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Virtual Science Lab for children

Union Minister Dr Jitendra Singh launched India's first Virtual Science 

Lab for children under CSIR Jigyasa programme, which will also 

connect students with scientists across the country.

Describing the Virtual Lab as a huge new beginning, Dr Jitendra Singh 

said this will not only take science to all segments of students in every 

corner of the country, but it is also in tune with the National Education 

Policy (NEP), where students are allowed to choose any subject and the 

concept of streams has been disbanded. He said, the new facility will 

immensely benefit students from KendriyaVidyalayas, Navo-

dayaVidyalayas and Government Schools, and will help in catching 

them young.

The Minister informed that Prime Minister Narendra Modi in a CSIR 

Society meeting last year appreciated the Scientist – Student Connect 

programme “Jigyasa” and stressed on the importance of developing 

Virtual Labs. Accordingly, CSIR has partnered with IIT Bombay to 

develop a Virtual Lab platform under CSIR Jigyasa programme, which 

facilitates classroom learning with laboratory research for school 

students. He said, the target audience for the Virtual Lab platform is 

students of the standard VI to XII (11-18 years) who would like to 

explore science using different activities, experienced researchers and 

faculties on the subjects of Science, Mathematics, Biology and IT.

The main aim of the Virtual Lab is to provide quality research exposure 

and innovative pedagogy for school students to drive their scientific 

curiosity based on an online interactive medium with simulated 

experiments, pedagogy based content, videos, chat forums, animations, 

gaming, quiz, facility sharing, webinars etc. He said, the content will be 

available in English initially, but has been planned to be made available 

in Hindi and other regional languages. The CSIR Virtual lab will 

therefore enable curiosity driven research based concepts, encourage 

higher order thinking skills, promote entrepreneurship and develop 

passion about science, the Minister added.

The Virtual lab would provide a virtual tour of CSIR laboratories and 

expose students to research infrastructure, which otherwise would be 

difficult to visit physically in some laboratories considering safety 

standards. He said, the platform will also have the option to interact with 

scientists and seek their inputs or clear student's doubts. He added that 

the CSIR Jigyasa's Virtual lab will be an inspirational science lab where 

students will read, have fun and carry out those experiments and 

materials which are presented by the CSIR scientists and other 

stakeholders.

Dr Jitendra Singh recalled that the “Jigyasa” since its launch in 2017, 

was successful in connecting nearly 3,00,000 students and more than 

5,000 teachers with CSIR and they have benefited directly through 

visits to CSIR labs. He added that majority of the CSIR labs are 

participating in this program and subsequently MoU has been signed 

with JawaharNavodayaVidyalayas and also with Atal Tinkering Labs of 

NITI AAYOG. The Minister said, even during the Covid-19 pandemic, 

online interactions and webinars for school students were conducted on 

several topics with more than 2 lakh cumulative views.

The major stakeholders for the programme are academic based 

community consisting of MHRD, CSIR scientist's faculties, Ph.D. 

research students, school and junior college students, Sansthas, NGOs, 

KendriyaVidyalayaSangathan, NavodayaVidyalayaSamithi, State 

Government Schools, Independent outreach faculties and institutions 

carrying out successful outreach activity for school and junior college 

students are the potential stakeholders as well as beneficiaries.

The key highlights of the virtual lab are: Open source platform; Access 

content in regional languages; Scientist / Researchers Support; 

Knowledge Upgradation for Teachers and Students; Project based 

support; Fun based Gaming; Need based Videos and Animation; 

Simulation Experiments; Promote scientific temperament; Science 

based webinars; Student Entrepreneurship; Student-Expert forums; 

Student to Student forums; Simplified content; Availability to technical 

assistance; Build confidence and motivation

India-Israel Women in STEM 
conference

Experts from India and Israel highlighted the need for changes in the 

socio-cultural environment while deliberating on ways of achieving 

gender parity in the field of Science, Technology, Engineering and 

Mathematics (STEM) at the conference on India-Israel Women in 

STEM on November 24, 2021.

“There are 3 main issues about lesser women participation in STEM 

fields which have existed historically across millennia-- how well S&T 

has translated into the economic sphere and how our institutions are 

structured. S&T could become a changemaker in society by 

introducing flexible work times, and gender-neutral pays to enhance 

women participation in STEM,” Prof. K. VijayRaghavan Principal 

Scientific Adviser to the Government of India, highlighted at the 

conference by the Department of Science & jointly organized 

Technology (DST) Govt. of India and Ministry of Innovation, Science 

and Technology (MOIST), Israel. 

Dr Gaya Loren, Deputy Chief Scientist, Ministry of Innovation, 

Science & Technology, Israel, said that Israel Innovation Authority 

sees increased women participation in tech fields as an investment for 

the country's advancement in the future and noted that initiative of joint 

conference could be a guiding platform in this direction.

His Excellency Sanjeev Singla, Ambassador of India to Israel, pointed 

out that India being one of the world's largest scientific pools has been 

taking encouraging steps for incentivizing women to pursue a career in 

STEM. The two countries with a history of successful collaboration 
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can bridge the gender in STEM, he added at the online conference.

“Greater women's participation in the tech sector will make women 

more strong and influential, giving a boost to their socio-economic 

situation in the society,” His Excellency Naor Gilon, Ambassador of 

Israel to India, stressed at the conference titled India-Israel Women: 

Sharing Ideas & Initiatives.  

“There are areas in science which have seen remarkable progress in 

women participation; however, areas like Physics, Engineering and 

Mathematics need a course correction,” Dr SK Varshney, Adviser, DST, 

remarked. He highlighted few major programmes of the DST, which aim 

to bring back women who opted out from science fields to science. They 

also give incentives to women scientists, promote women 

entrepreneurship as well as encourage gender balance in institutions.

Dr Nisha Mendiratta, Adviser, DST, said that one of the major issues 

regarding women's participation in STEM fields is gendered brain-drain 

in STEM. This was reported by UNESCO in 2019 and is also evident in 

the gender gap at higher studies in science, particularly at the doctorate 

and post-doctorate levels. She further mentioned that society, system 

(Government policy), support from family and work area and self-

motivation could help enable women empowerment.  

Dr Renu Swarup, former Secretary DST and Department of 

Biotechnology (DBT), emphasized on greater focus on socio-cultural 

environment change for empowering women in STEM fields. “The two 

governments need to play a major role in generating enablers to allow 

greater women's participation like joint programmes that connect 

incubation centres in the two countries and setting up incubation centres 

just for women,” she added.  

Ms Hilla Ovil Brenner and Keren Hod from Israel shared their 

entrepreneurship experience. They highlighted the need for driving 

women to reach their full potential as entrepreneurs by providing them 

with suitable tools and guidance.

Prof. Vaishnavi Ananthanarayanan from India and Prof. Rachel Erhard 

from Israel talked about ways for bridging gender gap in Academia, 

Nandita Jayaraj, Dr Avital Beck,  Dr Maitri Gopalakrishna, Rinat 

Shafran, Dr Manal Haj Zarobi, Orit Hershtig- Cohen, Prof. Shobhana 

Narasimhan, and Dr Ujjwala Tirkey also talked about their respective 

journeys.

ISRO's Technology Conclave-2021
Union Minister Dr Jitendra Singh inaugurated ISRO's 5-day 

Technology Conclave-2021 and highlighted the Futuristic and 

Disruptive Technologies to be developed by the Indian Space Research 

Organisation, ISRO. The Conclave was organised by the Directorate of 

Technology Development & Innovation (DTDI) under the aegis of 

ISRO.

Addressing the Conclave, Dr Jitendra Singh said, the Directorate of 

Technology Development & Innovation (DTDI) based at ISRO 

Headquarters is an important link for Industry, Innovators and Academia 

for Research and R&D. He said, ever since Prime Minister Narendra 

Modi took charge, he has been giving special impetus to Space 

Technology and for the first time in 70 years, the sector has been 

unlocked for private participation to make India a competitive Space 

market, besides taking the benefits of the Space programme to the 

poorest in the country.

Dwelling on some of the Futuristic and Disruptive Technologies, Dr 

Jitendra Singh said, development of Satellite Based Quantum 

Communication will enable unconditional data security to the 

country's communication network. He said, the recent demonstration 

of quantum communication in free space, over a distance of 300 m by 

ISRO, in Ahmedabad is a major milestone towards the development of 

Satellite Based Quantum Communication, which our country is trying 

to demonstrate in near future. He said that each of the futuristic 

technology has potential spin-off applications and these must be 

implemented in focused areas and government flagship programmes, 

which touch the life of every citizen.

The Minister congratulated ISRO for choosing Big Data Analytics as 

another area of investment as ISRO generates enormous amount of 

data from its various satellite missions and ground-based systems. He 

said, the investment of ISRO in terms of its intellectual and financial 

resources has resulted into the plethora of futuristic technologies for 

the space sector. He called upon the scientists to focus on thrust areas 

such as Artificial intelligence/Machine learning, Space Debris, Global 

climate study, cost effective technology access to space, indigenous 

manufacturing of components & parts for space systems, and green 

propellants. He reiterated that ISRO needs to develop mechanism to 

proliferate the utilizations of the futuristic technologies towards 

achieving Prime Minister's vision of 'Atmanirbhar Bharat' mission.

Dr Jitendra Singh underlined that in the post space reforms period, the 

space technology landscape has changed and it must enable the 

participation of industries, private entities, towards the development 

of futuristic and disruptive technologies, besides Research and 

Development for innovative technologies. He urged the ISRO to bring 

the synergy of the efforts for inclusive development and make 

contributions to vibrant global economy and reap the opportunity 

derived from the futuristic technologies which are going to be the 

game changers for the space sector.

Dr Jitendra Singh pointed out that a gamut of futuristic and disruptive 

technologies being undertaken by ISRO include quantum radar, self-

eating rocket, self-healing spacecraft and space vehicle, self-

destructive satellites, photon thruster, Space-Based-Solar-Power, a 

bunch of Artificial Intelligence models that range from agriculture, 

Land use Land Cover to planetary and deep space exploration.
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Professor Neena Gupta, a mathematician at the Indian Statistical 
Institute in Kolkata, has been awarded the 2021 DST-ICTP-IMU 
Ramanujan Prize for Young Mathematicians from developing countries 
for her outstanding work in affine algebraic geometry and commutative 
algebra.

Professor Gupta is the third woman to receive the Ramanujan Prize, 
which was first awarded in 2005 and is administered by the Abdus Salam 
International Centre for Theoretical Physics (ICTP) jointly with the 
Department of Science and Technology  and (DST) Government of India
the  (IMU).International Mathematical Union

Ramanujan Prize is given annually to an eminent Mathematician who is 
less than 45 years of age on 31 December of the year of the award and has 
conducted outstanding research in developing countries by International 
Centre for Theoretical Physics (ICTP), Trieste and is sponsored by the 

Department of Science & Technology 
(DST), Government of India.

Professor Gupta's solution for solving the 
Zariski cancellation problem, a fundamental 
problem in Algebraic Geometry, earned her 
the 2014 Young Scientists Award of the 
Indian National Science Academy, who 
described her solution as 'one of the best 
works in algebraic geometry in recent years 

done anywhere'. The problem was posed by one of the most eminent 
founders of modern Algebraic Geometry, Oscar Zariski, in 1949. In an 
interview with an American university, Gupta describes, “The 
cancellation problem asks that if you have cylinders over two 
geometric structures, and that have similar forms, can one conclude 
that the original base structures have similar forms?”

Professor Neena Gupta receives 2021 DST-ICTP-IMU Ramanujan Prize 

Prof. Subramaniam Chandramouli Swarnajayanti Fellow 2021
IIT Bombay professor Subramaniam Chandramouli gets the 
Swarnajayanti Fellowship 2021 for his innovative proposal to generate 
'green heat'

Prof Chandramouli has been spearheading the work on understanding 
the structure-property relations of nano-form of carbon allotropes - 
Carbon nanotubes (CNTs), graphene and related doped nano carbons 
such as nitrogen and boron-doped CNTs and graphene. His application- 
oriented fundamental research seeks to understand the electrical and 
thermal transport properties of various nanomaterials and thereby 
develop applications in domains of energy conversion and storage. In 
this respect, his Swarnajayanti fellowship proposal aims at generating 
„green heat‟ from solar energy for various practical applications. 

India receives plenty of sunlight - even in high altitude regions, such as 
Siachen and Ladakh. Taking advantage of the surplus solar energy, the 
government is on a massive drive to switch to renewable energy sources 
such as solar power. Nearly 47% of the solar energy that reaches the 
earth‟s surface lies in the infrared region. Most solar panels absorb 
ultraviolet light and a portion of the visible light, which gets converted to 
electrical energy. However, the infrared part that carries the heat 
component goes unutilised. The challenge was to put this abundant 
supply of light energy to greater use, which formed the premise of Dr 
Subramaniam‟s proposal for the fellowship.

Prof Subramaniam says, “We asked, „can we convert light energy to 
heat?‟ That would mean we are generating green heat - that is, 
generating heat without burning any fossil fuels. At the same time, this 
type of light-to-heat conversion should be completely sustainable.”

The researcher and his team overcame the challenge by employing 
carbon nanostructure coatings on surfaces (such as copper, paper, 
plastic) that work as broadband absorbers of the entire light spectrum. 
The carbon nanostructures have funnel-shaped elements that wrap 
together to form a carbon floret-like structure. Once light enters these 
conical elements, it cannot escape out. This facilitates multiple internal 
reflections and thereby directs the light towards the base, rather than 
outside. Thus the combination of chemistry and structure realises the 
high absorbance of the solar light by these structures.

Also, the material is so designed to yield the blackest of black carbon to 
ensure high absorbency. “The design ensures high absorption of 98% of 

the radiation. Besides, the floret 
structure has a large surface area, 
thereby providing a high interface for 
light-matter interactions. For example, a 
gram of the material has the same area as 
approximately four tennis courts,” says 
Dr Subramaniam. Moreover, the 
nanomaterial is available in a powder 
form which can be dispersed in a liquid 

and sprayed over surfaces using a commercial spray gun. The coating 
would last for four months under ambient conditions, he adds.

The light absorption in these nanostructures generates intense heat. 
Laboratory experiments have shown that when these samples are 
placed in the sun, the surface temperature rises to 160 deg celsius 
instantly.

The generated heat will be utilised to convert water to steam. In turn, 
the steam will be used for water purification and desalination to obtain 
potable water, heating purposes in high altitude regions, and many 
more.

The professor says, “Our research is at the Technology Readiness 
Level 3 stage, that is, we have a laboratory prototype that has been 
extensively tested in real-world conditions.” They performed 
experiments by coating the carbon nanostructures on surfaces like 
porcelain and copper and placing the samples under sunlight. The 
temperature rose instantly to 145 deg C, indicating the efficient 
absorption of light. The fellowship will allow them to probe the 
fundamental physics of light-matter interactions and the pathways of 
conversion of light energy to heat energy in such structures. Further, 
this would also enable scaling up the experiments and testing them for 
practical purposes where heat generation is required, for example, 
water heating. “Soon, we will have a prototype of a space-heating 
module ready to implement in mountainous regions,” he adds.

His team is also developing microscale light-mills using identical 
carbon nanostructures to coat tiny rotating blades. Light mills are 
miniature wind-mill like devices that generate power by light-triggered 
mechanical movement. Such devices have a wide range of applications 
in microfluidics and biological experiments (to pump liquids through 
miniature valves).
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Prof Amartya Mukhopadhyay from the Department of Metallurgical 
Engineering and Materials Science, Indian Institute of Technology 
Bombay (IIT Bombay), Mumbai, has received the prestigious 
fellowship for the year 2021, for his contribution to the field of 
Engineering Science

Prof Mukhopadhyay heads the High Temperature and Energy Materials 
Laboratory at IIT ombay. He has been instrumental in the pioneering  B
research in finding new reactive alloys for designing anodes for Lithium-
ion and Sodium-ion batteries. “We aim to build better, robust, long-
lasting rechargeable batteries for advanced applications, such as 
batteries for electric vehicles and for storage of energy harvested from 
renewable sources,” he says. 

Under Mission Innovation India, the country is on the path to minimise 
the usage of fossil fuels for electricity generation and encourage 
environment-friendly electric vehicles that run on these advanced 
batteries. Prof Mukhopadhyay says, to achieve realistic solutions in 
these directions there are several design challenges that need to be 
overcome with these batteries. These advanced applications of batteries 
necessitate improvements in various factors: the energy stored per unit 
mass/volume (the energy density); fast uptake/delivery of the stored 
energy (power density), especially for electric vehicles; enhancing the 
longevity of the battery without degradation during the operation cycles; 
and safety aspects.

Prof Mukhopadhyay's group is 
actively researching novel solu-
tions, one of them being focusing 
on designing new alloy materials 
that will reduce lithium-plating 
and 'dendrite' formation in the 
lithium-ion battery systems, thus 
improving the battery's safety 
a s p e c t s .  I n  a d d i t i o n ,  t h e y 

endeavour to improve the battery's energy storage capacity, the 
possibility of rapidly charging the battery (in a few minutes) and 
battery longevity.  

Lithium-ion batteries consist of two electrodes separated by a 
membrane suspended in a liquid electrolyte. The cathode is typically 
made of lithium transition metal oxide based compounds and 
generates lithium ions from its lattice (crystal structure). The anode 
material is graphitic carbon, which can also store the ions in its lattice. 
The structure and chemical nature of the anode materials are such that 
the incoming lithium ions get lodged and dislodged in the lattice 
spaces (a process called intercalation) during the charging-discharging 
cycles. Positive and negative current-carrying terminals connect to the 
electrodes from which current is drawn. 

During the charging cycle, the cathode generates lithium ions which 
permeate through the separator membrane and get lodged in the lattice 

Prof. Amartya Mukhopadhyay Swarnajayanti Fellow 2021

Dr. Niti Kumar, Swarnajayanti Fellow 2021

Dr. Niti Kumar, Scientist at the CSIR-Central Drug Research Institute, 
Lucknow, a Swarnajayanti fellowship awardee of 2020-21, along with 
her research group, is trying to identify proteins which influence the 
shape-function of the single mitochondrion that the malaria parasite 
harbors as well as how it undergoes repair. Understanding these 
processes will help decipher how the parasite adapts to environmental 
perturbations, mitigate drug-induced toxicity (phenotypic drug 
resistance), drive recurrence of infection after completion of treatment, 
and relapse from dormant stages.

Malaria biology is an interesting field not only from the perspective of 
biochemical or molecular investigations, but it also allows addressing 
exciting cell biology/organelle-biology questions. This intracellular 
parasite exhibits unique organellar complexity and divergence. It 
harbors a single mitochondrion which undergoes dramatic 
morphological changes, an apicoplast (non-photosynthetic, relict 
plastid), very dynamic and lysosomes.endoplasmic reticulum, 

So far, experimental exploration of questions related to biogenesis, 
division, repair of these organelles in human malaria parasites is very 
limited. Understanding about the fission-fusion processes in parasite 
organelles, especially for mitochondrion-ER-lysosomes organelle 
contacts, remains unexplored.

To delve into this area, her group is trying to probe into mitochondrial 
dynamics and inter-organelle communication during environmental 
stress and drug-induced toxicity.

“For pharmaceutical companies, parasitic diseases are low priority area 
for investments, therefore, continuous academic research efforts are 

required for investigating critical 
parasite pathways which may give 
hints into alternative sites or drug 
targets for antimalarial inter-
vention to tackle emerging drug 
resistance, and this will directly 
translate into societal benefits,” 
said Dr. Niti.

