earth's climate warms, residents of affluent nations will Afind some relief with air conditioning, but people in lower-
income countries may have to pay vastly more for electricity or 

do without cooling, says a new study co-authored at the University of 
California, Berkeley.

The research, published in Nature, provides a dramatic new view of how 
climate change will aggravate the global gap between rich and poor 
nations. It found that even as temperatures rise, electricity consumption 
in the U.S. might increase only slightly by the end of the century. But in 
some emerging countries, demand for energy could rise dramatically as 
residents seek access to air conditioning, while others will still be so 
poor that air conditioning will remain an inaccessible dream, the 
researchers found.

Earlier models, based on broad assumptions and limited data, predicted 
that rising temperatures would impose dramatic new costs — the “social 
costs of carbon” — across much of the globe. But those models were 
flawed because they were based only on conditions in affluent nations, 
said lead author Solomon Hsiang, co-director of the Climate Impact Lab 
and professor of public policy at UC Berkeley.

“Prior analyses ignored energy usage data from the developing world, 
where billions live in poverty and lack energy access,” Hsiang said. 
“Studies simply assumed people everywhere behaved similar to the 
U.S. or the U.K. But their conclusions were exactly backward. Our data 
show that richer populations can protect themselves from the impacts of 
warming, but the global poor don't have this luxury.”

Ashwin Rode, director of scientific research at the Energy Policy 
Institute at the University of Chicago and a member of the Climate 
Impact Lab, illustrated the point with stark data:

“While some form of air conditioning is present in 90% of homes in the 
United States,” Rode explained, “this is currently true for only 5% of 
homes in India. As climate change causes heat waves to become more 
intense and frequent in future decades, the data show that electricity to 
power cooling technology, like fans or air conditioners, remains out of 
reach for more than half of the global population.”

The Climate Impact Lab is a joint initiative by more than 30 researchers 
from the Rhodium Group; the Rutgers Institute of Earth, Ocean, and 

Atmospheric Sciences at Rutgers University; the Bren School of 
Environmental Science and Management at University of California, 
Santa Barbara; the University of Delaware; Princeton University; Fudan 
University in China; the University of Chicago and UC Berkeley.

A major project for the Climate Impact Lab researchers is to measure the 
social costs of carbon using economic statistics and big data analytics 
more powerful than any tools previously used in the field. The analysis 
of expected energy use and costs is the first published paper in a series 
that is expected to look at the social costs of carbon reflected in 
agriculture, health, labor, sea level rise and other areas.

Such research is already having a profound impact as global leaders 
work to develop policies that limit climate change and mitigate its 
human impact. Earlier this year, U.S. President Joe Biden issued 
executive orders directing key regulators to assess the economic risks 
posed by climate change and to address the equity implications of 
environmental changes, both topics addressed by the new study.

“Our hope is that the best available data-driven science will be used to 
design climate change policies in the U.S. and internationally,” Hsiang 
explained. “Our children and grandchildren cannot afford for us to make 
these decisions based on intuition or gut feelings.” Researchers at the 
Global Policy Lab in UC Berkeley's Goldman School of Public Policy 
have been crunching numbers for five years to help bring this vision to 
life, he added.

In its basic form, the social cost of carbon is the most holistic way of 
looking at the impact on humans of each additional ton of climate 
warming carbon dioxide and other greenhouse gases pumped into the 
atmosphere.

Seen through a global lens, the numbers reported in the new Climate 
Impact Lab research seem almost like good news:

For every ton of carbon dioxide released into the atmosphere now, the 
research found, annual energy expenditures across a warming world 
would fall by $1 to $3. The world emits more than 30 billion tons of 
carbon dioxide into the atmosphere every year, and that computes to a 
savings of up to 0.17% of the world's gross domestic product, they 
authors  concluded.

Air conditioning in a changing climate
As the climate warms people in lower-income countries may have to pay vastly more for electricity or do without cooling

On a scorching summer day in India, a man sought relief in the waters of a public fountain. . (Photo by Rajesh Kumar Singh)
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ew Research from Oxford University has revealed that shifts in Nthe timing of egg laying by great tits in response to climate 
change vary markedly between breeding sites within the same 

woodland and that this variation is linked to the health of nearby oak 
trees.

Great tits in the UK lay their eggs around 14 days earlier than they did in 
the 1960's. As a result, these songbirds are keeping pace with the other 
members of their food chain - winter moth caterpillars and the oak trees 
on which these insects feed - which have also advanced their spring 
timing in response to climate change over recent years.

'Much of our understanding of how animals respond to climate change 
comes from studies that assume all individuals within a population 
experience the same environment. However, we know this isn't the case, 
particularly for animals that are limited in how far they can travel from 
dependent offspring.

Neighbouring individuals may experience very different environments. 
Studying these differences helps us understand what might limit the 
ability of animals to adjust to changing environments and therefore the 
scope for populations to cope with climate change.' Said Dr Ella Cole, 
who co-led the research.

The new study from the Department of Zoology, Oxford University, has 
revealed marked spatial variation in the extent to which great tits are 
adjusting their timing of egg laying within a single woodland. Analysis 
of breeding events from over 13,000 great tits over a 60-year timespan 
showed that the slowest nesting sites have only advanced by 7.5 days, 
whilst the fastest sites advanced by 25.6 days.

This variation is linked to the health of the oak trees nearby the nesting 
site. The healthier the oak trees around the nest, the larger the 
advancement in timing a laying. Birds breeding in areas with healthy 
oaks advanced their laying by 5.4 days more than those breeding in areas 
with unhealthy oaks.

The findings, published in the journal Nature Climate Change, 
demonstrate how examining responses to climate change at small spatial 
scales reveal patterns and relationships that are masked by population 
wide studies.

The research, which was carried out at Oxford University's Wytham 
Woods, used breeding data from 964 fixed-location nest boxes, together 
with information on the health of 5,748 mature oak trees.

'Oak trees are extremely important to tits during the spring because of the 
huge numbers of caterpillars that feed on their foliage. We know from 
previous research that great tits nesting in territories containing lots of 
oak trees begin laying earlier and are more successful breeders.''Our 
findings suggest that birds nesting in areas with poorer oak health are 
less able to keep up with the advancement of spring. This could be 
because they are unable to find the resources they need to start breeding 
or because declines in oak health affect the cues birds use to time 
breeding.' Added Dr Regan, who also co-led the work.

This work suggests that studying response to climate change at a scale 
that is relevant to individual animals can provide new insights in this 
field. The researchers hope that the findings will promote more studies 
that explore the causes and consequences of small-scale variation in 
response to climate change.

(Source: Oxford University  news release)

How birds respond to climate change
Study reveals that shifts in the timing of egg laying by great tits in response to climate change vary 

But these global numbers hide important disparities between rich 
nations in relatively temperate zones and poor nations that are often 
closer to the equator. The impacts of climate change on electricity usage 
could be mild for some and severe for others.

The research found that demand for electricity in the U.S. is likely to rise 
by a modest 2.7% by 2099. But in Indonesia, it could rise by nearly 
100% by the end of the century, and in India by 145%. In Africa, 
Ethiopia would see demand more than triple, while in Nigeria it is 
projected to rise by nearly 2,100%.

In emerging countries such as India, Nigeria and Mexico, more people 
may be able to access air conditioning as the years pass. But, the 
researchers said, this demand will pose challenges for the electricity 
grid, and for policymakers who have to plan and maintain the energy 
infrastructure.

The new findings demonstrate “the critical role of economic 
development in shaping how energy consumption patterns respond to 
climate change,” the paper concludes. “We find that much of the world 
will remain too poor in the coming decades to spend substantially on 
energy-intensive cooling technologies.”

(Source:UC Berkeley news release)

Air conditioning in a ....
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T cells battle to keep us healthy
Researchers  discover how T cells are able keep on killing as they hunt down and kill cancer cells

Cytotoxic T cells are specialist white blood 
cells that are trained by our immune system to 
recognise and eliminate threats – including 
tumour cells and cells infected with invading 
viruses. They are also at the heart of new 
immunotherapies that promise to transform 
cancer treatment.  Professor Gillian Griffiths 
from the Cambridge Institute for Medical 
Research, who led the research, said: “T cells 
are trained assassins that are sent on their 
deadly missions by the immune system. There 
are billions of them in our blood, each 
engaged in a ferocious and unrelenting battle 
to keep us healthy. “Once a T cell has found its 
target, it binds to it and releases its toxic cargo. 
But what is particularly remarkable is that 
they are then able to go on to kill and kill 
again. Only now, thanks to state-of-the-art 
technologies, have we been able to find out 
how they reload their weapons.” In a study 
published in Science, the team have shown 
that the refuelling of T cells' toxic weapons is 

regulated by mitochondria. Mitochondria are 
often referred to as a cell's batteries as they 
provide the energy that power their function. 
However, in this case the mitochondria use an 
entirely different mechanism to ensure the 
killer T cells have sufficient 'ammunition' to 
destroy their targets.

Professor Griffiths added: “These assassins 
need to replenish their toxic payload so that 
they can keep on killing without damaging the 
T cells themselves. This careful balancing act 
turns out to be regulated by the mitochondria 
in T cells, which set the pace of killing 

according to how quickly they themselves can 
manufacture proteins. This enables killer T 
cells to stay healthy and keep on killing under 
challenging conditions when a prolonged 
response is required.” Understanding the 
details of this basic process could ultimately 
help in the long-term scientific goal of 
designing and engineering T cells that are 
better at killing cancer cells, say the 
researchers. When a T cell finds an infected 
cell or, in the case of the film, a cancer cell, 
membrane protrusions rapidly explore the 
surface of the cell, checking for tell-tale signs 
that this is an uninvited guest. The T cell binds 
to the cancer cell and injects poisonous 
'cytotoxin' proteins down special pathways 
called microtubules to the interface between 
the T cell and the cancer cell, before 
puncturing the surface of the cancer cell and 
delivering its deadly cargo.

Source: Cambridge University news release

Lizards can regrow severed tails, but in lieu of 
the original tail that includes a spinal column 
and nerves, the replacement structure is an 
imperfect cartilage tube. Now, for the first 
time, a USC-led study in Nature Commu-
nications describes how stem cells can help 
lizards regenerate better tails. “This is one of 
the only cases where the regeneration of an 
appendage has been significantly improved 
through stem cell-based therapy in any reptile, 
bird or mammal, and it informs efforts to 
improve wound healing in humans,” said the 
study's corresponding author Thomas Lozito, 
an assistant professor of orthopaedic surgery 
and stem cell biology and regenerative 
medicine at the Keck School of Medicine of 
USC. These new and improved lizard tails 
exhibit what is known as “dorsoventral 
patterning”—meaning they have skeletal and 
nerve tissue on the upper or dorsal side, and 
cartilage tissue on the lower or ventral side. To 
achieve this, the team of scientists from the 
medical schools at USC and the University of 
Pittsburgh analyzed how lizard tails form 
during adult regeneration, compared to 

embryonic development. In both cases, neural 
stem cells or NSCs play a central role.

Adult NSCs produce a molecular signal that 
blocks skeletal and nerve formation and 
encourages cartilage growth, effectively 
“ventralizing” both sides of the tail. This 
results in the cartilage tube typical of 
regenerated tails. Even in the absence of this 
ventralizing signal, adult NSCs are incapable 
of generating new nerve tissue for the dorsal 
side of the tail. In contrast, embryonic NSCs 
produce this “ventralizing” signal only in the 

cartilage region that becomes the lower or 
ventral side of the tail. Meanwhile, in the 
absence of this signal, the upper or dorsal side 
develops skeletal and nerve tissue. Thus, the 
tail acquires the intricate dorsoventral 
patterning characteristic of original embryonic 
appendages. However, if embryonic NSCs are 
implanted into adult tail stumps, they respond 
to the ventralizing signal, and fail to develop 
into dorsal structures. Lozito's team used gene-
editing tools to make embryonic NSCs 
unresponsive to the ventralizing signal, and 
surgically implanted these cells into adult tail 
stumps—leading to the regeneration of perfect 
tails. “Perfecting the imperfect regenerated 
lizard tail provides us with a blueprint for 
improving healing in wounds that don't 
naturally regenerate, such as severed human 
limbs and spinal cords. In this way, we hope 
our lizard research will lead to medical 
breakthroughs for treating hard-to-heal 
injuries” said Lozito

Source: University of South California news 
release
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Tail regeneration perfection in lizards
Study provides essential practice on how to improve an organism's regenerative potential
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Probiotics to treat diseases
New technique, effective in mice, could help advance the use of probiotics

Researchers at the University of Wisconsin 
–Madison School of Pharmacy think they 
have a solution involving a dual-layer 
protection system that can keep probiotic 
bacteria alive in the lower intestine long 
enough to help treat or prevent colitis in a 
mouse model of the disease. Quanyin Hu and 
postdoctoral researcher Jun Liu have filed for 
a patent on their double-protection technique 
and, with their collaborators, published their 
findings Sept. 26 in the journal Nano Today. 
“When you transfer these bacteria through the 
oral route, most of them are getting killed by 
the acidic environment of the stomach. Or 
they're getting cleared out of the intestine 
because they aren't adhering,” says Hu, the 
senior author of the report. “Our double 
protection technique addresses these 
limitations.” To protect against stomach acid, 
the researchers coated a probiotic strain of E. 
coli bacteria first in tannic acid, then in a 
polymer called L100. Tannic acid is a 
common food additive. Since it's sticky, the 

researchers selected it to help the bacteria 
hold onto the lining of the intestines so they 
aren't cleared by the body as quickly. L100, 
already used in extended-release drug 
formulations, is stable in acidic environments 
but dissolves in the less-acidic environment of 
the intestine. Together, this produced a 
protective shell that, when fed to mice, 
increased the number of bacteria found in 
their intestines and how long they stuck 
around.

