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Secretary, Department of Science & 
Technology, Professor Ashutosh Sharma 
emphasised the necessity of earth sciences in 
the study of groundwater, glaciers, other water 
resources, climate change and its solution, 
science and technology, and mitigation of 
natural hazards at the National Geo-research 
Scholars Meet (NGRSM).

thThe 5  National Geo-research Scholars Meet 
(NGRSM), based on the theme “Earth 
Sciences for Sustainable development”, was 
organised through a webinar recently at the 
Wadia Institute of Himalayan Geology 
(WIHG), Dehradun, an autonomous institute 
of the DST. The webinar covered prese-
ntations of researchers in areas like, Natural 
Resources, Water Management, Earthquake, 
Monsoon, Climate change, Natural disasters, 
River systems, and so on.

National Geo-research scholars meet
DST organized the event on the theme “Earth Sciences for Sustainable development”,

The two-day webinar, which was attended by 
350 participants from different Univer-
sities/Institutes/Organizations of India, incl-
uded several invited talks by distinguished 
speakers and research scholars from all over 
the nation. The interactive session witnessed 
numerous queries from budding researchers.

Professor Shailesh Nayak, Chairman RAC 
WIHG, spoke on various advanced techni-
ques, which can be used to sustain society's 
sustainable development.

Prof. Sandeep Verma, Secretary SERB, 
elaborated on the opportunities for researchers 
while Prof. Ashok Sahni, Chairman of 
Governing Body of WIHG, motivated young 
scholars.

The NGRSM started in 2016 as a regular 
annual event of WIHG with a view to enco-
urage young researchers and students for 
improving their research interests, providing 
them a platform to share their research work, 
receive feedback from the peers and refine 
their ideas. The event also provides them an 
opportunity for interaction with the eminent 
geoscientists and understanding the latest 
trends in Geo-scientific research.

 SERB and GE India collaboration in technology research
to promote research and development in technology across energy, healthcare, and aviation sectors.

Soon academic institutes, labs and industries 
across the country can jointly apply for funds 
to work on innovations in areas of energy, 
healthcare and aviation.

 This will be facilitated by a joint collaboration 
between the Science and Engineering 
Research Board (SERB), a statutory body of 
the Department of Science & Technology 
(DST), Government of India and GE's John F 
Welch Technology Centre (JFWTC), Beng-
aluru, which was launched on July 23, 2021, 
to promote synergy between academic 
institutes, labs and industries for research and 
development in technology across energy, 
healthcare and aviation sectors.

 “Collaborating with industry players has been 
a crucial part of our objective to address the 
challenges in the research and innovation 
space as elaborated in the draft Science, 
Technology and Innovation Policy 2021,” 
said Secretary DST Prof Ashutosh Sharma.

“We are eager to partner with GE to create an 
ecosystem that would propel our growth in 
research work with national impact. I am sure 
the co-funding arrangement with GE will 
bring out some of the best ideas. The fund is a 
step in the right direction to give a much-
needed impetus to building an innovation 
mindset in the country,” he added.

 Prof Sandeep Verma, Secretary, SERB, 

programme aims at supporting research and 
development to solve critical national and 
global problems across these key industries. 
The collaboration will help drive impetus to 
create a transformative research mindset to 
foster a novel and impactful research eco-
system in the country.

The GE and SERB partnership specifically 
aims to promote innovation and solve specific 
challenges in areas that are directly relevant to 
the industry, industry-academia collab-
orations with focus on industry-relevant skill 
development leading to employability and 
research and joint product development.

The “Fund for Industrial Research Enga-
gement (FIRE)” under Industry Relevant 
R&D (IRRD) scheme, with support from 
industry members, intends to address the 
challenges in the research and innovation 
space in India by creating an ecosystem that 
would accelerate the growth in research work 
with national impact, and drive the R&D 
landscape efficiently and effectively. It will 
create a pool of funding, resources and 
network that would enable strong research 
projects with a breakthrough impact in India 
on some of the major issues relevant to 
Industry.

pointed out that partnership can actively 
contribute towards futuristic problems in 
science and technology. “It can play a 
dominant role in putting India in the major 
technology roadmap. We believe it will open 
many doors for the eminent scientists in the 
country and industry to actively contribute 
towards the S&T sector,” he stressed.

Alok Nanda, Chief Technology Officer, GE 
South Asia & CEO, GE India Technology 
Centre, said that this programme was about 
finding solutions for sustainable world. “Our 
partnership with SERB is a part of our 
consistent and long-term commitment to 
strengthen the research and innovation 
capabilities in India. Academia will play a 
huge role in this, and we are excited to see the 
possibilities of how some of the best ideas can 
solve the toughest challenges in our country,” 
he said.

The government will soon invite research 
proposals from academia and research labs 
along defined problem statements in remote 
monitoring technologies, artificial intell-
igence and medical devices for healthcare, 
advanced materials and coatings, decar-
bonization, and renewable energy for gas 
power and in optimization – simulations and 
advanced repair solution.   

Undertaken as part of the Fund for Industrial 
Research Engagement (SERB-FIRE), the 
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The Department of Biotechnology (DBT), 
Ministry of Science and Technology, 
Government of India, announced the results of 
the First MK Bhan Fellowship-Young 
Researcher Fellowship Programme (MKB-
YRFP), which was instituted to honour 
eminent scientist and Former Secretary of the 
DBT.

A total of 358 applications were received 
through DBT's ePromis portal for this 
fellowship and out of which 50 researchers 
were selected.

The Department established the MK Bhan 
Fellowship-Young Researcher Fellowship 
Programme (MKB-YRFP) with an aim to 
encourage young bright researchers below 35 
years of age to continue their research in the 
country after Ph.D. in any branch of Life 
Sciences/ Biotechnology/allied areas.

The scheme offers an independent research 
grant for three years to the young Post-

MK Bhan Fellowship-Young Researcher Fellowship Programme
Department of Biotechnology announces the first 50 researchers selected for the fellowships

Doctoral Fellows to enable them to emerge as 
future leaders and take up cutting edge 
research focused on issues of national 
relevance. This Fellowship entails a monthly 
emolument of Rs 75,000; along with a 
generous Research/Contingency grant to carry 
out cutting edge research. This fellowship is 
tenable DBT-Autonomous Institutes.

Speaking on the occasion, Dr RenuSwarup, 

Secretary, DBT, said, "It gives us immense 
pleasure to see the enthusiasm among the 
youngsters to carry out their research in India. 
This young researchfellowship is a tribute to 
Dr MK Bhan, former Secretary, DBT, who 
constantly encouraged and mentored young 
future leaders. I extend my heartiest 
congratulations to selected candidates and 
look forward to seeing them excel."

Global S&T research and initiative
India has key partnerships in the emerging areas of Science and Technology and supporting Research 

The Ministry of Science and Technology, 
through Department of Biotechnology 
(DBT),  Department  of  Science and 
Technology (DST), Council of Scientific and 
Industrial Research (CSIR) and Science and 
Engineering Research Board (SERB) have 
played a key role in developing global S&T 
partnerships in critical areas including 
energy, water, health and astronomy. India 
has key partnerships in the emerging areas of 
Science and Technology and supporting 
Research and Development focused to 
address the India specific issues related to 
critical areas in energy, water, health and 
astronomy. Major missions have been 
launched in the mutually agreed areas of 
Global Interest through regular mode and 
under Public Private Partnerships. All 
Departments under the Ministry have 
dedicated Programme Divisions supporting 
Innovations, Research Development and 
Demonstration (R, D & D) Projects and 
Capacity Building in the flagged Areas. India 
is a partner in many multilateral initiatives 
addressing global challenges such as clean 
energy through Mission Innovation, Anti 
Microbial Resistance through Global AMR 
Research and Development (R&D) Hub, 
Grand Challenges India and others. India has 
emerged as a key mover of global S&T 

partnerships in critical areas to make the world 
a better and more scientific place to live in.

The Mission Innovation (MI) is a global 
initiative of 22 countries and the European 
Commission (on behalf of the European 
Union) catalyzing investment in research, 
development and demonstration to make 
clean energy affordable, attractive and 
accessible for all. Mission Innovation was 

stlaunched during 21  Conference of the Parties 
(COP 21) in November 2015, in presence of 
Hon'ble Prime Minister, India along with 
world leaders. Department of Biotechnology 
is the nodal agency for coordinating national 
efforts in clean energy R, D & D and 
implementing various activities in close 
collaboration with DST and other line 
ministries. India, During Phase I played 
crucial role in MI Activities at global level by 
participating through DBT, DST and CSIR in 
eight Innovation Challenges and co-leading 
three challenges (Smart Grids, Off-Grid 
access to Electricity and Sustainable Bio-
fuels). India has set up Clean Energy 
International Incubation Center to provide 
support to start-ups for providing the most 
impactful clean energy solutions for the 
societal good.

Building on success of last five year's joint 
efforts, India along with other MI members 
has also agreed to continue its commitment for 
phase 2.0 for another 5 years through the 
Missions and Platforms for translating 
knowledge into deployable solutions.

The Government of India has taken up strong 
national and international research programs 
to address COVID-19 related challenges, 
primarily focused on basic research, 
diagnostics, therapeutics, and vaccines 
development in close collaboration with 
industries and start-up companies. The 
pandemic has provided a unique opportunity 
for India to harness the indigenous bio-
manufacturing capacities for the global good. 
Considering the availability of a safe and 
efficacious vaccine for COVID-19 for 
effective control of the pandemic, the 
Government of India is supporting vaccine 
development and manufacturing activities 
through both national efforts and international 
partnerships. Currently, in India, 03 vaccine 
candidates for COVID-19 have been appr-
oved for Emergency Use Authorization 
(EUA). Besides these, about 04 vaccine 
candidates are in clinical stage of develo-
pment and 01 candidate is in advanced pre-
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Prof. Harish Hirani, Director, CSIR-CMERI, 
Durgapur, delivered an Expert Talk on Post-
Harvest Technologies developed by CSIR-
CMERI and it's Potential to change the Agro-
Economy of Nagaland and the North-Eastern 
States of India in a Virtual Event organised by 
MSME-DI, Dimapur on 5th August, 2021. 
The program was attended by representatives 
of numerous NGOs, National Tool Room and 
Training Centre, Dimapur and Entrepreneurs 
of the region.

Prof. Harish Hirani, Director, CSIR-CMERI, 
shared that the North-Eastern states of India 
has tremendous Geographical Advantages in 
terms of Farming and Agriculture. There is 
abundance of Harvest for Cash Crops in the 
North-Eastern states. The States also have 
hidden exotic crop potential such as Tung. 
Tung Oil is imported from China for 
Therapeutic Purposes. Besides, the Govern-
ment of India allocates a substantial chunk of 
Funds for the holistic development of the 

Post-harvest technologies 
Prof. Harish Hirani, Director, CSIR-CMERI delivered an expert talk on post-harvest technologies and 
potential to change the agro-economy of the north-eastern states 

North-Eastern region of India and among 
these one of the primary verticals is 
Agriculture.

Despite, India being the largest producer of 
Ginger, there is wastage of almost 45% owing 
to the lack of the processing technology. Non 
availability of suitable Harvesting technology 
, export potential crops such as Tung (which is 
Toxic in Nature) is not properly augmented. 
Skilling Initiatives in the region to equip the 
farmers with the latest advancements in Farm 
Mechanization technologies is very poor.

 In the recent years, CSIR-CMERI has made 
the Socio-Economic development of the 
North-Eastern Region one of its primary 
Technology Objectives. In this regard, a three-
pronged attitude has been adopted i.e. 
Increasing the Shelf-Life of the Harvest, Skill 
Development of the Farming Community and 
Reduction in Manual Handling of Toxic 
Crops. CSIR-CMERI is also encouraging the 
Transfer of Technology to MSME Clusters, 
which can license the Technology through a 
Distributed-Capital Model.

 The Ginger Processing Technology comprises 
of the Rotary Drum Washer with a capacity of 
500 kg/hr and automated capability, slicing 
unit and the cabinet dryer with a capacity of 50 
kg/batch and a batch-time of 4-5 hours with 
85-90% moisture reduction capability. 
Another Semi-Automated Ginger Processing 
Technology facilitates the automation of the 
process from Washing Unit to the Slicer Unit. 
The technology has been implemented in the 
Centre for Post-Harvest Processing, Tuyrial, 
Mizoram in association with an NGO named 
Community Development and Reflection 
(CDAR). As informed by representatives of 
CDAR, the implementation of the technology 
has empowered thousands of women from the 
region by providing them with round the year 
income generation avenues. Another such 

Facility has been established in Naharlagun, 
Arunachal Pradesh in association with CSIR-
NEIST-BLIT. Plans are also under progress for 
the establishment of one-such facility in Ziro, 
Arunachal Pradesh. A complete and perfectly 
synchronised Ginger/Turmeric Processing 
Pilot Facility is available at CSIR-CMERI for 
first-hand exposure and training of the 
Farming Community. The technology has 
received numerous Appreciations from 
different Ministries of the State and substantial 
Media Coverage.

 The CSIR-CMERI developed Bio-Mass 
Fuelled Fish Dryer and the Hybridized Fish 
Dryer (i.e. Solar Powered/Bio-Mass Fuelled) 
has opened up avenues for the Fish Farmers of 
the region in terms of improving the shelf-life 
of the produce. CSIR-CMERI has also 
developed Technologies for creating 
briquettes from Bio-Mass, either with or 
without binders. The Briquettes may be 
created from Saw-Dust, Dry Leaves and Bio-
Gas Slurry. The Briquettes have high-calorific 
value and is used as a feed for the Smoke-Free 
Bio-Mass Chulha. The Smoke-Free Bio-Mass 
Chulha is non-polluting. The Community 
Scale Solar Assisted Improved Bio-Mass 
Cooking System installed in the Guest House 
Kitchen has exhibited an efficiency of 28% in 
comparison to the 15% efficiency of the 
conventional cooking systems.

 CSIR-CMERI has also developed three 
variants of Cold Storage Systems. One of the 
variants is the Solar-Powered variant which 
also incorporates Bio-Mass as the Insulation 
Layer. This might help in substantially 
reducing the Ploymer Costs for the Tech-
nology. CSIR-CMERI is also pondering upon 
the idea of a Vehicle Mounted Cold Storage 
systems, which might help in boosting the 
Supply Chain of fresh Agricultural produce 
coupled with improving the shelf-life of the 
same.