Dr. Niti's research group is using 
multi-pronged approaches to understand how the structurally-
functionally diverged components of genome and proteome 
maintenance pathways give a survival advantage to the malaria 
parasite. espite the vulnerability to genotoxic  It is very intriguing that d
and proteotoxic stress, the parasite maintains cellular homeostasis even 
under hostile conditions and is able to withstand immune surveillance 
mounted by mosquito vector and human host.

In addition to fundamental research, her group is also involved in the 
antimalarial drug discovery program and open-source drug discovery 
initiatives (such as Medicines for Malaria Venture).  Her research 
group participates in exploration of the medicinal chemistry landscape 
to identify novel hits/leads against the drug-resistant malaria and 
probes into their probable mode of action to evaluate alternative sites of 
intervention.

“The know-how generated through curiosity-driven research 
explorations of parasite biology can be also extrapolated to other 
human pathogens and host-pathogen interactions,” she pointed out.
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Arvind Singh, Associate Professor at the Physical Research Laboratory, 
Ahmedabad, a Swarnajayanti fellow of 2020-21, is examining the role of 
enhancing ocean alkalinity for removing atmospheric carbon dioxide to 
tackle global climate change problems. Increasing emission of carbon 
dioxide in the atmosphere due to anthropogenic and other processes is a 
global problem that scientists are trying to tackle through various 
approaches. 

Arvind Singh, a physicist by training and a biogeochemist by profession 
who won the Swarnajayanti fellowship instituted by the Department of 
Science and Technology, will identify minerals that can be used to 
enhance ocean alkalinity in a sustained way, examine the impact of 
increased ocean alkalinity on carbon, nitrogen and phosphorous cycles, 
and understand the effect of increased alkalinity on phytoplankton and 
bacterial community structure.

The scientist highlighted that it is quite clear that over the coming 
decades, we might need reservoirs that can store up to trillions of tons of 
CO2 emitted from industrial and other man-made emissions.

“Based on our understanding of the intense chemical weathering 
resulting in global cooling in the Cenozoic era (66 million years), it has 
been proposed that the enhanced ocean alkalinity through large scale 
mineral dissolution has the potential to provide a solution to store large 
amount of CO2 in the ocean,” the scientist pointed out.

He explains that mineral dissolution will lead to a change in the ocean 
carbonate chemistry equilibrium towards HCO3− and CO32− (i.e., 
increase in alkalinity) so that additional CO2 from the atmosphere could 
be dissolved and stored for a long time (more than 1000 years) in the 
ocean. It may be possible to sequester up to trillion tons of carbon 
without surpassing present-day carbonate saturation states in the ocean. 
In turn, the impacts of elevated alkalinity will be potentially small and 
may even help to reduce the effects of ocean acidification on microbial 
ecosystem, but these aspects have not been tested experimentally.

Arvind uses stable isotopes of C (13C) and N (15N) to understand 
elemental cycling in the ocean. His work blends stable isotopes, in-situ 
and satellite observations, microbiology, and statistical modelling to 
make quantitative estimates of carbon and nitrogen fluxes in the ocean. 
His Ph.D. work provided first direct estimate of N2 fixation rates in the 
Arabian Sea. He worked on elemental stoichiometry in the North 
Atlantic and the effect of ocean acidification on N2 fixation rates. He 
studied niche construction theory, role of eddies on ocean biological 
pumps, and contribution of atmospheric deposition to new nitrogen. 
His seminal work emphasized that C: N:P is not fixed in oceanic 
plankton and nutrients.

Further, changes in nutrient stoichiometry (N:P) might lead to change 
in marine phytoplankton community. His research underlined that the 
increase in atmospheric deposition can result in increase in CO2 
sequestration but can also enhances N2O in the atmosphere. His 
palaeoclimate work highlighted that the relationship of oxygen 
isotopic composition (δ18O) and salinity is variable in ocean. In a 
novel way, he estimated Himalayan ice melt in the last twenty years 
using 18O isotopic records in the ocean.

Dr. Arvind Singh, Swarnajayanti fellow 2021

of the anode. The electrons run through the external circuit and build up 
the battery charge. In the discharge cycle, the reverse happens, and the 
lithium ions travel back to the cathode to combine chemically. 

The current lithium ion battery systems have some inherent drawbacks, 
such as short lifespan of the battery (due to degradation of the cell 
components), slow charging/discharging rates, possible short circuiting 
of the cell (causing operational and safety hazards) and usage of 
inflammable and hazardous chemicals. The problems faced with the 
current battery systems lie in the materials used and their operational 
conditions, says Prof Mukhopadhyay. “Rapid charging-discharging 
cycles can make the materials structurally unstable, especially, if we try 
to draw more lithium out of the cathode lattice and push more lithium 
into the anode lattice. It also exacerbates mechanical stresses in the 
confined space of the battery. These factors degrade the battery quickly 
in each charge-discharge cycle,” he adds. 

Another drawback of these batteries is that the lithium ions often tend to 
plate the graphitic carbon electrode at the anode side, especially at fast 
charging rates. As a result, the deposits form spikey structures called 
dendrites. Over time, the dendrites grow and their pointed tips can reach 
up to the separator, pierce through it, potentially leading to short-
circuiting of the battery internally. 

Prof. Amartya Mukhopadhyay 

Prof Mukhopadhyay says, so far, since lithium-ion batteries were 
developed, most of the improvements have happened on the cathode 
side, with practically little or nothing on the anode. However, they 
address the challenges at the anode. “We are designing and developing 
special alloys that can significantly enhance the energy storage 
capacity, allow much faster uptake/delivery of charges and also 
prevent/minimise lithium-dendrite formations. These will also allow 
widespread successful development of the upcoming sodium ion 
battery systems,” he adds. 

The professor informs that their current research on lithium and sodium 
ion batteries is at the TRL 4 (Technology Readiness Level) stage. This 
means they have designed lab-scale working prototypes to test their 
research outcomes. The fellowship will enable him to scale-up the 
research to the next level: build an industry model. His Institution and 
Department work closely with industries, balancing the academic and 
experimental aspects of engineering sciences. 
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NASA launches James Webb Space Telescope 

N
ASA's James Webb Space Telescope launched on25th 

December 2021 on an Ariane 5 rocket from Europe's 

Spaceport in French Guiana, South America.

A joint effort with ESA (European Space Agency) and the Canadian 

Space Agency, the Webb observatory is NASA's revolutionary flagship 

mission to seek the light from the first galaxies in the early universe and 

to explore our own solar system, as well as planets orbiting other stars, 

called exoplanets. 

“The James Webb Space Telescope represents the ambition that NASA 

and our partners maintain to propel us forward into the future,” said 

NASA Administrator Bill Nelson. “The promise of Webb is not what we 

know we will discover; it's what we don't yet understand or can't yet 

fathom about our universe. I can't wait to see what it uncovers!”

Ground teams began receiving telemetry data from Webb about five 

minutes after launch. The Arianespace Ariane 5 rocket performed as 

expected, separating from the observatory 27 minutes into the flight. 

The observatory was released at an altitude of approximately 870 miles 

(1,400 kilometers). Approximately 30 minutes after launch, Webb 

unfolded its solar array, and mission managers confirmed that the solar 

array was providing power to the observatory. After solar array 

deployment, mission operators will establish a communications link 

with the observatory via the Malindi ground station in Kenya, and 

ground control at the Space Telescope Science Institute in Baltimore 

will send the first commands to the spacecraft.

Engineers and ground controllers will conduct the first of three mid-

course correction burns about 12 hours and 30 minutes after launch, 

firing Webb's thrusters to maneuver the spacecraft on an optimal 

trajectory toward its destination in orbit about 1 million miles from 

Earth.

“I want to congratulate the team on this incredible achievement – Webb's 

launch marks a significant moment not only for NASA, but for 

thousands of people worldwide who dedicated their time and talent to 

this mission over the years,” said Thomas Zurbuchen, associate 

administrator for the Science Mission Directorate at NASA 

Headquarters in Washington. “Webb's scientific promise is now closer 

than it ever has been. We are poised on the edge of a truly exciting time of 

discovery, of things we've never before seen or imagined.”

The world's largest and most complex space science observatory will 

now begin six months of commissioning in space. At the end of 

commissioning, Webb will deliver its first images. Webb carries four 

state-of-the-art science instruments with highly sensitive infrared 

detectors of unprecedented resolution. Webb will study infrared light 

from celestial objects with much greater clarity than ever before. The 

premier mission is the scientific successor to NASA's iconic Hubble 

and Spitzer space telescopes, built to complement and further the 

scientific discoveries of these and other missions.

“The launch of the Webb Space Telescope is a pivotal moment – this is 

just the beginning for the Webb mission,” said Gregory L. Robinson, 

Webb's program director at NASA Headquarters. “Now we will watch 

Webb's highly anticipated and critical 29 days on the edge. When the 

spacecraft unfurls in space, Webb will undergo the most difficult and 

complex deployment sequence ever attempted in space. Once 

commissioning is complete, we will see awe-inspiring images that will 

capture our imagination.”

The telescope's revolutionary technology will explore every phase of 

cosmic history – from within our solar system to the most distant 

observable galaxies in the early universe, to everything in between. 

Webb will reveal new and unexpected discoveries and help humanity 

understand the origins of the universe and our place in it.

NASA Headquarters oversees the mission for the agency's Science 

Mission Directorate. NASA's Goddard Space Flight Center in 

Greenbelt, Maryland, manages Webb for the agency and oversees work 

on the mission performed by the Space Telescope Science Institute, 

Northrop Grumman, and other mission partners. In addition to Goddard, 

several NASA centers contributed to the project, including the agency's 

Johnson Space Center in Houston, Jet Propulsion Laboratory in 

Southern California, Marshall Space Flight Center in Huntsville, 

Alabama, Ames Research Center in California's Silicon Valley, and 

others.

The Webb observatory is NASA's revolutionary flagship mission to seek the light from 

the first galaxies in the early universe and to explore our own solar system, as well as 

planets orbiting other stars, called exoplanets. 

Credits: NASA/Bill Ingalls
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Perseverance Mars Rover makes 
surprising discoveries

S
cientists with NASA's Perseverance Mars rover mission have 
discovered that the bedrock their six-wheeled explorer has been 
driving on since landing in February likely formed from red-hot 

magma. The discovery has implications for understanding and 
accurately dating critical events in the history of Jezero Crater – as well 
as the rest of the planet.

The team has also concluded that rocks in the crater have interacted with 
water multiple times over the eons and that some contain organic 
molecules.

These and other findings were presented today during a news briefing at 
the American Geophysical Union fall science meeting in New Orleans.

Even before Perseverance touched down on Mars, the mission's science 
team had wondered about the origin of the rocks in the area. Were they 
sedimentary – the compressed accumulation of mineral particles 
possibly carried to the location by an ancient river system? Or where 
they igneous, possibly born in lava flows rising to the surface from a 
now long-extinct Martian volcano?

“I was beginning to despair we would never find the answer,” said 
Perseverance Project Scientist Ken Farley of Caltech in Pasadena. “But 
then our PIXL instrument got a good look at the abraded patch of a rock 

from the area nicknamed 'South Séítah,' and it all became clear: The 
crystals within the rock provided the smoking gun.”

The drill at the end of Perseverance's robotic arm can abrade, or grind, 
rock surfaces to allow other instruments, such as PIXL, to study them. 
Short for Planetary Instrument for X-ray Lithochemistry, PIXL uses X-
ray fluorescence to map the elemental composition of rocks. On Nov. 
12, PIXL analyzed a South Séítah rock the science team had chosen to 
take a core sample from using the rover's drill. The PIXL data showed 
the rock, nicknamed “Brac,” to be composed of an unusual abundance of 
large olivine crystals engulfed in pyroxene crystals.

“A good geology student will tell you that such a texture indicates the 
rock formed when crystals grew and settled in a slowly cooling magma – 
for example a thick lava flow, lava lake, or magma chamber,” said 
Farley. “The rock was then altered by water several times, making it a 
treasure trove that will allow future scientists to date events in Jezero, 
better understand the period in which water was more common on its 
surface, and reveal the early history of the planet. Mars Sample Return is 
going to have great stuff to choose from!”

The multi-mission Mars Sample Return campaign began with 
Perseverance, which is collecting Martian rock samples in search of 
ancient microscopic life. Of Perseverance's 43 sample tubes, six have 

The findings by rover scientists highlight the diversity of samples geologists and future 
scientists associated with the agency's Mars Sample Return program will have to study.

This graphic depicts Perseverance's entry into “Séítah” from both an orbital and subsurface perspective. The lower image is a subsurface 
“radargram” from the rover's RIMFAX instrument; the red lines indicate link subsurface features to erosion-resistant rocky outcrops visible 
above the surface. Credit: NASA/JPL-Caltech/University of Arizona/USGS/FFI
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Perseverance Mars Rover makes surprising discoveries

been sealed to date – four with rock cores, one with Martian atmosphere, 
and one that contained “witness” material to observe any contamination 
the rover might have brought from Earth. Mars Sample Return seeks to 
bring select tubes back to Earth, where generations of scientists will be 
able to study them with powerful lab equipment far too large to send to 
Mars.

Still to be determined is whether the olivine-rich rock formed in a thick 
lava lake cooling on the surface or in a subterranean chamber that was 
later exposed by erosion.

Organic Molecules

Also, great news for Mars Sample Return is the discovery of organic 
compounds by the SHERLOC (Scanning Habitable Environments with 
Raman & Luminescence for Organics & Chemicals) instrument. The 
carbon-containing molecules are not only in the interiors of abraded 
rocks SHERLOC analyzed, but in the dust on non-abraded rock.

Confirmation of organics is not a confirmation that life once existed in 
Jezero and left telltale signs (biosignatures). There are both biological 
and non-biological mechanisms that create organics.

“Curiosity also discovered organics at its landing site within Gale 
Crater,” said Luther Beegle, SHERLOC principal investigator at 
NASA's Jet Propulsion Laboratory in Southern California. “What 
SHERLOC adds to the story is its capability to map the spatial 
distribution of organics inside rocks and relate those organics to 
minerals found there. This helps us understand the environment in 
which the organics formed. More analysis needs to be done to determine 
the method of production for the identified organics.”

The preservation of organics inside ancient rocks – regardless of origin – 
at both Gale and Jezero Craters does mean that potential biosignatures 
(signs of life, whether past or present) could be preserved, too. “This is a 
question that may not be solved until the samples are returned to Earth, 
but the preservation of organics is very exciting. When these samples are 
returned to Earth, they will be a source of scientific inquiry and 
discovery for many years,” Beegle said.

'Radargram'

Along with its rock-core sampling capabilities, Perseverance has 
brought the first ground-penetrating radar to the surface of Mars. 
RIMFAX (Radar Imager for Mars' Subsurface Experiment) creates a 
“radargram” of subsurface features up to about 33 feet (10 meters) deep. 
Data for this first released radargram was collected as the rover drove 
across a ridgeline from the “Crater Floor Fractured Rough” geologic 
unit into the Séítah geologic unit.

The ridgeline has multiple rock formations with a visible downward tilt. 
With RIMFAX data, Perseverance scientists now know that these 
angled rock layers continue at the same angle well below the surface. 
The radargram also shows the Séítah rock layers project below those of 
Crater Floor Fractured Rough. The results further confirm the science 
team's belief that the creation of Séítah preceded Crater Floor Fractured 
Rough. The ability to observe geologic features even below the surface 
adds a new dimension to the team's geologic mapping capabilities at 
Mars.

More About Perseverance

A key objective for Perseverance's mission on Mars is astrobiology, 
including the search for signs of ancient microbial life. The rover will 
characterize the planet's geology and past climate, pave the way for 
human exploration of the Red Planet, and be the first mission to collect 
and cache Martian rock and regolith (broken rock and dust).

Subsequent NASA missions, in cooperation with ESA (European 
Space Agency), would send spacecraft to Mars to collect these sealed 
samples from the surface and return them to Earth for in-depth analysis.

The Mars 2020 Perseverance mission is part of NASA's Moon to Mars 
exploration approach, which includes Artemis missions to the Moon 
that will help prepare for human exploration of the Red Planet.

JPL, which is managed for NASA by Caltech in Pasadena, California, 
built and manages operations of the Perseverance rover.

Source: California Institute of Technology (Caltech)

This illustration depicts NASA's Perseverance rover operating on the surface of Mars. Credit: NASA
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Understanding cobalt's human cost

While driving an electric car has fewer environmental impacts 
than gasoline-powered cars, the production of the parts 
necessary for these green technologies can have dire effects 

on human well-being.

 After studying the impacts of mining cobalt — a common ingredient in 
lithium-ion batteries — on communities in Africa's Democratic 
Republic of the Congo (DRC), an interdisciplinary team of researchers 
led by Northwestern University is calling for more data into how 
emerging technologies affect human health and livelihoods.

Such data can inform policymakers, industry leaders and consumers to 
make more socially and ethically responsible decisions when 
developing, funding and using green technologies.

The case study and perspective paper were published on Dec. 17 in the 
journal One Earth.

“We have the framework and tools available to compare the 
environmental costs of automobiles that run on fossil fuels to battery-
powered vehicles,” said Northwestern's Jennifer Dunn, who led the 

study. “I can tell you the greenhouse gas emissions per mile for either 
one. But when it comes to the social effects, we don't have the same 
capability for direct comparison. For many engineers, it's easier to 
measure or calculate environmental effects than to understand the social 
conditions in a faraway country that they have never set foot in.”

Dunn is an associate professor of chemical and biological engineering at 
Northwestern's McCormick School of Engineering and associate 
director of the Center for Engineering Sustainability and Resilience. To 
conduct the case study, Dunn led an interdisciplinary team of engineers, 
anthropologists and public health experts.

Environmental vs. human costs

For years, researchers have been conducting environmental life cycle 
assessments (E-LCA), in which they comprehensively and 
systematically calculate the environmental impacts of a product all the 
way from the extraction of raw materials required to make it to its use 
and ultimate disposal. More recently, researchers have attempted to 

Social consequences of green energy must be assessed in addition to environmental 
impacts

Miners at a cobalt cleaning site in Lualaba Province, the Democratic Republic of the Congo.Photo credit: Northwestern University
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develop similar frameworks to evaluate social life cycle assessments (S-
LCA), which can be used to understand how emerging technologies 
affect human health and well-being.

To identify barriers to and opportunities for collecting better data for S-
LCA, the researchers conducted exploratory field work in cobalt mining 
communities in the Lualaba Province, DRC. The team collected 
qualitative data through in-depth interviews and focus-group 
discussions with miners and other community members. Paper co-
author Gabriel Bamana, an anthropologist on faculty at Normandale 
Community College in Minnesota, is native Congolese and therefore 
could provide significant cultural and historical context for the study.

“For this type of work, it's important to work across fields in order to be 
informed,” said Sera Young, study co-author and associate professor of 
anthropology at Northwestern's Weinberg College of Arts and Sciences. 
“It might be difficult for engineers who are developing the technologies 
to understand the social effects. By working together, we can form a 
whole picture of the consequences of resource extraction.”

Unintended consequences of decarbonization

What Dunn and Young discovered was deeply troubling. They found 
cobalt mining was associated with increases in violence, substance 
abuse, food and water insecurity, and physical and mental health 
challenges. Community members reported losing communal land, 
farmland and homes, which miners literally dug up in order to extract 
cobalt. Without farmland, Congolese people were sometimes forced to 
cross international borders into Zambia just to purchase food.

“You might think of mining as just digging something up,” Young said. 

“But they are not digging on vacant land. Homelands are dug up. People 
are literally digging holes in their living room floors. The repercussions 
of mining can touch almost every aspect of life.”