The team tested their new strategy in a mouse 
model of colitis, an inflammation of the lower 
intestine. Researchers can induce the 
condition by feeding the animals a disease-
causing chemical. When used to treat already-
established colitis, the mice fed double-
coated bacteria lost less weight and had 
healthier intestines than mice given uncoated 
bacteria or none at all.

The researchers also tested the ability of the 

protected probiotics to prevent the formation 
of colitis by providing them to mice before 
adding in the disease-inducing chemical. 
Again, the double-coated probiotics helped 
mice maintain their weight better than when 
they were provided uncoated bacteria, 
although the treatment did not entirely prevent 
weight loss and other signs of disease. Hu's 
team considered one potential side effect of 
their new technique - the tannic acid is so 
sticky, it could coat the intestine for too long. 
“This adherence could cause side effects by 
preventing the absorption of nutrients,” says 
Hu. So, the researchers tested a method of 
washing away the tannic acid and bacteria 
after the treatment was done. When they fed 
mice the nontoxic chemical EDTA, which 
interferes with tannic acid's stickiness, the 
scientists saw that the probiotic bacteria were 
cleared by the intestines faster, as they hoped.

Source: University of Wisconsin–Madison 
news release

Newer and better treatments could soon be on 
the anvil for leukemia and other blood-related 
disorders with researchers developing a new 
model that could give a better insight into the 
molecular mechanism behind their devel-
opment. Every cell in the human body, and 
that of other mammals, originates from stem 
cells and progenitor cells. Studies have 
established Drosophila or fruit fly as the ideal 
model system to study how blood cells 
develop in human beings. The blood-forming 
organ of the fruit fly larvae is a specialized 
multi-lobed system called the lymph gland. 
Spanning from the thoracic to the abdominal 
segment of the larvae, this organ comprises a 
pair of primary, secondary, and tertiary lobes. 
Studies so far have mainly been confined to 
understanding the happenings in the primary 
lobe. Secondary and tertiary lobes have 
remained mostly unexplored. Some studies 
have inferred that they are composed of 
progenitor cells that differentiate during 
pupation. However, the mechanistic basis of 

this extended progenitor state has remained 
unclear. The new study conducted by 
researchers at the Indian Institutes of Science 
Education and Research (IISER) - Mohali, 
has now filled the gap. It has shown that a 
local signaling system defined by two genes 
called Ultrabithorax (Ubx) and Collier in the 
tertiary lobe regulated the activities of the 
progenitors in the tertiary as also secondary 
lobes and that the system shared several 
biomarkers with the local environment of the 
primary lobe. Speaking to India Science Wire, 
the leader of the study team, Professor 
Lolitika Mandal, said, “Our study establishes 
the lymph gland as a model to tease out how 

the progenitors interface with the dual niches 
within an organ during development and 
disorders. Our work provides a model that can 
be used to understand how multiple niches 
interact with progenitors during development 
and disease. This will be particularly important 
since the blood stem cell “niche” in 
mammalian bone marrow has multiple niches. 
How diverse signals coming from multiple 
niches interact during development and blood-
related disorders could be addressed in this 
testable model”.

The study team included Aditya Kanwal, 
Pranav Vijay Joshi, and Sudip Mandal. They 
have published a report on their findings in the 
journal `PLOS Genetics'. Common blood 
disorders include anemia, bleeding disorders 
such as hemophilia, blood clots, and blood 
cancers such as leukemia, lymphoma, and 
myeloma. The new study would particularly 
help in dealing with blood cancers.

Source: India Science Wire

Biological Sciences - Microbiology

Addressing blood-related disorders
New study provides a model that can be used to understand how multiple niches interact with progenitors during 

development and disease
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Human micro biota resist cholera bacterium
Bacteria in the human gut go to war in order to protect themselves against attacks of pathogens

Cholera is caused by the bacterium Vibrio 
cholerae, a waterborne pathogen that infects 
the gut  of  humans when they drink 
contaminated water. Upon ingestion, Vibrio 
cholerae begins to colonize the gut's inner 
surface, and releases a toxin upon the 
epithelial cells. The toxin disrupts the ionic 
balance across the gut's walls, causing 
excretion of watery diarrhea. Severe cholera 
can lead to death due to severe dehydration. In 
2015, researchers led by Professor Melanie 
Blokesch at EPFL published a seminal paper 
showing that the bacterium uses a spring-
loaded spear to stab neighboring bacteria and 
steal their DNAas it grows in its enviro-
nmental habitat. This molecular spear known 
as the “type VI secretion system” or T6SS has 
previously been described to serve inter-
bacterial competition. “Drinking contam-
inated water in cholera-endemic areas of the 
world is expected to contain competition-
ready T6SS-active ,” says V. cholerae
Blokesch.

Many studies have shown that resisting 

colonization by  and other V. cholerae
infectious bacteria depends to a large extent 
on so called “commensal” microbes in the gut. 
Commensal microbes, and especially human 
gut ones, have not been researched much in 
terms of interaction with . In a V. cholerae
paper published in , Nature Communications
Blokesch's group has now looked at the way V. 
cholerae interacts with bacteria of the human 
microbiota. 

Their findings showed that although several 
species of gut bacteria are depleted following 
T6SS-mediated attacks by , a V. cholerae
significant subset resist it. Specifically, some 
Klebsiella gut species shield themselves 
against the T6SS attacks of  with a V. cholerae

polysaccharide capsule that is characteristic of 
so-called “encapsulated” bacteria. Because it 
is a highly efficient killing device, bacteria like 
V. cholerae that use T6SS also have ways to 
protect themselves to avoid self-intoxication. 
To do this, T6SS-using bacteria produce 
specific immunity proteins that block the toxic 
effects of the T6SS. But the study found that 
some members of the human microbiota 
protect themselves from T6SS attacks without 
going the immunity-protein route. Speci-
fically, the study showed that  – E. cloacae
itself an opportunistic pathogen – fights back 
by actually killing  first with its V. cholerae
own, superior, T6SS weaponry. “This work 
provides us with some new insight into 
bacterial community behavior within the 
intestinal microbiota and how defense against 
T6SS intoxication might help bacterial 
populations to defend themselves against 
invading pathogens,” says Melanie Blokesch. 

Source: EPFL news release

Recent research published in the journal 
Neuron, offer a new biological tool for 
studying the genetic mechanisms underlying 
the sense of hearing. Researchers in the lab of 
Shawn Xu at the Life Sciences Institute have 
been using Caenorhabditis elegans to study 
sensory biology for more than 15 years. When 
his lab began this work, these millimeter-long 
worms were thought to have only three main 
senses: touch, smell and taste. “There was just 
one more primary sense missing, the auditory 
sensation, or hearing,” said Xu, LSI research 
professor and the study's senior author. “But 
hearing is unlike other senses, which are found 
widely across other animal phyla. It's really 
only been discovered in vertebrates and some 
arthropods. And the vast majority of 
invertebrate species are thus believed to be 
sound insensitive.” The scientists discovered, 
however, that worms responded to airborne 
sounds in the range of 100 hertz to 5 kilohertz, 
a range broader than some vertebrates can 
sense. When a tone in that range was played, 

worms quickly moved away from the source 
of the sound, demonstrating that they not only 
hear the tone but sense where it's coming 
from.

The researchers conducted several exper-
iments to ensure the worms were responding 
to airborne sound waves, and not vibrations 
on the surface worms were resting on. Rather 
than 'feeling' the vibrations through the sense 
of touch, Xu believes the worms sense these 
tones by acting as a sort of whole-body 
cochlea, the spiraled, fluid-filled cavity in the 
inner ear of vertebrates. The worms have two 

types of auditory sensory neurons that are 
tightly connected to the worms' skin. When 
sound waves bump into the worms' skin, they 
vibrate the skin, which in turn may cause the 
fluid inside the worm to vibrate in the same 
way that fluid vibrates in a cochlea. These 
vibrations activate the auditory neurons bound 
to the worms' skin, which then translate the 
vibrations into nerve impulses. And because 
the two neuron types are localized in different 
parts of the worm's body, the worm can detect 
the sound source based on which neurons are 
activated. This sense may help worms to detect 
and evade their predators, many of which 
generate audible sounds when hunting. The 
research raises the possibility that other earless 
animals with a soft body like the roundworm 
C. elegans such as flatworms, earthworms and 
mollusks, might also be able to sense sound.

Source: University of Michigan news release
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Skin as an ear in worms
Common model species can sense sound waves without ears, providing a new tool for studying auditory sensation
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Worm's sense of gravity
C.elegans shares more than half of its genes with humans, the study may be key in understanding the ability in humans

While humans rely on gravity for balance and 
orientation, the mechanisms by which we 
actually sense this fundamental force are 
largely unknown. Odder still, the model 
organism C. elegans, a microscopic worm, 
can also sense the direction of gravity, even 
though there is no known ecological reason 
for it to do so. To untangle this mystery and get 
at the fundamentals of our own sense of 
gravity, a team of Penn Engineering 
researchers led by Haim Bau, Professor in 
Mechanical Engineering and Applied 
Mechanics (MEAM), and David Raizen, 
Associate Professor in Neurology at the 
Perelman School of Medicine, conducted a 
series of experiments on this model organism. 
“We were working in previous research on 
hydrodynamics of C. elegans, dropping them 
into water, when we observed that these 
worms all tended to swim towards the bottom 
of the cuvette,” says Bau. “We wondered if 
they were responding to gravity or just top-
heavy and passively sinking.” Recognizing 

this as an opportunity to pinpoint molecular 
pathways responsible for gravitaxis, the team 
initiated the study, which was published in the 
journal BMC Biology.

Experiments with aqueous solutions both less 
dense and denser than the worm itself were 
used to test its ability to detect gravity. “In a 
matter of seconds, the worms tilted downward 
and swam in the direction of gravity's pull,” 
says Bau. “Seeing that the response was active 
and not just passive sinking, we then tested 
other variables including the presence of 
sensory cilia and intact dopaminergic 

neurons.” To begin to identify the mechanism 
by which worms respond to gravity, the 
researchers first disrupted the function of 
sensory cilia, which are cellular structures 
specialized for sensory functions such as taste, 
smell and temperature. Without these cilia, the 
worms no longer swam in the downward 
direction; they no longer oriented to gravity. 
The researchers then found that worms lacking 
the neurotransmitter dopamine, or the 
receptors that respond to dopamine, also 
lacked the ability to detect gravity.

 “Interestingly, when worms were exposed to 
dopamine supplements  a t  the  larval 
development stage and later, in the solution, 
some of that ability came back, indicating that 
pharmaceutical recovery may be possible,” he 
says. This connection between dopamine and 
gravity sensing provides insight into 
applications for human health.

Source: University of Pennsylvania news 
release

Plants know winter is coming. But exactly 
how they detect this seasonal change has never 
been clear. Yale researchers took a novel 
approach to understanding a plant's secrets. 
They asked one. And the answer they received 
— in the form of changes in the gene 
expression of a common weed known as 
Arabidopsis — has implications for farmers 
and conservationists alike as climate change 
increasingly makes native ecosystems less 
hospitable, forcing some plants to migrate. 
Their findings were published in the journal 
Developmental Cell.

Plants are able to detect not only changes in 
the lengths of daylight, but even the arrival of 
dusk or dawn. As days become longer in 
spring, a well-described set of genes begin 
actively signaling to the plants that it is time to 
flower. It is an extremely elegant system,” “
said Joshua Gendron, an associate professor of 
molecular, cellular, and developmental 
biology at Yale. 

The question becomes increasingly important 
in an era of global climate change. Studies 
have shown that many plants are indeed 

shifting to higher latitudes where conditions 
are wetter and cooler. Plants are moving “
north, chasing water,” Gendron said. Plants 
use daylength to try and predict when those 
optimal temperatures and water conditions 
might come, but climate change is causing 
them to arrive at different times of year. So 
understanding how plants detect changes in 
daylength to predict the seasons becomes 
especially critical.