Global S&T research and ...

clinical stage of development. Many other 
vaccine candidates by industry and academia 
are in pre-clinical and early stages of 
development. India is one of the few countries 
in the world which has a promising pipeline of 
vaccine candidates of different platforms in 
various stages of clinical development. Under 
the Partnerships for Advancing Clinical Trials 
( PA C T )  i n i t i a t i v e ,  D e p a r t m e n t  o f 
Biotechnology (DBT) partnered closely with 
the Ministry of External Affairs for 
strengthening clinical trial capacities in 
neighboring countries. DST is making 
Interventions on Yoga and Meditation on 
mental health of students, healthcare workers 
and senior citizens during the pandemic. 
Yoga-based rehabilitation program for 
COVID-19 patients etc. are some of the 
unique engagements of India in comparison 
to other countries in tackling the pandemic. 
CSIR has supported projects for development 
of the needed Active Pharm-aceutical Ingre-
dients (API) molecules for stand-ardizing the 
process, scale-up and estab-lishing prod-
uction line of these molecules for the 
development of Vaccines for COVID-19. 
Apart from this, many bilateral and 
multilateral collaborative joint calls for 
COVID-19 across multiple platforms have 
been undertaken.
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Dr. Yogita K Adlakha, an Inspire Faculty 
Fellow, has developed human-based models 
t o  s t u d y  n e u r o n  d e v e l o p m e n t  a n d 
neurodevelopmental disorder such as autism 
which can help design treatment strategies for 
such brain disorders.

Since decades, animal models have been used 
to understand brain-related disorders, and the 
drugs which function in animal models have 
failed in clinical trials. The dearth of human 
models has led to lack of knowledge of the 
pathophysiology of such disorders, an 
essential requirement for designing their 
treatment strategies. Therefore, Dr. Yogita K 
Adlakha filled this gap by generating human-
based stem cell model to understand brain 
development and dysfunction at the National 
Brain Research Centre, Manesar, Haryana. 
Currently, she works as a Scientist at 
Translational Health Science and Technology 
Institute, NCR biocluster, Faridabad.

Along with her research group, she estab-
lished a protocol from India for the first time 
by generating and producing induced 
pluripotent stem cells (iPSCs) from human 
peripheral blood. They have further refined 
the protocol of differentiation of iPSCs into 

Dr. Yogita K Adlakha
INSPIRE faculty fellow develops human-based models to study neurodevelopmental disorders 

the brain-specific stem cells, i.e., neural stem 
cells (NSCs).

Her group has contributed immensely in 
understanding the role of microRNA in the 
neural stem cell fate, which revealed how 
certain small non-coding RNAs called 
microRNA, which do not form protein but 
regulate expression of other genes, can 
enhance differentiation of neural stem cells 
into neurons. Her research has contributed to 
expanding the knowledge of neuron 
development and the role of small non-
coding miRNA in brain-specific stem cells 
fate, thereby changing the face of neuro-
science and stem cells.

Her study provides the first evidence that a 

brain enriched miRNA-137 induces neuronal 
differentiation and inhibits proliferation using 
human neural stem cells derived from iPSCs. 
During the study, it was observed that 
m i R N A - 1 3 7  n o t  o n l y  a c c e l e r a t e s 
mitochondrial (powerhouse) biogenesis but 
also induces oxidative phosphorylation, 
generating ATP or energy currency of the cell. 
This resulted in increased mitochondrial 
content, which is actually necessary for the 
newly born neurons. Decrease in proliferative 
capacity of NSCs with age leads to 
compromised regenerative ability of the 
brain. The findings of her study by revealing 
the NSC differentiation induced by miR-137 
can facilitate the design of treatments for 
aging-associated neurodegenerative diseases 
and ASD and ID.

Decrease in proliferation of brain-specific 
stem cells with age leads to compromised 
regenerative capacity of the brain. In her 
p r e s e n t  w o r k ,  s h e  p r o p o s e s  t h a t 
differentiation of brain-specific stem cells 
induced by a small non-coding miRNA may 
promote the design of treatments for aging-
associated neurodegenerative diseases and 
autism.

Dr. Priyanka Dutta, Inspire Faculty Fellow, 
has recently uncovered the mechanism by 
which a protein called Formin-2 disrupts 
neural connectivity and could result in 
developmental defects associated with intell-
ectual disability and deficits in learning and 
memory.

Establishment of a functional neuronal circuit 
is essential for proper functioning of the 
nervous system. To understand the neuronal 
coordination of an organism, it is important to 
comprehend how the underlying cytoskeleton 
or the complex network of interlinking protein 
filaments in the cytoplasm of cells assemble 
and function assisted by its regulatory 
proteins. The errors in neuronal connectivity 
are central to genetic mutations of these 
proteins, which lead to detrimental devel-
opmental defects.  

Dr. Dutta from the National Centre for Cell 
Science, Pune, a recipient of the INSPIRE 
Faculty fel lowship insti tuted by the 
Department of Science & Technology, GoI, 

focuses on understanding the mechanical 
function of the cytoskeletal proteins involved 
in neuro-developmental disorder. This 
understanding of neurobiological mech-
anism of the disorder can help to modify the 
treatment protocol to minimise the symptoms 
of the disease.

Her recent study has tracked the role of 
Formin-2 in regulating how the microtubules 
or actin filaments in the cytoskeleton that are 

responsible for cellular reorganization and 
chromosome separation dynamically organize 
themselves. The team has identified that 
Formin-2 cross-links actin-microtubule to 
form polymers in neurons with the help of its 
C-terminal FSI tail. This mechanism might 
have important implications for understanding 
underlying neuro-developmental conditions, 
such as intellectual disability, that have been 
linked to mutations in Formin-2. This research 
has been published in the 'Journal of Cell 
Science'.

Priyanka Dutta explained that her proposed 
project as an INSPIRE Faculty fellow involves 
understanding the regulatory roles of Formin-
2 in neuronal development. The output from 
this project will be a bedrock for prospective 
research which will explore how cytoskeleton 
regulators communicate with other signaling 
molecules along with actin and microtubule to 
distinguish between the normal and abnormal 
states before the onset of neuronal diseases.

Dr. Priyanka Dutta
DST INSPIRE Faculty Fellow uncovers regulatory role of proteins in neuronal development



FOCUS FEATURES

10 The Scitech Journal Volume 08 Issue 09 September 2021

Combating child malnutrition 
Researchers designed and created Micronutrient Fortified Foods (fortified foods) keeping some previously 
overlooked factors in mind

Palatable supplementary foods designed with variety in mind could be 
the cure for  urban malnutrition

Malnutrition occurs when a person's diet does not contain the required 
amount of vitamins and nutrients. It is a widespread public health crisis 
in India, usually beginning during childhood. If left untreated, 
malnutrition can lead to physical or mental disabilities, dire weight loss 
and even death. A 2019 UNICEF report showed that malnutrition caused 
69% of deaths of children below the age of five in India. 

The programs by the Government of India to address malnutrition are 
primarily suitable for children in the rural parts of the country. These 
programs cannot sufficiently combat malnutrition among the children in 
large populations of marginalised communities within urban areas such 
as slum dwellers. NITI Aayog (the governmental agency responsible for 
these programs) recently published a progress report that advised the 
need to revise the nutrient content and food composition of the foods 
offered to children 6–36 months of age. Furthermore, the nutrition 
alternatives currently provided are not very palatable and become 
monotonous to consume. Hence, they are not the most effective in 
addressing malnutrition.

In a recent study, researchers from the Indian Institute of Technology 
Bombay (IIT Bombay) designed and created their own Micronutrient 
Fortified Foods (fortified foods) at IIT Bombay, keeping some 
previously overlooked factors in mind. The study found that the efficacy 
of researchers' fortified foods in reducing malnutrition was more than 
that of take-home rations currently provided by the Government. Their 
findings were published in the Pediatric Oncall Journal. The research 
was funded by the Tata Centre for Technology and Design at IIT 
Bombay. The researchers carried out the study in Dharavi, a slum 
located in Mumbai, India, to shed light on urban malnutrition. 

To address malnutrition, we can add missing nutrients to foods. Such 
foods are called Micronutrient Fortified Supplementary Foods. An 
example is milk fortified with Vitamin A and D. There are different kinds 
of fortified foods depending on the preparation procedure, nutrient 
amount, and food type. Currently, the Government of India provides 
soya flour or gram flour fortified with micronutrients such as zinc, iron 
and calcium and vitamins A and C. These flours are distributed as take-
home rations, which are prepared and eaten as porridge at home. The bag 
of flour is shared amongst the family, and malnourished children often 
do not get their share of daily nutrition requirements. 

“Government agencies generally tend to take a one size fits all approach. 
Though easier to implement logistically, it is not effective most of the 
time,” says Prof Parthasarathy, a senior researcher in the study. Studies 
have shown that there could be better alternatives to fortified flours. 

Since flours as take-home rations were observed to lack taste, the 
researchers hand-selected a set of food items for the fortified food 
product development. They identified typical diets and food 
consumption of children in households in Mumbai such as Upma, Kheer 
and Zunka. They designed the fortified foods as 7-in-1 packets for each 
child to consume. There were two reasons for this design choice; to 
provide a variety of options and to ensure that each child received their 
nutritional requirement. 

The take-home rations consist primarily of flour with salt or sugar, and 
ingredients need to be added during cooking to make them palatable. 
Cooking time is more for these rations, and more ingredients need to be 
added, increasing the cost for the consumers. The researchers designed 
fortified foods as premixes with spices, fat, and seasoning already 
added. Thus, they cut down the consumer's added costs and the cooking 
time. These fortified foods had a preparation time of 5 minutes, while the 
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Crops that can grow 50% more potatoes, rice
A genetic tweak that targets RNA can grow crops that yield significantly more food and show increased 
drought tolerance

UChicago-led research could yield increased food production, boost 
drought tolerance

Manipulating RNA can allow plants to yield dramatically more crops, as 
well as increasing drought tolerance, announced a group of scientists 
from the University of Chicago, Peking University and Guizhou 
University.

In initial tests, adding a gene encoding for a protein called FTO to both 
rice and potato plants increased their yield by 50% in field tests. The 
plants grew significantly larger, produced longer root systems and were 
better able to tolerate drought stress. Analysis also showed that the 
plants had increased their rate of photosynthesis.

“The change really is dramatic,” said University of Chicago Prof. Chuan 
He, who together with Prof. Guifang Jia at Peking University led the 
research. “What's more, it worked with almost every type of plant we 
tried it with so far, and it's a very simple modification to make.”

The researchers—along with other leading experts—are hopeful about 
the potential of this breakthrough, especially in the face of climate 
change and other pressures on crop systems worldwide.

“This really provides the possibility of engineering plants to potentially 
improve the ecosystem as global warming proceeds,” said He, who is the 
John T. Wilson Distinguished Service Professor of Chemistry, 
Biochemistry and Molecular Biology. “We rely on plants for many, 
many things—everything from wood, food, and medicine, to flowers 
and oil—and this potentially offers a way to increase the stock material 
we can get from most plants.”

“This is a very exciting technology and could potentially help address 
problems of poverty and food insecurity at a global scale—and could 
also potentially be useful in responding to climate change,” said Michael 
Kremer, who was awarded a Nobel Prize for his work on alleviating 

global poverty, and is the University Professor in Economics and the 
Harris School of Public Policy at the University of Chicago.

Rice nudged along

For decades, scientists have been working to boost crop production in 
the face of an increasingly unstable climate and a growing global 
population. But such processes are usually complicated, and often result 
only in incremental changes.

The way this discovery came about was quite different.

Many of us remember RNA from high school biology, where we were 
taught that the RNA molecule reads DNA, then makes proteins to carry 
out tasks. But in 2011, He's lab opened an entire new field of research by 
discovering the keys to a different way that genes are expressed in 
mammals. It turns out that RNA doesn't simply read the DNA blueprint 
and carry it out blindly; the cell itself can also regulate which parts of the 
blueprint get expressed. It does so by placing chemical markers onto 
RNA to modulate which proteins are made and how many.

He and his colleagues immediately realized that this had major 
implications for biology. Since then, his team and others around the 
world have been trying to flesh out our understanding of the process and 
what it affects in animals, plants and different human diseases; for 
example, He is a co-founder of a biotech company now developing new 
anti-cancer medicines based on targeting RNA modification proteins.

He and Guifang Jia, a former UChicago postdoctoral researcher who is 
now an associate professor at Peking University, began to wonder how it 
affected plant biology.

They focused on a protein called FTO, the first known protein that erases 
chemical marks on RNA, which Jia found as a postdoctoral researcher in 
He's group at UChicago. The scientists knew it worked on RNA to affect 

Copyright Shutterstock.com
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cell growth in humans and other animals, so they tried inserting the gene 
for it into rice plants—and then watched in amazement as the plants took 
off.

“I think right then was when all of us realized we were doing something 
special,” He said.

The rice plants grew three times more rice under laboratory conditions. 
When they tried it out in real field tests, the plants grew 50% more mass 
and yielded 50% more rice. They grew longer roots, photosynthesized 
more efficiently, and could better withstand stress from drought.

The scientists repeated the experiments with potato plants, which are 
part of a completely different family. The results were the same.

“That suggested a degree of universality that was extremely exciting,” 
He said.

It took the scientists longer to begin to understand how this was 
happening. Further experiments showed that FTO started working early 
in the plant's development, boosting the total amount of biomass it 
produced. 

The scientists think that FTO controls a process known as m6A, which is 
a key modification of RNA. In this scenario, FTO works by erasing m6A 
RNA to muffle some of the signals that tell plants to slow down and 
reduce growth. Imagine a road with lots of stoplights; if scientists cover 
up the red lights and leave the green, more and more cars can move along 
the road. 

Overall, the modified plants produced significantly more RNA than 

control plants.

Modifying the process

The process described in this paper involves using an animal FTO gene 
in a plant. But once scientists fully understand this growth mechanism, 
He thinks there could be alternate ways to get the same effect. 

“This is a brand new type of approach, one that could be different from 
GMO and CRISPR gene editing; this technique allows us to “flip a 
switch” in the plants at an early point in development, which continues 
to affect the plant's food production even after we remove the switch,” he 
said. “It seems that plants already have this layer of regulation, and all 
we did is tap into it. So the next step would be to discover how to do it 
using the plant's existing genetics.”

He is working with the university and the Polsky Center for 
Entrepreneurship and Innovation to explore the possibilities.

“Early field studies show it can be scaled up. We hope to work with 
academia and industry to further understand this biology and to safely 
and widely apply this new technology," he said.

He can imagine all sorts of uses down the road.

“Even beyond food, there are other consequences of climate change,” 
said He. “Perhaps we could engineer grasses in threatened areas that can 
withstand drought. Perhaps we could teach a tree in the Midwest to grow 
longer roots, so that it's less likely to be toppled during strong storms. 
There are so many potential applications.”

(Source: University of Chicago)

take-home rations took 20 minutes. 

The researchers conducted the study in 300 Anganwadis or government-
sponsored childcare centres across Dharavi. They screened children 
between the age group of 6-60 months for malnutrition by WHO growth 
charts. The selected children were divided into two groups; one group 
received the fortified foods that the researchers designed, while the other 
received take- home rations for three months. To ensure uniformity, the 
researchers counselled the Anganwadi workers about the benefits of 
supplementary foods and instructions on using them.  