Waste generated from mining cobalt and other metals can pollute water, 
air and soil, leading to decreased crop yields, contaminated food and 
water, and respiratory and reproductive health issues. Miners reported 
that working conditions were unsafe, unfair and stressful. Several 
workers noted that they feared mineshaft collapses.

As industry leaders move toward decarbonization to slow, stop or even 
reverse human-caused climate change, technologies are increasingly 
relying on batteries instead of fossil fuels. Unfortunately, the effects of 
these technologies on social well-being are understudied and data 
related to these effects are insufficient for use in policy-making 
decisions.

“If we're trying to be do-gooders by caring for the environment, then the 
environment shouldn't be limited to only the natural environment — but 
also the human environment,” said Young, who studies water insecurity 
across a range of global contexts.

Offering new solutions

Throughout their work, Dunn, Young and their team found little in the 
way of established guidance on best practices for conducting S-LCA, 
including little guidance on how to conduct interviews and a lack of 
consensus on how to use and analyze data from stakeholders.

“Most of this work has been conceptualized by natural scientists who 
have limited knowledge about social impacts,” Dunn said. “Measuring 
environmental effects of a technology is sometimes as simple as adding 
a sensor to measure emissions. But trying to measure intangible social 
effects like mental health is much harder.”

“And things that aren't measured remain invisible,” Young added.

Because the quality of the social impact assessment relies on the quality 
of the data, the researchers identified five categories of data sources, 
which can be leveraged to better understand localized effects of mining: 
(1) interviews and focus groups of affected community members; (2) 
local public records, including land-related court claims, documentation 
of forced migration and publicly available health records; (3) cross-
culturally validated scales, including data collected by national statistics 
agencies and organizations such as UNICEF and the World Bank; (4) 
data collected for the Sustainable Development Goals; and (5) remote 
sensing and imagery, including satellite imagery showing how farmland 
has changed after cobalt mining is established.

The researchers believe such methods can be applied to other scenarios 
beyond cobalt mining to gather social data surrounding emerging 
technologies.

“We have a long way to go before we can put S-LCA results in front of 
decision-makers in the same way we can with E-LCA results,” Dunn 
said. “In the meantime, our society is going through huge changes, 
including climate change, so we feel a sense of urgency. We hope that 
policy makers recognize the urgency of the human costs of cobalt 
mining sooner rather than later.”

Source: Northwestern University

 There is little data on the impact of 
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to advance data collection for the social 
lifecycle assessments



 FEATURE

14 The Scitech Journal Volume 09 Issue 01 January 2022

New possibilities for life at the bottom of 
Earth's ocean

In the strange, dark world of the ocean floor, underwater fissures, 
called hydrothermal vents, host complex communities of life. 
These vents belch scorching hot fluids into extremely cold 

seawater, creating the chemical forces necessary for the small 
organisms that inhabit this extreme environment to live.

In a newly published study, biogeoscientists Jeffrey Dick and Everett 
Shock have determined that specific hydrothermal seafloor 
environments provide a unique habitat where certain organisms can 
thrive. In so doing, they have opened up new possibilities for life in the 
dark at the bottom of oceans on Earth, as well as throughout the solar 
system. Their results have been published in the Journal of Geophysical 
Research: Biogeosciences.

On land, when organisms get energy out of the food they eat, they do so 
through a process called cellular respiration, where there is an intake of 
oxygen and the release of carbon dioxide. Biologically speaking, the 
molecules in our food are unstable in the presence of oxygen, and it is 
that instability that is harnessed by our cells to grow and reproduce, a 
process called biosynthesis.

But for organisms living on the seafloor, the conditions for life are 
dramatically different.

“On land, in the oxygen-rich atmosphere of Earth, it is familiar to many 
people that making the molecules of life requires energy,” said co-
author Shock of Arizona State University's School of Earth and Space 
Exploration and the School of Molecular Sciences. “In stunning 
contrast, around hydrothermal vents on the seafloor, hot fluids mix with 
extremely cold seawater to produce conditions where making the 
molecules of life releases energy.”

In deep-sea microbial ecosystems, organisms thrive near vents where 
hydrothermal fluid mixes with ambient seawater. Previous research led 
by Shock found that the biosynthesis of basic cellular building blocks, 

like amino acids and sugars, is particularly favorable in areas where the 
vents are composed of ultramafic rock (igneous and meta-igneous rocks 
with very low silica content), because these rocks produce the most 
hydrogen. Besides basic building blocks like amino acids and sugars, 
cells need to form larger molecules, or polymers, also known as 
biomacromolecules. Proteins are the most abundant of these molecules 
in cells, and the polymerization reaction (where small molecules 
combine to produce a larger biomolecule) itself requires energy in 
almost all conceivable environments.

“In other words, where there is life, there is water, but water needs to be 
driven out of the system for polymerization to become favorable,” said 
lead author Dick, who was a postdoctoral scholar at ASU when this 
research began and who is currently a geochemistry researcher in the 
School of Geosciences and Info-Physics at Central South University in 
Changsha, China. “So, there are two opposing energy flows: release of 
energy by biosynthesis of basic building blocks, and the energy required 
for polymerization.”

What Dick and Shock wanted to know is what happens when you add 
them up: Do you get proteins whose overall synthesis is actually 
favorable in the mixing zone?

They approached this problem by using a unique combination of theory 
and data.

From the theoretical side, they used a thermodynamic model for the 
proteins, called “group additivity,” which accounts for the specific 
amino acids in protein sequences as well as the polymerization energies. 
For the data, they used all the protein sequences in an entire genome of a 
well-studied vent organism called Methanocaldococcus jannaschii.

By running the calculations, they were able to show that the overall 
synthesis of almost all the proteins in the genome releases energy in the 

A chimney structure from the Sea Cliff hydrothermal vent field located more than 8,800 feet (2,700 meters) below the sea's surface at the 

submarine boundary of the Pacific and Gorda tectonic plates. Photo by Ocean Exploration Trust
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Turning a global warming liability into a 
profitable food security solution

Like a mirage on the horizon, an innovative process for 
converting a potent greenhouse gas into a food security solution 
has been stalled by economic uncertainty. Now, a first-of-its-

kind Stanford University analysis evaluates the market potential of the 
approach, in which bacteria fed captured methane grow into protein-
rich fishmeal. The study, published Nov. 22 in Nature Sustainability, 
finds production costs involving methane captured from certain sources 
in the U.S. are lower than the market price for conventional fishmeal. It 
also highlights feasible cost reductions that could make the approach 
profitable using other methane sources and capable of meeting all 
global fishmeal demand.

“Industrial sources in the U.S. are emitting a truly staggering amount of 
methane, which is uneconomical to capture and use with current 
applications,” said study lead author Sahar El Abbadi, who conducted 
the research as a graduate student in civil and environmental 
engineering.

“Our goal is to flip that paradigm, using biotechnology to create a high-
value product,” added El Abbadi, who is now a lecturer in the Civic, 

Liberal and Global Education program at Stanford.

Two problems, one solution

Although carbon dioxide is more abundant in the atmosphere, methane's 
global warming potential is about 85 times as great over a 20-year period 
and at least 25 times as great a century after its release. Methane also 
threatens air quality by increasing the concentration of tropospheric 
ozone, exposure to which causes an estimated 1 million premature 
deaths annually worldwide due to respiratory illnesses. Methane's 
relative concentration has grown more than twice as fast as that of carbon 
dioxide since the beginning of the Industrial Revolution due in great part 
to human-driven emissions.

A potential solution lies in methane-consuming bacteria called 
methanotrophs. These bacteria can be grown in a chilled, water-filled 
bioreactor fed pressurized methane, oxygen and nutrients such as 
nitrogen, phosphorous and trace metals. The protein-rich biomass that 
results can be used as fishmeal in aquaculture feed, offsetting demand for 
fishmeal made from small fish or plant-based feeds that require land, 
water and fertilizer.

“While some companies are doing this already with pipeline natural gas 
as feedstock, a preferable feedstock would be methane emitted at large 
landfills, wastewater treatment plants and oil and gas facilities,” said 
study co-author Craig Criddle, a professor of civil and environmental 
engineering in Stanford's School of Engineering. “This would result in 
multiple benefits. including lower levels of a potent greenhouse gas in 
the atmosphere, more stable ecosystems and positive financial 
outcomes.”

Consumption of seafood, an important global source of protein and 
micronutrients, has increased more than fourfold since 1960. As a result, 
wild fish stocks are badly depleted, and fish farms now provide about 
half of all the animal-sourced seafood we eat. The challenge will only 
grow as global demand for aquatic animals, plants and algae will likely 
double by 2050, according to a comprehensive review of the sector led 
by researchers at Stanford and other institutions.

While methane-fed methanotrophs can provide feed for farmed fish, the 
economics of the approach have been unclear, even as prices of 

mixing zone of an ultramafic-hosted vent at the temperature where this 
organism grows the fastest, at around 185 degrees Fahrenheit (85 
Celsius). By contrast, in a different vent system that produces less 
hydrogen (a basalt-hosted system), the synthesis of proteins is not 
favorable.

“This finding provides a new perspective on not only biochemistry but 
also ecology because it suggests that certain groups of organisms are 
inherently more favored in specific hydrothermal environments,” Dick 
said. “Microbial ecology studies have found that methanogens, of 
which Methanocaldococcus jannaschii is one representative, are more 
abundant in ultramafic-hosted vent systems than in basalt-hosted 
systems. The favorable energetics of protein synthesis in ultramafic-
hosted systems are consistent with that distribution.”

Source: Arizona State University

A fish farm in Abruzzo, Italy. Methane, a powerful greenhouse gas, can be captured and transformed into protein-rich feed for farmed fish. 
(Image credit: Getty Images)

New possibilities for life
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Plants can help to slow climate change, 
but cannot stop it

Because plants take up carbon dioxide from the atmosphere and 
convert it into food, forests and other similar ecosystems are 
considered to be some of the planet's most important carbon 

sinks. In fact, the United States and many other countries that 
participated in last month's UN Climate Change Conference have made 
nature-based solutions a critical feature of their carbon dioxide 
mitigation framework under the Paris Agreement.

As human activities cause more carbon dioxide to be emitted into the 
atmosphere, scientists have debated whether plants are responding by 
photosynthesizing more and sucking up even more carbon dioxide than 
they already do – and if so, is it a little or a lot more. Now an international 
team of researchers led by Lawrence Berkeley National Laboratory 
(Berkeley Lab) and UC Berkeley have used a novel methodology 
combining remote sensing, machine learning, and terrestrial biosphere 
models to find that plants are indeed photosynthesizing more, to the 
tune of 12% higher global photosynthesis from 1982 to 2020. In that 
same time period, global carbon dioxide concentrations in the 
atmosphere grew about 17%, from 360 parts per million (ppm) to 420 
ppm.

The 12% increase in photosynthesis translates to 14 petagrams of 
additional carbon taken out of the atmosphere by plants each year, 
roughly the equivalent of the carbon emitted worldwide from burning 
fossil fuels in 2020 alone. Not all of the carbon taken out of the 
atmosphere through photosynthesis is stored in ecosystems, as much is 
later released back to the atmosphere through respiration, but the study 

reports a direct link between the increased photosynthesis and increased 
global carbon storage. The study was published in Nature.

“This is a very large increase in photosynthesis, but it's nowhere close to 
removing the amount of carbon dioxide we're putting into the 
atmosphere,” said Berkeley Lab scientist Trevor Keenan, lead author of 
the study. “It's not stopping climate change by any means, but it is 
helping us slow it down.”

Measuring photosynthesis

Because carbon dioxide stays in the atmosphere decades longer than 
other greenhouse gases driving global warming, efforts to reduce it are 
critical to mitigating climate change. Plants, through photosynthesis, 
and soils sequester roughly a third of carbon dioxide emissions released 
into the atmosphere each decade from the burning of fossil fuels.

During photosynthesis, plants open tiny pores on their leaf surfaces to 
suck carbon dioxide from the air and produce their own food. To measure 
this photosynthetic activity, scientists can put a leaf in a closed chamber 
and quantify the dropping carbon dioxide levels in the air inside. But it's 
far more difficult to measure how much carbon dioxide an entire forest 
takes up.

Through initiatives such as AmeriFlux, a network of measurement sites 
coordinated by the Department of Energy's AmeriFlux Management 
Project at Berkeley Lab, scientists from across the world have built over 
500 micrometeorological towers in forests and other ecosystems to 
measure the exchange of greenhouse gases between the atmosphere and 

conventional fishmeal have nearly tripled in real terms since 2000. To 
clarify the approach's potential to meet demand profitably, the 
Stanford researchers modeled scenarios in which methane is sourced 
from relatively large wastewater treatment plants, landfills, and oil and 
gas facilities, as well as natural gas purchased from the commercial 
natural gas grid. Their analysis looked at a range of variables, 
including the cost of electricity and labor availability.

Toward turning a profit

In the scenarios involving methane captured from landfills and oil and 
gas facilities, the analysis found methanotrophic fishmeal production 
costs – $1,546 and $1,531 per ton, respectively – were lower than the 
10-year average market price of $1,600. For the scenario in which 
methane was captured from wastewater treatment plants, production 
costs were slightly higher – $1,645 per ton – than the average market 
price of fishmeal. The scenario in which methane was purchased from 
the commercial grid led to the most expensive fishmeal production 
costs – $1,783 per ton – due to the cost of purchasing natural gas.

For every scenario, electricity was the largest expense, accounting for 
over 45 percent of total cost on average. In states such as Mississippi 

and Texas with low electricity prices, production costs came down over 
20 percent, making it possible to produce fishmeal from methane for 
$1,214 per ton, or $386 less per ton than conventional fishmeal 
production. Electricity costs could be reduced further, the researchers 
say, by designing reactors that better transfer heat to require less cooling 
and switching electric-powered applications to those powered by so-
called stranded gas that would otherwise be wasted or unused, which can 
also reduce reliance on grid electricity for remote locations. In scenarios 
involving methane from wastewater treatment plants, the wastewater 
itself could be used to provide nitrogen and phosphorus, as well as 
cooling.

If efficiencies like these could bring down the production cost for a 
methanotroph-based fishmeal by 20 percent, the process could profitably 
supply total global demand for fishmeal with methane captured in the 
U.S. alone, according to the study. Similarly, the process could replace 
soybean and animal feeds if further cost reductions were achieved.

Source: Stanford University written by Rob Jordan

New research shows that plants are photosynthesizing more in response to more carbon 

dioxide in the atmosphere

Turning a global warming liability into a profitable food security solution
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Plants can help to slow climate change, but cannot stop it

the vegetation and soil. While these flux towers can help estimate 
photosynthesis rates, they're expensive and thus limited in their 
geographic coverage, and few have been deployed long-term.

This explains why scientists rely on satellite images to map how much 
of the Earth is green and thus covered by plants, which allows them to 
infer global photosynthetic activity. But with rising carbon dioxide 
emissions, those estimates based solely on greenness become 
problematic.

Bringing history in the picture

Satellite images can capture the extra green to account for additional 
leaves plants put out due to accelerated growth. But they often don't 
account for each leaf's increased efficiency to photosynthesize. Also, 
this efficiency doesn't increase at the same rate at which carbon dioxide 
builds up in the atmosphere.

Previous efforts to estimate how photosynthesis rates respond to 
increased carbon dioxide concentrations found widely varying results, 
from little to no effects on the low end, to very large effects on the high 
end.

“That magnitude is really important to understand,” said Keenan, who 
is also an assistant professor in UC Berkeley's Department of 
Environmental Science, Policy and Management. “If the increase [in 
photosynthesis] is small, then we may not have the carbon sink we 
expect.”

So Keenan and his team of researchers took a new approach: they 
looked back at nearly three decades of carbon sink estimates made by 
the Global Carbon Project. They compared these with predictions from 

satellite images of the Earth taken between 1982 and 2012 and models 
using carbon exchange between the atmosphere and land to make carbon 
sink estimates.

“Our estimate of a 12% increase comes right in the middle of the other 
estimates,” he said. “And in the process of generating our estimate, it 
allowed us to re-examine the other estimates and understand why they 
were overly large or small. That gave us confidence in our results.”

While this study highlights the importance of protecting ecosystems that 
are currently helping slow down the rate of climate change, Keenan notes 
that it's unclear how long forests will continue to perform this service.

“We don't know what the future will hold as far as how plants will 
continue to respond to increasing carbon dioxide,” he said. “We expect it 
will saturate at some point, but we don't know when or to what degree. At 
that point land sinks will have a much lower capacity to offset our 
emissions. And land sinks are currently the only nature-based solution 
that we have in our toolkit to combat climate change.”

The study was supported in part by NASA and the DOE Office of 
Science. Among the co-authors were Berkeley Lab postdoctoral fellows 
Nicholas Smith, Yao Zhang, Xiangzhong Luo, and Sha Zhou, all now at 
other institutions.

Source: University of California Berkeley

A new study finds that plants are photosynthesizing more in response to more carbon dioxide in the atmosphere, but nowhere near enough to 
remove all emissions. (Credit: baona/iStock)
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How social dynamics influence the gut 
microbes of wild lemurs

Humans aren't the only species whose social behaviors can impact their 
health. New research from The University of Texas at Austin shows that 
Verreaux's sifaka, a species of wild lemur native to Madagascar, have 
gut microbes that are affected by those they socialize with.

The findings show humans that we are not alone in being microbially 
affected by whom we spend time with and where we live. The study has 
important implications for the health of the lemurs studied and lemur 
conservation as a whole. Although social interactions can expose 
individuals to pathogens, they can also help with maintaining a diverse 
and healthy microbiome and adapting to new environments.

“Understanding the microbial communities associated with humans is 
central to understanding our development, immune function, 
metabolism and even our mood. As the pandemic has made very clear, 
microbes can be shared through social contact,” said study co-author 
Rebecca Lewis, an anthropology professor at UT Austin. “Our team has 
been studying this phenomenon by examining the social networks and 
microbial communities in wild lemurs. Primates get their gut microbes 
from other individuals of their species through direct social contact and 
shared environmental exposures.”

The longstanding nature of Lewis' work on sifaka lemurs made it 
possible to study the primates' social networks and microbial 
communities over multiple years. Researchers were able to track 58 
lemurs from six social groups over the span of 5 years, making the study 
one of the first long-term examinations of the gut microbiomes of 
primates.

The study investigated the effects that three aspects of socialization – 
social groupings, interactions and individual dispersal between groups 
– had on the animals' gut biomes, both individually and within each 

group. Over the course of three dry seasons, the six social groups 
maintained distinct gut microbial signatures, with the gut biomes of 
individual subjects changing in tandem among lemurs residing in the 
same group.

“Samples collected from group members during each season were more 
similar than samples collected from single individuals across different 
years,” Lewis said. “In other words, individuals in a group change 
through time together. In addition, new immigrants and individuals with 
less stable social ties exhibited less change in their microbiome over 
time. Our results suggest that when individuals in a population break into 
smaller groups with strong social connections, this shapes the changing 
composition of gut microbial communities and thus may be important 
drivers of health and resilience in wild primate populations.”

A healthy gut microbiome is central to the sifakas' survival as folivores, 
which feed mainly on leaves. They rely on their gut microbiota to help 
them digest their food, and those without the right microbes are in danger 
of starvation. Fewer lemurs to interact with socially could lead to an 
impoverished gut microbiome, which in turn could decrease the 
likelihood of individuals' long-term survival, whether they are in 
captivity or in degrading natural habitats.

The study's first author is Amanda Perofsky, who recently earned a Ph.D. 
from UT Austin's College of Natural Sciences. Perofsky worked closely 
on her dissertation with Lewis, who has been studying the behavioral 
ecology of wild lemurs in Madagascar since 2006. Additional authors are 
anthropology professor Anthony Di Fiore; Laura Abondano, who 
recently earned a Ph.D. in anthropology; and professor of integrative 
biology Lauren Ancel Meyers, all of UT Austin.