For their study, Gendron and his colleagues 
“asked” the weed Arabidopsis how it detects 
the arrival of winter by following changes in 
its gene expression. To do this, they tagged 

winter-expressed genes inside of living plants 
with bioluminescent markers. Then the 
researchers mimicked different seasonal 
daylengths in specialized plant growth 
chambers and watched as the plants' responses 
would reveal what season they “thought” it 
was. They found that during periods of 
decreasing light many genes become highly 
expressed. In a series of experiments, they 
found that one gene in particular, PP2-A13, is 
crucial for the plant to survive the shorter days 
of winter. Surprisingly, they found, the 
expression of these “winter genes” is 
controlled by the metabolic networks of the 
plant, distinct from the system that controls 
flowering. The findings indicate that this 
newly discovered daylength measurement 
system is crucial to maintaining vegetative 
health during winter, Gendron said. As days 
grow shorter, plants go into recycling mode 
and convert available nutrients into winter 
storage to prevent starvation. They do this even 
if days are warm and there is plenty of moisture 
available.

Source: Yale University news release
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Plants detect seasonal changes
The study has implications for farmers and conservationists alike
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DNA as the tiniest hard drive
New method for recording data to DNA, showing promise in fields of digital data storage, neuron recording

Using DNA as a high-density data storage 
medium holds the potential to forge 
breakthroughs in biosensing and biorecording 
technology and next-generation digital 
storage, but researchers haven't been able to 
overcome inefficiencies that would allow the 
technology to scale. Researchers at North-
western University propose a new method for 
recording information to DNA that takes 
minutes, rather than hours or days, to 
complete. The team used a novel enzymatic 
system to synthesize DNA that records 
rapidly changing environmental signals 
directly into DNA sequences, a method the 
paper's senior author said could change the 
way scientists study and record neurons inside 
the brain. The research was published in the 
Journal of the American Chemical Society.

The paper's senior author Keith E.J. Tyo, said 
“nature is good at copying DNA, but we really 
wanted to be able to write DNA from scratch. 
The ex vivo (outside the body) way to do this 
involves a slow, chemical synthesis. Our 

method is much cheaper to write information 
because the enzyme that synthesizes the DNA 
can be directly manipulated. State-of-the-art 
intracellular recordings are even slower 
because they require the mechanical steps of 
protein expression in response to signals, as 
opposed to our enzymes which are all 
expressed ahead of time and can continuously 
store information.” The Tyo lab hypothesized 
they could use a new method that they called 
Time-sensitive Untemplated Recording using 
Tdt for Local Environmental Signals, or 
TURTLES, to synthesize completely new 
DNA instead of copying a template of it, 

making a faster and higher resolution 
recording. “This is a really exciting proof of 
concept for methods that could one day lets us 
study the interactions between millions of cells 
simultaneously,” said Namita Bhan, the co-
first author.  With more potential for 
scalability and accuracy, TURTLES could 
offer the basis for tools that catapult brain 
research forward. According to Alec Callisto, 
also a co-first author and graduate student in 
the Tyo lab, researchers can only study a tiny 
fraction of a brain's neurons with today's 
technology, and even then, there are limits on 
what they know they do. By placing recorders 
inside all the cells in the brain, scientists could 
map responses to stimuli with single-cell 
resolution across many (million) neurons. 
Outside the body, the TURTLES system also 
could be used for a variety of solutions to 
address the explosive growth in data storage 
needs (up to 175 zettabytes by 2025).

Source: Northwestern University news release

Physio logica l  moni tor ing  of  human 
movement for applications such as gait 
analysis and monitoring of patients during 
rehabilitation processes could soon become 
better with the development of a new water 
repellent material for making wearable 
motion sensors. Wearable motion sensors are 
made of materials that convert the mechanical 
strain that arises from human movement into 
electrical signals. The material must be 
flexible, robust, and highly sensitive to both 
large and subtle movements. In the new study, 
the researchers from the Indian Institute of 
Technology (IIT)-Guwahati have developed a 
material that promises to be superior to 
existing strain sensors for both sensitivity and 
durability. Until now, wearable strain sensors 
were made of polymers or fabrics in which 
nanoparticles of specialized materials were 
embedded. The constant stretching that is used 
to detect motion, however, leads to wilting and 
eventual failure of the material.

In the new work, the researchers evolved a 
metal-free,  chemically reactive,  and 

conductive ink, which they deposited on a 
chemically reactive paper in a specific 
pattern. The patterned interface was found to 
be stable over time, through many cycles of 
operation. In addition, it was tolerant to 
abrasion, highly water repellent, and sensitive 

to low strain levels. The study team was led by 
Dr Uttam Manna of the Department of 
Chemistry, and Prof. Roy Paily of the 
Department of Electronics and Electrical 
Engineering and included Ms Supriya Das, Mr 
Rajan Singh, Mr Avijit Das, and Ms Sudipta 
Bag. The scientists have published a report on 
their work in the journal ̀ Materials Horizons'. 
Elaborating on the usefulness of the new 
material could be better, Dr Manna said, “The 
sensor made using the material was so 
sensitive that it could differentiate smiling 
from laughing and could even detect 
swallowing motion. The unconventional 
interface holds promise for the development of 
devices in diverse areas including healthcare, 
human-machine interactions, and energy 
harvesting”.

Source: India Science Wire
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New water repellent material
The material promises to be superior to existing strain sensors for making improved wearable motion sensors
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A bifunctional catalyst
New catalyst helps combine fuel cell, battery into one device that both generates fuel and oxidant from water

A single device that both generates fuel and 
oxidant from water and, when a switch is 
flipped, converts the fuel and oxygen into 
electricity and water, has a host of benefits for 
terrestrial, space and military applications. 
From low environmental impact to high 
energy density, developing efficient unitized 
regenerative fuel cells, or URFCs as they are 
called, has been in researchers' sights for years 
now. But to truly be efficient, an URFC needs 
bifunctional catalysts. This means, in 
electrolyzer mode, catalysts should facilitate 
the breakdown of water into hydrogen and 
oxygen, and, in fuel cell mode, facilitate their 
recombination into water. Now, working in 
the lab of Vijay Ramani, the Roma B. & 
Raymond H. Wittcoff  Dist inguished 
University Professor, a team of researchers 
has found an excellent bifunctional catalyst 
for the oxygen electrode. Their work was 
published in the journal Proceedings of the 

National Academy of Sciences.

“Unlike the hydrogen electrode, wherein 
platinum is an effective bifunctional catalyst, 
it is very challenging to identify a suitable 
catalyst for the oxygen electrode due to the 
sluggish kinetics of oxygen reduction and 
oxygen evolution,” said Pralay Gayen, 
currently working at Intel, who was a 
postdoctoral research associate in Ramani's 
lab at the McKelvey School of Engineering at 
Washington University in St. Louis and 
served as the paper's first author. Sulay Saha, a 
postdoctoral research associate in Ramani's 
laboratory, and Gayen's research was guided 
by first principles — taking into account the 
fundamental  proper t ies  of  di fferent 
substances before heading to the lab to test 
potential catalysts. Along with former 
undergraduate researcher and co-author 
Xinquan Liu, the team ultimately identified 
and developed Pt-Pyrochlore, a composite of 

platinum and a lead ruthenate pyrochlore, 
which yielded high bifunctionality. The 
“bifunctionality index” is a measure of 
catalyst's ability to facilitate both the forward 
and reverse direction of a reaction. “We want 
the index to be low,” said Kritika Sharma, a 
PhD engineering student. “Zero, ideally.” This 
new catalyst has a bifunctionality index of 
0.56 volts — very low compared with other 
catalysts reported. When used in a URFC 
device developed by the laboratory, the 
catalyst enabled a round-trip energy efficiency 
(RTE) of 75% — the highest reported round-
trip efficiency in this type of URFC. With such 
high efficiency, the URFCs developed are 
well  sui ted for  applicat ions such as 
submersibles, drones, spacecrafts and space 
stations, as well as for off-grid energy storage.

Source: Washington University news release

Researchers at the Indian Institute of 
Technology (IIT), Guwahati, have developed 
a new class of super-hydrophobic cotton 
composite with Metal-Organic Framework 
(MOF) that promise marine oil-spill clean-up 
in near future. This is a novel, highly porous, 
and water-repellent super-hydrophobic cotton 
composite material containing Metal-Organic 
Framework (MOF), which can absorb oil 
selectively from an oil-water mixture, 
researchers said, in a statement released by 
IIT, Guwahati. The MOF composite has great 
capability for selective separation of the oils 
from oil/water mixtures, and the separation 
efficiency lies between 95% and 98%, 
irrespective of the chemical composition and 
density of the oils. Besides, the MOF 
composite is also able to absorb large volumes 
of oils and can be reused for a minimum of 10 
times so that the sorbents can provide more 
recovery of the spilled oil. The practical 
applications of this research include cleaning 
the spilled oil from environmental water 
(river, sea, or ocean water) during oil 
transportation with high efficiency and large 

absorp t ion  capac i ty,  thus  r educ ing 
environmental water pollution. Both heavy 
and light oils can be effectively absorbed by 
the material, which is easy to prepare, cost-
effective and recyclable, the researchers said. 
The research team was led by Dr. Shyam P. 
Biswas, Department of Chemistry, IIT 
Guwahati. The results of this study have 
recently been published in the journal ACS 
Applied Materials and Interfaces, belonging 
to American Chemical Society. “Our goal was 
to develop a new material which could be 
synthesized easily and should be cost-
effective. We have grown a new MOF 
material on the surface of medical cotton, 
which is environmentally friendly and cost 
effective. Such low-cost material will reduce 
the production cost of the material for large-
scale synthesis for real applications, 
compared to currently available materials”, 
said Dr. Shyam P. Biswas.

MOFs are a class of compounds containing 
metal ions coordinated to organic ligands to 
form 3D structures, with the special feature 
that they are often highly porous materials that 

act like a sponge. The team led by Dr. Biswas 
initially developed a super-hydrophobic MOF 
which can repel the water and float on the 
water surface. Then, they grew the same MOF 
on the surface of medical cotton. It was 
observed that the medical cotton changes from 
hydrophilic to super-hydrophobic material and 
can float on the water surface. The MOF-
coated cotton fiber composite showed water 
repellence with a water contact angle (WCA) 
of 163°.

The flexible super-hydrophobic MOF 
composite showed an oil absorption capacity 
of more than 2500 wt%. motor oil, kerosene 
and gasoline were used by the team in this 
study to investigate the real-life potential of the 
material for oil-spill clean-up. The research 
team has also demonstrated the separation of 
oil from oil/water mixture by simple gravity-
directed filtration and also a collection of 
underwater oil against gravity.

Source: India Science Wire

Chemical Sciences - Material Science

Cleaning oil spills by super-hydrophobic cotton
A new composite with Metal-Organic Framework (MOF) that promise marine oil-spill clean-up in near future
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Novel composite materials
Researchers develop thermally stable solid electrolyte for high-temperature battery and supercapacitors

Researchers have developed a thermally 
stable solid electrolyte for lithium-ion 
batteries for energy storage that promise 
application for a wide range of temperatures 
from 30-500 degrees Celsius.

Energy generation and storage is the need of 
the hour, and worldwide efforts are being 
invested for developing cost-effective, 
efficient options. The current state of art 
indicates  a  possible  replacement  of 
conventional low energy density, low shelf 
life batteries with Lithium-ion and Sodium-
ion batteries. However, there are several 
scientific and technical limitations in the 
present technology, for example, dependence 
of liquid electrolytes and narrow range of 
operating temperatures. Therefore, efforts are 
required to develop solid-state energy storage 
devices. In this direction, a group of 
researchers led by Dr. Anshuman Dalvi of 
Department of Physics, BITS Pilani, Pilani 
Campus has developed solid-state energy 
storage devices in the form of thermally stable 
solid electrolytes for Li+ ion batteries and 

supercapacitors and tested their stability and 
efficiency using state of the art facilities. The 
establishment of the FIST program of the 
Department of Science & Technology (DST), 
Govt. of India supported XRD facility has 
given a new dimension to the ongoing 
research by providing them infrastructural 
support to investigate composite materials at 
high temperature with great resolution. This 
work has been published in the journal 
'Materials Research Bulletin in 2021'. The 
team has used DST FIST-supported High-
temperature X-ray diffraction (HTXRD) 
facility Rigaku SmartLab, particularly useful 
for the thermal stability assessment of novel 
solid electrolytes. The XRD patterns were 

oobtained in situ up to 500 C. Now, the 
batteries and supercapacitors to operate at 
high temperatures are being developed.

The results from HTXRD patterns (technique 
used to study the structural changes in the 
material as a function of temperature) for the 

orange 30-500 C for the ionic liquid (IL) 
dispersed sol-gel derived NASICON( 

superionic sodium conductors) structured 
LiTi (PO )  (LTP) composites indicated that 2 4 3

IL does not react with LTP at higher 
temperatures to form unwanted compound. 
The composite was used in Lithium button 
cells. Excellent stability has been achieved 
under battery conditions. The composite 
promises battery application for a wide range 
of temperature. Further, the samples are being 
used as electrolytes for electric double-layer 
(EDLC) supercapacitors. A high capacity of 
around 200 F/g and thermal stability at least up 

oto 100 C has been achieved for 10000 cycles. 
The EDLCs was used to power LEDs 
successfully. Efforts are on to fabricate 

oEDLCs operating at 200 C. Dr Dalvi further 
elaborated, “Ionic liquid composites with 
NASICONs, Garnets, and some other fast 
ionic solids have been found to be promising 
for high-temperature energy storage devices. 
These devices are strategically important for 
military and space applications.”