Furthermore, researchers also took into account the calorie and protein 
requirements of different age groups. The children in the fortified foods 
group were divided into two subgroups, i.e. 6-24 and 25-60 months of 
age. The researchers provided semisolid fortified foods to children 
younger than two years, such as Upma premix, Kheer premix and Ready 
to use Multi-Grain Flour Paste. These delivered 250-300 kcal and 10-12 
g proteins daily. The older children were given a combination of 
semisolid foods and finger foods, all developed to mimic traditional 
Maharashtrian dishes such as Nankhatai, Shakarpura and Zunka premix. 
These could provide 450-500 kcal and 12-15g proteins per day. In 
contrast, the take-home rations provide a single take-home ration packet 
for all age groups. 

At the end of the 3-month study, the researchers screened the children 
once again. The number of children with malnutrition had reduced by 
39.2% in the group using researchers' fortified food and by 33% in the 
group using take-home rations. The researchers' fortified food also had 

greater acceptability than take-home rations due to the variety in the 
supplementation and taste specific to the age categories. Thus, the 
researchers observed a correspondingly higher consumption (75-80%) in 
the fortified food group. However, it is essential to note that the consistent 
monitoring of both groups' consumption by Anganwadi workers could 
have contributed to the decrease in malnutrition. Their counselling 
ensured that the children consumed the take-home rations. 

“The fact that malnutrition has not substantially reduced in Maharashtra 
can be a basis for developing alternatives for the take-home rations. It can 
be a basis to look for other follow-up mechanisms to bring down 
malnutrition,” says Prof Shah. 

The researchers wish to bring real change to how the Government 
combats malnutrition and are working on ways to make their fortified 
foods a viable alternative for the Government to implement. This study 
was a pilot project to evaluate the technical efficacy of fortified foods for 
malnourished children. As a next step, they plan to consider the cost of 
production and the effort to cost ratio. They are in talks with the Integrated 
Child Development Services commissioner of the Maharashtra 
Government and the Tata Trust's nutrition team. 

“We have urged that the government programme integrates MFFs into the 
system and brings in the 7-in-1 packets approach in place of the current 
single THR formulation,” says Prof Shah. 

(Source: IIT Bombay)

Combating child malnutrition  continued from page 10
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Climate change to fuel human-wildlife conflict
Conflicts can occur when people and wildlife move into the same area, or compete for the same resources, 
such as food

With wildfires spreading across the parched Western U.S., severe floods 
in Europe and in the coming decade a potential surge in coastal flooding, 
2021 could be a pivotal year in how governments, societies and families 
view the threat of climate change.

Briana Abrahms, an assistant professor of biology at the University of 
Washington and its Center for Ecosystem Sentinels, is urging her fellow 
scientists to make their own pivot when it comes to climate change and 
another growing trend: conflicts between humans and wildlife. Human-
wildlife conflicts can occur when people and wildlife move into the 
same area, or compete for the same resources, such as food.

As a handful of studies have shown, climate change is further 
exacerbating human-wildlife conflicts by straining ecosystems and 
altering behaviors, both of which can deepen the contacts — and 
potential competition — between people and animals. In an article 
published July 30 in the journal Science, Abrahms calls for expanding 
research into the many ways that climate change will impact the 
complex interplay between human activities and wildlife populations.

In a recent conversation with UW News, Abrahms explained how 
incorporating climate change into studies of human-wildlife 
interactions won't just help scientists come up with ways to mitigate the 
effects of these conflicts. They could also alert policymakers, experts, 
and ordinary citizens to potential sources of human-wildlife conflict 
before they even occur.

What led you to write this call to action?

I've been looking at this topic for some time. But I was really prompted 
when I had two clear examples from completely different ecosystems in 
front of me where extreme climate events led to a catastrophic conflict. 
That made me wonder how prevalent this is globally.

What were these examples?

In 2015 and 2016, there was a dramatic rise in the number of whales 

entangled in fishing gear off the west coast of the United States. There 
was an unprecedented marine heat wave off of the coast of North 
America that had two effects. First, whales moved farther inshore to 
chase where their prey had moved during the heat wave. Second, it 
changed the timing of the Dungeness crab fishing season. This 
conjunction of the change in how whales use their available space in the 
ocean and the timing of this fishery created this perfect storm of overlap 
and led directly to a rise of whale entanglements.

The second example came from a report by the government of Botswana, 
which is where I've done a lot of my fieldwork. It cited the some of the 
highest numbers of human-wildlife conflicts on record — primarily large 
carnivores preying on livestock — during an extreme drought in 2018.

Why is it important to consider how climate change is driving 
human-wildlife conflicts?

Human-wildlife conflicts have been widely studied. Research shows that 
they have huge implications for biodiversity, human health, economics, 
quality of life and much, much more. But a more concerted effort by 
scientists to consider the influence of climate change on these conflicts 
could help us anticipate when these conflicts occur — maybe even avoid 
them.

How many studies of human-wildlife conflict make a connection to 
climate change?

We've been looking in the scientific literature and government reports. At 
most we see a few dozen. But these are disparate incidents, studied and 
reported in isolation, and it's hard to compare them to one another. Some 
are anecdotal, like the report in Botswana. Others make more direct 
connections between environmental conditions and human-wildlife 
contact, like the whale entanglements. I'm hopeful because we're seeing 
more and more governing bodies recognizing this connection, including 
very recently the International Union for Conservation of Nature. But 
there hasn't been this direct recognition by the broader scientific 

During droughts, African elephants can leave protected sites and enter agricultural areas in search of food. This can lead to crop damage and attacks on 
people.Briana Abrahms
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community that climate change is going to fuel more intense and more 
frequent human-wildlife conflicts.

Why do you think more studies haven't considered the role of 
climate?

I think it's such a complex process. There is so much that goes into 
creating those conflicts. Understanding them involves understanding 
the ecosystem, as well as the social or economic drivers that lead people 
to use space or resources that put them into competition with animals. 
Human relationships or attitudes to wildlife play a huge role as well, in 
terms of how much tolerance people have for coming into contact with 
wildlife, and how they respond to those encounters and potential 
property damage or economic loss from wildlife.

These are critical considerations. But I think there's been so much focus 
on ecological and social considerations that there's been less 
consideration of the physical environment. That's not to say people 

haven't been looking into the physical environment. We've seen dozens 
of studies, as I've said. But most are localized studies or government 
reports.

What are some ways that climate factors influence human-wildlife 
conflicts?

A lot of the cases we've seen are a clear rise in conflict either during or 
just after an extreme climate event, like the marine heatwave that fueled 
a rise in whale entanglements off the West Coast or the rise in human-
wildlife conflicts during and after the severe drought in Botswana.

But we also see a rise in conflicts due to climate variability. A two-
decade study in New Mexico reported that the frequency of black bears 
coming into contact with humans and livestock fluctuates with the El 
Niño/La Niña cycle. Basically, La Niña creates drought conditions for 
bears, and they'll wander more widely for food and exploit alternative 
food resources – and then you see greater reports of bears coming into 
contact with livestock, damaging property and digging through garbage.

Long-term climate shifts also create conflict. In India, long-term climate 
change has reduced the amount of preferred vegetation for blue sheep, or 
bharal, which have moved into lower elevations to feed on human crops. 
That's a conflict, but the movement of bharal has also drawn down snow 
leopards, which creates additional problems.

What are some of the lesser-known consequences of human-wildlife 
conflicts?

Lots of studies have looked at human-wildlife conflicts — outside of 
climate change — and their long-term consequences. In parts of Western 
and Central Africa, studies have linked the rise of baboon populations, 
whose predators have been exterminated by people, with a rise in child 
labor. Baboons can be very aggressive and can raid crops, and in 
response children were pulled out of school to guard agricultural fields.

These conflicts can also fuel the rise of diseases. In the U.S., removing 
pumas led to an explosion of deer populations, which in turn fueled a rise 
in Lyme disease. You can also see new diseases emerge, because when 
humans and wildlife come into closer contact there are opportunities for 
diseases to jump from animals to people.

Can studying human-wildlife conflicts help mitigate them?

Oh my gosh, yes! There are so many good examples, and there's a rich 
literature around conflict mitigation techniques. One creative method 
piloted by some of my colleagues in Botswana involves painting fake 
eyes on the back end of cattle, because predators are less likely to attack 
something that's looking at them directly.

Elephants can sometimes move into agricultural areas to forage on 
crops. Researchers have found that putting up beehive “fences” can 
deter this.

What about efforts to mitigate human-wildlife conflicts caused by 
climate change?

The clearest example that comes to mind of something being 
implemented is for the whale entanglements off of the West Coast. In 
that situation, there was a clear link between oceanographic conditions, 
animal behavior and human behavior. The California Department of 
Fish and Wildlife, which regulates the Dungeness crab fishery, began to 
take real-time oceanographic conditions into account when deciding the 
start and end dates for the Dungeness crab fishing season. This is a 
concerted effort to try to proactively reduce the chances of whale 
entanglements in nets, and to me it is a gold standard for a policy that 
takes climate variability into account.

But with research, there is potential to develop more mitigation efforts. 
If you know a certain conflict will rise in an El Niño year, for example, 
you could have a conflict-reduction policy in place and ready to 
implement when forecasts show an El Niño forming.

There are also some exciting artificial intelligence efforts underway to 
predict when conflicts are likely to occur. These can help forewarn 
wildlife managers and ordinary citizens, so that they can be proactive in 
taking steps to avert conflict. But these efforts don't currently take into 
account what the climate is doing. This seems like a perfect opportunity 
to fold in our growing understanding of how climate conditions may 
factor into conflict.

There are a lot of efforts under development or in place to mitigate 
human-wildlife conflicts, but they don't currently take climate into 
account. If good research can reveal the role of climate, it could be 
possible to modify those methods to make them responsive to 
environmental conditions. And really, reducing conflict is our goal here. 
The more that we know about when conflicts are more likely to occur, 
the more we can prepare for those conflicts or intervene to avoid them 
altogether.

(Source: University of Washington)

Lions on a kill in the Okavango Delta, Botswana. When natural prey 
are scarce, such as during a drought, lions and other large carnivores 
are more likely to prey on livestock. Briana Abrahms
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How can the world prevent emerging infectious 
diseases, protect food security?
New report describes how climate change, globalization, urbanization, and trade in wildlife all contribute to 
the emergence of new infectious diseases and worsen food insecurity

According to a new report co-written by Illinois Natural History Survey 
postdoctoral researcher Valeria Trivellone, climate change, poverty, 
urbanization, land-use change, and the exploitation of wildlife all 
contribute to the emergence of new infectious diseases, which, in turn, 
threaten global food security. Trivellone spoke with News Bureau life 
sciences editor Diana Yates about how global authorities can tackle 
these intertwined challenges.

How do emerging infectious diseases affect food security?

Emerging infectious diseases threaten food security by disrupting food 
systems and increasing food prices, both locally and globally. New 
infectious diseases may start out as infections in wild animals in natural 
areas, but as we modify these landscapes, they emerge more often than 
expected. The pace of this crisis seems faster than our ability to 
understand and adapt.

Our research revealed that most emerging and reemerging infectious 
diseases have minimal economic impacts by themselves, but their 
combined impact in treatment costs and production losses comes to at 
least $1 trillion per year. And because we live in a fast, hyperconnected 
world, everyone is affected to some degree and these effects are 
cumulative. Global climate change is speeding the emergence of new 
infectious diseases and is expected to have lasting socioeconomic 
effects, even in food-secure regions.

How do urbanization, globalization and climate change contribute 
to the emergence of new infectious diseases?

Global warming allows pathogens to expand their geographic 
distribution and come into contact with previously unexposed hosts. 
Cities are incubators for emerging infectious diseases, many of which 
are brought in by globalized trade and travel. The convergence of these 
factors sets the stage for the emerging infectious disease crisis to 
become an existential threat to humanity.

More than 50 years ago, seminal contributions by the epidemiologist J. 
Ralph Audy and the zoologist Charles Elton anticipated this crisis. In the 
past decade, my co-authors* on this work have helped disentangle the 
evolutionary and ecological factors that explain why new infectious 
diseases are emerging so rapidly at this time.

What is wrong with the way we currently think about emerging 
infectious diseases?

People in public health and the livestock and agricultural sectors tend to 
cope with emerging infectious diseases in “crisis response” mode, 
waiting for an outbreak to occur before surging into action. If, as is 
increasingly the case, that activity is not successful, the increased costs 
are passed along to consumers in the form of higher food prices – often in 
countries that can least afford it. Each emerging disease becomes 
normalized as “the cost of doing business.”

The false belief that a pathogen must evolve specific new genetic 
capacities to successfully infect a new host leads people to think that we 
cannot do more to stop this process before it becomes problematic.  But 
we now know that pathogens do not require novel mutations to infect 
new hosts. All that is required is the opportunity to be exposed to 
susceptible hosts that have never been exposed before. After a pathogen 
has become established in a new host, then new genetic variants may 
evolve.

Global climate change allows species to move away from their places of 
origin, giving pathogens opportunities to emerge rapidly in new hosts. 
Travel and globalized trade – including trade in wildlife species – add to 
the movements of hosts and pathogens around the planet. Along with the 
expansion of anthropogenic habitats, land-use modification and 
fragmentation of natural landscapes further increase the opportunities 
for pathogens to emerge in crop fields.

How can we lessen the likelihood of future outbreaks?

Illinois Natural History Survey postdoctoral researcher Valeria Trivellone. Photo by L. Brian Stauffer
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Saturn makes waves in its own rings
New analysis of ripples in the rings reveals new information about the core of Saturn

In the same way that earthquakes cause our planet to rumble, 
oscillations in the interior of Saturn make the gas giant jiggle around 
ever so slightly. Those motions, in turn, cause ripples in Saturn's rings.

In a new study accepted in the journal Nature Astronomy, two Caltech 
astronomers have analyzed those rippling rings to reveal new 
information about the core of Saturn. For their study, they used older 
data captured by NASA's Cassini, a spacecraft that orbited the ringed 
giant for 13 years before it dove into the planet's atmosphere and 
disintegrated in 2017.

The findings suggest that the planet's core is not a hard ball of rock, as 
some previous theories had proposed, but a diffuse soup of ice, rock, and 
metallic fluids—or what the scientists refer to as a "fuzzy" core. The 
analysis also reveals that the core extends across 60 percent of the 
planet's diameter, which makes it substantially larger than previously 
estimated.

"We used Saturn's rings like a giant seismograph to measure oscillations 
inside the planet," says co-author Jim Fuller, assistant professor of 
theoretical astrophysics at Caltech. "This is the first time we've been 
able to seismically probe the structure of a gas giant planet, and the 
results were pretty surprising."