Source: University of Texas, Austin

The findings show humans that we are not alone in being microbially affected by whom we 

spend time with and where we live
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Biochemistry

Brain consumes more energy than other organs

Pound for pound, the brain consumes vastly 
more energy than other organs, and, 
puzzlingly, it remains a fuel-guzzler even 
when its neurons are not firing neuro-
transmitters, or signals, to each other. Now, 
researchers at Weill Cornell Medicine have 
found that the process of packaging 
neurotransmitters may be responsible for this 
energy drain. In their study, reported in 
Science Advances, they identified tiny 
capsules called synaptic vesicles as a major 
source of energy consumption in inactive 
neurons. “These findings help us understand 
better why the human brain is so vulnerable to 
the interruption or weakening of its fuel 
supply,” said senior author Timothy Ryan, a 
professor of biochemistry and of biochemistry 
in anesthesiology at Weill Cornell Medicine.

Ryan and his laboratory have shown in recent 
years that neurons' synaptic terminals, bud-
like growths from which they fire neuro-
transmitters, are major consumers of energy 
when active, and are very sensitive to any 

disruption of their fuel supply. In the new 
study they examined fuel use in synaptic 
terminals when inactive and found that it is 
still high. This high resting fuel consumption, 
they discovered, is accounted for largely by 
the pool of vesicles at synaptic terminals. 
During synaptic inactivity, vesicles are fully 
loaded with thousands of neurotransmitters 
each, and are ready to launch these signal-
carrying payloads across synapses to partner 
neurons.

The experiments pointed to proteins, known 
as transporters, as the likely sources of proton 
leakage. Transporters normally bring 

neurotransmitters into vesicles, changing 
shape to carry the neurotransmitter in, but 
allowing at the same time for a proton to 
escape – as they do so. Ryan speculates that the 
energy threshold for this transporter shape-
shift was set low by evolution to enable faster 
neurotransmitter reloading during synaptic 
activity, and thus faster thinking and action. 
“The downside of a faster loading capability 
would be that  even random thermal 
fluctuations could trigger the transporter 
shape-shift, causing this continual energy 
drain even when no neurotransmitter is being 
loaded,” he said. Although the leakage per 
vesicle would be tiny, there are at least 
hundreds of trillions of synaptic vesicles in the 
human brain, so the energy drain would really 
add up, Ryan said. The finding is a significant 
advance in understanding the basic biology of 
the brain. This line of investigation ultimately 
could help solve important medical puzzles 
and suggest new treatments.

Source: Cornell University

Biochemistry

Bright future for crops revealed by photosynthesis in the shade

Using cryo-electron microscopy, an inter-
national team of researchers uncovered key 
principles in the molecular design behind how 
some photosynthetic microorganisms, called 
cyanobacteria, use low energy light prevalent 
in shaded environments. “The sun provides a 
huge range of light wavelengths. Most 
photosynthetic organisms, like the plants you 
see outside, use only the visible part of the 
solar spectrum from blue, which is higher 
energy, to red, which is somewhat lower 
energy. Down in the lower levels of the 
canopy, and in the soil just beneath the surface, 
all that useful light is gone – captured and used 
by the plants above it. Some very low energy 
light is left over, part of the infrared region of 
the solar spectrum, called 'far-red light.'” 
During the last decade, researchers have 
discovered that certain photosynthetic micro-
organisms, called cyanobacteria, have 
adapted to use this very low energy, far-red 
light,” said Chris Gisriel, lead author on both 
of two companion papers published in the 
Journal of Biological Chemistry.

In photosynthetic organisms, two protein 
complexes are responsible for using the 
energy from light to fuel metabolism: 
photosystems I and II. This is where the key 
changes occur that allow for the use of far-red 
light.  “These protein complexes are 
wonderfully complex and have so much to 
teach us,” said David Flesher, a co-first author 
on one of the papers. “We've learned that 
subtle structural changes in the protein cause 
binding of unique chlorophyll pigments that 
allow for utilization of far-red light.” “Under-
standing the architecture of the far-red light-
using photosystems, particularly the insertion 
and function of chlorophyll f and d molecules 

into them, is of major interest to researchers. 
With this  knowledge comes a better 
understanding of the diversity of acclimation 
mechanisms for photosynthesis in nature and 
processes to derive design principles for tuning 
light absorption in crops. Until now, the exact 
binding sites of chlorophyll f and d molecules 
have been a mystery,” said Donald A. Bryant, 
Ernest C. Pollard, co-leader of the research 
team.

To achieve this, the team revealed the cryo-EM 
structures of both photosystem I and 
photosystem II that were isolated from 
cyanobacteria acclimated to far-red light. 
“This is breakthrough work that defines the 
structural basis for the lower energy limit of 
oxygen-evolving photosynthesis. The results 
provide design principles for engineering both 
natural and artificial photosynthetic systems 
that utilize far-red light,” said Gary Brudvig, 
Benjamin Silliman Professor of Chemistry, 
also a co-leader of the research team.

Source: Yale University
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Bioengineering

Tissue engineering using mechanobiology and robotic micromanipulation

Bioengineers have long been studying animal 
tissues with the goal of being able to engineer 
replicas for regenerative medicine and drug 
screening. Although there are manufacturing 
techniques that temporarily recapitulate the 
form and structure of native tissues, the 
prescribed morphologies are not stable. Cells 
continuously apply forces to arrange 
themselves and the surrounding scaffold into 
an energetically favorable state, and their 
physical activities almost always disrupt 
order. “We want to provide the cells the right 
mechanical cues so that their desired state 
coincides with our blueprint for the tissue,” 
says Sakar, the head of EPFL's Micro-
BioRobotic Systems (MICROBS) Labo-
ratory.“We repeatedly observed that cells are 
inclined to collapse the tissue into a ball due to 
the emergence of surface stresses.” Sakar's 
research group therefore studied the behavior 
of both individual cells and microfabricated 
tissues in order to better understand physical 
principles of self-organization. Their findings 
have been recently published in two separate 
articles in Advanced Materials. 

The engineers first performed robotic 

micromanipulation experiments to see how 
cells respond to forces within a fibrous matrix. 
To this end, they developed a remotely 
controlled cell-sized magnetic microactuator 
that can be operated within tissues. “This 
platform allows us to discover the loading 
conditions that would change the organization 
of cells. These experiments are also important 
to understand the onset of diseases such as 
fibrosis and cancer,” says Sakar. The 
engineers created a one to one digital replica 
of the experimental system to quantify the 
mechanical stresses generated by the micro-
actuator. “We used the digital twin to virtually 
test different mechanical actuation schemes 
and design experiments that would reveal 

novel insights,” says Fazil Uslu, the lead 
author of the first article. Having learned from 
the early experiments, the engineers focused 
their attention on controlling surface stresses. 
“We used microfabrication, computational 
mechanics, light-sheet microscopy, and a 
novel robotic micromanipulation platform to 
show that collagen gels covered with a 
contiguous epithelial sheet can be freely 
shaped using mechanical forces” says 
Mailand, the lead author of the second article.  

This discovery opens up new avenues of 
research in tissue engineering with the hope 
that one day tissues developed in the lab will 
have the proper form and function to be 
implanted into a patient or used for testing 
therapies. The discovery may also provide a 
solution to the problem of tissue vascul-
arization. “Our findings indicate that it could 
be possible to carve tunnels directly into a 
tissue that would eventually be stabilized by 
the surrounding cells to artificially create 
fluidic networks.” Sakar says. 

Source: EPFL

Biotechnology

Recipe for anti-cancer compound in herbs
Thyme and oregano possess an anti-cancer 
compound that suppresses tumor develo-
pment but adding more to your tomato sauce 
isn't enough to gain significant benefit. The 
key to unlocking the power of these plants is in 
amplifying the amount of the compound 
created or synthesizing the compound for drug 
development. Researchers at Purdue Uni-
versity achieved the first step toward using the 
compound in pharmaceuticals by mapping its 
biosynthetic pathway, a sort of molecular 
recipe of the ingredients and steps needed. 
"These plants contain important compounds, 
but the amount is very low and extraction 
won't be enough," said Natalia Dudareva, co-
lead of the project. "By understanding how 
these compounds are formed, we open a path 
to engineering plants with higher levels of 
them or to synthesizing the compounds in 
microorganisms for medical use”. Thymol, 
carvacrol and thymohydroquinone are flavor 
compounds in thyme, oregano and other 
plants in the Lamiaceae family. They also have 
antibacterial, anti-inflammatory, antioxidant 
and other properties beneficial to human 

health. Thymohydroquinone has been shown 
to have anti-cancer properties and is 
particularly of interest, said Dudareva, who 
also is director of Purdue's Center for Plant 
Biology.

In collaboration with scientists from Martin 
Luther University Halle-Wittenberg in 
Germany and Michigan State University, the 
team uncovered the entire biosynthetic 
pathway to thymohydroquinone, including 
the formation of its precursors thymol and 
carvacrol, and the short-lived intermediate 
compounds along the way. The findings alter 
previous views of the formation of this class 
of compounds, called phenolic or aromatic 
monoterpenes, for which only a few 
biosynthetic pathways have been discovered 
in other plants, she said. The work is detailed 
in a paper published in the Proceedings of the 
National Academy of Sciences.

"These findings provide new targets for 
engineering high-value compounds in plants 
and other organisms," said Pan Liao, co-first 
author of the paper. Now that this pathway is 

known, plant scientists could develop cultivars 
that produce much more of the beneficial 
compounds or it could be incorporated into 
microorganisms, like yeast, for production. 
The latter method involves a fermentation 
process to obtain the valuable compounds, as is 
true for many plant-based products, he said. 
Using RNA sequencing and correlation 
analysis, the team screened more than 80,000 
genes from plant tissue samples and identified 
the genes needed for thymohydroquinone 
production. Based on what was known about 
the compound structure and through 
metabolite profiling and biochemical testing, 
the team identified the biosynthetic pathway. 
More pathways are being discovered now 
because of the ability to use RNA sequencing 
to perform high-throughput gene expression 
analysis, Dudareva said. The results of this 
research also will be useful for biochemistry 
and plant sciences research of other species of 
plants, she said.

Source: Purdue University 
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Cancer Research

A nano-based therapeutic agent for cancer

The fight against Cancer could get a major 
boost with a team of researchers at the Indian 
Institute of Technology-Indore synthesising a 
nano-based therapeutic agent that promises to 
be highly effective in treating the deadly 
disease. Cancer has been one of the 
increasingly growing concerns of the 
healthcare sector. The treatment strategy and 
response against multidrug-resistant cancer, 
solid tumors, or brain-related cancers have 
been a primary challenge for researchers and 
physicians. Naturally occurring bioactive 
compounds offer a new path in cancer therapy. 
But, the current delivery systems of 
medications are not adequate due to the 
multifactorial nature of the disease, especially 
metastasis, and recurrence, inaccessibility of 
the drugs due to biological barriers, inability 
to maintain therapeutic concentrations at the 
site of action, and the adverse effects of the 
drugs on the surrounding tissues.

In the new study, researchers at IIT-Indore 
have synthesised a nanocomposite that was 
found to be quite effective in reaching 
inaccessible sites, overcoming physiological 
barriers, maintaining the concentration of 
drugs, and reducing cellular toxicity. The 
composite was formulated by loading 
bioactive compound Piperine onto a co-
polymer called PLGA. Piperine, which is 
derived from the commonly used Black 
Pepper, has several therapeutic properties 
such as anti-inflammatory, anti-oxidant, anti-
microbial, anti-fungal, anti-depressant, anti-
angiogenic & anti-apoptotic, besides 
imparting a distinctive aroma and taste to 
cuisines.

The study was conducted by Dr. Amit Kumar 
and Dr. Abhijeet Joshi of the Department of 
Biosciences and Biomedical Engineering, 
IIT-Indore. The team has published a report 

on their findings in the journal, ACS, Applied 
Nanomaterials. “One of the major advantages 
of using nanocarriers for the delivery of 
Piperine is that this can target the MDR cancer 
cells by releasing the cargo inside the cytosol 
mediated by the proton sponge effect”, Dr. 
Kumar said.

The work was a follow-up to a study 
conducted by the group in 2016 when they 
reported for the first time in the journal 
Scientific Reports how Piperine interacts with 
an oncogene called `c-myc' and stalls the 
growth of cancerous cells. Dr. Kumar said the 
group has further found through another recent 
study that a Piperine-like compound called 
PIP 2 too may be used as anticancer 
therapeutics as it also affects the c-myc 
oncogene expression.

Source: India Science Wire

Cancer Research

Blood-based biomarkers for brain tumours

Researchers at the Indian Institute of Science 
(IISc), along with collaborators, have 
identified potential blood-based biomarkers to 
predict disease progression and survival times 
in those with late-stage brain tumours. The 
team included researchers from the Centre for 
BioSystems Science and Engineering (BSSE) 
at IISc, the Mazumdar Shaw Centre for 
Translational Research and Mazumdar Shaw 
Medical Foundation. They analysed tumour 
and blood samples from individuals with 
gliomas – tumours that occur in the brain – to 
identify surface proteins on immune cells in 
the blood whose levels were closely linked to 
tumour progression. This study was published 
in OncoImmunology.

Late-stage gliomas such as grade three and 
grade four gliomas are associated with a poor 
prognosis — the tumour is harder to treat, and 
the patient is likely to have a low chance of 
survival. “Our pilot study suggests that we can 
potentially use two blood-based biomarkers 
present on immune cells to identify patients 
who might not perform well with particular 
treatment strategies,” says Siddharth 

Jhunjhunwala, Assistant Professor in BSSE, 
and senior author of the study. Such a blood-
based testing methodology could help 
cl inicians bet ter  understand disease 
progression and choose a more effective 
treatment regimen. 

The team collected blood and tumour samples 
from patients with grade three and grade four 
gliomas and compared the numbers of 
specific immune cells called monocytes and 
neutrophils in these samples. “Because these 
are biosamples, they need to be preserved and 
processed very well without loss of cell 
viability,” explains Jayashree V Raghavan, 

PhD student at BSSE and first author of the 
study. “We had to split up methodology 
between two institutes — here and at the lab at 
the Mazumdar Shaw Foundation. They would 
do all the processing and fixation to retain the 
viability of the cells, and then we would do the 
characterisation and immunostaining here.” 
The team also looked for differences in the 
composition of surface proteins on these cells 
across the two grades of tumours. They found 
that a certain type of monocytes — the M2 
monocytes — were present in larger numbers 
in the samples from grade four tumours. 
Previous studies have shown that high 
numbers of M2 monocytes are associated with 
a suppression of immune responses, and this 
finding could therefore help develop new 
treatment strategies. “Future studies could 
focus on developing therapies that reduce the 
numbers of M2 monocytes in the tumour 
microenvironment or alter their functionality,” 
says Jhunjhunwala.

Source: Indian Institute of Science (IISc)
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Cell Biology

We might not know half of what's in our cells

By combining microscopy, biochemistry 
techniques and artificial intelligence, 
researchers at University of California San 
Diego School of Medicine and collaborators 
have taken what they think may turn out to be a 
significant leap forward in the understanding 
of human cells. 

The technique, known as Multi-Scale 
Integrated Cell (MuSIC), is described in the 
Journal Nature. “If you imagine a cell, you 
probably picture the colorful diagram in your 
cell biology textbook, with mitochondria, 
endoplasmic reticulum and nucleus. But is 
that the whole story? Definitely not,” said 
Trey Ideker, PhD, professor at UC San Diego 
School of Medicine and Moores Cancer 
Center. “Scientists have long realized there's 
more that we don't know than we know, but 
now we finally have a way to look deeper.”  
Ideker led the study with Emma Lundberg, 
PhD, of KTH Royal Institute of Technology in 
Stockholm, Sweden and Stanford University. 
In the pi lot  s tudy,  MuS I C revealed 
approximately 70 components contained 
within a human kidney cell line, half of which 

had never been seen before. In one example, 
the researchers spotted a group of proteins 
forming an unfamiliar structure. Working 
with UC San Diego colleague Gene Yeo, PhD, 
they eventually determined the structure to be 
a new complex of proteins that binds RNA. 
The complex is likely involved in splicing, an 
important cellular event that enables the 
translation of genes to proteins, and helps 
determine which genes are activated at which 
times. 

The insides of cells — and the many proteins 
found there — are typically studied using one 
of two techniques: microscope imaging or 
biophysical association. What's different 

about MuSIC is the use of deep learning to 
map the cell directly from cellular microscopy 
images.  The team trained the MuSIC artificial 
intelligence platform to look at all the data and 
construct a model of the cell. The system 
doesn't yet map the cell contents to specific 
locations, like a textbook diagram, in part 
because their locations aren't necessarily 
fixed. Instead, component locations are fluid 
and change depending on cell type and 
situation. 

Ideker noted this was a pilot study to test 
MuSIC. They've only looked at 661 proteins 
and one cell type. “The clear next step is to 
blow through the entire human cell,” Ideker 
said, “and then move to different cell types, 
people and species. Eventually we might be 
able to better understand the molecular basis of 
many diseases by comparing what's different 
between healthy and diseased cells.”

Source: UC San Diego

Genomics

Study unravels the genome of turmeric

A team of researchers from the Indian Institute 
of Science Education and Research (IISER) - 
Bhopal has sequenced the genome of the 
turmeric plant paving the way for its 
incorporation into mainstream medicinal 
systems. With increasing interest in herbal 
medicines all over the world, researchers are 
focusing on the poorly understood areas of 
herbs such as their genetic backgrounds. The 
developments in DNA and RNA sequencing 
technologies have spurred on a new discipline 
called “herbal genomics” that is targeted to 
understanding the genetic composition of 
herbs and their relationship to medicinal traits. 
Given the nascency of the field of herbal 
genomics and the complexity of herbal 
systems, only a few well-assembled herbal 
genomes have been studied so far. The study at 
IISER -Bhopal fills an important gap. Dr. 
Vineet K. Sharma, team leader and Associate 
Professor at the Institute's Department of 
Biological Sciences, said their research work 
is particularly significant because turmeric 

has been the focus in more than 3,000 
publications. But its whole genome sequence 
was not known so far. The researchers used 
two techniques – the short-read sequencing of 
10x Genomics (Chromium) and long-read 
Oxford Nanopore sequencing – to unravel the 
genetic makeup of the medicinal plant. The 
draft genome assembly had a size of 1.02 Gbp 
with ~70% repetitive sequences and 
contained 50,401 coding gene sequences.

The study, among other things, elucidated the 
position of turmeric in the evolutionary 
pathway. The researchers performed a 
comparative evolutionary analysis across 17 
plant species. The comparison showed the 
evolution of genes associated with secondary 
metabolism, plant phytohormones signaling, 
and various biotic and abiotic stress tolerance 
responses. The study has also revealed the 
genetic structures associated with major 
enzymes involved in the production of 
curcuminoids, the key medicinal compounds 

present in turmeric, and have shown the 
evolutionary origin of these enzymes. “Our 
studies have shown that many genes in 
turmeric have evolved in response to 
environmental stressors,” said Dr. Sharma. To 
survive under environmental stress conditions, 
the turmeric plant has developed unique 
genetic pathways for the synthesis of 
secondary metabolites such as curcuminoids 
for its survival. These secondary metabolites 
are responsible for the medicinal properties of 
the herb. The scientists have published a report 
on their work in the journal Nature – 
Communications Biology. The paper has been 
co-authored by Mr. Abhisek Chakraborty, Ms. 
Shruti Mahajan, and Mr. Shubham K. Jaiswal, 
besides Dr. Sharma.