Source: PIB

A team of Indian scientists have developed an 
environmentally fr iendly,  non-toxic, 
biodegradable polymer using guar gum and 
chitosan, both of which are polysaccharides 
extracted from guar beans and shells of crab 
and shrimps. The fabricated guar gum-
chitosan film having high water stability, high 
mechanical strength, and excellent resistance 
to harsh environmental conditions can 
potentially be used in packaging applications. 
Polysaccharide is one of the biopolymers with 
high potential for use in synthesis of 
packaging material. However, due to some 
drawbacks of polysaccharides, such as low 
mechanical properties, high water-solubility, 
and low barrier properties, they are not 
preferred.

In order to overcome these challenges of 
polysaccharide, Dr. Devasish Chowdhury, 
Associate Professor, and Sazzadur Rahman, 
Inspire Junior Research Fellow, fabricated a 
guar gum-chitosan composite film which is a 
cross-linked polysaccharide without using 
any plasticizer with the help of a method 
called the solution casting method (a simple 

technique to make polymer films). The 
fabricated biopolymer composite film had 
high water stability, high mechanical strength, 
and excellent resistance to harsh envir-
onmental conditions. This work has been 
published recently in the journal 'Carbo-
hydrate Polymer Technologies and Applic-
ations'.

The researchers found that the fabricated 
crosslinked film did not dissolve in water even 
after 240 hours. In addition, the mechanical 
strength of crosslinked guar gum-chitosan 
composite film was higher compared to 

general biopolymer (Biopolymer are known to 
possess poor strength). The cross-linked guar 
gum-chitosan composite film was also highly 
water repellent or hydrophobic due to its high 
contact angle of 92.8º.  It had low water vapor 
permeability when compared with the film 
made only from chitosan. The superior 
mechanical strength, water repellent prop-
erties, and resistance to harsh envir-onmental 
conditions of the fabricated cross-linked guar 
gum-chitosan increase its potential of being 
used in packaging applications.

Source: PIB
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Novel biodegradable polymer
Environmentally friendly, non-toxic, polymer fabricated using guar gum, and chitosan  
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Scalable synthesis of nanocrystals
A special class of semiconductor nanomaterials with bright emission colours useful for LED

Indian researchers have developed a method 
that can help large scale synthesis of a special 
class of semiconductor nanocrystals. These 
nanocrystals called two-dimensional layered 
perovskite and perovskite nanocrystals, 
which have bright emission colours and are 
not  affected by or  corroded by the 
environment, are useful for both high colour 
purity and low-cost solution processability.

Nanomaterials have unique properties 
compared to their bulk counterpart as they 
exhibit bright emission and are useful for 
light-emitting diodes (LED) apart from 
several other applications in our day-to-day 
life.  However, large-scale syntheses of such 
materials are challenging as the reaction 
mechanism, and kinetics of large-scale 

syntheses are often different from small-scale 
syntheses. Such large-scale synthesis 
methods are necessary for industrial 
applications. To this end, a group of 
researchers at the Centre for Nano and Soft 
Matter Sciences (CeNS), an autonomous 
research institute under the Department of 
Science and Technology (DST), have 
synthesized two-dimensional layered 
perovskite and perovskite nanocrystals by a 
method called sono-chemical process that is 
often used for large scale synthesis. This 
process utilizes the principles of sono-
chemistry to make molecules undergo a 
chemical reaction with the application of 
powerful ultrasound radiation. This work has 
been published in the 'Journal of Physical 

Chemistry C'. The team tracked how these 
nanomaterials grow during the reaction. They 
controlled reaction parameters, such as time 
and temperature, to tune the dimensionality of 
these nanomaterials and their emission 
colours. The researchers showed that at an 
early stage of reaction, two-dimensional 
layered perovskites form, and they get 
converted to perovskite nanocrystals 
controllably. They also demonstrated a white-
light-emitting diode with the mixture of these 
perovskites. Further works are in progress by 
the CeNS team to increase the stability of these 
nanomaterials.

Source: PIB

A team of scientists have, for the first time, 
developed a large-scale reactor which 
produces a substantial amount of hydrogen 
using sustainable sources like sunlight and 
water,  which is a cost-effective and 
sustainable process. India has set a target of 
450 GW of renewable energy by 2030. To 
achieve this feat, in the current scenario, 
researchers all over the world are working 
towards renewable energy solutions which 
should be sustainable with a limited carbon 
footprint. One of the most economical ways to 
achieve this is to produce hydrogen at a large 
scale through photocatalytic water splitting. It 
is the long-term persistent solution for the 
growing renewable energy needs and a low-
cost economic process which will benefit 
society in the longer term.  In this direction, 
Dr. Kamalakannan Kailasam and his team 
from the Institute of Nano Science and 
Technology (INST), Mohali have developed a 
prototype reactor which operates under 
natural sunlight to produce hydrogen at a 
larger scale (around 6.1 L in 8 hours). They 
have used an earth-abundant chemical called 
carbon nitrides as a catalyst for the purpose.

The INST team employed the low-cost 
organic semiconductor in carbon nitrides 
which can be prepared using cheaper 
precursors like urea and melamine at ease in a 
kilogram scale. When the sunlight falls on this 

semiconductor, electrons, and holes are 
generated. The electrons reduced the protons 
to produce hydrogen, and holes are consumed 
by some chemical agents called sacrificial 
agents. If the holes are not consumed, then 
they will recombine with the electrons. This 
work is supported by the DST Nano Mission 
NATDP project, and the related article has 
been published in the 'Journal of Cleaner 
Production' recently, and the team is in the 
process of obtaining a patent for the 
technology. The INST team has been working 
in this area of photocatalytic water splitting to 
generate hydrogen for quite some time now. 
“The energy crisis and ever-threatening 
climate crisis urged us to work on this 
promising way of hydrogen production 

through photocatalytic water splitting. The 
stability and chemical flexibility of having 
different organic groups in carbon nitrides 
triggered us to work on these cost-effective 
organic semiconductor  mater ials  for 
sustainable hydrogen production,” added Dr. 
Kamalakannan. Hydrogen generated in this 
manner can be used in many forms like 
electricity generation through fuel cells in 
remote tribal areas, hydrogen stoves, and 
powering small gadgets, to mention a few. 
Eventually, they can power the transformers 
and e-vehicles, which are long-term research 
goals under progress.

Source: PIB
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Hydrogen production from sunlight and water
Large-scale reactor developed for cost-effective production of hydrogen using sustainable sources
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Accurate space weather prediction
Study probes how ejections from Sun's corona influence space weather predictions crucial for monitoring satellites

A recent study has shown how conditions and 
events in the solar atmosphere like coronal 
mass ejections influence the accuracy of space 
weather prediction, which is crucial for the 
health of our satellites. This understanding 
will aid the interpretation of data from the 
upcoming Aditya-L1, India's first solar 
mission.

Space weather refers to the conditions in the 
solar wind and near-Earth space, which can 
adversely affect the performance of space-
borne and ground-based technological 
systems. The space weather near the Earth is 
mainly due to Coronal Mass Ejections 
(CMEs), which are frequent explosive 
expulsions of huge, magnetized plasma from 
the Sun into its surroundings, which can blow 
past the Earth. Example of space weather 
events  i s  the  geomagnet ic  s torm,  a 
perturbation in the Earth's magnetic field, 
which can last for few hours to few days. 
Understanding of how events in the solar 
atmosphere influence space weather is 
necessary for monitoring and maintaining our 

satellites.

In the present work, astronomers led by Dr. 
Wageesh Mishra of the Indian Institute of 
Astrophysics (IIA), Bengaluru showed that 
plasma properties and Earth arrival times of 
CMEs from the Sun can vary substantially 
w i t h  l o n g i t u d i n a l  l o c a t i o n s  i n  t h e 
interplanetary space. This research is 
published in the Monthly Notices of the Royal 
Astronomy journal. In this research, the team 
studied the Earth-directed CMEs and 
interplanetary counterparts of CMEs 
(ICMEs). With access to publicly available 
plasma measurements in situ at three 
locations in the Solar System, -- two of 
NASA's STEREO spacecraft and the 
LASCO coronagraph onboard SOHO 
located near the first Lagrangian point (L1) on 
the Sun-Earth line, they reconstructed a 3D 
view of the CMEs & ICMEs. The two events 
that are the basis of the present study are the 
ICMEs of 11th March and 6th August 2011 
(which is when they arrived at Earth). Using 
multi-point remote and in situ observations, 

the study investigated the differences in the 
dynamics, arrival time, plasma, and magnetic 
field parameters of ICME structures at the 
locations in the heliosphere where the different 
satellites are located. The team explains Sun 
emits a continuous stream of charged particles 
called the Solar Wind. The two selected events 
were ideal for studying the effects of the CME 
shocks moving through the solar wind. The 
study highlights the difficulties in connecting 
the local observations of an ICME from a 
single in situ spacecraft to its global structures 
and explains that accurate prediction of large 
CME structures at any location in the 
heliosphere is challenging. It emphasized that 
lack of information about the pre-conditioned 
ambient solar wind medium can severely limit 
the accuracy of CME arrival time and space 
weather prediction. This new understanding 
will aid the interpretation of data from space 
missions.

Source: PIB

Astronomers use the spectral lines of various 
elements to determine their abundances in 
stars. The abundance of an element is 
measured from its absorption line spectra. The 
extent of this absorption is calculated as a 
fraction of the underlying continuum 
absorption. The continuum absorption is due 
to Hydrogen for Sun-like stars. However, it is 
due to Carbon for RCB stars. Hence 
astronomers have been able to measure the 
abundances of heavier elements as a function 
of Carbon in RCB stars rather than as a 
function of hydrogen. This implies that the 
actual abundances can be calculated only if we 
know the ratio for Carbon relative to Helium. 
However, spectroscopic determination of 
carbon to helium ratio (C/He) is not possible 
from the observed optical spectra of RCBs. 
Therefore, for constructing the model 
atmosphere to derive the surface abundances 
of RCBs, a C/He of 1% was assumed. But, the 
predicted strengths of the neutral carbon lines 
are stronger than what is observed.  This 

mismatch is called the “carbon problem”. 

In the present work led by Professor Gajendra 
Pandey f rom the Indian Ins t i tue  of 
Astrophysics, Bangalore has now found a 
solution to the carbon problem. The team used 
spectral data from the Vainu Bappu Telescope 
in Kavalur that is run by IIA and from 
McDonalds Observatory in the USA to derive 
the C/He ratio directly from the observations 
of spectral bands of molecular carbon or C2 

bands. The work is accepted for publication in 
the Astrophysical Journal. “We derived the 
abundance from the C molecular bands in 2 

RCB stars instead of the atomic Carbon lines. 
Unlike the neutral carbon lines, the  C bands2  

are sensitive to star's surface temperature and 
gravity, and are independent of the carbon 
abundance adopted for constructing the 
model atmosphere, which removes the 
'carbon problem' from C bands”, said 2  

Professor Gajendra Pandey, the lead author of 
the paper. Co-author Dr. B. S. Reddy said, 
“RCB stars are located in the bulge of the 

Milky Way Galaxy, where most of the stars that 
are metal-poor (that is less than or equal to one-
hundredth of the solar metallicity) are located.  
These derived metallicities for RCB stars are 
fairly consistent with their estimated orbits and 
location in the Galaxy”. The research has 
shown that in RCBs, the fluorine abundances 
have no correlation with carbon abundances 
but show strong correlation with nitrogen 
abundances. In contrast, Extreme Helium star's 
(EHe) fluorine abundances are strongly 
correlated with their carbon abundances but 
show no correlation with their nitrogen 
abundances. “This implies that RCB and EHe 
stars produce Fluorine through two different 
processes,” said Dr. B. P. Hema highlighting 
the importance of accurately calculating 
chemical abundances in delving into the 
history of stars.

Source: PIB
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Star formation and evolution
Resolution of scientific challenge in calculating chemical abundance in stars can help explore their history 
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When solar wind hits Earth's magnetosphere
The magnetospheric 'bubble' around Earth creates waves of energy that appear to stand still

The Sun releases a stream of charged particles 
called the solar wind. On the Earth's surface, 
we are protected from this barrage by the 
magnetosphere – a bubble created by the 
Earth's magnetic field. When the solar wind 
hits the magnetosphere, waves of energy are 
transferred along the boundary between the 
two. Scientists thought the waves should 
ripple in the direction of the solar wind, but the 
new study, published in Nature Commun-
ications, reveals some waves do just the 
opposite. Previously, lead researcher Dr 
Martin Archer, from the Department of 
Physics at Imperial, and his colleagues 
established the magnetosphere's boundary 
vibrates like a drum. When a drumstick-like 
pulse from the solar wind strikes the very front 
of our magnetospheric bubble, waves race 
toward Earth's magnetic poles and get 
reflected back. The latest work considers the 
waves that form across the entire surface of 
the magnetosphere, using a combination of 
models and observations from NASA's 
THEMIS (Time History of Events and 

Macroscale Interactions during Substorms) 
satellites.