"The detailed analysis of Saturn's rippling rings is a very elegant form of 

seismology to infer the characteristics of Saturn's core," says Jennifer 
Jackson, the William E. Leonhard Professor of Mineral Physics in the 
Seismological Laboratory at Caltech, who was not involved in the study 
but uses different types of seismic observations to understand the 
composition of Earth's core and to potentially detect seismic events on 
Venus in the future.

The lead author of the study is Christopher Mankovich, a postdoctoral 
scholar research associate in planetary science who works in Fuller's 
group.

The findings offer the best evidence yet for Saturn's fuzzy core and line 
up with recent evidence from NASA's Juno mission, which indicates 
that the gas giant Jupiter may also have a similarly diluted core.

"The fuzzy cores are like a sludge," explains Mankovich. "The hydrogen 
and helium gas in the planet gradually mix with more and more ice and 
rock as you move toward the planet's center. It's a bit like parts of Earth's 
oceans where the saltiness increases as you get to deeper and deeper 
levels, creating a stable configuration."

The idea that Saturn's oscillations could make waves in its rings and that 
the rings could thus be used as a seismograph to study Saturn's interior 
first came about in studies in the early 1990s by Mark Marley (BS '84) 
and Carolyn Porco (PhD '83), who later became the leader of the Cassini 

An illustration of Saturn and its "fuzzy" core.Credit: Caltech/R. Hurt (IPAC)
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Imaging Team. The first observation of the phenomenon was made by 
Matt Hedman and P.D. Nicholson (PhD '79) in 2013, who analyzed data 
taken by Cassini. The astronomers found that Saturn's C-ring contained 
multiple spiral patterns driven by fluctuations in Saturn's gravitational 
field and that these patterns were distinct from other waves in the rings 
caused by gravitational interactions with the planet's moons.

Now, Mankovich and Fuller have analyzed the pattern of waves in the 
rings to build new models of Saturn's sloshing interior.

"Saturn is always quaking, but it's subtle," says Mankovich. "The 
planet's surface moves about a meter every one to two hours like a 
slowly rippling lake. Like a seismograph, the rings pick up the gravity 
disturbances, and the ring particles start to wiggle around," he says.

The researchers say that the observed gravitational ripples indicate that 
the deep interior of Saturn, while sloshing around as a whole, is 
composed of stable layers that formed after heavier materials sunk to the 
middle of the planet and stopped mixing with lighter materials above 
them.

"In order for the planet's gravitational field to be oscillating with these 
particular frequencies, the interior must be stable, and that's only 
possible if the fraction of ice and rock gradually increases as you go in 
toward the planet's center," says Fuller.

Their results also indicate that the core of Saturn is 55 times as massive 
as the entire Earth, with 17 Earth-masses of that being ice and rock and 
the rest a fluid of hydrogen and helium.

Hedman, who is not part of the current study, says, "Christopher and Jim 
were able to show that one particular ring feature provided strong 
evidence that Saturn's core is extremely diffuse. I am excited to think 
about what all the other ring features generated by Saturn might be able 
to tell us about that planet."

In addition, the findings pose challenges to current models of gas giant 
formation, which hold that rocky cores form first and then attract large 
envelopes of gas. If the cores of the planets are indeed fuzzy as the study 
indicates, the planets might instead incorporate gas earlier in the process.

The Nature Astronomy study, titled, "A diffuse core in Saturn revealed by 
ring seismology," was funded by The Rose Hills Foundation and the 
Sloan Foundation.

(Source: Caltech news release written by Whitney Clavin)

Because emerging infectious diseases make use of preexisting genetic 
capabilities to take advantage of new opportunities, we can predict 
where they are likely to occur and how they are likely to behave. This 
means we have a chance to “anticipate to mitigate” their impact. And we 
all know that prevention is more effective and less costly than crisis 
response.

For example, a bacterial plant disease called aster yellows causes losses 
annually to a wide range of farm and horticultural crops in the U.S. 
When an outbreak occurs, people tend to think of it as an event that 
could not be foreseen. But we have information that could allow us to 
anticipate and mitigate this plant pathogen. For example, very recently 
in Illinois, a horticulture educator reported cases of aster yellows on 
black-eyed Susans and coneflowers, flowering plants often found in 
gardens. These non-crop plants can serve as reservoirs of the pathogen.

When we move such plants from natural areas to our anthropogenic 
spaces, we create new opportunities for the pathogens to invade new 
hosts, and then innovate and potentially jump to yet more plants – 
including crop species – causing economic costs. I am not saying we 
should not populate our backyards with native plants. The biology of 
such associations follows certain rules, and that it is possible to find and 
eradicate newly introduced pathogens before they spread.

How can we strengthen food security around the world while 
addressing these challenges?

Coping with emerging infectious diseases is fairly simple in principle, 
but it means that we must switch from crisis response to effective 
prevention. We need highly sophisticated molecular laboratories and 
technologies. We also need to teach stakeholders how to avoid the 
spread of pathogens on their own farms, gardens and water supplies.

The information we assemble must be integrated into well-maintained 
natural history collections and archives. These are the sources of 
historical data that help us avoid repeating past mistakes. And 
government officials and public policy specialists must understand that 
crisis response is always more expensive than prevention.

What kinds of initiatives will make this possible?

While we wait for national and international support for programs – such 
as the DAMA protocol, the one proposed in our work – to aid the 
prevention and mitigation of emerging infectious diseases, we can take 
action at the grassroots level. Illinois naturalists are the custodians of an 
immense legacy of knowledge about the natural history of pathogens and 
how they are transmitted in the environment. We need to connect their 
knowledge with the technological capabilities of the generations that 
will feel the greatest weight of this crisis. Efforts at the U. of I.  like the 
citizen-scientist tick collection program are examples of this approach.

Won't this be expensive?

There are no benefits without costs. But coping with emerging infectious 
diseases in crisis response mode is more expensive than anticipating and 
mitigating their impacts. An ounce of prevention is always worth a 
pound of cure.

We were given a preview of the potential costs of inaction with the global 
economic meltdown accompanying the SARS-CoV-2 pandemic. If we 
care about our children and grandchildren, we must change our policies 
now.

(Source: University of Illinois)

How can the world prevent emerging infectious diseases, protect food security?
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A sleep study's eye-opening findings
Experiment with working poor in India finds no impact from more night sleep, though naps help; rest quality 
may be key

Subjectively, getting more sleep seems to provide big benefits: Many 
people find it gives them increased energy, emotional control, and an 
improved sense of well-being. But a new study co-authored by MIT 
economists complicates this picture, suggesting that more sleep, by 
itself, isn't necessarily sufficient to bring about those kinds of appealing 
improvements.

The study is based on a distinctive field experiment of low-income 
workers in Chennai, India, where the researchers studied residents at 
home during their normal everyday routines — and managed to increase 
participants' sleep by about half an hour per night, a very substantial 
gain. And yet, sleeping more at night did not improve people's work 
productivity, earnings, financial choices, sense of well-being, or even 
their blood pressure. The only thing it did, apparently, was to lower the 
number of hours they worked.

“To our surprise, these night-sleep interventions had no positive effects 
whatsoever on any of the outcomes we measured,” says Frank 
Schilbach, an MIT economist and co-author of a new paper detailing the 
study's findings.

There is more to the matter: For one thing, the researchers found, short 
daytime naps do help productivity and well-being. For another thing, 
participants tended to sleep at night in difficult circumstances, with many 
interruptions. The findings leave open the possibility that helping people 
sleep more soundly, rather than just adding to their total amount of low-
grade sleep, could be useful. 

“People's sleep quality is so low in these circumstances in Chennai that 
adding sleep of poor quality may not have the benefits that another half 
hour of sleep would have if it's of higher quality,” Schilbach suggests.

The paper, “The Economic Consequences of Increasing Sleep Among 
the Urban Poor,” is published in the August issue of The Quarterly 
Journal of Economics. The authors of the paper are Pedro Bessone PhD 
'21, a recent graduate from MIT's Department of Economics; Gautam 
Rao, an associate professor of economics at Harvard University; 
Schilbach, who is the Gary Loveman Career Development Associate 
Professor of Economics at MIT; Heather Schofield, an assistant 
professor in the Perelman School of Medicine and the Wharton School at 
the University of Pennsylvania; and Mattie Toma, a PhD candidate in 
economics at Harvard University.

Peter Dizikes,  MIT News Office

Image: stock photo. MIT News
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Sleeping on rickshaws

Schilbach, a development economist, says the genesis of the study came 
from other research he and his colleagues have done in settings such as 
Chennai — during which they have observed that low-income people 
tend to have difficult sleeping circumstances in addition to their other 
daily challenges. 

“In Chennai, you can see people sleeping on their rickshaws,” says 
Schilbach, who is also a faculty affiliate at MIT's Abdul Latif Jameel 
Poverty Action Lab (J-PAL). “Often, there are four or five people 
sleeping in the same room where it's loud and noisy, you see people sleep 
in between road segments next to a highway. It's incredibly hot even at 
night, and there are lots of mosquitos. Essentially, in Chennai, you can 
find any potential irritant or adverse sleep factor.”

To conduct the study, the researchers equipped Chennai residents with 
actigraphs, wristwatch-like devices that infer sleep states from body 
movements, which allowed the team to study people in their homes. 
Many other sleep studies observe people in lab environments.

The study examined 452 people over a month. Some people were given 
encouragement and tips for better sleep; others received financial 
incentives to sleep more. Some members of both those groups also took 
daytime naps, to see what effect that had.

The participants in the study were also given data-entry jobs with 
flexible hours while the experiment was taking place, so the researchers 
could monitor the effects of sleep on worker output and earnings in a 
granular way.

Overall, the Chennai study's participants had been averaging about 5.5 
hours of sleep per night before the intervention, and added 27 minutes of 
sleep per night on average. However, in order to gain those 27 minutes, 
the participants were in bed an extra 38 minutes per night. That speaks to 
the challenging sleep circumstances of the participants, who on average 
woke up 31 times per night.

“A key thing that stands out is that people's sleep efficiency is low, that 
is, their sleep is heavily fragmented,” Schilbach says. “They have 
extremely few periods experiencing what's thought to be the restorative 
benefits of deep sleep. … People's sleep quantity went up due to the 
interventions, because they spent more time in bed, but their sleep 
quality was unchanged.”

That could be why, across a wide range of metrics, people in the study 
experienced no positive changes after sleeping more. Indeed, as 
Schilbach notes, “We find one negative effect, which is on hours 
worked. If you spend more time in bed, then you have less time for other 
things in your life.”

On the other hand, study participants who were allowed to nap while on 
the data-entry job did fare better in several measured categories.

“In contrast to the night sleep intervention, we find clear evidence of 
naps improving a range of outcomes, including their productivity, their 
cognitive function, and their psychological well-being, as well as some 
evidence on savings,” Schilbach says. “These two interventions have 

different effects.”

That said, naps only increased total income when compared to workers 
who took a break instead. Naps did not increase the total income of 
workers — nappers were more productive per minute worked but spent 
less time actually working.

“It's not the case that naps just pay for themselves,” Schilbach says. 
“People don't actually stay longer in the office when they nap, 
presumably because they have other things to do, such as taking care of 
their families. If people nap for about half an hour, their hours worked 
falls by almost half an hour, almost a one-to-one ratio, and as a result, 
people's earnings in that group are lower.”

Valuing sleep as an end in itself

Schilbach says he hopes that other researchers will dig into some of the 
further questions the study raises. Further work, for instance, could 
attempt to change the sleeping circumstances of low-income workers to 
see if better sleep quality, not just increased sleep quantity, makes a 
difference.

Schilbach also suggests it may be important to better understand the 
psychological challenges the poor face when it comes to sleep.

“Being poor is very stressful, and that might interfere with people's 
sleep,” he notes. “Addressing how environmental and psychological 
factors affect sleep quality is something worth examining.”

Moreover, using actigraph technology and other devices, Schilbach 
notes, it should be possible to generate in increased number of studies 
that capture people's sleep patterns in their normal home environments, 
not just medical settings.

“There's not a lot of work studying people's sleep in their everyday 
lives,” Schilbach says. “And I really hope people will study sleep more in 
developing countries and poor countries, focusing on outcomes that 
people value.”

For his part, Schilbach says he is interested in continuing work on sleep 
that is set in the U.S., not just in India, where he has conducted much of 
his research. In any setting, he says, we should take the issue of sleep 
seriously as an element of anti-poverty research and public policy — and 
as an important element of well-being in its own right.

“Sleep might be important as an avenue for improved productivity or 
other types of choices people make,” Schilbach says. “But I think a good 
night's sleep is also important in and of itself. We should value being able 
to afford to sleep well and not be worried at night. Poverty indices are 
about income and material consumption. But now that we can measure 
sleep better, a good night's sleep should be part of a more comprehensive 
measure of people's well-being. I hope that's where we're going 
eventually.”

(Republished from MIT News)
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New model helps map the individual variations of 
mental illness
Researchers develops a novel framework for the emerging field of “computational psychiatry,” which blends 
neuroimaging, pharmacology, biophysical modeling, and neural gene expression 

The diagnosis of mental illnesses such as major depression, 
schizophrenia, or anxiety disorder is typically based on coarse 
groupings of symptoms. These symptoms, however, vary widely among 
individuals as do the brain circuits that cause them. This complexity 
explains why drug treatments work for some patients, but not others.

Now Yale researchers have developed a novel framework for the 
emerging field of “computational psychiatry,” which blends 
neuroimaging, pharmacology, biophysical modeling, and neural gene 
expression to map these variations in individual symptoms to specific 
neural circuits.

The findings, reported in tandem papers published in the journal eLife, 
promise to help create more targeted therapies for individual patients. 
The two studies were led, respectively, by Alan Anticevic and John 
Murray, associate professors of psychiatry at Yale School of Medicine.

In one study, a team led by Anticevic and Jie Lisa Ji, a Ph.D. student at 
Yale, used advanced statistical approaches to identify precise sets of 
symptoms that describe specific patients more accurately than 
traditional coarse diagnoses of mental illness, which do not account for 
individual variation of symptoms or the neural biology which causes 
them. The researchers found that these refined symptom signatures 
revealed precise neural circuits that more precisely captured variation 
across hundreds of patients diagnosed with psychotic disorders.

For instance, they found patients diagnosed with schizophrenia 
exhibited a diverse array of neural circuitry, the network of neurons 
which carry out brain function, that could be linked to specific 
symptoms of individual patients.

“This study shows the promise of computational psychiatry for 
personalized patient selection and treatment design using human brain 
imaging technology,” Anticevic said.

In the related study, led by Murray and Ph.D. student Joshua Burt, 
researchers simulated the effects of drugs on brain circuits. They used a 
new neuroimaging technology which incorporates a computational 
model that includes data on patterns of neural gene expression.