Source: India Science Wire
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Microbiology

Hydrogen sulphide gas may help tackle HIV

A more comprehensive treatment for Human 
Immunodeficiency Virus (HIV) infection 
could be in the offing. A study has found that 
the pungent hydrogen sulphide (H2S) gas 
could help reduce the rate at which virus 
multiplies in infected human immune cells. 
The current state-of-the-art treatment for HIV 
is a combined antiretroviral therapy (cART). 
Certain negative effects are also associated 
with cART, such as the build-up of toxic 
molecules leading to oxidative stress and loss 
of function in the mitochondria. The new 
study, which was conducted by researchers 
from the Department of Microbiology and 
Cell Biology (MCB) and the Centre for 
Infectious Disease Research (CIDR) at the 
Bengaluru-based Indian Institute of Science 
(I ISc), and their colleagues from the 
Bangalore Medical College and Research 
Institute, could help tackle this issue. In a 
previous study, the laboratory of Amit Singh, 
Associate Professor in MCB/CIDR and 
corresponding author of the new study, 
developed a tool to measure oxidative stress in 
cells infected with HIV. In that work, the 
scientists showed that a chemical agent called 

N-acetylcysteine was able to suppress HIV 
reactivation from latently infected cells.

A German study later showed that N-
acetylcysteine partly acts by releasing H2S 
molecules. “Since H2S also functions as an 
antioxidant molecule, we wished to see 
whether our prior insights on oxidative stress 
and HIV could be translated to show the 
contribution of H2S on HIV infection.” 
“Studying the effects of a gaseous molecule 
on HIV required us to build and validate new 
model systems,” says Virender Kumar Pal, 

the first author of this study.

The researchers studied the effects of the 
natural generation of H2S in HIV-infected 
cells as well as supplementing this with a 
chemical donor. “We observed a direct effect 
of H2S on suppressing HIV reactivation and 
replication along with all its other beneficial 
effects, such as maintenance of mitochondrial 
health and dissipation of oxidative stress in our 
[cellular] models,” says Singh. “Our results 
suggest that maintenance of HIV latency and 
reactivation are closely linked to the H2S 
levels in infected cells.” The study, he said, 
could open the door to supplementing cART 
with chemical donors of H2S to lock HIV in a 
state of deep latency, potentially improving the 
lives of millions infected with the virus. Since 
H2S donors are already undergoing clinical 
trials for other diseases, they can quickly be 
repurposed  for  H I V t rea tment .  The 
researchers have published their findings in 
the journal eLife. 

Source: India Science Wire

Neurological Science

Probing the genetic blueprint reveals hidden nature of brain cells

Two recent publications have one key 
message - The brain is only as healthy as the 
genetic program in its cells. The team 
investigated brains of adult mice by peeking 
into the genetic program of mature neurons 
and adult neural stem cells. This uncovered 
some unanticipated latent tendencies of these 
cells. In a healthy brain, such tendencies could 
bring about harmful and unwelcome changes, 
which can eventually lead to neurological 
disorders. So, how does the brain stay sane? 
Interestingly, a protein called Tcf4 proactively 
subverts such detrimental possibilities in the 
cells and helps maintain a healthy genetic 
landscape. The team believes that their results 
are valuable in understanding how normalcy 
is maintained in the adult brain, and therefore 
the studies are contextual for neuro-
inflammatory, neurodegenerative and 
cognitive disorders, as well as regenerative 
studies.

A healthy brain is like a delicately flavoured 
soup. It contains the right proportion of 
various cell-types, each contributing to the 
overall brain function. However, the brain has 

numerous types of neurons and other cells 
housed in specific regions of the brain, 
making it rather complex to study. “We seek to 
understand the genetic programs that control 
normalcy in the brain at the resolution of each 
type of cell. To get to the DNA blueprint of a 
heathy brain, we perturb healthy cells through 
gene-manipulation to get readouts that show 
deviations from status quo. Correlating these 
deviations with genetic alterations allows us 
to  gain  ins ight  in to  what  under l ies 
'normalcy'”the lead researcher Hiyya 

explains. To identify the underlying gene 
signatures, the researchers decided to sequence 
the active genome of particular neurons. The 
work showed that once a neuron has fully 
developed, it is not a done deal. Certain gene 
regulatory networks need to keep running to 
maintain both its structure and function,” 
explains Hiyaa. “Overall, our work shows that 
there is an active genetic program that 
maintains a mature neuron's structure and 
function. Similarly, a proactive genetic 
program maintains the neurogenic nature of 
the adult neural stem cells, revealing that they 
have an inflammatory potential tucked inside – 
a dark side that no one expected,” concludes 
Hiyaa. She tells me that these are exciting 
times when so much is possible in terms of 
looking into the blueprint of a living organism 
and finding the extraordinarily intelligent 
plans of nature. These findings have been 
reported independently in two papers and 
published in the journals Science Advances and 
Translational Psychiatry.

Source: NCBS Bengaluru.
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Neurological Science

Better therapeutics to treat Autism Spectrum Disorder

A group of Indian researchers have developed 
a compound called “6BIO” that can provide a 
better method to treat Autism Spectrum 
Disorder (ASD). They have determined the 
potency of the compound in a pre-clinical 
mice model. This is the first compound that 
has been proved in pre-clinical evaluation to 
have the potential for improving daily 
activities like learning and recollecting new 
tasks in patients with ASD/ Intellectual 
disability (ID). Autism Spectrum Disorder 
(ASD) is one of the major issues causing a 
tremendous burden to our society. Yet, it does 
not have an appropriate pharmacological or 
genetic method to treat ASD/ID. Current 
therapeutics to treat ASD aims to alleviate 
symptoms such as epileptic seizures or sleep 
issues but not to treat the multiple problems of 
ASD/ID. 

In the present work, Vijaya Verma and other 
authors from Jawaharlal Nehru Centre for 
Advanced Scientific Research (JNCASR), 
India, have demonstrated the potential of 
6BIO, to treat ASD/Intellectual disability 

(ID) in a pre-clinical mouse model called 
+ / -S y n g a p 1 .  U s i n g  b e h a v i o u r  a n d 

electrophysiology techniques, the team of 
scientists have shown in a research published 
in the Experimental Brain Research that the 
administration of 6BIO restores the neuronal 
function, learning and memory, and reduces 

+/-epileptic seizures in Syngap1  mice.

The researchers identified 6BIO synthesised 
in JNCASR and found that it restores 
neuronal function, learning and memory, 
sociability and reduces epileptic seizures. The 
other novelty of this study is that 6BIO 
restored the neural functions not only when 
administered during development (equivalent 
of baby (1-2 years) and childhood stages (3-6 
years)) but also after mid-childhood (7-11 
years) when most of the brain regions are 
considered to have formed properly.

Previous studies have attributed disruption in 
optimal brain development, mainly neuronal 
connections, during the early stage of 
development (i.e., babies/childhood) as one 
of the causes of ASD/ID. Due to the altered 

brain development, information processing 
becomes aberrant and understanding simple 
tasks becomes exceptionally challenging for 
patients with ASD/ID. Using electro-
physiology, which helps understand how 
neurons communicate, and behaviour 
experiments, which indicates the overall brain 
function, the JNCASR team has shown that 
6BIO can restore the information processing 
in the pre-clinical mouse model. Thus, 6BIO 
has a strong potential for therapeutics to treat 
ASD/ID. All the behaviour and electro-
physiology work was performed in Dr James 
Clement's lab at JNCASR. Patients with ASD 
still struggle to perform everyday activities 
without assistance from others as they are 
unable to learn and recollect new tasks. Data 
from the current study indicate that 6BIO can 
help children with ASD learn and recall, be 
social, and alleviate other symptoms such as 
seizures or sleep issues. Thus, the compound, 
6BIO, can be a better therapeutics option to 
treat ASD.

Source: PIB

Neurological Science

Effect of meditation on the brain in patients with mild Alzheimer's disease

A recent study by Indian researchers has 
shown that a six-month daily home-based 
meditation can increase the amount of grey 
matter in brains of patients with mild cognitive 
impairment (MCI) or those with mild 
Alzheimer's disease.  Meditation, therefore, 
appears to have a protective effect on the brain 
in these patients. A research supported under 
the SATYAM program by Department of 
Science & Technology, Govt. of India was led 
by Dr. Amitabha Ghosh Director and Head 
D e p a r t m e n t  o f  N e u r o l o g y,  A p o l l o 
Multispecialty Hospital Kolkata (erstwhile 
Apollo Gleneagles Hospital) together with Dr. 
S Bapi Raju {Cognitive Science lab at IIIT 
Hyderabad}, in collaboration with other 
researchers shows that a simple, cheap, easy to 
follow, meditation routine, when practiced 
daily for several months, can reverse grey 
matter loss in MCI and even in mild 
Alzheimer's disease. This work has been 
published in the journal 'Frontiers in Human 
Neuroscience'.

The researchers allocated patients with MCI 
or mild Alzheimer's disease to meditation or 

control groups.  The meditation group 
practiced 30 minutes of silent, sitting 
meditation daily for 6 months. They did MRI 
scans at baseline and after 6 months, and all 
patients also underwent neuropsychological 
assessment.  The meditation group showed 
significantly increased grey matter over the 
frontal brain regions that are responsible for 
control of attention and goal-directed 
decision-making and reduced grey matter 
posteriorly. The left hippocampus (memory) 
and the right thalamus also showed an 
increase in grey matter volume. The team 
found a trend towards improved attention 
among the meditators.

According to the researchers, meditation 
research in MCI and Alzheimer's disease is 
still very young. Previous researchers 
combined meditation with physical postures, 
movements, mantras, kriyas, or other 
mindfulness practices. Home meditation 
practice typically lasted 8-12 weeks.  Studies 
where it did extend for longer, did not include 
brain changes.  This is one of the first on brain 
changes in MCI and Alzheimer's disease that 
explores the effects of silent, sitting meditation 
alone, practiced daily over a long term. The 
techniques are similar to those commonly 
practiced by regular meditation practitioners 
yet simplified enough to train a patient with 
early memory loss. “Meditation teaches non-
judgmental and non-reactive awareness of 
appearing thoughts and improves one's ability 
to disengage and focus on intended goals.  By 
doing so, meditation activates a set of brain 
networks which co-ordinate to increase 
attention and goal-directed behaviour, and 
reduce mind wandering and emotional 
reactivity,” Dr. Amitabha Ghosh explains.

Source: PIB
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Ophthalmology

Morning exposure to deep red light improves declining eyesight

Published in Scientific Reports, the study 
builds on the team's previous work, which 
showed daily three-minute exposure to 
longwave deep red light 'switched on' energy 
producing mitochondria cells in the human 
retina, helping boost naturally declining 
vision.   For this latest study, scientists wanted 
to establish what effect a single three-minute 
exposure would have, while also using much 
lower energy levels than their previous 
studies. Furthermore, building on separate 
UCL research in fruit flies that found 
mitochondria display 'shifting workloads' 
depending on the time of day, the team 
compared morning exposure to afternoon 
exposure. Lead author, Professor Glen Jeffery 
(UCL Institute of Ophthalmology), said: “We 
demonstrate that one single exposure to long 
wave deep red light in the morning can 
significantly improve declining vision, which 
is a major health and wellbeing issue, 
affecting millions of people globally.

In studying the effects of deep red light in 
humans, researchers built on their previous 

findings in mice, bumblebees and fruit flies, 
which all found significant improvements in 
the function of the retina's photoreceptors 
when their eyes were exposed to 670 
nanometre (long wavelength) deep red light. 
All the participants enrolled for the study 
were aged between 34 and 70, had no ocular 
disease, completed a questionnaire regarding 
eye health prior to testing, and had normal 
colour vision (cone function). This was 
assessed using a 'Chroma Test': identifying 
coloured letters that had very low contrast and 
appeared increasingly blurred, a process 
called colour contrast. Using a provided LED 
device all 20 participants (13 female and 7 

male) were exposed to three minutes of 670nm 
deep red light in the morning between 8am and 
9am. Their colour vision was then tested again 
three hours post exposure and 10 of the 
participants were also tested one week post 
exposure.  The researchers found there was, on 
average, a 17% improvement in participants' 
colour contrast vision when exposed to three 
minutes of 670 nanometre (long wavelength) 
deep red light in the morning and the effects of 
this single exposure lasted for at least a week. 
However, when the same test was conducted in 
the afternoon, no improvement was seen. 
Scientists say the benefits of deep red light, 
highlighted by the f indings,  mark a 
breakthrough for eye health and should lead to 
affordable home-based eye therapies, helping 
the millions of people globally with naturally 
declining vision.

Source: University College London

Plant Science

New players in plant genome regulation

In the Epigenetics Lab at NCBS, led by Dr. P. 
V. Shivaprasad, the modulation or regulation 
of plant genomes is at the heart of the research. 
They study how initiating and maintaining 
heritable changes in gene expression can 
happen, without any changes in the DNA 
sequence of genes. These epigenetic changes 
are influenced by the environmental factors 
around the organism, and there are many 
layers of regulation. One of the levels of 
regulation is from small (s)RNAs. These 
regulators play a major role in Neurological 
Science the establishment and maintenance of 
epigenetic marks. sRNAs are master 
regulators of gene expression, involved in a 
multitude of functions in development, 
resistance, and genome integrity in plants and 
most organisms. But the production of sRNAs 
is controlled by several proteins in the plant 
genome. These typically include polymerases 
and Dicers, along with their partner proteins. 

In a recent research article published in New 
Phytologist, researchers from the lab have 

shown the role of a class of enzymes—γ-clade 
RNA-dependent RNA polymerases (RDRs) 
—in the development and yield-related traits 
of rice, through the regulation of sRNAs and 
other RNAs.  This is the first evidence of the 
importance of γ-clade RNA-dependent RNA 
polymerases in plant development, their 
atypical biochemical activities, and their 
contribution to the regulation of gene 
expression. These enzymes are unusual in that 
they are found only in plants and fungi which 
are considered genetically distant from each 

other. These new players in genome regulation 
are the ones that keep some unruly elements in 
the genome under check, so that when they 
work well, plants develop faster and produce 
more seeds. If they are absent, the genome 
cannot decide what region is important and the 
plants are unable to grow properly. “Our 
results highlight a previously unknown 
mechanism of genome regulation involving a 
new set of regulators named γ-clade RDRs. It 
is surprising that these enzymes can transcribe 
nascent RNAs and also convert them to 
dsRNAs. As seen from our genetic studies, 
these proteins are very important for the 
growth and development of rice and they can 
be important candidates for further enhancing 
the yield-related traits in the crop plants,” says 
Vikram Jha, lead author of the study.

Source: NCBS Bengaluru
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Regenerative Biology

Regeneration of body parts by Jellyfish, flies, and mice

Caltech researchers have discovered certain 
conditions that enable different laboratory 
animals to regenerate amputated appendages. 
Upon consuming a diet high in sugar and an 
essential amino acid, three different 
species—the moon jellyfish Aurelia coerulea, 
the fruit fly Drosophila melanogaster, and 
common laboratory mice—all demonstrated 
some ability to regenerate appendages after 
amputation. While some animals are known to 
consistently regenerate amputated body 
parts—certain flatworms even regrow their 
entire heads—none of the species in the study 
had ever been shown to regrow limbs after 
certain injuries. The work suggests the ability 
to regenerate is somehow innate across 
various species and can be triggered under the 
right conditions. A paper describing the 
research, primarily conducted in the 
laboratory of Lea Goentoro, professor of 
biology, appears in the journal eLife.

"Insulin and leucine are not exotic mole-
cules," says Abrams one of the lead 
researchers. "Most current studies of regen-
eration focus on specific developmental 

signals. But what we found are simple nutrient 
factors, administered in a simple way that can 
promote regeneration. We wondered—could 
this work in other animals?" The team then 
examined if similar dietary conditions could 
induce normally non-regenerative laboratory 
animals to regenerate appendages after injury. 
The team developed a  protocol  for 
amputations in Drosophila melanogaster fruit 
flies, optimized the insulin and leucine 
additions in the fly food, and subsequently 
observed the first evidence of limb regrowth.  

Though Drosophila have never been shown to 
regrow limbs, the team found increased insulin 
and leucine in the fly food led to some 
regrowth in 49 percent of flies. "Drosophila 
are known to specifically not regenerate—not 
just limbs, but any body parts—so we were 
excited to see this," says Li. "The regrowth is 
not just random growth; it is a structured 
reconstruction of cuticle, sensory bristles, and 
joint."

Finally, led by Tan and former technician 
Martin Heithe, the team turned to lab mice to 
test if the same factors would induce 
regeneration in mouse digits. Mice have 
shown the ability to regrow fingertips, but only 
if the injury is above the fingernail. (Human 
children have also demonstrated this ability in 
some cases.) The team performed amputations 
below the fingernail, across the distal portion 
of bone, and gave the mice leucine and sugars 
in their drinking water. Ten percent of mice 
were then able to regrow at least part, and in a 
few cases nearly all, of the amputated digit.

Source: Caltech

Chemical Engineering

A 'spongy' liquid to clean up industrial carbon dioxide

Researchers from the Indian Institute of 
Technology Bombay, led by Prof Kamendra P. 
Sharma, have designed a porous liquid to 
capture/store carbon dioxide, and subs-
equently convert it to calcium carbonate —an 
industrially valuable chemical. The novelty 
lies in combining porosity, and catalytic 
activity within a liquid to convert carbon 
dioxide into calcium carbonate which can be 
removed from the porous liquid, for the latter 
to be reused. This porous liquid with honey-
like viscosity is simple to manufacture and 
easy to integrate with continuous flow 
industrial processes. It is stable at industrial 
working temperatures. The study was 
published in the European Chemical Societies 
‟Chemistry-Sustainable-Energy- Materials 
(ChemSusChem) Journal. 

Prof Sharma‟s group showed in 2019 that a 
porous liquid made by simply combining 
hollow silica nanorods and a polymer (wetting 
agent) could capture carbon dioxide at room 
temperature. However, converting the 
captured carbon dioxide to a useful chemical 
without spending more energy would be more 
valuable.  When carbon dioxide is passed over 

the porous liquid, the hollow cavities of silica 
nanorods trap the carbon dioxide. After the 
capture, the carbon dioxide slowly escapes 
from the nanorods. It combines with bCA to 
form bicarbonate ions at room temperature. 
These ions react with calcium ions from 
calcium chloride to form micrometre sized 
calcium carbonate crystals. These crystals can 
be removed by heating the system and letting 
them sediment out. The porous liquid can be 
reused after removing the calcium carbonate. 
Calcium carbonate is used in making building 
materials, ceramic tiles, chalk and health 
supplements.  The porous liquid can also store 
the trapped carbon dioxide at low temp-
eratures. When the porous liquid is frozen to -
60 ℃, the polymer shell coating the silica 

nanorods in the porous liquid becomes glassy, 
and the carbon dioxide stays trapped in the 
nanorods. When the temperature is restored, 
the carbon dioxide starts releasing again, 
kickstarting the conversion to calcium 
carbonate. 

The researchers experimentally confirmed that 
adding the enzyme does not alter the shape of 
the nanorods or its capacity to capture carbon 
d ioxide .  They  conducted  cont ro l led 
experiments in the laboratory to verify the role 
of each component in the composite. The 
experiments indicated that the nanorods were 
trapping the carbon dioxide, and the enzyme 
catalysed the conversion of carbon dioxide 
into calcium carbonate.  “The proposed porous 
liquid can be used for all gases since the pore 
size of the nanorods is larger than gas 
molecules. By choosing the right catalyst and a 
suitable reactant, different gases can be 
converted to useful chemicals,” informs Prof 
Sharma. 