The researchers found when solar wind pulses 
strike the magnetosphere, the waves that form 
not only race back and forth along Earth's 
field lines, but also travel against the solar 
wind.

The team used models to illustrate how the 
energy of the wind coming from the Sun and 
that of the waves going against it could cancel 
each other out, creating 'standing waves' that 
involve a lot of energy but appear to go 

nowhere. These standing waves can persist 
longer than those that travel with the solar 
wind. That means they're around longer to 
accelerate particles in near-Earth space, 
leading to potential impacts in regions like 
Earth's radiation belts, aurora, or ionosphere. 
The researchers also say that standing waves 
may occur elsewhere in the universe, from the 
magnetospheres of other planets to the 
peripheries of black holes.

The researchers also translated the electro-
magnetic signals from the THEMIS satellites 
into audio, allowing us to listen to the sounds 
of the waves travelling across the magne-
tospheric boundary. Dr Archer added: “While 
in a simulation we can see what's going on 
everywhere, satellites can only measure these 
waves where they are giving us only time-
series, wiggly lines. This sort of data is actually 
best suited to our sense of hearing than sight, 
so listening to the data can often give us a more 
intuitive idea of what's going on.

Source: Imperial College London

Researchers at the University of Illinois 
Urbana-Champaign and collaborators 
developed the sensor, which integrates 
specially designed DNA fragments and 
nanopore sensing, to target and detect 
infectious viruses in minutes without the need 
to pre-treat samples. They demonstrated the 
sensor's power with two key viruses that cause 
infections worldwide: the human adenovirus 
and the virus that causes COVID-19. Yi Lu, a 
professor emeritus of chemistry, and Benito 
Marinas, a professor of civil and enviro-
nmental engineering, co-led the work with 
University of Illinois Chicago professor Lijun 
Rong; professor Omar Azzaroni, of the 
National University of La Plata in Argentina; 
and María Eugenia Toimil-Molares, of the 
GSI Helmholtz Centre for Heavy Ion 
Research in Germany. They reported their 
findings in the journal Science Advances.

“The infectivity status is very important 
information that can tell us if patients are 
contagious or if an environmental disinfection 
method works,” said Ana Peinetti, the first 
author of the study, who performed the work 

while a postdoctoral researcher at Illinois. She 
now leads a research group at the University 
of Buenos Aires in Argentina. “Our sensor 
combines two key components: highly 
specific DNA molecules and highly sensitive 
nanopore technology. We developed these 
highly specific DNA molecules, named 
aptamers that not only recognize viruses but 
also can differentiate the infectivity status of 
the virus.” The “gold standard” of viral 
detection, PCR tests detect viral genetic 
material but cannot distinguish whether a 
sample is infectious or determine whether a 

person is contagious. This can make it more 
difficult to track and contain viral outbreaks, 
the researchers said.

Tests that detect infectious viruses, called 
plaque assays, exist but require special 
preparation and days of incubation to render 
results. The new sensing method can yield 
results in 30 minutes to two hours, the 
researchers report, and since it requires no pre-
treatment of the sample, it can be used on 
viruses that will not grow in the lab. Being able 
to distinguish infectious from noninfectious 
viruses and to detect small amounts from 
untreated samples that may contain other 
contaminants is important not only for rapid 
diagnosis of patients who are in the early stage 
of infection or who are still contagious after 
treatment, but for environmental monitoring as 
well, Marinas said. The sensing technique 
could be applied to other viruses, the 
researchers say, by tweaking the DNA to target 
different pathogens. 

Source: University of Illinois Urbana-
Champaign news release
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DNA sensor determines viral infectivity
A new sensor can detect not only whether a virus is present, but whether it's infectious
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Needleless glucose monitoring
Researchers develop first-of-its-kind wearable, non-invasive glucose monitoring device prototype

Noninvasive glucose monitoring devices are 
not currently commercially available, so 
people with diabetes must collect blood 
samples or use sensors embedded under the 
skin to measure their blood sugar levels. Now, 
with a new wearable device created by Penn 
State researchers, less intrusive glucose 
monitoring could become the norm. Led by 
Huanyu “Larry” Cheng, Dorothy Quiggle 
Career Development Professor in Penn State's 
Department of Engineering Science and 
Mechanics, the researchers published the 
details of the noninvasive, low-cost sensor 
that can detect glucose in sweat in Biosensors 
and Bioelectronics. The paper, available 
online, will publish in the journal's December 
print issue. The researchers constructed the 
device first with laser-induced graphene 
(LIG), a material consisting of atom-thick 
carbon layers in various shapes. With high 
electrical conductivity and a convenient 
fabrication time of just seconds, LIG 
appeared to be an ideal framework for the 
sensing device — but there was a significant 

caveat. “The challenge here is that LIG is not 
sensitive to glucose at all,” Cheng said. “So, 
we needed to deposit a glucose-sensitive 
material onto the LIG.” The team chose 
nickel because of its robust glucose sensi-
tivity, according to Cheng, and combined it 
with gold to lower potential risks of an allergic 
reaction. The researchers hypothesized that 
the LIG outfitted with the nickel-gold alloy 
would be able to detect low concentrations of 
glucose in sweat on the skin's surface.  

A material with high glucose sensitivity was a 
priority. Sweat exhibits remarkably low 
glucose concentrations compared to blood — 

but, according to Cheng, there is a strong 
correlation between glucose levels in sweat 
and blood. While the concentration of glucose 
in sweat is about 100 times less than the 
concentration in blood, the team's device is 
sensitive enough to accurately measure the 
glucose in sweat and reflect the concentration 
in blood.  The nickel-gold alloy's sensitivity 
allowed Cheng's team to exclude enzymes, 
which are often used to measure glucose in 
more invasive, commercially available 
devices or in noninvasive monitors proposed 
by other researchers. These enzymes, 
however, can degrade quickly with time and 
changing temperatures. “We want to work 
with physicians and other health care 
providers to see how we can apply this techn-
ology for daily monitoring of a patient,” 
Cheng said. “This glucose sensor serves as a 
foundational example to show that we can 
improve the detection of biomarkers in sweat 
at extremely low concentrations.” 

Source: Pennsylvania State university news 
release
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Birds' brain signals decoded into song syllables
The study is an early step toward building vocal prostheses for humans who have lost the ability to speak

Researchers can predict what syllables a bird 
will sing—and when it will sing them—by 
reading electrical signals in its brain, reports a 
new study from the University of California 
San Diego. Having the ability to predict a 
bird's vocal behavior from its brain activity is 
an early step toward building vocal prostheses 
for humans who have lost the ability to speak. 
“Our work sets the stage for this larger goal,” 
said Daril Brown, the first author of the study, 
which was published in PLoS Computational 
Biology.  The study explores how brain 
activity in songbirds such as the zebra finch 
can be used to forecast the bird's vocal 
behavior. Songbird vocalizations are of 
particular interest to researchers because of 
their similarities to human speech; they are 
both complex and learned behaviors. In this 
work, the researchers implanted silicon 
electrodes in the brains of male adult zebra 
finches and recorded the birds' neural activity 
while they sang. The researchers studied a 
specific set of electrical signals called local 
field potentials. These signals were recorded 

in the part of the brain that is necessary for the 
learning and production of song. What's 
special about local field potentials is that they 
are being used to predict vocal behavior in 
humans. These signals have so far been 
heavily studied in human brains, but not in 
songbird brains.

UC San Diego researchers wanted to fill this 
gap and see if these same signals in zebra 
finches could similarly be used to predict 
vocal behavior. The project is a cross-

collaborative effort between engineers and 
neuroscientists at UC San Diego led by Vikash 
Gilja, a professor of electrical and computer 
engineering professor, and Timothy Gentner, a 
professor of psychology and neurobiology. 
“Our motivation for exploring local field 
potentials was that most of the complementary 
human work for speech prostheses deve-
lopment has focused on these types of signals,” 
said Gilja. “In this paper, we show that there 
are many similarities in this type of signaling 
between the zebra finch and humans, as well as 
other primates. With these signals we can start 
to decode the brain's intent to generate 
speech.” “In the longer term, we want to use 
the detailed knowledge we are gaining from 
the songbird brain to develop a communication 
prosthesis that can improve the quality of life 
for humans suffering a variety of illnesses and 
disorders,” said Gentner.

Source: University of California San Diego 
news release
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Touch screens that enable 'feeling' objects
Technology that could give touch devices the ability to mimic the feeling of physical objects

Dr. Cynthia Hipwell, Oscar S. Wyatt Jr. '45 
Chair II Professor in the J. Mike Walker '66 
Department of Mechanical Engineering at 
Texas A&M University, is leading a team 
working to better define how the finger 
interacts with a device with the hope of aiding 
in the further development of technology that 
goes beyond sensing and reacting to your 
touch. The team's research was recently 
published and featured on the cover of the 
journal Advanced Materials. The ultimate 
goal of furthering this human-machine 
interface is to give touch devices the ability to 
provide users with a richer touch-based 
experience by equipping the technology with 
the ability to mimic the feeling of physical 
objects.  "This could allow you to actually feel 
textures, buttons, slides and knobs on the 
screen," Hipwell said. "It can be used for 
interactive touch screen-based displays, but 
one Holy Grail would certainly be being able 
to bring touch into shopping so that you could 
feel the texture of fabrics and other products 
while you're shopping online."

Hipwell explained that at its essence, the 
"touch" in current touch screen technology is 
more for the screen's benefit than the user. 
With the emergence and refinement of 
increasingly sophisticated haptic technology, 
that relationship between user and device can 
grow to be more reciprocal.  She added that 
the addition of touch as a sensory input would 
ultimately enrich virtual environments and 
lighten the burden of communication 
currently carried by audio and visuals. "When 
we look at virtual experiences, they're 
primarily audio and visual right now and we 
can get audio and visual overload," Hipwell 

said. "Being able to bring touch into the 
human-machine interface can bring a lot more 
capability, much more realism, and it can 
reduce that overload. Haptic effects can be 
used to draw your attention to make something 
easier to find or easier to do using a lower 
cognitive load."

Hipwell and her team are approaching the 
research by looking at the multiphysics — the 
coupled processes or systems involving 
multiple physical fields occurring at the same 
time — of the interface between the user's 
finger and the device. This interface is 
incredibly complex and changes with different 
users and environmental conditions. As 
research into and development of the 
technology continues to progress, Hipwell 
said she predicts consumers will begin to see 
early elements implemented into common 
devices over the next few years, with some 
early products already in development.

Source: Texas A&M University news release
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Accurate soot measurement
The technique helps designers minimise soot and design better combustion-based devices 

Tiny black particles that rise from a campfire 
flame, called soot, are formed when the fuel 
doesn't burn entirely. Soot can cause cancer 
and respiratory and cardiac disorders. Soot 
can also reduce the life of machine parts. 
Researchers from the IIT, Bombay, have 
demonstrated a new technique to effectively 
reduce measurement errors when soot is 
present in low amounts. This study shows how 
soot is formed and measures the quantity of 
soot under various conditions. The data helps 
designers minimise soot and design better 
combustion-based devices such as internal 
combustion engines, like the ones used in 
automobiles. Even small amounts of soot can 
cause damage, but it is difficult to measure 
small soot volumes accurately. Researchers 
use digital images of burning fuel to guess its 
temperature and use the information to 
estimate the soot volume. Collecting and 
weighing the soot and studying a light beam 
shone on soot particles are some other 
methods to measure the amount of soot. The 
current study uses the last method. The 

researchers passed a beam of red laser light of 
a specific frequency, through a droplet of 
burning fuel and took images as it burnt. The 
light falling on the camera also contains the 
light from the burning fuel. The researchers 
used a narrow band filter to let only the laser 
light pass and filter out the light emitted by the 
burning fuel.

The researchers used the relation between the 

initial brightness of the laser light, the 
brightness of the light falling on the camera 
and the soot volume to calculate the amount of 
soot. A data-processing technique was used to 
compute the values of brightness from their 
images. Their challenge was to estimate the 
initial brightness of background light falling 
on soot particles, since it isn't directly captured 
in the images. “Using our new data processing 
technique, we got lower errors, especially 
when the amount of soot produced is low. Our 
technique does not require any additional 
equipment or extra expenditure, which is an 
added advantage,” the researchers explained. 
To further reduce errors in the experiment, the 
researchers passed the laser light beam through 
a fixed and a rotating diffuser- a glass sheet that 
scatters light, before the light was incident on 
the burning fuel. A diffuser gives an evenly 
bright light and avoids the many speckles in the 
camera image. The study has been published in 
the Journal of Aerosol Science.