Specifically, the team studied the effects of LSD, a well-known 
hallucinogen known to alter consciousness and perception. Murray and 
colleagues were able to map personalized brain and psychological 
effects induced by LSD.

Understanding the neural effects of such substances can advance the 
treatment of mental illness, the researchers said. LSD is of particular 
interest to researchers because it can mimic symptoms of psychosis 
found in diseases like schizophrenia. It also activates a serotonin 
receptor which is a major target of antidepressants.

“We can develop a mechanistic view of how drugs alter brain function in 
specific regions and use that information to understand the brains of 
individual patients,” said Murray.

By linking personalized brain patterns to symptoms and simulating the 
effect of drugs on the human brain, these technologies can not only help 
clinicians to predict which drugs might best help patients but spur 
development of new drugs tailored to individuals, the authors say.

(Source: Yale University news release , written by Bill Hathaway)

(Illustration by Michael S. Helfenbein)
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'Milky seas'- a rare nocturnal phenomenon
Scientists are using new satellite tech to find glow-in-the-dark milky seas of maritime lore

“The whole appearance of the ocean was like a plain covered with snow. 
There was scarce a cloud in the heavens, yet the sky … appeared as black 
as if a storm was raging. The scene was one of awful grandeur, the sea 
having turned to phosphorus, and the heavens being hung in blackness, 
and the stars going out, seemed to indicate that all nature was preparing 
for that last grand conflagration which we are taught to believe is to 
annihilate this material world.”

– Captain Kingman of the American clipper ship Shooting Star, offshore 
of Java, Indonesia, 1854

For centuries, sailors have been reporting strange encounters like the one 
above. These events are called milky seas. They are a rare nocturnal 
phenomenon in which the ocean's surface emits a steady bright glow. 
They can cover thousands of square miles and, thanks to the colorful 
accounts of 19th-century mariners like Capt. Kingman, milky seas are a 
well-known part of maritime folklore. But because of their remote and 
elusive nature, they are extremely difficult to study and so remain more a 
part of that folklore than of science.

I'm a professor of atmospheric science specializing in satellites used to 
study Earth. Via a stat-of-the-art generation of satellites, my colleagues 
and I have developed a new way to detect milky seas. Using this 
technique, we aim to learn about these luminous waters remotely and 
guide research vessels to them so that we can begin to reconcile the 
surreal tales with scientific understanding.

Sailors' tales

To date, only one research vessel has ever encountered a milky sea. That 
crew collected samples and found a strain of luminous bacteria called 
Vibrio harveyi colonizing algae at the water's surface.

Unlike bioluminescence that happens close to shore, where small 
organisms called dinoflagellates flash brilliantly when disturbed, 
luminous bacteria work in an entirely different way. Once their 
population gets large enough – about 100 million individual cells per 
milliliter of water – a sort of internal biological switch is flipped and they 
all start glowing steadily.

Luminous bacteria cause the particles they colonize to glow. Researchers 
think the purpose of this glow could be to attract fish that eat them. These 
bacteria thrive in the guts of fishes, so when their populations get too big 
for their main food supply, a fish's stomach makes a great second option. 
In fact, if you go into a refrigerated fish locker and turn off the light, you 
may notice that some fish emit a greenish-blue glow – this is bacterial 
light.

Now imagine if a gargantuan number of bacteria, spread across a huge 
area of open ocean, all started glowing simultaneously. That makes a 
milky sea.

While biologists know a lot about these bacteria, what causes these 
massive displays remains a mystery. If bacteria growing on algae were 
the main cause of milky seas, they'd be happening all over the place, all 
the time. Yet, per surface reports, only about two or three milky seas 

Steven D. Miller, Professor of Atmospheric Science, Colorado State University

Republished from www.theconversation.com under Creative Commons licence

This milky sea off the coast of Java was the size of Kentucky and lasted for more than a month Steven D. Miller/NOAA. 
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occur per year worldwide, mostly in the waters of the northwest Indian 
Ocean and off the coast of Indonesia.

Satellite solutions

If scientists want to learn more about milky seas, they need to get to one 
while it's happening. Trouble is, milky seas are so elusive that it has been 
almost impossible to sample them. This is where my research comes into 
play.

Satellites offer a practical way to monitor the vast oceans, but it takes a 
special instrument able to detect light around 100 million times fainter 
than daylight. My colleagues and I first explored the potential of 
satellites in 2004 when we used U.S. defense satellite imagery to 
confirm a milky sea that a British merchant vessel, the SS Lima, reported 
in 1995. But the images from these satellites were very noisy, and there 
was no way we could use them as a search tool.

We had to wait for a better instrument – the Day/Night Band – planned 
for the National Oceanic and Atmospheric Administration's new 
constellation of satellites. The new sensor went live in late 2011, but our 
hopes were initially dashed when we realized the Day/Night Band's high 
sensitivity also detected light emitted by air molecules. It took years of 
studying Day/Night Band imagery to be able to interpret what we were 
seeing.

Finally, on a clear moonless night in early 2018, an odd swoosh-shaped 
feature appeared in the Day/Night Band imagery offshore Somalia. We 
compared it with images from the nights before and after. While the 
clouds and airglow features changed, the swoosh remained. We had 
found a milky sea! And now we knew how to look for them.

The “aha!” moment that unveiled the full potential of the Day/Night 
Band came in 2019. I was browsing the imagery looking for clouds 

masquerading as milky seas when I stumbled upon an astounding event 
south of the island of Java. I was looking at an enormous swirl of glowing 
ocean that spanned over 40,000 square miles (100,000 square km) – 
roughly the size of Kentucky. The imagery from the new sensors 
provided a level of detail and clarity that I hadn't imagined possible. I 
watched in amazement as the glow slowly drifted and morphed with the 
ocean currents.

We learned a lot from this watershed case: how milky seas are related to 
sea surface temperature, biomass and the currents – important clues to 
understanding their formation. As for the estimated number of bacteria 
involved? Approximately 100 billion trillion cells – nearly the total 
estimated number of stars in the observable universe!

The future is bright

Compared with the old technology, viewing Day/Night Band imagery is 
like putting on glasses for the first time. My colleagues and I have 
analyzed thousands of images taken since 2013, and we've uncovered 12 
milky seas so far. Most happened in the very same waters where mariners 
have been reporting them for centuries.

Perhaps the most practical revelation is how long a milky sea can last. 
While some last only a few days, the one near Java carried on for over a 
month. That means that there is a chance to deploy research craft to these 
remote events while they are happening. That would allow scientists to 
measure them in ways that reveal their full composition, how they form, 
why they're so rare and what their ecological significance is in nature.

If, like Capt. Kingman, I ever do find myself standing on a ship's deck, 
casting a shadow toward the heavens, I'm diving in!

The two images on the left were taken with older satellite technology 
while the images on the right show the high-definition imagery 
produced by the Day/Night Band sensor Steven D. Miller/NOAA. 

The bioluminescence in milky seas is caused by a type of bacteria. 
Steve. H. D. Haddock/MBARI, CC BY-ND
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Fighting infections
Researchers gain new insights into the molecular mechanism of living organisms that provide a new way of 
handling diseases

A new way of handling diseases could soon be 
in the offing with a team of researchers 
gaining new insights into the molecular 
mechanism of living organisms. Proliferating 
cell nuclear antigen (PCNA) is a protein that 
plays a significant role in DNA replication, 
repair, and recombination processes of all 
organisms. Recruitment of DNA polymerases 
by PCNA is an essential step during DNA 
replication and blocking this step by targeting 
PCNA by any means can help tackle 
infections. Since PCNA is a structural protein, 
it is widely accepted as a therapeutic target. 
Interestingly, its structure looks similar across 
species, though a PCNA of a given species is 
rarely functional in another. The new study 
has resolved this problem.

The researchers began by elucidating the X-
ray crystal structure of the PCNA of a type of 
red bread mold called Neurospora crassa and 
compared its structure–function relationship 
with other already available PCNA studies to 
understand cross-species incompatibility. 
They found that two regions named 
interdomain connecting loop (IDCL) and J 

loop structures, varied significantly among 
PCNAs. To validate that these structural 
differences are indeed accountable for 
functional incompatibility, they generated 
mutants of Neurospora crassa PCNA 
mimicking IDCL and J loop structures of 
PCNA of yeast called Saccharomyces 
cerevisiae. Genetic analyses suggested that 
the mutants were fully functional in 
Saccharomyces cerevisiae. Further, the 
susceptibility of the strains harboring 
ScPCNA mimics of NcPCNA to various 
genotoxic agents was similar to that in yeast 
cells expressing ScPCNA. It was clear that 
structures of the IDCL and J loop of PCNA are 
crit ical determinants of interspecies 

functional compatibility.

Speaking to India Science Wire, the scientists 
said, “Our study has helped us understand the 
details of the complex interplay of binding 
between PCNA and its partner proteins in 
cells. This would help in the development of 
therapeutic agents that target PCNA. It will be 
now possible to ensure that the drugs are 
highly species specific”. The study was 
conducted by researchers from the Laboratory 
of Genomic Instability and Diseases and 
Laboratory of Macromolecular Cryst-
allography at the Department of Infectious 
Disease Biology of Institute of Life Sciences, 
Bhubaneswar. The team was led by Dr. 
Narottam Acharya of ILS's Laboratory of 
Genomic Instability and Diseases and Dr. 
Dileep Vasudevan of ILS's Laboratory of 
Macromolecular Crystallography. The other 
members were: Premlata Kumari, Rajivgandhi 
Sundaram, and Kodavati Manohar. They have 
published a paper on their work in the Journal 
of Biological Chemistry.

Source: India science Wire
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Engineering crops
A significant step towards achieving the goal to put elements from cyanobacteria into crop plants

Blue-green algae (cyanobacteria) are known 
to photosynthesize more efficiently than most 
crops, so researchers are working to put 
elements from cyanobacteria into crop plants. 
A new study describes a significant step 
towards achieving that goal and the work was 
published in the Proceedings of the National 
Academy of Sciences. Maureen Hanson, a 
Liberty Hyde Bailey Professor of Plant 
Molecular Biology, is the paper's senior 
author. Kevin Hines, Ph.D. '19, a former 
student in Hanson's lab, and Vishal Chaudhari, 
a postdoctoral associate in Hanson's lab, are 
co-first authors.

During the photosynthesis process, Rubisco, 
an enzyme found in all plants, takes inorganic 
carbon from the air and “fixes” or converts it 
to an organic form the plant uses to build 
tissues. One hurdle in improving photo-
synthesis in crops is that Rubisco reacts with 
both carbon dioxide and oxygen in the air; the 
latter reaction creates toxic byproducts, slows 
photosynthesis and thereby lowers yields. But 
in cyanobacteria, the Rubisco is contained 

within microcompartments called carbo-
xysomes that shield the Rubisco from oxygen. 
“Crop plants don't have carboxysomes, so the 
idea is to eventually put in the entire carbon-
concentrating mechanism from cyanobacteria 
into crop plants,” Hanson said. 

In the paper, the authors describe using 
CRISPR/Cas9 gene-editing technology to 
disable genes that express two carbonic 
anhydrase enzymes that are present in 
chloroplasts. In the past, another research 
group had used a different method to remove 
99% of the anhydrase enzyme's activity, and 
the plants grew normally. But when Hanson 
and colleagues removed 100% of the 
enzyme's activity, the plants barely grew. “It 
showed that plants need this enzyme to make 
bicarbonate that is used in pathways to make 
components of leaf tissue,” Hanson said. 
When they put the plants into a high CO2 
growth chamber, they resumed normal 
growth, as the high amounts of CO2 resulted 
in a spontaneous reaction to form bicarbonate.

The team believes they have a workaround to 

remove anhydrase and still have enough 
bicarbonate. In future research, recently 
funded by a three-year, close to $800,000 
National Science Foundation grant, they plan 
to put a bicarbonate transporter on the 
chloroplast membrane, in order to import 
bicarbonate from other parts of the cell into 
chloroplasts. As well as making anhydrase 
unnecessary, the extra bicarbonate is expected 
to improve photosynthesis even before 
carboxysomes can be engineered into 
chloroplasts. Experiments showed that the 
absence of carbonic anhydrase did not 
interfere with photosynthesis, contrary to 
previously held views. A potential problem is 
that carbonic anhydrase found in chloroplasts 
is known to be involved in the plant's defense 
pathways. However, researchers in Hanson's 
group discovered they could incorporate an 
enzymatically inactive version of the carbonic 
anhydrase and still maintain the plant's 
defense.

Source: Cornell University news release
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Crafting tools by crows
Researchers solve the mystery of which plants a population of crows on New Caledonia use to craft tools

A clever piece of detective work by an 
international team, including a researcher 
from The Australian National University 
(ANU), has helped solved the mystery of 
which plants a population of crows on New 
Caledonia use to craft tools. The crafty crows 
are well known for making their own stick 
tools with hooked tips to retrieve invertebrate 
prey from small holes and crevices. The New 
Caledonian crow is the only non-human 
animal known to manufacture hooked tools in 
the wild. "They put a lot of effort into making 
them. They use specific plants with forked 
stems, which they remove and then process 
into hooked tools for foraging," study co-
author Dr Linda Neaves from ANU said. "But 
they remove leaves and much of the bark, 
making it impossible to quickly identify the 
plant species."

  While Dr Neaves' collaborators from the 
University of St Andrews in Scotland had 
been able to determine what plants the crows 
were using to make these tools at two of their 
long-term study sites, a third remained a 

puzzle. "The field team were able to collect 
some tools and approached myself and 
Professor Peter Hollingsworth from the Royal 
Botanic Garden in Edinburgh, Scotland, 
asking if DNA could be used to work out what 
plant it was," Dr Neaves said. She managed to 
match DNA from the tools to a large native 
tree, Spanish Cherry, or Mimusops elengi. 
"Because it's native, this may be one of the 
original plants used by the crows for making 

hooked stick tools. The field team later 
confirmed that temporarily captive crows 
happily crafted hooked stick tools from this 
p l a n t , "  M r  S t e e l e  e x p l a i n e d . 
"Clearly these crows have adapted their 
remarkable tool-making abilities over time to 
make use of introduced plant species, and it is 
exciting to find this population prefers a native 
tree. It raises a lot of interesting questions 
about how and why crows select the plants 
they use and how this may be influenced by 
changes in their environment." Professor 
Hollingworth says the study "demonstrates the 
broad usefulness of DNA barcoding for the 
essential task of separating and identifying 
plant species."  The long-term crow study was 
led by Professor Christian Rutz from the 
University of St Andrews, with expeditions for 
this study led by his PhD candidate, Matthew 
Steele. The study has been published in PNAS. 