Source: IIT Bombay
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Chemical Engineering

Low-cost AI soil sensors could help farmers

The technology, which is described in Nature 
Food, could help growers work out the best 
time to use fertiliser on their crops and how 
much is needed, taking into account factors 
such as the weather and the condition of the 
soil.  The sensor, named chemically 
functionalised paper-based electrical gas 
sensor (chemPEGS), measures levels of 
ammonium in soil. Using machine learning, it 
combines this with weather data, time since 
fertilisation, pH, and soil conductivity 
measurements. It uses these data to predict 
how much total nitrogen the soil has now and 
how much it will have up to 12 days in the 
future, to predict the optimum time for 
fe r t i l i sa t ion .  The  technology  could 
simultaneously reduce growers, expenses and 
environmental harm from nitrogen-based 
fertilisers, the most widely used fertiliser type. 

Lead researcher Dr Max Grell, who co-
developed the technology at Imperial College 
London's Department of Bioengineering, 
said”. It's difficult to overstate the problem of 
over-fertilisation both environmentally and 

economically. Yields and resulting income are 
down year by year, and growers don't 
currently have the tools they need to combat 
this. 

“Our technology could help to tackle this 
problem by empowering growers to know 
how much ammonia and nitrate are currently 
in soil, and to predict how much there will be 
in the future based on weather conditions. 
This could let them fine-tune fertilisation to 
the specific needs of the soil and crops.”  
Excess nitrogen fertiliser releases nitrous 

oxide into the air, a greenhouse gas 300 times 
more potent than carbon dioxide and which 
contributes to the climate crisis. Excess 
fertiliser can also be washed by rain into 
waterways where it deprives aquatic life of 
oxygen, leading to algal blooms and reduced 
biodiversity. However it remains difficult to 
precisely tailor levels of fertilisation to soil and 
crop needs. Testing is rare and current ways to 
measure soil nitrogen involve sending soil 
samples to laboratories, a lengthy and 
expensive process whose results are of limited 
use by the time they reach the grower.  This 
new low-cost approach could expedite the 
process of testing the soil. Also, the sensing 
technology can measure and predict soil 
nitrogen with enough accuracy to forecast the 
impact of weather on fertilisation planning, 
and tune timing for crop requirements, which 
is hoped will help reduce over-fertilization 
while improving crop yields and profits for 
growers." 

Source: Imperial College London

Material Science

A safe and easy process to produce antimicrobial agents

A team of researchers from the Indian Institute 
of Science Education and Research (IISER)-
Bhopal, has developed a safe and easy 
procedure to produce silver nanomaterials that 
can be used as antimicrobial agents. Antibiotic 
resistance is a serious condition in which 
bacteria and other microbes that invade the 
human body become resistant to the 
antibiotics/antimicrobials that are meant to 
kill them. The World Health Organization 
(WHO) has declared bacterial antibiotic 
resistance as one of the most important crises 
facing humanity. The problem is particularly 
serious in India due to the rampant and 
indiscriminate use of antibiotics in humans, 
livestock, and agriculture. There is a dire need 
for antibiotic substi tutes and Nano-
technological solutions. The study by the 
IISER Bhopal team promises to fill the gap.

Silver, the common ornamental metal, when 
present as Nano-sized particles – one hundred 
thousand times smaller than the width of a 
single human hair – has good antimicrobial 
properties. Medical practitioners have used 

silver in various forms to prevent infections 
and promote healing from ancient times. 
Generally, silver nanomaterials are produced 
using toxic precursors that often generate 
harmful by-products inside the system. The 
procedure developed by the IISER team has 
overcome this problem.

The researchers used an amino acid called 
Tyrosine, which is present in many food 
items, including meat, dairy, nuts, and beans. 
They treated silver nitrate, the main 
component of the 'election ink' used to stain 
nails after voting in India, with tyrosine in the 
presence of caustic soda. Tyrosine functioned 
as a reducing agent and capping agent to 
produce silver nanomaterials. On examining 
t h e  p r o d u c t  u n d e r  h i g h - r e s o l u t i o n 
microscopes they found two forms of silver 
n a n o s t r u c t u r e s  –  n a n o c l u s t e r s  a n d 
nanoparticles. The nanoparticles were found 
to kill microbes such as S. cerevisiae 
(associated with pneumonia, peritonitis, UTI 
etc.), C. albicans (oral and genital infections), 
and E. coli (stomach infection), in about four 

hours. The smaller-sized nanoclusters, in turn, 
were luminescent and had the potential to be 
used as bioimaging probes.

The group also elucidated the mechanism by 
which the nanoparticles kill microbes. They 
found that the nanoparticles generate “singlet 
oxygen species” that elevates the cellular 
stress and consequently breaks open/disrupt 
the cell membrane of the microbes and cause 
leakage of proteins from the cells, thereby 
killing them. “As our product comprises two 
components, it can be utilized for multiple 
purposes: from photophysical studies to 
applications in biological systems,” said Prof. 
Saptarshi Mukherjee, Professor, Department 
of Chemistry, IISER Bhopal, who led the team 
along with his colleague Dr. Chandan Sahi 
from the Department of Biological Sciences. 
The work has been published in the journal of 
the American Chemical Society – ACS Applied 
Materials and Interfaces. 

Source: India Science Wire
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Material Science

Energy-saving glass that automatically responds to changing 
temperatures

An international research team led by 
scientists from Nanyang Technological 
University, Singapore (NTU Singapore) has 
developed a material that, when coated on a 
glass window panel, can effectively self-adapt 
to heat or cool rooms across different climate 
zones in the world, helping to cut energy 
usage. Developed by NTU researchers and 
reported in the top scientific journal Science, 
the first-of-its-kind glass automatically 
responds to changing temperatures by 
switching between heating and cooling. The 
self-adaptive glass is developed using layers 
o f  vanad ium d iox ide  nanopar t i c l es 
composite, Poly (methyl methacrylate) 
(PMMA), and low-emissivity coating to form 
a unique structure which could modulate 
heating and cooling simultaneously. The 
newly developed glass, which has no 
electrical components, works by exploiting 
the spectrums of light responsible for heating 
and cooling. During summer, the glass 

suppresses solar heating (near infrared light), 
while boosting radiative cooling (long-wave 
infrared) - a natural phenomenon where heat 
emits through surfaces towards the cold 
universe - to cool the room. In the winter, it 
does the opposite to warm up the room. In lab 
tests using an infrared camera to visualise 
results, the glass allowed a controlled amount 
of heat to emit in various conditions (room 
temperature – above 70°C), proving its ability 
to react dynamically to changing weather 
conditions.

The principal investigator of the study, Dr 
Long Yi of the NTU School of Materials 
Science and Engineering (MSE) said, “Most 
energy-saving windows today tackle the part 
of solar heat gain caused by visible and near 
infrared sunlight. However, researchers often 
overlook the radiative cooling in the long 
wavelength infrared. While innovations 
focusing on radiative cooling have been used 
on walls and roofs, this function becomes 

undesirable during winter. Our team has 
demonstrated for the first time a glass that can 
respond favourably to both wavelengths, 
meaning that it can continuously self-tune to 
react to a changing temperature across all 
seasons.” As a result of these features, the 
NTU research team believes their innovation 
offers a convenient way to conserve energy in 
buildings since it does not rely on any moving 
components, electrical mechanisms, or 
blocking views, to function. “This innovation 
fills the missing gap between traditional smart 
windows and radiative cooling by paving a 
new research direction to minimise energy 
consumption,” said Prof Gang Tan.

Source: Nanyang Technological University, 
Singapore (NTU Singapore)

Material Science

Soft semiconductors that stretch like human skin

Georgia Tech researchers have created a 
semiconductor material that acts like a second 
skin layer and is up to 200% more stretchable 
than its original dimension without signi-
ficantly losing its electric current. Georgia 
Tech researchers have created a material that 
acts like a second skin layer and is up to 200% 
more stretchable than its original dimension 
without significantly losing its electric 
current. The researchers say the soft flexible 
photodetectors could enhance the utility of 
medical wearable sensors and implantable 
devices, among other applic-ations. The 
research will be published on Dec. 15 in the 
journal .   Science Advances

Georgia Tech researchers from both mecha-
nical and computing engineering labs 
collaborated over three years to demonstrate a 
new level of stretchability for a photodetector, 
a device made from a synthetic polymer and 
an elastomer that absorbs light to produce an 
electrical current.  Given that conventional 
flexible semiconductors break under a few 
percentages of strain, the Georgia Tech 
findings are “an order-of-magnitude 
improvement,” said Olivier Pierron, professor 

in the George W. Woodruff School of 
Mechanical Engineering, whose lab measures 
the mechanical properties and reliability of 
flexible electronics under extreme conditions.

“Think of a rubber band or something that's 
soft and stretchable like human skin yet has 
similar electrical semiconducting properties 
of solid or rigid semiconductors,” said Canek 
Fuentes-Hernandez, a co-PI formerly in the 
School of Electrical and Computer Engin-
eering (ECE) and now an associate professor 
in Electrical and Computer Engineering at 
Northeastern University in Boston. “We've 
shown that you can build stretchability into 
semiconductors that retains the electrical 
performance needed to detect light levels that 
are around hundred million times fainter than 
produced by a light bulb used for indoor 
illumination,” he said. Bernard Kippelen, vice 
provost for International Initiatives and an 
ECE professor, oversaw the work of 
Youngrak Park, the study's first author and a 
Ph.D. candidate in ECE.  Following two-and-
a-half years of research, Park uncovered the 
right combination of chemical compounds 
that produced a super-soft material with the 

ability to generate and conduct electricity 
when exposed to light. Park found the perfect 
ratio for all parts of the semiconductor layer to 
maintain high performance in the photo-
detector. But it was painstaking work to prove 
the materials' stretchability, especially given 
that a single layer was 1,000 times thinner than 
a human hair.

Park relied on Kyungjin Kim, then a Georgia 
Tech Ph.D. mechanical engineering student, to 
test the material's reliability. He continued to 
provide Kim with larger, thicker samples until 
one with a thickness of 500 nanometers 
worked. 

The research team foresees rich applications 
for the soft and stretchable polymer blend 
beyond wearables for health monitoring. “The 
soft device also could be attractive for 
implantable electronics for bio-electronic 
applications since the interfaces comply with 
the dynamic motion of the soft biological 
tissues, reducing the foreign body reaction,” 
said Kim.

Source: Georgia Tech
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'Super jelly' can survive being run over by a car

The soft-yet-strong material, developed by a 
team at the University of Cambridge, looks 
and feels like a squishy jelly, but acts like an 
ultra-hard, shatterproof glass when comp-
ressed, despite its high-water content. This is 
the first time that such significant resistance to 
compression has been inco-rporated into a 
soft material. The 'super jelly' could be used 
for a wide range of potential appli-cations, 
including soft robotics, bioelectronics or even 
as a cartilage replacement for biomedical use. 
The results are reported in the journal Nature 
Materials.“In order to make materials with the 
mechanical properties we want, we use 
crosslinkers, where two molecules are joined 
through a chemical bond,” said Dr Zehuan 
Huang from the Yusuf Hamied Department of 
Chemistry, the study's first author.

Working in the lab of Professor Oren A 
Scherman, who led the research, the team used 
barrel-shaped molecules called cucurbiturils 
to make a hydrogel that can withstand 
compression. The cucurbituril is the cross-
linking molecule that holds two guest 
molecules in its cavity – like a molecular 

handcuff. The researchers designed guest 
molecules that prefer to stay inside the cavity 
for longer than normal, which keeps the 
polymer network tightly linked, allowing for 
it to withstand compression. “At 80% water 
content, you'd think it would burst apart like a 
water balloon, but it doesn't: it stays intact and 
withstands huge compressive forces,” said 
Scherman, Director of the University's 
Melville Laboratory for Polymer Synthesis. 
“The properties of the hydrogel are seemingly 
at odds with each other.” “The way the 
hydrogel can withstand compression was 
surprising, it wasn't like anything we've seen 
in hydrogels,” said co-author Dr Jade 
McCune, also from the Department of 
Chemistry.  “We also found that  the 

compressive strength could be easily 
controlled through simply changing the 
chemical structure of the guest molecule inside 
the handcuff.”

To make their glass-like hydrogels, the team 
chose specific guest molecules for the 
handcuff. Altering the molecular structure of 
guest molecules within the handcuff allowed 
the dynamics of the material to 'slow down' 
considerably, with the mechanical per-
formance of the final hydrogel ranging from 
rubber-like to glass-like states. The rese-
archers used the material to make a hydrogel 
pressure sensor for real-time monitoring of 
human motions, including standing, walking 
and jumping. “To the best of our knowledge, 
this is the first time that glass-like hydrogels 
have been made. We're not just writing 
something new into the textbooks, which is 
really exciting, but we're opening a new 
chapter in the area of high-performance soft 
materials,” said Huang.

Source: University of Cambridge

Material Science

Shape-shifting ceramic materials

An international team of researchers from the 
University of Minnesota Twin Cities and Kiel 
University in Germany have discovered a path 
that could lead to shape-shifting ceramic 
materials. This discovery could improve 
everything from medical  devices to 
electronics. The research is published open 
access in Nature, the world's leading multi 
disciplinary science journal. In this new 
research, the route to producing a reversible 
shape memory ceramic was anything but 
straightforward. The researchers first tried a 
recipe that has worked for the discovery of 
new metallic shape memory materials. That 
involves a delicate tuning of the distances 
between atoms by compositional changes, so 
that the two phases fit together well. They 
implemented this recipe, but, instead of 
improving the deformability of the ceramic, 
they observed that some specimens exploded 
when they passed through the phase 
transformation. Others gradually fell apart 
into a pile of powder, a phenomenon they 
termed “weeping.” With yet another 
composition, they observed a reversible 

transformation, easily transforming back and 
forth between the phases, much like a shape 
memory material. The mathematical condi-
tions under which reversible transformation 
occurs can be applied widely and provide a 
way forward toward the paradoxical shape-
memory ceramic. “We were quite amazed by 
our results. Shape-memory ceramics would 
be a completely new kind of functional 
material,” said Richard James, a co-author of 
the study and a Distinguished McKnight 
University Professor in the University of 
Minnesota's Department of Aerospace 
Engineering Mechanics. “There is a great 
need for shape memory actuators that can 
function in high temperature or in corrosive 
environments. But what excites us most is the 

prospect of new ferroelectric ceramics. In 
these materials, the phase transformation can 
be used to generate electricity from small 
temperature diffe-rences.”

The team from Germany was responsible for 
the experimental part and the chemical and 
structural investigation at the nanoscale.  “For 
the explanation of our experimental discovery 
that, contrary to expectation, the ceramics are 
extremely incompatible and explode or decay, 
the collaboration with Richard James' group at 
the University of Minnesota was very 
valuable,” says Eckhard Quandt, a co-author 
of the study and a professor in the Institute for 
Materials Science, at Kiel University. “The 
theory developed on this basis not only 
describes the behavior, but also shows the way 
to get to the desired compatible shape memory 
ceramics.” James also highlighted the 
importance of the collaboration between the 
University of Minnesota and Kiel University.

Source: University of Minnesota
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Astropysics

Study paves way for better understanding of early Universe

A team of Indian astronomers has found an 
active galaxy at five billion light-years from 
earth away that promises to help in better 
understanding of the formation, interaction, 
and evolution of galaxies in the early universe.

Every galaxy in the Universe is believed to 
host a supermassive black hole (SMBH) at its 
centre. Some of these black holes are actively 
devouring a large amount of material and 
shooting jets of plasma almost at the speed of 
light. These are called blazars. A class of 
blazars known as BL Lacerate objects emits in 
the whole electromagnetic spectrum, a rather 
uncommon phenomenon as it requires 
extreme physical conditions. The study of 
such blazars helps to understand how matter 
behaves in extreme gravitational fields where 
it is difficult for even light to escape from the 
vicinity of the black hole.

Astronomers at Aryabhatta Research Institute 
of Observational Sciences (ARIES), an 
autonomous institute of the Department of 
Science & Technology (DST), Government 
of India, have been monitoring one such black 
hole system named OJ 287 since 2015. This 
shows a repeated optical  brightness 

enhancement almost every 12 years. This 
makes it very intriguing as this class of 
sources normally does not show any such 
repeating features in flux variations. The 
repeated optical enhancement made the 
researchers believe that the system perhaps 
hosts a binary black hole.

Last year, the source was very bright at optical 
and X-ray bands with X-ray flux more than 10 
times the normal (non-active phase) flux. This 
flare was unique. It is not expected in models 
proposed for BL Lacerate object blazars. This 
indicated a more complex system and 
physical conditions. The astronomers 
conducted detailed studies and found that the 
blazar has got into a completely newspectral 
state.

The researchers, who have reported their 
finding in the publication, 'The Astrophysical 
Journal', said “this change of state could hold 
the clue to understand how matter behaves in 
very strong gravity and how it accelerates the 
particle to almost the speed of light – a feat 
that is out of the scope of even the most 
advanced C E R N accelerator.  Multi-

wavelength studies of such sources can 
perhaps establish the role of strong gravity and 
acceleration of particles to the speed of light, 
and in the formation, interaction, and 
evolution of galaxies in the early universe.

The study was conducted by Dr. Pankaj 
Kushwaha and Prof Alok C. Gupta from 
ARIES in association with Dr. Main Pal from 
Jamia Milia Islamia University, Neeraj 
Kumari – a Ph.D. student with Prof 
SachindraNaik from PRL, Ahmedabad, Prof. 
Elisabete M. de Gouveia Dal Pino from 
U n i v e r s i t y  o f  S a o  P a u l o  B r a z i l , 
NibediateKalita, a former Ph.D. student 
ofARIES with Prof MinfengGu from the Key 
Laboratory for Research in Galaxies and 
Cosmology,  Shangha i  As t ronomica l 
Observatory, China.

The study was conducted using data recorded 
by the Ahmedabad-based Physical Research 
Laboratory's Mount Abu observing facility in 
near-infra-red bands and the space-based 
NASA's satellites – the Niels Gherel Swift 
satellite and Fermi satellite.

Source: India Science Wire

Astrophysics

The mystery behind the high abundance of Lithium in some evolved stars 
traced

Scientists have found a clue to the mystery 
behind the high abundance of Lithium— a 
trace element on Earth, and a key component 
of rechargeable batteries, in some evolved 
s ta r s .  For  more  than  four  decades , 
Astronomers have known that a class of stars 
have an anomalous amount of Lithium on their 
surface. The reason and processes behind the 
high abundance of Lithium in about one 
percent red giants has remained a puzzle since 
the models of how stars evolve predict the 
Lithium must have been destroyed in the hot 
plasma of the star. Mr. Deepak from the Indian 
Institute of Astrophysics (IIA) Bangalore, an 
autonomous institute of the Department of 
Science & Technology (DST), Government of 
India and Professor Emeritus David L. 
Lambert from the University of Texas at 
Austin and an Honorary Fellow of IIA 
Bangalore have for the first time confirmed 
that all the lithium-rich stars are burning 
helium in their core. They speculated in their 
paper published in the journal MNRAS that 
lithium production is linked to the violent 
helium-core flash. The authors drew on a large 

survey of the compositions of red giants 
undertaken in Australia at the Australian 
National University with observations 
gathered by on the 3.9 m Anglo-Australian 
Telescope at the Australian Astrophysical 
Observatory. The survey GALAH - named 
after a common Australian bird -- provided a 
collection of about 500,000 stars with well-
determined physical and chemical properties, 
including lithium abundances.