Source: India Science Wire
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Tuning fluid viscosity and elasticity
A new method to improve the transportation of fluids like chocolates, lotions, sauces

Scientists have found a new method to 
improve the transportation of fluids like 
chocolates, lotions, sauces by tuning the 
viscosity and elasticity of fluids during 
materials processing in the food and personal 
care products industries. Usually, the  
transport of fluids through pipelines involves 
displacement of a more viscous fluid by a less 
viscous one. This creates instabilities at the 
interface between the fluids which leads to 
complex patterns of intrusion of the former 
into the latter. The complex intrusion pattern 
results in impurities during the transportation. 
Hence instabilities need to be removed to 
ensure smooth transportation of fluids during 
processing. Scientists from Raman Research 
Institute, an autonomous institute of the 
Department of Science & Technology, Govt. 
of India, have found that by changing the 
viscosity of the displacing fluid and the 
concentration-dependent elasticity of the 
displaced fluid, the instability can be reduced, 
and the roughness of the interfacial pattern 
and the efficiency of displacement can be 
controlled.

In this study researchers used corn starch the 
aqueous suspensions, (a non-Newtonian 
viscoelastic fluid), and glycerol-water 
mixtures (a Newtonian fluid) in their 
experiment. In the first set of experiments, the 
viscosity ratio between the two fluids 
(glycerol-water mixtures, the displacing 
fluid, and corn starch suspension, the 
displaced fluid) was changed by changing the 
viscosity of the glycerol water mixture. The 
viscosity of corn starch suspension was 
constant in this case while the viscosity of the 
mixture of glycerol and water was varied by 
changing the proportion of glycerol in the 
glycerol-water mixture. In the second set of 
experiments where the effect of elasticity of 

corn starch suspension is investigated, the 
viscosity ratio was kept constant. The 
elasticity of corn starch suspension was 
changed thereby changing its concentration, 
while viscosity ratio between the fluids was 
kept  constant  by choosing different 
concentration of the glycerol-water mixture. 
The research has been published in the journal 
'Colloids and Surfaces A'.

The suppression of instabilities leads to an 
efficient displacement of the more viscous 
/viscoelastic fluid which is useful in trans-
portation of materials in industries such as 
food processing, oil recovery and sugar 
refining. The study can also help understand 
instabilities at the interface between two fluids 
which is essential in the design and enhan-
cement of processes, like filtration and 
electrodeposition of metals, as also mixing and 
demixing of two phases like that of sugar and 
chocolate which can affect the texture and 
taste of the chocolate.

Source: PIB
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Tiniest human-made flying structure
The microflier could monitor air pollution, airborne disease, and environmental contamination

Northwestern University engineers have 
added a new capability to electronic 
microchips: flight. About the size of a grain of 
sand,  the  new f ly ing microchip  (or 
“microflier”) does not have a motor or engine. 
Instead, it catches flight on the wind and spins 
like a helicopter through the air toward the 
ground. By studying maple trees and other 
types of wind-dispersed seeds, the engineers 
optimized the microflier's aerodynamics to 
ensure that it — when dropped at a high 
elevation — falls at a slow velocity in a 
controlled manner. This behavior stabilizes its 
flight, ensures dispersal over a broad area and 
increases the amount of time it interacts with 
the air, making it ideal for monitoring air 
pollution and airborne disease. As the 
smallest-ever human-made flying structures, 
these microfliers also can be packed with 
ultra-miniaturized technology, including 
sensors, power sources, antennas for wireless 
communication and embedded memory to 
store data. The research is featured on the 
cover of the Sept. 23 issue of Nature.

“Our goal was to add winged flight to small-
scale electronic systems, with the idea that 
these capabilities would allow us to distribute 
highly functional, miniaturized electronic 
devices to sense the environment for 
contamination monitoring, population 
surveillance or disease tracking,” said 
Northwestern's John A. Rogers, who led the 
device's development. “We were able to do 
that using ideas inspired by the biological 
world.” Rogers and his team designed and 
built many different types of microfliers, 

including one with three wings, optimized to 
similar shapes and angles as the wings on a 
tristellateia seed. To pinpoint the most ideal 
structure, Huang led full-scale computational 
modeling of how the air flows around the 
device to mimic the tristellateia seed's slow, 
controlled rotation. Based on this modeling, 
Rogers' group then built and tested structures 
in the lab, using advanced methods for imaging 
and quantifying patterns of flow. The 
microfliers comprise two parts: millimeter-
sized electronic functional components and 
their wings. As the microflier falls through the 
air, its wings interact with the air to create a 
slow, stable rotational motion. The weight of 
the electronics is distributed low in the center 
of the microflier to prevent it from losing 
control and chaotically tumbling to the ground. 
But what about all the electronic litter? Rogers 
and his team is using materials and techniques 
to build microfliers that naturally degrade and 
disappear in ground water over time.  

Source: Northwestern University news release
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Material that can both move and block heat
Unusual material could improve the reliability of electronics and other devices

Scientists at the University of Chicago have 
invented a new way to funnel heat around at 
the microscopic level: a thermal insulator 
made using an innovative technique. They 
stack ultra-thin layers of crystalline sheets on 
top of each other, but rotate each layer slightly, 
creating a material with atoms that are aligned 
in one direction but not in the other. “Think of 
a partly-finished Rubik's cube, with layers all 
rotated in random directions,” said Shi En 
Kim, a graduate student with the Pritzker 
School of Molecular Engineering who is the 
first author of the study published in Nature 
Sep 2021. The result is a material that is 
extremely good at both containing heat and 
moving it, albeit in different directions—an 
unusual ability at the microscale, and one that 
could have very useful applications in 
electronics and other technology. “The 
combination of excellent heat conductivity in 
one direction and excellent insulation in the 
other direction does not exist at all in nature,” 

said study lead author Jiwoong Park. “We 
hope this could open up an entirely new 
direction for making novel materials.”

Park's group had been investigating ways to 
make extremely thin layers of materials, 
which are just a few atoms thick. Normally, 
the materials used for devices are made up of 
extremely regular, repeating lattices of atoms, 
which makes it very easy for electricity (and 
heat) to move through the material. But the 
scientists wondered what would happen if 
they instead rotated each successive layer 

slightly as they stacked them. They measured 
the results and found that a microscopic wall 
made of this material was extremely good at 
preventing heat from moving between 
compartments. “The thermal conductivity is 
just amazingly low—as low as air, which is 
still one of the best insulators we know,” said 
Park.  But the point that was really exciting for 
the scientists was when they measured the 
material's ability to transport heat along the 
wall and found it could do so very easily. 
Those two properties in combination could be 
very useful and could open doors to 
experiment with materials that have been too 
heat-sensitive for engineers to use in 
electronics. In addition, creating an extreme 
thermal gradient is difficult to do, particularly 
at such small scales, but could have many 
applications in technology.

Source: University of Chicago news release
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Single-particle engines
Micro mechanical machines are in the forefront of present-day science and technology

Performance of tiny engines encompassing 
s ingle  col loidal  par t ic les  vary with 
modulations in environmental noise, said a 
study by researchers who evaluated the 
response of such micro engines to noise 
fluctuations in the surrounding medium. This 
insight will be essential for future construction 
of micro-machines that operate in complex 
biological environments and are becoming 
increasingly important in biomedical 
engineering. Micro mechanical machines are  
in the forefront of present-day science and 
technology, with applications ranging from 
aerospace to biomedical engineering. 
Recently scientists have experimentally 
constructed such machines from single 
colloidal particles. In these systems, mech-
anical work and power production is highly 
dominated by the fluctuations in its envi-
ronment. Therefore, understanding the role of 
environment noise statistics on this energy 
conversion is pivotal to understanding the 
operation of such micro-machines like 
naturally occurring molecular motors that 
carry out transportation inside a living cell.

A team of researchers at the Jawaharlal Nehru 
Centre for Advanced Scientific Research 
(JNCASR), an autonomous institute of the 
Department of Science & Technology, Govt. 
of India and the Indian Institute of Science 
(IISc) Bangalore, constructed a micrometer-
sized Stirling engine (kind of heat engine 
converting thermal energy into kinetic energy 
by heating and cooling the working gas sealed 
in the cylinders) by confining a single 
colloidal particle with a laser trap. Testing its 
functioning in the presence of reservoirs (the 
fluid that holds the colloidal particle) with 
thermal noise (due to the random motion of 
the water molecules) and non-thermal noise 
(noise from sources other than temperature 
like fluctuating laser beams), they found that 
the engine is responding to non-thermal noise. 
This study has been published recently in the 
journal 'Nature Communications'.

The JNCASR team carried this out with the 
help of a new technique of reservoir engin-
eering using laser traps to impart artificial 
noise to colloidal particles, which allowed a 
large variety of artificial noise which were not 

possible to realize earlier. The team also 
showed that the mode of maximum power 
production can be obtained at various cycle-
speed (time taken to complete one Stirling 
cycle) without affecting the engine's 
efficiency. Work, power, and efficiency, i.e., 
the performance of the engine, depends on the 
rate of broadening of laser and the relaxation 
rate of particle's vibration. By changing the 
environmental noise/fluctuation statistics, this 
relaxation rate can be changed, and hence the 
performance of the engine can be modified. 
Molecular motors which carry out trans-
portation inside a living cell operate far from 
equilibrium (takes only forward steps) in the 
presence of non-thermal (not involving either 
heat or change in temperature) noise. 
Therefore, understanding the role of non-
thermal noise on non-equilibrium energy 
conversion will be an insight for the 
construction of any artificial micro-machine 
that operates in complex biological envir-
onments.

Source: PIB



DISCOVERIES & INNOVATIONS

37 The Scitech Journal Volume 08 Issue 11 November 2021

Engineering Sciences - Robotic Engineering

Robots mimic nature using fibre bundles
Soft robots that are dexterous enough to handle a Rubik's Cube and twist the cap off a jar

With the use of tensile jamming - that is, 
vacuum-induced interaction among a bundle 
of small fibres - a team of roboticists has 
developed soft robots that are dexterous 
enough to handle a Rubik's Cube and twist the 
cap off a jar. The researchers, led by Rebecca 
Kramer-Bottiglio, the John J. Lee Associate 
Professor of Mechanical Engineering & 
Materials Science, had their results published 
in Science Advances. Key to the Yale 
researchers' robots is that their actuators - 
devices that turn energy into mechanical work 
– are combined with fibres that can quickly 
stiffen. “In contrast to robotic systems 
employing multiple actuators, which activate 
a subset of those actuators depending on the 
desired body configuration and behaviour, we 
have developed an inverted approach where a 
single actuator can attain many trajectories by 
patterning and controlling material properties 
at the actuator surface,” said Kramer-
Bottiglio. Typical pneumatic soft actuators 
incorporate fixed patterns of a stiffer material, 
so the actuators move only in one pre-

programmed direction when inflated. “But 
with fibre jamming, we can put these stiffness-
tuning fibres around the actuator so you can 
change which part is stiff,” said Bilige Yang, 
the lead author of the study. The fibres, when 
jammed by force of vacuum, provide 
increased stiffness on different sides of the 
robot. “By selectively changing the stiffness 
around a cylindrical actuator, it's able to move 
in basically any direction you want it to, which 
simulates what a biological system is able to 
do,” Yang said. “That puts us a step towards 
mimicking what nature can do.”

Conventional robotic gripping devices have a 

limited range of motion. The tensile fibre 
system, though, provides enough control for 
the roboticists to make a dexterous gripping 
device, similar to a human hand. Each of the 
device's robotic fingers has its own set of 
fibres, which gives it multiple types of 
motions. Depending on which fibres are 
jammed, the robotic fingers demonstrated 
three different grasping modes: a “pinching 
grasp” for picking up relatively small objects, 
an “outward-hooking” motion for latching 
onto the inside of concave objects, and a 
twisting motion. Using the three grasp modes 
separately, the gripper was able to pick up a 
Rubik's cube, lift a bowl, and twist the cap off a 
jar. With tensile jamming fibres, the modes of 
stiffness can change in less than a tenth of a 
second. That kind of agility sets up the 
researchers for their next goal, which is to 
make shape-shifting sheets and dynamically 
control robot surface curvatures using this 
system.