Source: Australian National University 
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New carnivorous plant
Triantha occidentalis produces flowering stalks with sticky hairs that can trap insects

Botanists at the University of Wisconsin 
–Madison and the University of British 
Columbia have discovered a new carnivorous 
plant in western North America. Triantha 
occidentalis makes its home in wetlands and 
bogs from Alaska to California and inland to 
Montana. In the summer, it shoots up tall 
flowering stems coated with sticky hairs that 
trap small insects like gnats and midges. The 
scientists discovered that the plant acquires 
more than half of its nitrogen by digesting 
these ensnared insects, a welcome treat in its 
nutrient-poor habitat. “What's particularly 
unique about this carnivorous plant is that it 
traps insects near its insect-pollinated 
flowers,” says lead author Qianshi Lin, who 
was a doctoral student at UBC at the time of 
the study. “On the surface, this seems like a 
conflict between carnivory and pollination 
because you don't want to kill the insects that 
are helping you reproduce.” However, the 
plant appears to be capable of sorting out 
friend from food. “We believe that Triantha 
occidentalis is able to do this because its 

glandular hairs are not very sticky, and can 
only entrap midges and other small insects, so 
that the much larger and stronger bees and 
butterflies that act as its pollinators are not 
captured,” says Tom Givnish, a UW– 
Madison professor of botany and co-author of 
the report. The discovery was led by Lin and 
Sean Graham of UBC, who collaborated with 
Givnish and Cecile Ané, a UW–Madison 
professor of botany and statistics. The 
researchers reported their findings in the 
Proceedings of the National Academy of 

Sciences.

Graham had previously led an analysis of 
Alismatales genomes when his team noticed 
that Triantha had lost a gene that is often 
missing in carnivores. Combined with its 
penchant for trapping insects and its proximity 
to other known carnivorous plants, Triantha 
looked like an excellent candidate for being the 
next carnivore in the plant kingdom. Triantha's 
environment also seemed conducive to 
carnivory. The carnivorous lifestyle is so 
energy intensive for plants that plenty of water 
and light seem necessary to allow it to evolve. 
“Only in habitats in which nutrients and 
nutrients alone are limiting would you expect 
carnivory to be an advantage,” says Givnish. 
Insects can be excellent sources of nutrients the 
soil lacks, especially nitrogen and phosphorus. 
In field experiments, Lin fed Triantha with 
fruit flies labeled with the stable isotope 
nitrogen-15, which allowed him to track the 
nutrient as it entered the plant. 

Source: University of Wisconsin–Madison
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Designing specific pest control measures
Researchers study egg-laying behaviour of certain wasps therefore help in designing specific control measures

A new study conducted by researchers will 
help understand the egg-laying behaviour of 
certain pests and therefore help in designing 
specific control measures. This study has been 
conducted by the researchers at the Indian 
Council of Agricultural Research (ICAR)'s 
Bengaluru based laboratory Indian Institute of 
Horticultural Research. They have published 
their study in the science journal Current 
Science. “This study highlights the fact that 
herbivores are able to assess the HIPVs from a 
different stage of the fruits. In this case, the 
female wasps, A.kerrichi prefers immature 
fruits that are already infested for egg-laying. 
The chemical cues from immature fruits, 
provide a sense of resource quality and the 
probability of better progeny fitness. Hence 
the females choose such sites”, Says Dr P.D. 
Kamala Jayanthi, Principal Scientist & ICAR 
National Fellow, Department of Entomology 
and Nematology, Indian Insti tute of 
Horticultural Research, Bengaluru. “We 
found that A.kerrichi was attracted to 
immature fruit volatiles. Certain specific 
chemical cues were different in the mature and 

immature fruits. The ones identified in the gas 
chromatography-electennogramdetection 
(GC-EAD) were used in synthetic blends for 
further analysis. The same blends were tested 
in the field to test their attractive potential”, 
Dr Jayanthi added.

Plants upon being attacked by herbivores emit 
many distinct volatiles often known as 
herbivore-induced plant volatiles (HIPVs) 
that have multiple functions at different 
trophic levels. From the plant's perspective, 
these HIPVs act as communication signals to 
attract natural enemies and alert various parts 
of the same plant or neighbouring plants, 
thereby serving as a direct and indirect plant 

defence. Headspace samples of wasp-infested 
immature and mature jamun fruits were 
collected by a scientific method called air 
entrainment. The fruit traits namely size, 
colour, softness of berries were considered to 
assess fruit maturity. The eulophid wasp-
infested fruits were collected from the field in 
ICAR-Indian Institute of Horticultural 
Research, Bengaluru during March 2019 and 
placed in plastic containers for wasp 
emergence. The emerged insects were allowed 
to mate and collected in separate plastic vials 
for performing both olfactometer assays as 
well as coupled gas chromatography-electro-
antenno-detection (GC-EAD) studies. The 
male and female insects were differentiated 
based on abdomen size. The attraction of 
female A. kerrichi to synthetic HIPVs in the 
lab and field conditions ascertains the scope of 
using them as Integrated Pest Management 
(IPM) tools for sustainable management of 
this phytophagous eulophid seed borer, said Dr 
Jayanthi.

Source: India Science Wire

Biosciences - Microbiology

Consequences of infection with Salmonella 
Researchers discover a possible cause: the infected person's natural intestinal flora and its metabolic products

An infection with Salmonella can have very 
different consequences. While some infected 
people do not notice the infection with the 
bacteria at all – this is called an asymptomatic 
progression – others suffer from severe 
gastrointestinal complaints. In extreme cases, 
Salmonella infections can even lead to death. 
Until recently, it was largely unknown why the 
disease varies so much in severity. Alyson 
Hockenberry, a postdoc in Prof. Martin 
Ackermann's Environmental Microbiology 
research department at Eawag, has discovered 
a possible cause: the infected person's natural 
intestinal flora and its metabolic products. 
Together with other researchers from the 
Eawag Water Research Institute and ETH 
Zurich, she has discovered that short-chain 
fatty acids, which are produced by bacteria 
resident in the intestine, can have a decisive 
influence on the course of the infection. 
Salmonella usually enters the digestive tract 
through contaminated food. In order to 
displace the natural intestinal flora as quickly 
as possible and colonise the intestine 

themselves, the pathogens have a few tricks 
up their sleeve. "One trick is to form different 
cell-types in populations of genetically 
identical bacteria," says Hockenberry. "Each 
cell-type specialises in a particular task. This 
has advantages because the cooperation of the 
different cell types increases the ability of 
Salmonella to cause disease." One cell-type, 
for  example,  special ises  in  causing 
inflammation in the intestinal mucosa. On the 
one hand, such inflammations increase the 
availability of nutrients for Salmonella; on the 
other hand, they lead to the breakdown of the 
natural intestinal flora. This opens up niches 
for the invading pathogens to colonise. A 

second cell-type, in turn, specialises in 
growing rapidly and thus occupying the 
vacated niches as quickly as possible. The 
interaction between the two cell-types gives 
Salmonella a clear advantage. Within a few 
hours, they can displace the bacteria of the 
natural intestinal flora and proliferate.

Through exper iments  and s tochast ic 
simulations, the research team led by Alyson 
Hockenberry was able to show that short-chain 
fatty acids, i.e. the metabolic products of the 
natural intestinal flora, slow down the growth 
of the cell type that causes inflammation. The 
higher the concentration of the fatty acids, the 
more growth was inhibited.  This may explain 
why people react so differently to Salmonella 
infections. Every person is host to a very 
individual composition of bacteria in their 
intestine. So while one person's intestinal flora 
is capable of completely preventing the spread 
of Salmonella, another person's intestinal flora 
can do little or nothing to counteract the 
pathogens. 

Source: ETH Zurich news release
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Blushing plants reveal fungi in their roots
Scientists create  plants whose cells and tissues 'blush' with beetroot pigments when they are colonised by fungi 

Almost all crop plants form associations with 
a particular type of fungi – called arbuscular 
mycorrhiza fungi – in the soil, which greatly 
expand their root surface area. This mutually 
beneficial interaction boosts the plant's ability 
to take up nutrients that are vital for growth.  
In a study published in the journal PLOS 
Biology, researchers used the bright red 
pigments of beetroot – called betalains – to 
visually track soil fungi as they colonised 
plant roots in a living plant.  “We can now 
follow how the relationship between the fungi 
and plant root develops, in real-time, from the 
moment they come into contact.  We 
previously had no idea about what happened 
because there was no way to visualise it in a 
living plant without the use of elaborate 
microscopy,” said Dr Sebastian Schornack, a 
researcher at the University of Cambridge's 
Sainsbury Laboratory and joint senior author 
of the paper.  To achieve their results, the 
researchers engineered two model plant 
species – a legume and a tobacco plant – so 
that they would produce the highly visible 

be ta la in  p igments  when  a rbuscula r 
mycorrhiza fungi were present in their roots. 
This involved combining the control regions 
of two genes activated by mycorrhizal fungi 
with genes that synthesise red-coloured 
betalain pigments. The plants were then 
grown in a transparent structure so that the 
root system was visible, and images of the 
roots could be taken with a flatbed scanner 
without disturbing the plants. Using their 
technique, the researchers could select red 
pigmented parts of the root system to observe 
the fungus more closely as it entered 
individual plant cells and formed elaborate 

tree-like structures – called arbuscules – which 
grow inside the plant's roots. Arbuscules take 
up nutrients from the soil that would otherwise 
be beyond the reach of the plant. 

 “This is an exciting new tool to visualise this, 
and other, important plant processes. Beetroot 
pigments are a distinctive colour, so they're 
very easy to see. They also have the advantage 
of being natural plant pigments, so they are 
well tolerated by plants,” said Dr Sam 
Brockington, a researcher in the University of 
Cambridge's Department of Plant Sciences, 
and joint senior author of the paper. 
Understanding and exploiting the dynamics of 
plant root system colonisation by fungi has 
potential to enhance future crop production in 
an environmentally sustainable way. If plants 
can take up more nutrients naturally, this will 
reduce the need for artificial fertilisers – 
saving money and reducing associated water 
pollution. 

Source: University of Cambridge news release

Earth and Planetary Sciences - Astronomy
Appearing and disappearing stars

A group of objects appearing and disappearing at the same time have been detected for the first time i

An international collaboration of astronomers 
has identified a curious occurrence of nine 
stars like objects that appeared and vanished in 
a small region within half an hour in an old 
photographic plate. Scientists from Sweden,  
Spain, USA, Ukraine, and India, including Dr. 
Alok C. Gupta, Scientist from ARIES, 
investigated early form of photography that 
used glass plates to capture images of the night 
sky from the 12th of April 1950, exposed at 
Palomar Observatory in California, USA and 
detected these transient stars which were not 
to be found in photographs half an hour later 
and not traced since then. Such a group of 
objects appearing and disappearing at the 
same time have been detected for the first time 
in the history of astronomy. The astronomers  
have not found any explanation in well-
established astrophysical phenomena like 
gravitational lensing, fast radio bursts, or any 
variable star that could be responsible for this 
cluster of fast changes in the sky.

Dr. Alok C. Gupta, Scientist from Aryabhatta 
Research Institute of Observational Sciences 

(ARIES), Nainital, an autonomous institution 
of the Department of Science and Technology 
(DST), Government of India, participated in 
this study which was recently published in 
Nature's "Scientific Reports". The study led 
by Dr. Beatriz Villarroel of Nordic Institute of 
Theoretical Physics, Stockholm, Sweden, and 
Spain's Instituto de Astrofísica de Canarias, 
used the 10.4 m Gran Telescopio Canarias (the 
largest optical telescope around the world) at 
Canary Islands, Spain, to do deep second 

epoch observations. The team hoped to find a 
counterpart at the position of every object that 
had appeared and vanished on the plate. The 
counterparts found are not necessarily 
physically connected to the weird objects.

The scientists are still exploring the reasons 
behind the observation of these strange 
transient stars and are still not sure about what 
triggered their appearance and disappearance.  
The astronomers are examining the possibility 
that the photographic plates were conta-
minated with radioactive particles causing 
false stars on the plates. But if the observation 
is proven to be real, another option is solar 
reflections from reflective, unnatural objects in 
orbit around Earth several years before the first 
human satellite was launched. The astro- 
nomers who belong to the collaboration 
Vanishing & Appearing Sources during a 
Century of Observations (VASCO) have still 
not sorted out the root cause of the “nine 
simultaneous transients”. 

Source: PIB
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New insights into Milky Way star formation 
Study reveals previously unseen signatures with unprecedented sensitivity and details that hint at how stars form 
and die

An international team of astronomers has 
carried out an extensive new survey of our 
galaxy, the Milky Way, which has revealed 
previously unseen signatures with unprec-
edented sensitivity and details that hint at how 
stars form and die, complex processes that 
have fascinated researchers for centuries. The 
results were published in a series of papers in 
Astronomy & Astrophysics by the team, which 
includes scientists from the Indian Institute of 
Science (IISc) and the Indian Institute of 
Space Science and Technology (IIST). The 
data for the survey, which spanned a large part 
of the Milky Way, was gathered using two 
powerful radio telescopes: the Karl G Jansky 
Very Large Array (VLA) at the National Radio 
Astronomy Observatory (NRAO), USA, and 
the Effelsberg 100-m radio telescope operated 
by the Max Planck Institute for Radio 
Astronomy (MPIfR), Germany, as part of the 
GLOSTAR (Global View on Star formation in 
the Milky Way) project. Nirupam Roy, 
Assistant Professor at the Department of 
Physics, and Rohit Dokara, his former 
undergraduate student from IISc, as well as 
Jagadheep D Pandian, Associate Professor at 
the Department of Earth and Space Sciences 
in IIST are among the Indian scientists who 
are part of the GLOSTAR project.

The GLOSTAR team has now discovered 80 
new SNR candidates in the VLA data alone, 
with more expected to be identified from the 
combined Effelsberg and VLA data. They are 
also able to confirm the presence of 77 
previously discovered SNR candidates and 
reclassify a few that were misidentified. This 
is impressive considering that the northern 
telescopes utilised by GLOSTAR can see only 
half of the inner regions of the Milky Way. 
“Since the GLOSTAR survey detects a wide 
range of radio emission such as that from 
methanol molecules to ionised hydrogen, it 
can probe the formation of massive stars from 
very early to relatively late stages, which is 

important to get a complete picture of star 
formation in the Milky Way,” adds Pandian, 
who has also previously worked at MPIfR. The 
Effelsberg radio telescope is a single large dish 
spanning 100 m in diameter, capable of 
detecting large-scale structures, whereas the 
VLA is a collection of small antennas which 
work together as an interferometer to capture 
the details at high resolution. The data pooled 
from both telescopes helped the researchers 
paint a more comprehensive picture of 
different astrophysical objects in the region.