To find if the enrichment of lithium in red 
giants favours any particular mass and 
metallicity, they separated GALAH's stars 
into different mass and metallicity ranges and 
then searched for lithium-rich giants among 
these groups. This exercise reveals the rare 
presence of lithium-rich giants in all the Sun-
like low-mass stars. They created virtual stars 
of various masses and metallicity and 
compared the properties of these virtual stars 
with that of real stars from the GALAH 
survey. These comparisons confirmed that all 
the lithium-rich stars are burning helium in 
their core.

In a separate study, the researchers combined 
information about oscillations in stars' 
interiors with their lithium abundances to find 
the origin of lithium-rich giant stars. For this 
study, they collected astero-seismic data (i.e., 
information about oscillations in stars' 
interiors) for giant stars with measured lithium 
abundances. They found that all the lithium-
rich giant stars are burning helium in their core. 
Years ago, nuclear astrophysicists proposed a 
simple and short sequence of nuclear reactions 
involving a collision between the two stable 
helium isotopes which led to a stable lithium 
isotope. This reaction is supposed to occur 
during the initial violent ignition of helium-
burning in the hydrogen-depleted core just 
prior to the onset of stable helium burning in 
the red giant. The authors adopt this idea and 
call for theoretical astrophysicists interested in 
the interior structure of red giants to provide 
quantitative estimates of lithium production 
during the ignition of helium burning in red 
giants. 

Source: PIB
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Role of gravity in evolution of galaxies in early Universe

Indian Astronomers have found an active 
galaxy in a very bright state with 10 times 
more X-ray emission than normal, equivalent 
to more than 10 trillion Sun, and located 5 
billion light-years away that could help probe 
how particles behave under intense gravity 
and acceleration to the speed of light. It could 
help study the role of strong gravity and 
acceleration of matter in the formation, 
interaction, and evolution of galaxies in the 
early universe. Astronomers at Aryabhatta 
Research Institute of Observational Sciences, 
an autonomous institute of the Department of 
Science & Technology (DST), Govt. of India, 
have been monitoring one black hole system 
named OJ 287 since 2015. This source shows 
a repeated optical brightness enhancement 
almost every 12 years. The repeated optical 
enhancement makes OJ 287 very intriguing as 
this class of sources does not show any 
repeating features in flux variations. The 
repeated optical enhancement made the 
researchers believe that the system hosts a 

binary black hole.

In 2020, the source was very bright at optical 
and X-ray bands with X-ray flux more than 10 
times the normal (non-active phase) flux. This 
flare was very different as it was not expected 
in models proposed for this source and thus, 
indicated a more complex system and 
physical conditions. Investigating the 
extreme brightness shown by OJ 287 at 
optical and X-ray bands, astronomers led by 
Dr. Pankaj Kushwaha and Dr. Alok C. Gupta 
reported the source in a completely new 
spectral state. The research published in 'The 
Astrophysical Journal' tracked the details of 

changes in optical to the X-ray emission 
spectrum of the source with time from 2017 to 
2020 – after the 2nd brightest X-ray flare of the 
source.  The team reported spectral changes at 
infrared and optical energies that could be 
associated with the accretion disk of the 
SMBH of mass equal to around 18 billion 
Suns. A similar change was also reported by 
the team during its brightest X-ray flux state in 
2017. Such significant changes in the spectral 
state of blazars are very rare, and so are the 
binary SMBH systems in the universe. Multi-
wavelength studies of such sources can 
establish the role of strong gravity and 
acceleration of particles to the speed of light in 
the formation of the most energetic jets in the 
universe, and the formation, interaction, and 
evolution of galaxies in the early universe.

Source: PIB

Astrophysics

Extragalactic magnetar studied in detail

When massive stars like supergiant stars with 
a total mass of between 10 and 25 solar masses 
collapse, they might form neutron stars. 
Among neutron stars, stands out a small group 
with the most intense magnetic field known: 
magnetars. These objects, of which only thirty 
are known so far, suffer violent eruptions that 
are still little known due to their unexpected 
nature and short duration, of barely tenths of a 
second. A group headed by Prof. Alberto 
J.Castro-Tirado from the Andalusian Institute 
of Astrophysics (IAA-CSIC) studied an 
eruption in detail: managing to measure 
different oscillations, or pulses during the 
instants of highest energy, which are a crucial 
component in understanding giant magnetar 
flares. Dr. Shashi Bhushan Pandey from 
Aryabhatta Research Institute of Obser-
vational Sciences (ARIES), an Institute of the 
Department of Science and Technology 
worked closely with Prof. Alberto Castro 
Tirado and other group members in this 
research which has been published in the 
journal Nature. This is the first extragalactic 
magnetar studied in details.

It is believed that eruptions in magnetars may 
be due to instabilities in their magnetosphere 
or to a kind of "earthquakes" (”starquakes”) 
produced in their crust, a rigid and elastic 
layer about a kilometer thick. “Regardless of 
the trigger, in the magnetosphere of the star a 
type of waves will be created. These  waves 
which are well known in the Sun, are called 
Alfvén waves and  while bouncing back and 
forth between the points at the base of its lines 
of magnetic field, they interact with each 
other dissipating energy”, points out Castro-
Tirado.

The oscillations detected in the eruption are 

consistent with the emission produced by the 
interaction between Alfvén waves, whose 
energy is rapidly absorbed by the crust. Thus, 
in a few milliseconds the magnetic reconn-
ection process ended and, therefore, also the 
pulses detected in GRB200415, which 
disappeared 3.5 milliseconds after the main 
burst. The analysis of the phenomenon has 
made it possible to estimate that the volume of 
the flare was similar or even greater than that of 
the neutron star itself.  “Detections of giant 
flares from magnetars are extremely rare.  This 
eruption has provided a crucial component in 
understanding how magnetic stresses are 
produced in and around a neutron star,” 
concludes Castro-Tirado. “Continuous 
monitoring of magnetars in nearby galaxies 
will help to understand this phenomenon and 
will also pave the way to learn more about fast 
radio bursts, today one of the most enigmatic 
phenomena in astronomy”, said Dr. Shashi 
Bhushan Pandey, one of the co-authors of this 
article.

Source: PIB
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New study gains deeper insights into solar activities

Understanding of Coronal Mass Ejections 
(CMEs), which are episodic expulsion of 
huge, magnetized plasma from the Sun out 
into space, is important since they cause major 
perturbations in the Earth's magnetosphere. 
They affect the near-Earth space environment 
disturbing the orbit of satellites in low-earth 
orbits, Global Positioning Signals (GPS), 
long-distance radio communications, and 
power grids. CMEs are closely related to solar 
activities such as sunspots and solar flares. 
The solar activities are known to vary in 11-
year periodic cycles. It had earlier been found 
that Solar Cycle 24, which covered the period 
from 2008 to 2019, was weaker than Solar 
Cycle 23 (1996-2007), and that the solar 
activity was weakest in 2019 over the last 100 
years.

A study by a team of scientists led by Dr. 
Wageesh Mishra of the Indian Institute of 
Astrophysics (IIA), Bengaluru, India, has 
brought out some interesting insights. It has 
shown that the average radial size of CMEs 
during solar cycle 24 was only two-thirds of 

that during the previous cycle. This was 
baffling as along with the weakened solar 
activity, there was a significant decrease in the 
mass, size, and internal pressure of the CMEs, 
and it was expected that they would have large 
radial size. Dr. Mishra suggested that the 
reduced pressure in the interplanetary space in 
cycle 24 is perhaps compensated by a reduced 
magnetic content inside CMEs, which did not 
allow them to expand enough in the later 
phase of their propagation. The explanation is 
strengthened by a finding that the lack of 
stronger and bigger CMEs arriving at the 
Earth during solar cycle 24 had caused 
reduced geomagnetic perturbations compared 
to cycle 23. The team had also established that 
the gas pressure in the interplanetary space in 

cycle 24 was only 40% of the pressure in cycle 
23 and that the rate at which the Sun was losing 
its mass through these episodic ejections was 
15% less in cycle 24 than cycle 23. Additio-
nally, the rate of loss of quasi-steady matter by 
the Sun was 10% lower in cycle 24. 

In this study, the team studied the Earth-
d i r e c t e d  C M E s  a n d  i n t e r p l a n e t a r y 
counterparts of CMEs (ICMEs) using 
publicly available observations from Solar and 
Heliospheric Observatory (SOHO) and 
Advanced Composition Explorer (ACE) 
launched by NASA in 1995 and 1997, 
respectively. Such a study would be possible 
using observations from several space miss-
ions such as Aditya-L1 to be launched in the 
coming year by ISRO, India, as well as the 
Parker Solar Probe launched by NASA, and 
Solar Orbiter launched by ESA, they added. 
The findings have been published in the 
journal Frontiers in Astronomy and Space 
Sciences.

Source: India Science Wire

Geological Science

Change in course of Himalayan glacier

Indian researchers studying an unnamed 
glacier in one of the less explored region in the 
upper Kali Ganga valley, Pithoragarh district, 
Uttarakhand, India, have reported that the 
glacier had abruptly changed its main course. 
It is for the first time that such change in course 
has been reported from a Himalayan glacier, 
and the researchers have attributed this to the 
accumulated influence of both climate and 
tectonics. The recent disaster in Rishiganga is 
a latest example which suggests that the rock 
mass on which the glacier was sitting 
gradually became fragile (due to weathering, 
percolation of meltwater in joints, crevasses, 
freezing and thawing, snowfall, overloading, 
and gradually operating tectonic forces 
forcing rocks to mechanical disintegration) 
with due course of time and detached from the 
source rock. It clearly suggests that the 
Himalaya is an active mountain range and 
highly fragile where tectonics and climate 
play a critical role. 

A team of scientists from Wadia Institute of 
Himalayan Geology (WIHG), Dehradun, 
Uttarakhand, found that the unnamed NE 
moving glacier had been abruptly truncated 

and forced to move towards SE. Based on 
remote sensing and an old survey map, the 
study assessed that the glacier had been 
affected by active fault and climate change. 
Tectonic activity and change in climatic 
conditions had changed the course and 
morphology of this glacier. An active fault 
produced a fault scarp that measures about 
250 m in height with a northerly dip. The fault 
trace is 6.2 km in length and trends towards 

NW-SE. This study based on the tectonically 
sculptured unique glacier landform was 
published in the 'Geoscience Journal'. The 
WIHG team observed that the 5 km long 

2unnamed glacier, which covered around 4 km  
area in Kuthi Yankti valley (Tributary of Kali 
River), has abruptly changed its main course. It 
moved, truncated, and ultimately merged with 
the adjacent glacier named Sumzurkchanki as 
a result of tectonic forcing during the time 
between Last Glacial Maxima (19-24 ka) and 
Holocene. It is one of the unique behaviours of 
the glacier, and no such observation has so far 
been reported on this type of glacier 
kinematics.

The study indicates that climate is not the only 
factor that triggers disasters in the Himalaya, 
which is an active mountain range, but 
tectonics also plays an important role in glacial 
catchments. The study opens the doors for a 
new approach in glacier studies, particularly 
focused on the course change and evolution of 
new landforms formed by glacial-tectonic 
interplay.   

Source: PIB
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Artificial intelligence can create better lighting forecasts

Lightning is one of the most destructive forces 
of nature, as in 2020 when it sparked the 
massive California Lightning Complex fires, 
but it remains hard to predict. A new study led 
by the University of Washington shows that 
machine learning — computer algorithms that 
improve  themse lves  wi thou t  d i rec t 
programming by humans — can be used to 
improve lightning forecasts. Better lightning 
forecasts could help to prepare for potential 
wildfires, improve safety warnings for 
lightning and create more accurate long-range 
climate models. “The best subjects for 
machine learning are things that we don't fully 
understand. And what is something in the 
atmospheric sciences field that remains 
poorly understood? Lightning,” said Daehyun 
Kim,  a  U W assoc ia t e  p ro fesso r  o f 
atmospheric sciences. “To our knowledge, our 
work is the first to demonstrate that machine 
learning algorithms can work for lightning.”

The new technique combines weather 
forecasts with a machine learning equation 
based on analyses of past lightning events. 

The hybrid method, presented Dec. 13 at the 
American Geophysical Union's fall meeting, 
can forecast lightning over the southeastern 
U.S. two days earlier than the leading existing 
technique. “This demonstrates that forecasts 
of  severe weather  systems,  such as 
thunderstorms, can be improved by using 
methods based on machine learning,” said 
Wei-Yi Cheng, who did the work for his UW 
doctorate in atmospheric sciences. “It 
encourages the exploration of machine 
learning methods for other types of severe 
weather forecasts, such as tornadoes or 
hailstorms.”

Researchers trained the system with lightning 
data from 2010 to 2016, letting the computer 

discover relationships between weather 
variables and lightning bolts. Then they tested 
the technique on weather from 2017 to 2019, 
comparing the AI-supported technique and an 
existing physics-based method, using actual 
lightning observations to evaluate both. The 
new method was able to forecast lightning 
with the same skill about two days earlier than 
the leading technique in places, like the 
southeastern U.S., that get a lot of lightning. 
Because the method was trained on the entire 
U.S., its performance wasn't as accurate for 
places where lightning is less common. 
Researchers believe their method could also be 
applied to longer-range projections. Longer-
range trends are important partly because 
lightning affects air chemistry, so predicting 
lightning leads to better climate models.

Source: University of Washington

Computer Science

Magnetic 'hedgehogs' could store big data in a small space

Atomic-scale magnetic patterns resembling a 
hedgehog's spikes could result in hard disks 
with massively larger capacities than today's 
devices, a new study suggests. The finding 
could help data centers keep up with the 
exponentially increasing demand for video 
and cloud data storage. In a study published in 
the journal Science, researchers at The Ohio 
State University used a magnetic microscope 
to visualize the patterns, formed in thin films 
of an unusual magnetic material, manganese 
germanide. Unlike familiar magnets such as 
iron, the magnetism in this material follows 
helices, similar to the structure of DNA. This 
leads to a new zoo of magnetic patterns with 
names such as hedgehogs, anti-hedgehogs, 
skyrmions and merons that can be much 
smaller than today's magnetic bits. These “
new magnetic patterns could be used for next-
generation data storage,” said Jay Gupta, 
senior author of the study and a professor of 
physics at Ohio State. “The density of storage 
in hard disks is approaching its limits, related 
to how small you can make the magnetic bits 
that allow for that storage. And that's 
motivated us to look for new materials, where 
we might be able to make the magnetic bits 

much smaller.”

To visualize the magnetic patterns, Gupta and 
his  team used a scanning tunneling 
microscope in his lab, modified with special 
tips. This microscope provides pictures of the 
magnetic patterns with atomic resolution. 
Their images revealed that in certain parts of 
the sample, the magnetism at the surface was 
twisted into a pattern resembling the spikes of 
a hedgehog. However, in this case the “body” 
of the hedgehog is only 10 nanometers wide, 
which is much smaller than today's magnetic 

bits (about 50 nanometers), and nearly 
impossible to visualize. By comparison, a 
single human hair is about 80,000 nanometers 
thick.

The research team also found that the 
hedgehog patterns could be shifted on the 
surface with electric currents, or inverted with 
magnetic fields. This foreshadows the reading 
and writing of magnetic data, potentially using 
much less energy than currently possible. 
“There is enormous potential for these 
magnetic patterns to allow data storage to be 
more energy efficient,” Gupta said, though he 
cautions that there is more research to do 
before the material could be put into use on a 
data storage site. “We have a huge amount of 
fundamental science still to do about 
understanding these magnetic patterns and 
improving how we control them. But this is a 
very exciting step.”

Source: Ohio State University
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Machine communicates emotion with nearly 80% accuracy of human 
touch

At the USC Viterbi School of Engineering, 
computer scientist and roboticist Heather 
Culbertson has been exploring various 
methods to simulate touch. As part of a new 
study, Culbertson a senior author on this study, 
along with researchers at Stanford wanted to 
see if two companions (platonic or romantic), 
could communicate and express care and 
emotion remotely. People perceive a partner's 
true intentions through in-person touch an 
estimated 57% of the time.  When interacting 
with a device that simulated human touch, 
respondents were able to discern the touch's 
intention 45% of the time.  Thus, devices in 
this study appear to perform with appro-
ximately 79% accuracy of perceived human 
touch.

Our sense of touch is unique. In fact, people 
have a “touch language” says Culbertson, the 
WiSE Gabilan Assistant Professor and 
Assistant Professor of Computer Science and 
Aerospace and Mechanical Engineering at 
USC. Thus, she says, creating virtual touch 
that people can direct towards their loved ones 
is quite complex—not only do we have 

differences in our comfort with social touch 
and levels of “touchiness” but we also may 
have a distinct way of communicating 
different emotions such sympathy, love or 
sadness.  The challenge for the researchers 
was to create an algorithm that can be flexible 
enough to incorporate the many dimensions 
of touch. Their study, published in the journal 
IEEE Transactions on Haptics was compl-
eted in two phases. First, a novel dataset was 
created about individuals' interactions 
through social touch, by capturing the 
location and pressure of touches applied while 
part icipants communicated different 
emotions through touch to their partners. 
Once this dataset was created, the researchers 
then classified these gestures as commu-

nicating attention, gratitude, happiness, 
calming, sadness, or love to create a library of 
pre-recorded signals. These signals were then 
translated into tactile pixels (taxels) that could 
communicate emotion with a second group of 
participants via a wearable haptic armband 
that included coil actuators with eight points of 
touch.

Overall, 661 touch gestures were recorded. 
About 45% of the time, individuals wearing 
the armband were able to understand the 
intended emotion communicated via remote 
touch (compared to only 57% of the time of in-
person touch). The study proves that the social 
meaning and expression conveyed through in-
person touch can be communicated remotely. 
Says Culbertson, “Such tools would allow 
individuals to reach out and touch their loved 
ones regardless of physical separation, 
reducing isolation and bringing us closer.”

Source: University of Southern California, 
written by Amy Blumenthal 

Information Technology

Digital snapshot of an ancient infant burial site

Researchers based at the UC San Diego 
Qualcomm Institute (QI) and Jacobs School 
of Engineering have digitally recreated, in 
painstaking detail, the oldest documented 
European burial of an infant female. The 
interactive 3D excavation site, included last 
week in an article with Scientific Reports 
(Nature), is being used by an international 
team to learn more about burial practices, 
gender-based status and other social behaviors 
of ancient hunter-gatherer groups. Archae-
ologists discovered the burial site in 2017 
during an ongoing excavation at Arma 
Veirana, a cave in modern-day Italy. Led by 
the University of Colorado, Denver and the 
University of Colorado School of Medicine, 
the team discovered that the infant, nicknamed 
“Neve” by researchers, died at 40-50 days old 
approximately 10,000 years ago, during the 
early Mesolithic period. Buried with her were 
more than 60 pierced shell beads, four 
pendants and an eagle-owl talon.

Prior to advances in 3D scanning technology, 
archaeologists would have had to go to lengths 
to document an intact excavation site, 

including removing entire blocks of substrate 
for closer study. Now, UC San Diego's 
interactive 3D reconstruction of the 
excavation offers archaeologists a reliable 
record that can be studied in perpetuity. 
“During an excavation, archaeologists really 
have to pay attention to context and details, 
like forensic agents trying to recreate a crime 
scene,” said Dominique Meyer, co-author on 
the paper, QI engineer and alumnus of the UC 
S a n  D i e g o  C o m p u t e r  S c i e n c e  a n d 
Engineering Department. “The key to the 
digital reconstruction of the infant burial site 
was how it related to the context of the cave. 
This gives answers to the archaeological 
significance which would otherwise have 
been forever lost during the excavation 

process.”