Source: Yale University news release

Engineering Sciences - Robotic Engineering

Swimming micro-robots
The cell-size robots that can be powered and steered by ultrasound waves

A team led by Mingming Wu, professor of 
biological and environmental engineering in 
the College of Agriculture and Life Sciences, 
created cell-size robots that can be powered 
and steered by ultrasound waves. Despite their 
tiny size, these micro-robotic swimmers – 
whose movements were inspired by bacteria 
and sperm – could one day be a formidable 
new tool for targeted drug delivery. The team's 
work is published in the journal Lab on a Chip. 
The paper's lead author is former postdoctoral 
researcher Tao Luo. Wu's research team 
initially tried to design, and 3D print a micro-
robot that mimicked the way bacteria use 
flagellum to propel themselves. However, like 
the early aviators whose cumbersome 
airplanes were too birdlike to fly, that effort 
collapsed. When Luo joined Wu's lab, they 
began exploring a less literal approach. The 
primary hurdle was how to power it. “Bacteria 
and sperm basically consume organic material 
in the surrounding fluid, and that is sufficient 
to power them,” Wu said. “But for engineered 

robots it's tough, because if they carry a 
battery, it's too heavy for them to move.” The 
team hit upon the idea of using high-
frequency sound waves. Because ultrasound 
is quiet, it can be easily used in an 
experimental lab setting. As an additional 
bonus, the technology has been deemed safe 
for clinical studies by the U.S. Food and Drug 
Administration. However, the team was 
stumped by the fabrication process. Working 
with the Cornell NanoScale Science and 
Technology Facility (CNF), Luo tried to 
create a prototype with photolithography, but 

it was time-consuming, and the results were 
unusable.

The project received a crucial boost when CNF 
purchased a new laser lithography system 
called a NanoScribe, which creates 3D 
nanostructures by direct writing onto a 
photosensitive resin. The technology enabled 
the researchers to easily tweak their designs at 
the micrometer scale and produce new 
iterations quickly. Within six months, Luo had 
created a triangular micro-robotic swimmer 
that looks like an insect crossed with a rocket 
ship. The swimmer's most important feature is 
a pair of cavities etched in its back. Because its 
resin material is hydrophobic, when the robot 
is submerged in solution, a tiny air bubble is 
automatically trapped in each cavity. When an 
ultrasound transducer is aimed at the robot, the 
air bubble oscillates, generating vortices – also 
known as streaming flow – that propel the 
swimmer forward.

Source: Cornell University news release
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Novel anti-parasitic agent
A chemical compound that may be suitable against the pathogens that cause malaria and toxoplasmosis 

Researchers at the Paul Scherrer Institute PSI 
have identified a chemical compound that 
may be suitable as an active agent against 
several different unicellular parasites. Among 
these are the pathogens that cause malaria and 
toxoplasmosis. The point of attack for this 
promising substance is the protein tubulin: It 
helps cells divide and therefore is essential for 
the multiplication of the parasites. The study 
appears today the journal EMBO Molecular 
Medicine. PSI researchers Natacha Gaillard 
and Ashwani Sharma from the Laboratory of 
Biomolecular Research have now extended 
the concept of tubulin blocking for cancer 
research to unicellular parasites, including the 
pathogens that cause malaria (Plasmodium 
sp.) and toxoplasmosis (Toxoplasma gondii). 
Their cells, too, need tubulin for cell division. 
"If this protein no longer works the way it is 
supposed to, it hits the parasite hard," says 
researcher Ashwani Sharma. "That makes 
tubulin a good point of attack for drugs. The 
protein has been known for a long time in 
tumour research, but until now it hasn't gotten 

much attention in parasitology."

The pathogens that cause malaria and 
toxoplasmosis are counted among the 
apicomplexa, a group of single-celled 
eukaryotic parasites. Their cells possess a true 
cell nucleus, and they go through both sexual 
and asexual phases of reproduction.  All 
eukaryotes, from amoebae to humans, produce 
the protein tubulin. In the form of long 
filaments, it spans the cells as a kind of 
scaffolding. From this, a so-called spindle 
apparatus forms during cell division that pulls 

the chromosomes apart and distributes them to 
two daughter cells. So PSI researchers isolated 
tubulin from cells of the ciliate Tetrahymena 
thermophila. "Its protein is virtually identical 
to that in apicomplexa," explains scientist 
Natacha Gaillard. "And that saves us from 
having to work with malaria pathogens in the 
laboratory." Using the Swiss Light Source 
SLS and electron microscopy, the researchers 
deciphered the molecular structure of the 
protein. They then searched for a chemical 
compound capable of inhibiting the protein. A 
substance data bank yielded five candidates as 
potential active agents – in the laboratory, one 
chemical compound proved effective. The 
researchers named it parabulin. "It prevents 
tubulin from forming long, stable protein 
filaments. Thus it also blocks successful cell 
division," Gaillard says. Parabulin blocks the 
protein exactly at the place analogous to where 
cancer drugs dock in human tubulin.

Source: Paul Scherrer Institute/Brigitte 
Osterath

Medical Sciences - Immunotherapy

Bacteria blasting cancer treatment
A low-cost, non-toxic treatment using dead bacteria to help kick-start the immune system and shrink cancer

Researchers at Australian National University 
have developed a low-cost, non-toxic 
treatment for cancer using dead bacteria to 
help kick-start the immune system and shrink 
cancer. Lead researcher Associate Professor 
Aude Fahrer says an ongoing Phase 1 clinical 
trial at The Canberra Hospital has shown 
positive results and could improve outcomes 
for patients living with cancer.  "We've treated 
eight patients as part of this trial," Associate 
Professor Fahrer said. "They were all late-
stage patients, but in one case in particular we 
were able to significantly improve the 
patient's quality of life. The treatment reduced 
the amount of liquid around their lungs and 
was able to shrink one of their cancers. The 
best things about this new treatment are that it 
requires few dosages, is simple to administer, 
and has low side effects”.  

"It is also extremely low cost. We are looking 
at around $20 a dose, whereas the cost of other 

immunotherapies can run to $40,000. This 
makes the treatment accessible for patients in 
developing countries."  The bacterial-based 
immunotherapy is simple, if  a l i t t le 
unconventional.   "It involves injecting a 
slow-release solution of dead mycobacteria 
directly into the cancer," Associate Professor 
Fahrer said. "The idea is this will bring 
immune cells into the cancer to attack the 
bacteria, even though they're dead, and as a 
side effect cause the immune cells to attack 
the cancer as well. "Once the immune cells 
multiply, they can travel around the body, so it 
would not only attack the cancer at the 
injection site, but any metastases - where the 
cancer has spread to another part of the body." 
A second clinical trial at The Canberra 
Hospital has already been approved.  

Associate Professor Fahrer says it has been a 
lengthy process to get to this point, with 
generous support from the Canberra 

community enabling the research and the trial 
to go ahead.  "We're especially grateful to 
everyone who has donated, including those 
who donated through the Lea Chapuis 
Memorial Fund," Associate Professor Fahrer 
said. "Lea was a family friend who knew about 
this project and wanted to be part of our trials, 
but sadly became too sick to participate. Lea 
asked people to contribute to the research in 
lieu of flowers when she passed away."  The 
study was a collaboration between Associate 
Professor Fahrer and her team, The Canberra 
Hospital Cancer Centre, The University of 
Queensland's School of Veterinary Science, 
and researchers in Switzerland.  Their findings 
have been published in the Journal for 
ImmunoTherapy of Cancer. 

Source: Australian National University news 
release
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Spit provides clues of human age
Researchers analyse the metabolites that make up human saliva using samples from different age groups

Researchers have conducted a comprehensive 
analysis of the metabolites in human saliva 
using samples given voluntarily from a group 
of 27-to-33-year-old individuals and a group 
of 72-to-80-year-old individuals. Writing in 
scientific reports, the researchers from the G0 
Cell Unit at the Okinawa Institute of Science 
and Technology Graduate University (OIST) 
identified 99 metabolites within the samples 
of saliva. Notably, the quantities of 21 of these 
metabolites were different between the two 
groups. “Saliva has not previously been 
comprehensively studied for the changes that 
occur as one ages,” explained Prof. Mitsuhiro 
Yanagida who leads OIST's G0 Cell Unit. The 
Unit has already looked at blood and urine and 
found that the quantities of some metabolites 
are linked to frailty and dementia. Prof. 
Yanagida explained that having these 
indicators means that early diagnosis and 
intervention should be possible. “Frailty and 
dementia, conditions that are associated with 
aging, make the day-to-day lives of patients 
very difficult. Saliva also has a close 

connection to mouth health. If a mouth does 
not function correctly, it can make consuming 
food challenging, which is highly detrimental 
to one's quality of life. I hope through this 
research we can better support elderly people.”

In general, the concentration of metabolites in 
saliva is very low compared to that in blood 
and urine, making it more challenging to 
detect them. However, using a comprehensive 
method, the researchers identified 99 
metabolites, some of which were previously 
unreported in saliva. They also found that 
saliva contains information that reflects 
biological aging. Twenty metabolites, 
including those related to antioxidative 
activity, energy synthesis, and muscle 
maintenance, were lower in the elderly 
individuals than the young people, whereas 
one metabolite actually increased. “It's 
interesting that ATP, the metabolite related to 
energy production, increased 1.96-fold in the 
elderly,” commented lead author, Dr. Takayuki 
Teruya. “This is possibly due to reduced ATP 

consumption in the elderly individuals. 
Amongst the metabolites that declined in 
quantity were two that are related to taste, 
suggesting that the elderly lose some ability to 
taste, and others that are related to muscle 
activity such as swallowing. These age-linked 
salivary metabolites together illuminate a 
metabolic network that reflects a decline of 
oral function during human aging.” Two 
metabol i tes—crea t in ine  and  ace ty l -
carnosine—showed a significant difference 
between men and women, with women having 
lower quantities than men. These metabolites 
are linked to muscle activity. Although this is 
the first comprehensive analysis to be 
performed on the metabolites of saliva, the 
researchers are planning to continue this work. 
In the future, they hope that saliva will be a 
sample that can be given readily and easily but 
could provide an enormous amount of 
information about an individual's health.

Source: Okinawa Institute of Science and 
Technology news release

Medical Sciences - Neuroscience

Highly processed foods harm memory in the elderly
Study in animals suggests omega-3 supplement may reduce effects

Four weeks on a diet of highly processed food 
led to a strong inflammatory response in the 
brains of aging rats that was accompanied by 
behavioral signs of memory loss, a new study 
has found. Researchers also found that 
supplementing the processed diet with the 
omega-3 fatty acid DHA prevented memory 
problems and reduced the inflammatory 
effects almost entirely in older rats. 
Neuroinflammation and cognitive problems 
were not detected in young adult rats that ate 
the processed diet. The study diet mimicked 
ready-to-eat human foods that are often 
packaged for long shelf lives, such as potato 
chips and other snacks, frozen entrees like 
pasta dishes and pizzas, and deli meats 
containing preservatives. These findings 
indicate that consumption of a processed diet 
can produce significant and abrupt memory 
deficits – and in the aging population, rapid 
memory decline has a greater likelihood of 
progressing into neurodegenerative diseases 
such as Alzheimer's disease. By being aware 
of this, maybe we can limit processed foods in 

our diets and increase consumption of foods 
that are rich in the omega-3 fatty acid DHA to 
either prevent or slow that progression. The 
research is published in the journal Brain, 
Behavior, and Immunity.

DHA, or docosahexaenoic acid, is an omega-
3 fatty acid that is present along with 
eicosapentaenoic acid (EPA) in fish and other 
seafood. Among DHA's multiple functions in 
the brain is a role in fending off an 
inflammatory response – this is the first study 
of its ability to act against brain inflammation 

brought on by a processed diet. Activation of 
genes linked to a powerful pro-inflammatory 
protein and other markers of inflammation was 
significantly elevated in the hippocampus and 
amygdala of the older rats that ate the 
processed diet alone compared to young rats on 
any diet and aged rats that ate the DHA-
supplemented processed food. The older rats 
on the processed diet also showed signs of 
memory loss in behavioral experiments that 
weren't evident in the young rats. They forgot 
having spent time in an unfamiliar space within 
a few days, a sign of problems with contextual 
memory in the hippocampus, and did not 
display anticipatory fear behavior to a danger 
cue, which suggested there were abnormalities 
in the amygdala. The results also showed that 
DHA supplementation of the processed-food 
diets consumed by the older rats effectively 
prevented the elevated inflammatory response 
in the brain as well as behavioral signs of 
memory loss.

Source: The Ohio State University news 
release
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Targeting epilepsy with surgical precision
New method promises to make diagnosis, surgical treatment of epilepsy more effective and accurate

Developed by Johns Hopkins University 
biomedical engineers, a new method of 
highlighting the most epileptic parts of the 
brain could enable not only more accurate 
diagnosis of the seizure disorder, but also help 
guide more precise surgical treatment. The 
team's study was published recently in Nature 
Neuroscience. "For these patients, the only 
available treatment is to surgically remove the 
brain area responsible for seizures," said study 
first author Adam Li, a doctoral student in the 
laboratory of Sridevi Sarma, associate 
professor of biomedical engineering. 
"However, surgery is not as effective as it 
should be because there is no biomarker that 
can pinpoint the epileptic brain regions. Our 
goal was to solve that problem."