Source: India Science Wire

Earth and Planetary Sciences - Astrophysics
Intriguing layer with changing internal rotation profile of Sun

New study finds theoretical explanation of the existence of near-surface shear layer (NSSL) in the Sun

It was long known the Sun's equator spins 
faster than the poles. However, a peek into the 
internal rotation of the Sun using sound waves 
revealed the existence of an intriguing layer 
where the rotation profile of the Sun changes 
sharply. The layer is called as near-surface 
shear layer (NSSL), and it exists very close to 
the solar surface, where there is an outward 
decrease in angular velocity. Having long 
probed the explanation of this layer, Indian 
astronomers have found a theoretical 
explanation for its existence for the first time. 
Understanding NSSL is crucial for the study 
of several solar phenomena like sunspot 
formation, solar cycle, and it will also help in 
understanding such phenomena in other stars.   

A researcher, Bibhuti Kumar Jha, from 
A r y a b h a t t a  R e s e a r c h  I n s t i t u t e  o f 
Observational Sciences (ARIES),  an 
autonomous institute under the Department of 

Science and Technology, Govt. of India, along 
with the senior scientist, Prof. Arnab Rai 
Choudhuri, from the Indian Institute of 
Science, Bangalore, has for the first time 
given the theoretical explanation of the 
existence of NSSL in the Sun. This work has 

been published in the journal Monthly Notices 
of the Royal Astronomical Society. In their 
study, they have used an equation called the 
thermal wind balance equation. It explains 
how the slight difference in temperature 
between solar poles and equator, called 
thermal wind term, is balanced by the 
centrifugal force appearing due to solar 
differential rotation. Most scientists believe 
that this condition is true only in the interior of 
the Sun, and it does not hold near the solar 
surface. In this work, the authors have shown 
that this belief actually holds near the surface 
as well. They have noted that if this condition is 
true near the solar surface, it can explain the 
existence of NSSL, which is inferred in 
helioseismology (technique of using sound 
waves to peek inside the Sun) based 
observation.

Source: PIB
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Light from behind a black hole
Researchers report the first-ever recordings of X-ray emissions from the far side of a black hole

Watching X-rays flung out into the universe 
by the supermassive black hole at the centre of 
a galaxy 800 million light-years away, 
Stanford University astrophysicist Dan 
Wilkins noticed an intriguing pattern. He 
observed a series of bright flares of X-rays and 
then, the telescopes recorded something 
unexpected: additional flashes of X-rays that 
were smaller, later and of different “colours” 
than the bright flares. “Any light that goes into 
that black hole doesn't come out, so we 
shouldn't be able to see anything that's behind 
the black hole,” said Wilkins, who is a 
research scientist at the Kavli Institute for 
Particle Astrophysics and Cosmology at 
Stanford and SLAC National Accelerator 
Laboratory. It is another strange characteristic 
of the black hole, however, that makes this 
observation possible. “The reason we can see 
that is because that black hole is warping 
space, bending light and twisting magnetic 
fields around itself,” Wilkins explained. The 
strange discovery published in Nature, is the 

first direct observation of light from behind a 
black hole – a scenario that was predicted by 
Einstein's theory of general relativity but 
never confirmed, until now. “Fifty years ago, 
when astrophysicists starting speculating 
about how the magnetic field might behave 
close to a black hole, they had no idea that one 
day we might have the techniques to observe 
this directly and see Einstein's general theory 
of relativity in action,” said Roger Blandford, 
a co-author of the paper who is the Luke 
Blossom Professor in the School of 
Humanities and Sciences, Stanford professor 
of physics and SLAC professor of particle 

physics and astrophysics.

The leading theory for what a corona is starts 
with gas sliding into the black hole where it 
superheats to millions of degrees. At that 
temperature, electrons separate from atoms, 
creating a magnetized plasma. Caught up in 
the powerful spin of the black hole, the 
magnetic field arcs so high above the black 
hole, and twirls about itself so much, that it 
eventually breaks altogether. “This magnetic 
field getting tied up and then snapping close to 
the black hole heats everything around it and 
produces these high energy electrons that then 
go on to produce the X-rays,” said Wilkins. As 
Wilkins took a closer look to investigate the 
origin of the flares, he saw a series of smaller 
flashes. These, the researchers determined, are 
the same X-ray flares but reflected from the 
back of the disk – a first glimpse at the far side 
of a black hole.

Source: Stanford University news release

Earth and Planetary Sciences - Earth Science

Climate control system of Earth
The arrival of plants on land about 400 million years ago may have changed the way the Earth naturally regulates 
its own climate 

In a new study, published in the journal 
Nature, researchers looked at samples from 
rocks spanning the last three billion years and 
found evidence of a dramatic change in how 
the carbon cycle functioned about 400 million 
years ago, when plants started to colonise 
land. Since clay forming in the ocean (reverse 
weathering) leads to carbon dioxide being 
released into the atmosphere, while clay on 
land is a by-product of chemical weathering 
that removes carbon dioxide from the air, this 
reduced the amount of carbon in the 
atmosphere, leading to a cooler planet and a 
seesawing climate, with alternating ice ages 
and warmer periods. The researchers 
suggested the switch was caused by the spread 
of land plants keeping soils and clays on land, 
stopping carbon from being washed into the 
ocean, and by the growth in marine life using 
silicon for their skeletons and cell walls, such 
as  sponges,  s ingle-cel led a lgae and 
radiolarians (a group of protozoa), leading to a 
drop in silicon in the seawater required for 
clay formation. Senior author Dr Philip Pogge 

von Strandmann (UCL Earth Sciences) said: 
“Our study suggests that the carbon cycle 
operated in a fundamentally different way for 
most of Earth's history compared to the 
present day. “The shift, which occurred 
gradually between 400 to 500 million years 
ago appears to be linked to two major 
biological innovations at the time: the spread 
of plants on land and the growth of marine 
organisms that extract silicon from water to 
create their skeletons and cells walls.

First author Boriana Kalderon-Asael said: 

“By measuring lithium isotopes in rocks 
spanning most of Earth's history, we aimed to 
investigate if anything had changed in the 
functioning of the carbon cycle over a large 
time scale. We found that it had, and this 
change appears to be linked to the growth of 
plant life on land and silicon-using animal life 
in the sea.” In the study, researchers measured 
lithium isotopes in 600 samples of rock taken 
from many different locations around the 
world. When clay forms slowly on land, it 
s t rong ly  favours  l i th ium-6 ,  l eav ing 
surrounding water enriched with the other, 
heavier isotope, lithium-7. Analysing their 
samples using mass spectrometry, the 
researchers found a rise in the levels of lithium 
isotope-7 in seawater recorded in the rock 
occurring between 400 and 500 million years 
ago, suggesting a major shift in Earth's clay 
production coinciding with the spread of plants 
on land and emergence of silicon-using marine 
life.

Source: UCL news release
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 Retreat of glaciers in Zanskar valley, Ladakh
Recent study attributes the retreat to an increase in the temperature and decrease in precipitation during winters 

The Pensilungpa Glacier (PG), located in 
Zanskar, Ladakh, is retreating, and a recent 
study has attributed the retreat to an increase 
in the temperature and decrease in precip-
itation during winters. Since 2015, the Wadia 
Institute of Himalayan Geology (WIHG), 
Dehradun, an autonomous institute under the 
Department of Science & Technology, GoI, 
has been working on various aspects on 
glaciology, i.e., glacier health (mass balance) 
monitoring, dynamics; discharge, past 
climatic conditions, spec-ulation for future 
climate change and its impact on glaciers in 
this region. A team of scientists from the 
institute ventured to study the less explored 
region of the Himalayas, i.e., Zanskar, 
Ladakh. Based on field observations for 
glaciers mass balance collected via stake 
networking  (stake made of bamboo, is 
installed (insert) on the glacier surface using 
the steam drill for mass balance measurement) 
over the glacier surface since 2016-2019, they 
assessed the impact of climate change through 
the lens of past and present response of the 
Pensilungpa Glacier (PG), Zanskar Himalaya, 
Ladakh. Field observations for the last 4 years 

(2015–2019) showed that the glacier is now 
−1retreating by at an average rate of 6.7 ± 3 m a . 

In the study published in the journal Regional 
Environmental Change, the team attributes 
the observed recessional trends of the 
Pensilungpa Glacier to an increase in the 
temperature and decrease in precipitation 
during winters.

The study also points at the significant 
influence of debris cover on the mass balance 
and retreat of the glacier's endpoint, 
especially in summer. Furthermore, the mass 

balance data for the last 3 years (2016–2019) 
showed a negative trend with a small 
accumulation area ratio. The study also 
suggests that due to continuous rise in the air 
temperature in line with the global trend, the 
melting would increase, and it is possible that 
the precip-itation of summer periods at higher 
altitudes will change from snow to rain, and 
that may influence the summer and winter 
pattern.

Source: PIB

Engineering Sciences - Bioengineering

Screening antibiotics in food and water
Researchers develop a simple and novel sensor to find out the level of antibiotics present in food and water

We need to monitor the level of antibiotics in 
our milk and meat or the water around us to 
ensure that it is minimal. A group of scientists, 
led by Prof. Soumyo Mukherji, in the Indian 
Institute of Technology Bombay (IIT  Bom-
bay) and Manipal Institute of Tech-nology, 
Manipal, have developed a sensor to find out 
whether a sample contains certain kinds of 
antibiotics, identified as β-lactam antibiotics. 
They published a study about this in the 
journal Analytical Chemistry. 

There are different methods to check if a 
sample contains an antibiotic, but they cannot 
determine the level of the said antibiotic. 
Other methods such as Mass Spectroscopy or 
standardized chromatography can measure 
the levels of antibiotics but are expensive and 
require experts to handle them. In contrast, the 
sensor developed by Prof Mukherji and team 
is easy to use, affordable, robust and reliable. 
It can be used to check the presence of β-
lactam antibiotics in a wide variety of 

samples, including water, milk and meat and 
does not require an expert to use it.

The sensor has a U-shaped bend smaller than 
that of a U-pin, of optical fibre coated with 
polyaniline that can be dipped in the sample to 
be tested. The sensor is ready to be used after 
coating the polyaniline with a layer of the 
enzyme β-lactamase. When β-lactam in the 
test sample gets broken down by the β-
lactamase enzyme, hydrogen ions are 
released, and acid byproducts form. This 
alters the polymeric backbone of polyaniline- 
changing its form from emeraldine base to 

emeraldine salt. This is seen as an increase in 
absorbance at 435 nm and the amount of light 
absorbed is proportional to the concentration 
of antibiotic in the test sample making the 
solution more acidic. The light is absorbed by 
the polyaniline coat on the fibre that is 
sensitive to pH. The amount of light absorbed 
is proportional to the concentration of the 
antibiotic in the test sample.  The researchers 
used their sensor to measure the concentration 
of antibiotics in milk, meat, and wastewater 
samples that contained a known amount of the 
antibiotic. The researchers found that the 
sensor was most sensitive when the sample 
was slightly acidic (pH 5.5); hence, they used 
the same acidity level for other samples. The 
minimum concentration of antibiotics that the 
sensor could detect for wastewater was twice 
that of milk. Since most food safety 
administrators ban the use of β- lactam 
antibiotics in poultry, this is particularly useful. 

Source: IIT Bombay



DISCOVERIES & INNOVATIONS

30 The Scitech Journal Volume 08 Issue 09 September  2021

Engineering Sciences - Bioengineering

Cancer cell invasion
Research finds that cancer cells of different sizes and stiffness are more invasive than a group of uniform cells

Researchers from the Indian Institute of 
Technology Bombay (IIT Bombay) have 
found that a rogue hunting party containing a 
mixture of different cancer cells is more 
invasive than a band of soldier-like uniform 
cells. Researchers ran computer models that 
they had developed and found that typically 
small and soft cells are most invasive. They 
also pointed out that smaller cells that 
resemble cancer stem cells are most often 
found at the forefront of invasion. Their study 
was published in The Company of Biologists' 
Journal of Cell Science. This research work 
received funding from the Science and Engin-
eering Research Board (SERB), Department 
of Science and Technology, Ministry of 
Science and Technology, Government of 
India. The researchers chose two types of 
breast cancer cells that were primed for an 
invasion. They analyzed how big each kind of 
cell is and how strongly each cell binds to its 
neighbour. Additionally, they measured how 
fast the cells move around and how stiff they 
are. Using computer simulations, they 

observed how these cells moved around and 
invaded new parts of the body. They 
controlled the size and stiffness of the cells or 
their stickiness towards each other. Also, in 
the simulations they mixed different types of 
cells in different proportions. They calculated 
the total distance that each cell travelled. They 
observed how far each cell moved from its 
original place, which is termed as the 
translocation of the cell.

The researchers created five different groups 
of cells. They tested the invasiveness of each 
group independently to find whether any 

specific combination of a particular size or 
stiffness was the most invasive. All cells in 
each group were uniform but had size or 
stiffness different from cells in other groups. 
They found that there was a negligible 
difference in the invasiveness of each of the 
individual groups. “Heterogeneity enables 
cells to continuously re-position individual 
cells within a collectively moving group of 
cells. This enhances the net invasiveness of the 
cell population,” explains Dr Sen, who led the 
current research. The cancer mass contains 
cancer stem cells that can endlessly increase in 
numbers, just like normal stem cells. 
Experimental studies have pointed out that 
some of these stem cells are relatively softer 
and smaller in size and are found at the leading 
front. These simulation studies also found that 
the same smaller cells were found at the 
leading front of the invasion. The less invasive 
cells of the group follow these more aggressive 
leader cells and strengthen the attack.

Source: IITB Mumbai

Engineering Sciences - Chemical Engineering

Denser micro battery energy 
Researchers shows a new way to build and package micro batteries that maximizes energy density even at the 
smallest sizes

With wireless-enabled electronics becoming 
smaller and more ubiquitous, their designers 
must constantly find ways for batteries to store 
more power in less space. And because these 
devices are also increasingly mobile — in the 
form of wearables, robots and more — those 
batteries must be lighter while still being able 
to withstand the bumps and bruises of 
everyday life. Worse still, energy density gets 
exponentially harder to improve upon as a 
battery gets smaller, partially because larger 
portions of a battery's footprint must be 
devoted to protective packaging. With that 
challenge in mind, new research from the 
University of Pennsylvania's School of 
Engineering and Applied Science has shown a 
new way to build and package micro batteries 
that maximizes energy density even at the 
smallest sizes. The researchers' key devel-
opments were a new kind of current collector 
and cathode that increase the fraction of 
materials that store energy while simul-
taneously serving as a protective shell. This 
reduces the need for non-conductive 

packaging that normally protects a battery's 
sensitive internal chemicals. That extra space 
efficiency results in an energy density four 
times that of current state-of-the-art micro 
batteries. Light enough to be carried by an 
insect, the researchers' micro battery design 
opens the door for smaller flying microrobots, 
implanted medical devices with longer 
lifespans and a variety of otherwise imp-
ossible devices for the Internet of Things.