Meyer joined other QI researchers and UC San 
Diego undergraduate student Danylo 
Drohobytsky at Arma Veirana from 2017-
2019. Over three field seasons, the team 
collected data and 3D imagery of both the 
surrounding landscape and burial site using 
drones and precise laser measurements. They 
then recreated the landscape and excavation, 
including Neve's remains and accompanying 
artifacts, through a data reconstruction 
technique that pulls 3D information from 
photographs. “Throughout this international 
and highly interdisciplinary research 
collaboration, our student-driven team had the 
opportunity to advance our vision of creating a 
deep-time archive and 'digital twin' of complex 
archaeological sites,” said Falko Kuester, co-
author on the paper and director of the Cultural 
Heritage Engineering Initiative (CHEI) at QI. 

Source: University of California San Diego
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Optical Technology

Oil and water can mix to form emulsions

Common experience tells us that oil and water 
do not mix. Yet, it turns out that they can mix 
when oil is dispersed as small droplets in 
water. A team of EPFL and ICTP scientists 
have studied this question using novel optical 
technology and discovered the mechanism by 
which these two neutral and immiscible 
compounds can in fact mix together and form 
emulsions.  For more than hundred years, 
chemists have wondered about this question: 
How can tiny oil droplets exist in water 
without any stabilizing molecules? “After all, 
water molecules have such strong and favored 
interactions with one another that they do not 
like to incorporate molecules that do not 
participate in these interactions.”, says Prof. 
Sylvie Roke, the lead investigator of the study. 
Indeed, oil and water segregate from one 
another when simply mixed. However, with 
sufficient input of energy in the form of 
ultrasound, droplets of oil with sizes less than 
1 micron (1 millionth of a meter) form in pure 
water and continue to exist for several weeks 
or months. Curiously when placed in an 
electric field, the droplets move towards the 
positive electrode. Thus, mixing neutral oil 

and neutral water results in negatively 
charged oil droplets. The team of scientists 
found the source of the negative charge by 
studying both the charge as well as the 
molecular structure of the droplets interfacial 
oil and water. Their results have been 
published in Science. It turns out that the 
answer to this longstanding puzzle lies at the 
interface between oil droplets and water. 
Water molecules prefer to donate and accept 
electrical charges from their neighbors via an 
interaction known as hydrogen bonding. 
However, when they are close to the oil 
molecules at the droplet surface, they can no 
longer find enough water neighbors to 
hydrogen bond with. Instead, these water 

molecules donate their imbalanced electrical 
charges to the oil molecules at the droplet 
surface. This study reveals that the water-oil 
interaction occurs via a so-called improper 
hydrogen bond. This is a weak hydrogen bond 
between oil and water, and although weak – 
many of these will stabilize the droplet.

To unravel this mechanism, Roke's team used 
an ultrafast optical technique. “Two ultrashort 
laser pulses were overlapped on a mixture of 
oil droplets and water. When we do this, new 
photons are generated and scattered from the 
droplet interface. These photons have the sum 
frequency of the two incoming laser beams 
and report on the vibrational bonds at the 
interface, that is, the motion of atoms within 
interfacial molecules. This tells us about the 
structure and the interactions between oil and 
water”, explains Roke. Therefore, these 
f ind ings  abou t  t he  s t ruc tu re  o f  o i l 
droplet/water interface not only satisfy our 
curiosity about the intricate complexities of 
water but also have implications for 
understanding interactions throughout biology 
and chemistry.

Source: EPFL

Optical Technology

Technology for hot infrared optical components

Despite all the applications, one of the major 
challenges in infrared technology is the 
miniaturization of the devices (such as 
waveplates, polarizers, and others) so that the 
size of the conventional platforms can be 
reduced up to a handheld device and even to 
chipscale. To address this, researchers at the 
Laboratory of Optics of Quantum Materials 
(LOQM), Indian Institute of Technology 
Bombay, with their collaborators at Massa-
chusetts Institute of Technology (MIT), have 
successfully demonstrated an exotic property 
of extremely thin materials called hyper-
bolicity for making a robust ultrathin 
polarizer. Their findings are published in the 
journal Advanced Optical Materials, Wiley-
VCH. The research article also has Mr. Anuj 
Kumar Singh from IIT Bombay and Professor 
Nicholas Fang and Dr. Sang Hoon Nam from 
MIT as coathors.

“Light waves have electric fields oscillating in 
different directions. Hyperbolicity in our 
grown crystals makes them behave like a 
shiny metal for electric field oscillating in one 
direction and like an insulator such as glass for 

the perpendicular direction”, explains Dr. 
Saurabh Dixit, an equally contributing lead 
author of the work. This property of 
hyperbolicity arises from the peculiar 
direction in which the atoms of this exotic 
material molybdenum oxide vibrate. The 
researchers demonstrated that if we choose 
the geometry intelligently, one can exploit 
these vibrations to make ultrathin infrared 
optical components which are not only high 
performance at room temperature but also 
show robustness at higher temperatures! 
“This is a very important result because when 

these devices are deployed on the field, one 
cannot maintain laboratory-like temperature 
conditions”, remarks Nihar Ranjan Sahoo, 
equally contributing lead author of the work.

Such materials have importance in designing 
low-cost, miniaturized, and flat IR optical 
components and devices. “In this wavelength 
range, typical components are made by making 
nanoscale or micron scale patterns, where 
complex  and  expens ive  l i thography 
techniques are required. In this work, we 
demonstrate that these exotic crystals grown in 
our lab can provide these functionalities as it is 
without the associated fabrication complexity. 
This is the first time we show that these 
infrared devices  can withstand high 
temperatures. Our current focus is on chip-
scale integration and achieving even larger 
operational bandwidth than the current 
demonstration”, says Professor Anshuman 
Kumar, lead principal investigator of the 
research project,  commenting on the 
technological significance and future 
directions of this research.

Source: IITB
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Optical Technology

Molecular device turns infrared into visible light

At lower frequencies, the energy transported 
by light isn't enough to trigger photoreceptors 
in our eyes and in many other sensors, which is 
a problem given that there is rich information 
available at frequencies below 100 THz, the 
mid- and far-infrared spectrum. For example, 
a body with surface temperature of 20°C emits 
infrared light up to 10 THz, which can be 
“seen” with thermal imaging. Also, chemical 
and biological substances feature distinct 
absorption bands in the mid-infrared, meaning 
that we can identify them remotely and non-
destructively by infrared spectroscopy, which 
has myriads of applications. Scientists at 
EPFL, Wuhan Institute of Technology, the 
Valencia Polytechnic University, and 
AMOLF in the Netherlands, have now 
developed a new way to detect infrared light 
by changing its frequency to that of visible 
light. The device can extend the “sight” of 
commonly available and highly sensitive 
detectors for visible light far into the infrared. 
The breakthrough is published in Science.

Frequency conversion is not an easy task. The 
researchers worked around this by adding 

energy to infrared light with a mediator: tiny 
vibrating molecules. The infrared light is 
directed to the molecules where it is converted 
into vibrational energy. Simultaneously, a 
laser beam of higher frequency impinges on 
the same molecules to provide the extra 
energy and convert the vibration into visible 
light. To boost the conversion process, the 
molecules are sandwiched between metallic 
nanostructures that act as optical antennas by 
concentrating the infrared light and laser 
energy at the molecules. “The new device has 
a number of appealing features,” says 
Professor Christophe Galland at EPFL's 
School of Basic Sciences, who led the study. 

“First, the conversion process is coherent, 
meaning that all information present in the 
original infrared light is faithfully mapped 
onto the newly created visible light. It allows 
high-resolution infrared spectroscopy to be 
performed with standard detectors like those 
found in cell-phone cameras. Second, each 
device is about a few micrometers in length 
and width, which means it can be incorporated 
into large pixel arrays. Finally, the method is 
highly versatile and can be adapted to different 
frequencies by simply choosing molecules 
with different vibrational modes.” “So far, 
however, the device's light-conversion 
efficiency is still very low,” cautions Dr Wen 
Chen, first author of the work. “We are now 
focusing our efforts in further improving it” – a 
key step toward commercial applications.

Source: EPFL

Photonics

Converting invisible infrared into visible light

Now researchers led by the University of 
Cambridge have demonstrated a new concept 
in detecting infrared light, showing how to 
convert it into visible light, which is easily 
detected.

In collaboration with colleagues from the UK, 
Spain and Belgium, the team used a single 
layer of molecules to absorb the mid-infrared 
light inside their vibrating chemical bonds. 
These shaking molecules can donate their 
energy to visible light that they encounter, 
'upconverting' it to emissions closer to the blue 
end of the spectrum, which can then be 
detected by modern visible-light cameras. The 
results, reported in the journal Science, open 
up new low-cost ways to sense contaminants, 
track cancers, check gas mixtures, and 
remotely sense the outer universe.

The challenge faced by the researchers was to 
make sure the quaking molecules met the 
visible light quickly enough. “This meant we 
had to trap light really tightly around the 
molecules, by squeezing it into crevices 
surrounded by gold,” said first author Angelos 

Xomalis from Cambridge's Cavendish 
Laboratory. The researchers devised a way to 
sandwich single molecular layers between a 
mirror and tiny chunks of gold, only possible 
with 'meta-materials' that can twist and 
squeeze light into volumes a billion times 
smaller than a human hair. “Trapping these 
different colours of light at the same time was 
hard, but we wanted to find a way that 
wouldn't be expensive and could easily 
produce practical devices,” said co-author Dr 

Rohit Chikkaraddy from the Cavendish 
Laboratory, who devised the experiments 
based on his simulations of light in these 
building blocks. “It's like listening to slow-
rippling earthquake waves by colliding them 
with a violin string to get a high whistle that's 
easy to hear, and without breaking the violin,” 
said Professor Jeremy Baumberg of the 
NanoPhotonics Centre at Cambridge's 
Cavendish Laboratory, who led the research.

The researchers emphasise that while it is early 
days, there are many ways to optimise the 
performance of these inexpensive molecular 
detectors, which then can access rich 
information in this window of the spectrum. 
From astronomical observations of galactic 
structures to sensing human hormones or early 
signs of invasive cancers, many technologies 
can benefit from this new detector advance.

Source: University of Cambridge
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Photonics

Atomically thin material that could improve the efficiency of light-based 
technology

Penn Engineers Deep Jariwala, Assistant 
Professor in Electrical and Systems Engin-
eering, and Pawan Kumar and Jason Lynch, a 
postdoctoral fellow and a doctoral student in 
his lab, led a study published in Nature 
Nanotechnology that describes a new method 
of manufacturing atomically thin super-
lattices, or semiconductor films that are highly 
light emissive. Eric Stach, Professor in 
Materials Science and Engineering, along 
with his postdoc Surendra Anantharaman, 
doctoral student Huiqin Zhang and under-
graduate student Francisco Barrera also 
contributed to this work. The collaborative 
study also included researchers at Penn State, 
AIXTRON, UCLA, the Air Force Research 
Lab and the Brookhaven National Lab. The 
team at Penn Engineering made a superlattice, 
five atoms thick, of tungsten and sulfur (WS ). 2

“After two years of research using simulations 
that informed us how the superlattice would 
interact with the environment, we were ready 
to experimentally build the superlattice,” says 
Kumar. “Because traditional superlattices are 
grown on a desired substrate directly, they 

tend to be millions of atoms thick, and 
difficult to transfer to other material 
substrates.” They grew monolayers of atoms, 
or lattices, on a two-inch wafer and then 
dissolved the substrate, which allows the 
lattice to be transferred to any desired 
material, in their case, sapphire. Additionally, 
their lattice was created with repeating units 
of atoms aligned in one direction to make the 
superlattice two-dimensional, compact and 
efficient. “Our design is scalable as well,” 
says Lynch. “We were able to create a 
superlattice with a surface area measured in 
centimeters with our method, which is a major 

improvement compared to the micron scale of 
silicon superlattices currently being produced. 
This scalability is possible due to uniform 
thickness in our superlattices, which makes the 
manufacturing process simple and repeatable. 
Scalability is important to be able to place our 
superlattices on the industry-standard, four-
inch chips.”

Their superlattice design is not only extremely 
thin, making it lightweight and cost effective, 
it can also emit light, not just detect it. “We are 
using a new type of structure in our super-
lattices that involves exciton-polaritons, 
which are quasi-state particles made of half 
matter and half-light,” says Lynch. “Light is 
very hard to control, but we can control matter, 
and we found that by manipulating the shape 
of the superlattice, we could indirectly control 
light emitted from it. This means our 
superlattice can be a light source. This 
technology has the potential to significantly 
improve lidar systems in self-driving cars, 
facial recognition and computer vision.”

Source: University of Pennsylvania

Physical Science

Biodegradable printed paper batteries

Scientists from Nanyang Technological 
University, Singapore (NTU Singapore) have 
developed paper-thin biodegradable zinc 
batteries that could one day become an 
environmentally sustainable option for 
powering flexible and wearable electronic 
systems.

The NTU Singapore-developed zinc batteries 
are made up of electrodes (through which the 
electrical current leaves or enters the battery) 
screen-printed on to both sides of a piece of 
cellulose paper that has been reinforced with 
hydrogel. Once the battery has been 
expended, it can be buried in soil, where it 
breaks down completely within a month. In a 
proof-of-concept experiment described in 
scientific journal Advanced Science, the NTU 
team demonstrated how a 4cm x 4cm square of 
printed paper battery could power a small 
electric fan for at least 45 minutes. Bending or 
twisting the battery did not interrupt the power 
supply. In another experiment using a 4cm x 
4cm battery to power an LED, the scientists 

showed that despite cutting away parts of the 
paper battery, the LED remained lit, 
indicating that cutting does not affect the 
functionality of the battery. The scientists 
think their printed battery could be integrated 
into flexible electronics such as foldable 
smart phones that are already on the market, or 
biomedical sensors for health monitoring.

Professor Fan Hongjin from the NTU School 
of Physical and Mathematical Sciences and 
the study's co-lead author, said: “Traditional 
batteries come in a variety of models and 
sizes, and choosing the right type for your 
device could be a cumbersome process. 
Through our study, we showed a simpler, 
cheaper way of manufacturing batteries, by 
developing a single large piece of battery that 

can be cut to desired shapes and sizes without 
loss of efficiency. These features make our 
paper batteries ideal for integration in the sorts 
of flexible electronics that are gradually being 
developed.” Assistant Professor Lee Seok Woo 
the study's co-lead author, said: “We believe 
the paper battery we have developed could 
potentially help with the electronic waste 
problem, given that our printed paper battery is 
non-toxic and does not require aluminium or 
plastic casings. Avoiding the packaging layers 
also enables our battery to store a higher 
amount of energy, and thus power, within a 
smaller system.” To demonstrate the paper 
battery's biodegradability, the NTU scientists 
buried it in the soil of a rooftop garden on the 
NTU campus. The hydrogel-reinforced 
cellulose paper started fracturing after two 
weeks, and degraded completely within a 
month.

Source: Nanyang Technological University, 
Singapore (NTU Singapore)
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Robotics

A robot that can perch and carry objects like a bird

Like snowflakes, no two branches are alike. 
They can differ in size, shape and texture; 
some might be wet or moss-covered or 
bursting with offshoots. And yet birds can 
land on just about any of them. This ability 
was of great interest to the labs of Stanford 
University engineers Mark Cutkosky and 
David Lentink – now at University of 
Groningen in the Netherlands – which have 
both developed technologies inspired by 
animal abilities. “It's not easy to mimic how 
birds fly and perch,” said William Roderick, 
PhD '20, who was a graduate student in both 
labs. Years of study on animal-inspired robots 
in the Cutkosky Lab and on bird-inspired 
aerial robots in the Lentink Lab enabled the 
researchers to build their own perching robot, 
detailed in a paper published Dec. 1 in Science 
Robotics. When attached to a quadcopter 
drone, their “stereotyped nature-inspired 
aerial grasper,” or SNAG, forms a robot that 
can fly around, catch and carry objects and 
perch on various surfaces. Showing the 
potential versatility of this work, the 
researchers used it to compare different types 

of bird toe arrangements and to measure 
microclimates in a remote Oregon forest.

In order to account for the size of the 
quadcopter, SNAG is based on the legs of a 
peregrine falcon. In place of bones, it has a 
3D-printed structure – which took 20 
iterations to perfect – and motors and fishing 
line stand-in for muscles and tendons. Each 
leg has its own motor for moving back and 
forth and another to handle grasping. Inspired 
by the way tendons route around the ankle in 

birds, a similar mechanism in the robot's leg 
absorbs landing impact energy and passively 
converts it into grasping force. The result is 
that the robot has an especially strong and 
high-speed clutch that can be triggered to close 
in 20 milliseconds. Once wrapped around a 
branch,  S N A G's ankles lock and an 
accelerometer on the right foot reports that the 
robot has landed and triggers a balancing 
algorithm to stabilize it. Overall, SNAG 
performed so well that next steps in 
development would likely focus on what 
happens before landing, such as improving the 
robot's situational awareness and flight 
control. There are countless possible 
applications for this robot, including search 
and rescue and wildfire monitoring; it can also 
be attached to technologies other than drones. 
SNAG's proximity to birds also allows for 
unique insights into avian biology. 

Source: Stanford University

Robotics

A robotic hand with a gecko-inspired grip

Across a vast array of robotic hands and 
clamps, there is a common foe: the heirloom 
tomato. You may have seen a robotic gripper 
deftly pluck an egg or smoothly palm a 
basketball – but, unlike human hands, one 
gripper is unlikely to be able to do both and a 
key challenge remains hidden in the middle 
ground. “You'll see robotic hands do a power 
grasp and a precision grasp and then kind of 
imply that they can do everything in between,” 
said Wilson Ruotolo, a former graduate 
student in the Biomimetics and Dextrous 
Manipulation Lab at Stanford University. 
“What we wanted to address is how to create 
manipulators that are both dexterous and 
strong at the same time.” The result of this goal 
is “farmHand,” a robotic hand developed by 
engineers Ruotolo and Dane Brouwer, a 
graduate student in the Biomimetics and 
Dextrous Manipulation Lab, at Stanford and 
detailed in a paper published in the journal 
Science Robotics. The researchers demon-
strated that farmHand is capable of handling a 
wide variety of items, including raw eggs, 
bunches of grapes, plates, jugs of liquids, 
basketballs and even an angle grinder.

FarmHand benefits from two kinds of 
biological inspiration. While the multi-jointed 
fingers are reminiscent of a human hand – 
albeit a four-fingered one – the fingers are 
topped with gecko-inspired adhesives. This 
grippy but not sticky material is based on the 
structure of gecko toes and has been 
developed over the last decade by the 
Biomimetics and Dextrous Manipulation 
Lab, led by Mark Cutkosky, the Fletcher Jones 
Professor in the School of Engineering, who is 
also senior author of this research. Using the 
gecko-adhesive on a multi-fingered, 
anthropomorphic gripper for the first time 
was a challenge, which required special 

attention to the tendons controlling the fingers 
of farmHand and the design of the finger pads 
below the adhesive. Below the adhesives, 
farmHand's finger pads help address this 
challenge. They are made of a collapsible rib 
structure that buckles with little force. No 
matter the location or angle of contact, the ribs 
consistently buckle so as to ensure equal forces 
on the adhesive pads and prevent any single 
one from slipping prematurely.

Getting the design just right was especially 
hard because existing computer simulations 
have difficulty predicting real-world 
performance with soft objects – another factor 
in the heirloom tomato problem. But the 
researchers benefitted immensely from being 
able to 3D print and test many of the hard and 
soft plastic components in relatively quick 
cycles. 

Source: Stanford University
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