In the study, the team describes how they 
modeled the dynamics of brain waves to 
develop a quantitative test that calculates the 
likelihood that any single brain region would 

contribute to a seizure. The mathematical 
model was based on biological experiments 
that showed changes in brain region 
connections that render the brain unstable, and 
thus, prone to seizures. This instability is 
known as neural fragility. The team then 
applied this mathematical model to data from 
electroencephalograms (EEG), computing 
neural fragility for every EEG electrode. The 
next step was developing software that 
processes data from the EEGs and returns a 
heatmap showing the neural fragility of 
channels throughout the brain over time 
—information that could enable improved 
diagnosis of epilepsy and help guide surgical 
treatment of patients leading to higher rates of 
freedom from seizures. The software obtained 
a 510k FDA clearance, and Li expects the 
heatmap will be useful to clinicians when 
diagnosing epileptic brain regions. "We are 
currently in the process of pursuing additional 
funding to take the product to market," said Li. 

"We anticipate that this could take up to one or 
two years." Li and his team released a subset of 
the anonymous EEG data on openneuro.org, 
an NIH funded repository for neural data, to 
help facilitate data sharing and analysis. The 
team's next goal is to replicate its findings in 
EEG data that was recorded outside of a 
seizure. "We want to take snapshots of EEG 
data without any seizure activity and see if we 
can pinpoint the epileptic brain regions using 
only that data," said Li. "This would be 
advantageous because then we can leverage 
the vast amounts of non-seizing EEG data that 
patients typically have." This would reduce the 
time it takes to determine an appropriate 
treatment, and minimize patient risks 
associated with intracranial EEG monitoring 
and hospital costs.

Source: Johns Hopkins University news 
release

Medical Sciences - Neuroscience

Role for brain's immune cells
Immune cells that protect the brain from disease and injury, could have Alzheimer's implications

University of Virginia School of Medicine 
researchers have revealed a vital but 
previously unknown role for immune cells 
that protect the brain from disease and injury: 
The cells, known as microglia, also help 
regulate blood flow and maintain the brain's 
critical blood vessels. The researchers have 
published their findings in the journal Nature 
Communications. “Precise blood vessel 
function is critical to accommodate the 
extreme energy demands of the brain for 
normal brain function,” said Ukpong B. Eyo 
of UVA's Department of Neuroscience, the 
UVA Brain Institute and UVA's Center for 
Brain Immunology and Glia, or BIG. “These 
findings suggest previously unknown roles for 
these brain cells in the proper maintenance of 
blood delivery to the brain and provide novel 
opportunities to intervene in contexts where 
blood perfusion to the brain is impaired.”

Scientists have known that microglia play 
many important roles in the brain. For 
example, the cells police the natural blood-
brain barrier that protects the organ from 

harmful germs in the bloodstream. Microglia 
also facilitate the formation of the brain's 
complex network of blood vessels during 
development. And they are known to be 
important in many diseases. In Alzheimer's 
disease, for example, recent work suggests 
that the loss of the immune cells is thought to 
increase harmful plaque buildup in the brain. 
Scientists have been unsure, however, what 
role microglia play in maintaining blood 
vessels in a normal, healthy brain. The new 
research from Eyo and his colleagues reveals 
that the cells are critical support staff, tending 

the vessels and even regulating blood flow. 

The UVA researchers identified microglia 
associating with the brain's capillaries, 
determined what the immune cells do there and 
revealed what controls those interactions. 
Among the cells' important responsibilities is 
helping to regulate the diameter of the 
capillaries and possibly restricting or 
increasing blood flow as needed. “Researchers 
have been studying these cells in the living 
brain for over two decades, but this is the first 
time we are able to get an idea of these 
mechanisms of microglia-blood vessel 
interaction,” said Eyo, a top expert on 
microglia. “It's an exciting time to be the first to 
make these findings here at UVA.” The 
researchers believe their new findings could 
have significant implications for diseases that 
affect the small vessels of the brain. These 
conditions are thought to contribute to strokes, 
Alzheimer's, loss of balance and mental 
decline, among other serious health problems. 

Source: University of Virginia news release
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Spinal neuronal activity control by photoelectric implants
The implant allows neuroscientists to activate or inhibit specific spinal-cord neurons by applying light

A revolutionary implant developed at EPFL 
allows neuroscientists to activate or inhibit 
specific spinal-cord neurons by applying light 
at a specific wavelength. It will give 
researchers insight into how the nervous 
system works and the chance to develop new 
ways of treating neurological disorders. 
Grégoire Courtine doesn't hesitate to use the 
word “revolutionary” when describing the 
emerging field of optogenetics – a technology 
that uses pulses of light to control individual 
neural activity – and what it could mean for 
neuroscience. Courtine, director of the 
NeuroRestore research center (with neuro-
surgeon Jocelyne Bloch), is currently 
developing an optogenetic implant together 
with Stéphanie Lacour, who holds the 
Bertarelli Foundation Chair in Neuro-
prosthetic Technology. “Our system allows us 
to control the activity of any neuron in the 
spinal cord,” says Courtine. “In turn, this 
helps us to understand the role it plays in the 
overall functioning of the nervous system.” 
The key to their breakthrough is the new 
implant technology developed by Lacour's 

research group. “We found a way to 
encapsulate miniaturized LEDs in a flexible 
implant that is thin yet sturdy enough to be 
applied on the surface of a mouse's spinal cord 
by sliding it underneath the vertebrae along the 
entire lumbar section,” she says. “Then we 
worked with our colleagues at ETH Zurich to 
create a wireless electronic circuit that can be 
used to switch on one or more LEDs and 
control the duration and intensity of the 
emitted light with extreme precision. Finally, 
through a customized embedded system-on-
chip, the light pulses can be managed 
naturally, for example in response to muscular 
activity or some other physiological signal.” 

The optoelectronic implantable system is 
controlled via Bluetooth.

Courtine stresses that the system's ability to 
run autonomously is crucial. “That frees us 
from the wire-based systems that are generally 
needed for this kind of research. Now we can 
observe mice as they move about freely and 
examine the role that neurons play in complex 
movements like walking and swimming, in an 
ecological environment.” One of the biggest 
challenges in developing the technology was 
finding a way to administer light pulses that 
penetrate into the depth of the spinal cord 
without being absorbed and reflected by nerve 
fibers. To solve that problem, the research 
team modified the LEDs to emit red light – a 
color that is much less easily impacted by 
nerve fibers than the blue light typically 
emitted by the diodes.

The research findings were published in 
Nature Biotechnology 

Source: EPFL news release

Physical Sciences - Physics

How apples get their shape
Using theory, numerical simulations and lab experiments, researchers have shown how apples get their shape

A new study, published in Nature Physics, 
looked at the apple's shape, in particular the 
dimple or cusp at the top, where the stem 
grows. It described the shape using singularity 
theory, a long-standing mathematical theory 
used to understand phenomena where some 
property is infinite, ranging from black holes 
to cracks in the ground to pieces of string. The 
researchers demonstrated that the apple cusp – 
the curve going down towards the stem, and 
then sloping back up on the other side – was a 
singularity, exhibiting the same 2D shape as a 
droplet of water as it breaks from a column, a 
pattern of light in a swimming pool, or water in 
a bath as it drains down a plug hole. Co-lead 
author Dr Thomas Michaels (UCL Physics & 
Astronomy) said: “What is exciting about 
singularities is that they are universal. The 
apple cusp has nothing in common with light 
patterns in a swimming pool, or a droplet 
breaking off from a column of water, yet it 
makes the same shape as they do.

The research team began by collecting apples 
at various growth stages from an orchard at 
Peterhouse College at University of 
Cambridge (the alma mater of another famous 
apple lover, Sir Isaac Newton). They cut the 
apples in half and tracked the growth of the 
dimple, or cusp as they called it, over time. 
Building from this theoretical framework, the 
researchers used numerical simulation to 
understand how differential growth between 
the fruit cortex and the core drives formation 

of the cusp. They then corroborated the 
simulations with experiments which mimicked 
the growth of apples using gel that swelled 
over time. The experiments showed that 
different rates of growth between the bulk of 
the apple and the stalk region resulted in the 
dimple-like cusp. Senior author Professor L 
Mahadevan, of the Harvard John A. Paulson 
School of Engineering and Applied Sciences 
(SEAS), said: “Biological shapes are often 
organised by the presence of structures that 
serve as focal points. These focal points form 
singularities where deformations are localized. 
Every apple is characterised by a cusp, the 
inward dimple where the stalk meets the fruit.” 
Co-author Dr Aditi Chakrabarti, of SEAS at 
Harvard, said: “Being able to control and 
replay morphogenesis of singular cusps in the 
laboratory with simple material toolkits was 
particularly exciting.

Source: University College London news 
release
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A new phase of matter
Thought to be understandable only using quantum physics, can be studied with far simpler classical methods

Researchers  f rom the Univers i ty  of 
Cambridge used computer modelling to study 
potential new phases of matter known as 
prethermal discrete time crystals (DTCs).  
Understanding these new phases of matter is a 
step forward towards the control of complex 
many-body systems, a long-standing goal 
with various potential applications, such as 
simulations of complex quantum networks. 
The results are reported in two joint papers in 
Physical Review Letters and Physical Review 
B. DTCs are highly complex physical 
systems, and there is still much to learn about 
their unusual properties. Like how a standard 
space crystal breaks space-translational 
symmetry because its structure isn't the same 
everywhere in space, DTCs break a distinct 
time-translational symmetry because, when 
'shaken' periodically, their structure changes 
at every 'push'. “You can think of it like a 
parent pushing a child on a swing on a 
playground,” said Andrea Pizzi, first author 
on both papers. “Normally, the parent pushes 

the child, the child will swing back, and the 
parent then pushes them again. In physics, this 
is a rather simple system. But if multiple 
swings were on that same playground, and if 
children on them were holding hands with one 
another, then the system would become much 
more complex, and far more interesting and 
less obvious behaviours could emerge. A 
prethermal DTC is one such behaviour, in 
which the atoms, acting sort of like swings, 
only 'come back' every second or third push, 
for example.”

First predicted in 2012, DTCs have opened a 
new field of research, and have been studied in 
various types, including in experiments. 

Among these, prethermal DTCs are relatively 
simple-to-realise systems that don't heat 
quickly as would normally be expected, but 
instead exhibit time-crystalline behaviour for 
a very long time: the quicker they are shaken, 
the longer they survive. However, it was 
thought that they rely on quantum phenomena. 
Now, Pizzi and his co-authors have found that 
for prethermal DTCs they can avoid using 
overly complicated quantum approaches and 
use much more affordable classical ones 
instead.  Using a computer simulation, the 
researchers studied many interacting spins 
under the action of a periodic magnetic field – 
like the parent pushing the swing - using 
classical Hamiltonian dynamics. The resulting 
dynamics showed in a neat and clear way the 
properties of prethermal DTCs: for a long 
time, the magnetisation of the system 
oscillates with a period larger than that of the 
drive.

Source: University of Cambridge news release

Physical Sciences - Physics

Induced flaws in quantum materials
The findings could provide new insight for developing the next generation of quantum-based computing devices

In a surprising discovery, an international 
team of researchers, led by scientists in the 
University of Minnesota Center for Quantum 
Materials, found that deformations in 
quantum materials that cause imperfections in 
the crystal structure can actually improve the 
material's superconducting and electrical 
properties.  The groundbreaking findings 
could provide new insight for developing the 
next generation of quantum-based computing 
and electronic devices.

The research just appeared in the journal 
Nature Materials. “Quantum materials have 
unusual magnetic and electrical properties 
that, if understood and controlled, could 
revolutionize virtually every aspect of society 
and enable highly energy-efficient electrical 
systems and faster, more accurate electronic 
devices,” said study co-author Martin Greven, 
a Distinguished McKnight Professor in the 
University of Minnesota's School of Physics 
and Astronomy and the Director of the Center 
for Quantum Materials. “The ability to tune 
and modify the properties of quantum 
materials is pivotal to advances in both 
fundamental research and modern tech-

nology.”

Elastic deformation of materials occurs when 
the material is subjected to stress but returns to 
its original shape once the stress is removed. 
In contrast, plastic deformation is the non-
reversible change of a material's shape in 
response to an applied stress—or, more 
simply, the act of squeezing or stretching it 
until it loses its shape. Plastic deformation has 
been used by blacksmiths and engineers for 
thousands of years. An example of a material 
with a large plastic deformation range is wet 
chewing gum, which can be stretched to 
dozens of times its original length. While 
elastic deformation has been extensively used 

to study and manipulate quantum materials, 
the effects of plastic deformation have not yet 
been explored. In fact, conventional wisdom 
would lead scientists to believe that “squ-
eezing” or “stretching” quantum materials 
may remove their most intriguing properties. 

In this pioneering new study, the researchers 
used plastic deformation to create extended 
periodic defect structures in a prominent 
quantum material known as strontium titanate 
(SrTiO3). The defect structures induced 
changes in the electrical properties and 
boosted superconductivity. Greven said this 
study demonstrates the great promise of plastic 
deformation as a tool to manipulate and create 
new quantum materials. It can lead to novel 
electronic properties, including materials with 
high potential for applications in technology, 
he said.  Greven also said the new study 
highlights the power of state-of-the-art neutron 
and x-ray scattering probes in deciphering the 
complex structures of quantum materials and 
of a scientific approach that combines 
experiment and theory.

University of Minnesota news release
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