The study, published in the journal Advanced 
Materials, was led by Pikul, Xiujun Yue, a 
postdoctoral scholar in his lab, Paul Braun, 
professor in the Department of Materials 

Science and Engineering at the University of 
Illinois at Urbana Champaign, and John Cook, 
Director of R&D at Xerion Advanced Battery 
Corp. The researchers developed a new way to 
make electrodes that allowed them to be thick 
while also allowing fast ion and electron 
transport. Conventional cathodes consist of 
crushed particles compressed together, a 
process that results in large spaces between 
electrodes and a random internal configuration 
that slows ions as they move through the 
battery. These redesigned components are so 
efficient at transporting ions that they can be 
made thick enough to double the amount of 
energy-storing chemicals without sacrificing 
the speed necessary to actually power the 
devices they're connected to. Combined with 
the new packaging, these microbatteries have 
the energy and power density of batteries that 
are a hundred times larger while only weighing 
as much as two grains of rice.

Source: University of Pennsylvania news 
release
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Ultra-sensitive, easy to use sensor
Mixed metal based sensor is easy-to-use for detecting arsenic contamination in water and food samples in 15 
minutes

Dr. Vanish Kumar, an Inspire Faculty Fellow, 
has developed an ultra-sensitive, easy-to-use 
sensor for detecting arsenic contamination in 
water and food samples in 15 minutes. The 
developed sensor is highly sensitive, sele-
ctive, involves a single step, and is applicable 
for various water and food samples. The 
developed sensor can be easily operated by a 
common man by just correlating the colour 
change (on sensor surface) with the standard 
labels.

The sensor developed by Dr. Kumar recipient 
of INSPIRE Faculty fellowship of the 
Department of Science & Technology, GoI 
and currently positioned at the National Agri-
Food Biotechnology Institute (NABI), 
Mohali, can be tested with three modes- 
spectroscopic measurements, colour intensity 
measurement with the help of colorimeter or 
mobile application, and with naked eyes.

Developed on mixed metal (cobalt/mol-
ybdenum) based metal-organic frameworks, it 
can detect a wide range of arsenic- from 0.05 

ppb to 1000 ppm. In the case of paper and 
colorimetric sensors, the colour of the Metal-
Organic Framework (MOF) changes from 
purple to blue after interaction with arsenic. 
The intensity of the blue colour increases with 
an increase in the concentration of arsenic.

It has been tested successfully for the 
fabrication of spectroscopic as well as paper-
b a s e d  t o o l s  f o r  t e s t i n g  A r s e n i c  i n 
groundwater, rice extract, and plum juice. 
This research has been accepted for 
publication in 'Chemical Engineering 
Journal'.

Identification of arsenic before consumption 
of water and food is imperative to protect 
common man from the possible health issues 
associated with arsenic. However, none of the 
existing methods of detection can be easily 
used by the common man.

The developed testing kit is 500 times more 
sensitive in comparison to the improved 
version of the Molybdenum-blue test, which is 
one of the most common (and traditional) tests 
used for the sensing of arsenic ions. It is also 
economical and simple as compared to the 
other commonly used analytical techniques 
such as Atomic Absorption Spectroscopy 
(AAS) and Inductively-coupled Plasma Mass 
Spectrometry (ICPMS), which required 
expensive set-ups, lengthy and complicated 
methodologies, skilled operators, complex 
machinery, and difficult sample preparations. 
Dr. Vanish Kumar's team is the first to explore 
MOF for the sensing of arsenic ions on the 
basis of Mo-As interaction.

Source: PIB
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Touchscreen technology as a powerful sensor
A typical touchscreen could be used to identify common ionic contaminants in soil or drinking water by dropping 
liquid samples on the screen

Researchers from the University of Cam-
bridge have demonstrated how a typical 
touchscreen could be used to identify common 
ionic contaminants in soil or drinking water by 
dropping liquid samples on the screen, the first 
time this has been achieved. The sensitivity of 
the touchscreen sensor is comparable to 
typical lab-based equipment, which would 
make it useful in low-resource settings. The 
researchers say their proof of concept could 
one day be expanded for a wide range of 
sensing applications, including for biosensing 
or medical diagnostics, right from the phone in 
your pocket. The results are reported in the 
journal Sensors and Actuators B. “We wanted 
to know if we could interact with the 
technology in a different way, without having 
to fundamentally change the screen,” said Dr 
Ronan Daly from Cambridge's Institute of 
Manufacturing, who co-led the research. 
“Instead of interpreting a signal from your 
finger, what if we could get a touchscreen to 

read electrolytes, since these ions also interact 
with the electric fields?” The researchers 
started with computer simulations, and then 
validated their simulations using a stripped 
down, standalone touchscreen, provided by 
two UK manufacturers, similar to those used 
in phones and tablets. The researchers 
pipetted different liquids onto the screen to 
measure a change in capacitance and recorded 
the measurements from each droplet using the 
standard touchscreen testing software. Ions in 
the fluids all interact with the screen's electric 
f ie lds  di fferent ly  depending on the 
concentration of ions and their charge.

“Our simulations showed where the electric 
field interacts with the fluid droplet. In our 
experiments, we then found a linear trend for a 
range of electrolytes measured on the 
touchscreen,” said first author Sebastian 
Horstmann, a PhD candidate at IfM. “The 
sensor saturates at an anion concentration of 

around 500 micromolar, which can be 
correlated to the conductivity measured 
alongside. This detection window is ideal to 
sense ionic contamination in drinking water.” 
One early application for the technology could 
be to detect arsenic contamination in drinking 
water.  “In theory, you could add a drop of 
water to your phone before you drink it, in 
order to check that it's safe,” said Daly. At the 
moment, the sensitivity of phone and tablet 
screens is tuned for fingers, but the researchers 
say the sensitivity could be changed in a certain 
part of the screen by modifying the electrode 
design in order to be optimised for sensing. 
While it's now possible to detect ions using a 
touchscreen, the researchers hope to further 
develop the technology so that it can detect a 
wide range of molecules. This could open up a 
huge range of potential health applications.

Source: University of Cambridge news release
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Reducing frequent charging of wireless electronic gadgets
A new device may help reduce frequent charging of mobile phones and other Internet of Thing based devices

Researchers at the Indian Institute of 
Technology (IIT) Delhi has designed a device 
for high-density magnetic memory, in 
collaboration with the National University of 
Singapore (NUS). The proposed device may 
help reduce frequent charging of wireless 
electronic devices such as mobile phones and 
other Internet of Thing (IoT) based devices. 
The main memory, i.e., the Random-access 
memory (RAM) is most commonly used in 
modern computer architecture. These are 
SRAMs and DRAMs, which are based on 
CMOS technology. They are fast but volatile 
and require a constant supply of power, which 
consumes lots of energy.  Spintronics 
memories like spin-transfer torque magneto-
resistive RAM (STT-MRAM) and spin-orbit 
torque magneto-resistive RAM (SOT-
MRAM) are inherently non-volatile. They 
consume no power at standby. Also, their 
operation speeds are comparable to RAMs. 
Hence, these spintronics memories are the 

most potential candidates for replacing 
current electronic RAMs, says IIT Delhi 
statement. SOT-MRAMs are better than STT-
MRAM in terms of reliability and writing 
speed but lags in achieving high integration 
density. This is because, unlike STT-MRAM, 
which is a two-terminal device and needs one 
transistor for reading and writing operation, 
the SOT-MRAMs require two transistors each 
for reading and writing. Thus SOT-MRAM 
requires a larger area per bit as compared to 
STT-MRAM. Also, SOT-MRAM is less 
prone to breakdown due to separate read and 
write paths, this is absent in STT-MRAMs. 
Hence, SOT-MRAM is the preferred choice 
among the research community however 
significant work is required to increase their 
areal density.

In a collaborative work between Prof. Rahul 
Mishra from the Centre for Applied Research 
in Electronics (CARE), IIT Delhi, and Prof. 
Hyunsoo Yang from the National University 

of Singapore (NUS) a possible solution for 
achieving higher integration density in SOT-
MRAMs was proposed and experimentally 
demonstrated. Prof. Rahul Mishra said, “We 
demonstrated a shared write channel based 
multibit SOT cell scheme, which reduces the 
number of transistors required per bit. This cell 
design requires half the area compared to 
conventional SOT MRAM, thus almost 
doubles the area efficiency of the memory 
chip”. To make the above design feasible, the 
team designed a magnetic memory device, 
which can be programmed by the application 
of gate voltage. The gate voltage was used to 
migrate oxygen ions in the device, which 
resulted in modulation of the spin current 
polarity. Thus, cells can now be written 
individually, and hence they obtained a full-
fledged, working area-efficient SOT memory. 
The work was published in the Physical 
Review applied journal.

Source: India Science Wire
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Flexible ultraviolet sensors for use in wearables
To enable the development of wearable devices that possess advanced ultraviolet (UV) detection functions, 
scientists have created a new type of light sensor

In a study which was featured on the front 
cover of the peer-reviewed journal ACS Nano, 
the NTU researchers reported that their 
flexible UV light sensors were 25 times more 
responsive, and 330 times more sensitive, than 
existing sensors, exceeding the performance 
level required for optoelectronic applications 
– or light- based electronics. UV light sensors, 
also known as photodetectors, are used in a 
wide range of systems, from smartphones to 
biomedical imaging. Over the past decades, 
gallium nitride (GaN) has gained prominence 
as the ideal material to fabricate UV light 
sensors, largely due to its superior properties 
in emitting, regulating, transmitting, and 
sensing light. However, most GaN-based UV 
sensors today are built on rigid layers, limiting 
their use in flexible and wearable products. 
While researchers elsewhere have developed 
flexible GaN-based UV sensors, they have not 
attained the level of performance required for 
state-of-the-art use. Two of their biggest 
challenges are low responsivity and low 
sensitivity. The NTU team overcame these 

constraints by creating their flexible UV light 
sensors on a semiconductor wafer 8 inches in 
diameter, using free-standing single-
crystalline layers of GaN and aluminium 
gallium nitride (AlGaN), arranged using 
membranes that consist of two different thin 
semiconductor layers (heterostructure 
membranes).

This type of semiconductor structure, which 
can be fabricated using existing industrial 
compatible methods, allows the material to be 
easily bent, making it ideal for use in flexible 
sensors. At the same time, the chemical 
composition of the material changes with 
depth, meaning that high performance is 
maintained even when it comes under strain. 
In lab tests, the NTU flexible UV light sensors 
created using the novel combined AlGaN and 
GaN operated at exceedingly high levels of 
responsivity and sensitivity. Subjected to 
multiple bending and high temperature tests, 
they also maintained good performance. 
Under a range of external strains (comp-

ressive, flat, and tensile), the sensors recorded 
a responsivity level of between 529 – 1340 
Ampere/Watt (unit used to measure the ability 
of a device to transfer an optical signal to an 
electrical signal), which is about 100 times 
higher than existing UV sensors. This 
responsivity remained stable after 100 cycles 
of repetitive bending, demonstrating its 
potential to be integrated into wearables. Lead 
researcher, NTU Assistant Professor Kim 
Munho from the School of Electronic and 
Electrical Engineering, said the high 
performance of the team's flexible UV light 
sensors proves that it would be feasible to 
manufacture large-scale lightweight and 
flexible electronics for use in future relevant 
light-based applications. 

The NTU team's achievement could lead to 
significant advances in UV optoelectronic 
devices and circuits added Asst Prof Kim, as 
product engineers could now look forward to 
developing UV-enabled wearable systems.

Source: NTU news release
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Efficient wearable tactile sensors
These can be used for diagnosis of pulse rate variability in humans, robotics and bio-medical applications

Researcher has developed low-cost soft, 

flexible, and wearable sensors that can be used 

for diagnosis of pulse rate variability in humans. 

Being a high sensitivity flexible pressure/strain 

sensor, it can also be used for small- and large-

scale motion monitoring, with potential 

applications in robotics, prosthetics, as well as 

minimal invasive surgery and identification of 

tumor/cancerous cells. Dr. Dipti Gupta from IIT 

Bombay has fabricated these tactile (pressure 

and strain) sensors using low-cost polyurethane 

foam and nanomaterial-based inks that can coat 

several substrates with support from the 

Advanced Manufacturing Technologies 

programme of the Department of Science & 

Technology (DST), Government of India. 

Reduced graphene oxide (rGO) was used as the 

sensing material. The fabrication of sensors 

based on reduced graphene oxide (rGO) as the 

sensing material was challenging due to the 

intrinsic hydrophobic behavior of graphene 

oxide inks as well as the agglomeration of 

graphene oxide flakes after reduction. A 

reducing agent called hydrazine and a dual-

component additive comprising of compounds 

benzisothiazolinone and methylisothiazolinone 

in appropriate proportion were used to 

synthesize rGO ink with a hydrophilic nature. 

Utilizing this hydrophilic rGO ink mixed with 

multiwalled carbon nanotubes (MWNTs), a very 

simple, low-cost approach was found for the 

fabrication of a pressure sensor based on 

polyurethane (PU) foam coated with the 

MWNT−rGO ink (MWNT− rGO@PU foam). 

The MWNT−rGO@PU foam-based devices 

were shown to be versatile pressure sensors with 

the potential to detect both small-scale and large-

scale movements.

The research was published in the journal ACS 

Applied Materials and Interfaces.  The 

technology which can be used to monitor the 

pulse waveform of a human radial artery in real-

time is aligned with the 'Make in India' initiative, 

and Dr. Gupta has applied for 3 national patents 

for these sensors. The sensors have been tested 

for their different level of strains like micro and 

large scale motion monitoring and have potential 

applications in biomedical devices, skin 

electronics, and minimal invasive surgery. This 

frontier technology for wearable and robotic 

devices applications is in the third stage of 

Technology Readiness Level, and Dr Gupta 

further plans to develop a prototype for an array 

of sensors in the future.

Source: PIB
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Electric tuning of magnetism in exotic states of matter
This property called the Hall layer effect allows magnetism of such materials to be effectively controlled by an 
external electric field 

Scientists have found that electric tuning of 

magnetism in certain exotic states of matter can 

lead to striking optical effects that are useful in 

some optical devices. They discovered that on 

application of an electric field, electrons from the 

top and bottom layers of a special kind of 

magnetic insulator called antiferromagnetic 

axion insulator spontaneously deflect in opposite 

directions. This property called the Hall layer 

effect allows magnetism of such materials to be 

effectively controlled by an external electric field 

leading to electric tuning of magnetism with 

important applications in next-generation 

magnetic and optical devices. Anti-ferro-

magnetic axion insulators are an exotic state of 

matter that was proposed decades ago but remain 

experimentally elusive till date. Manganese 

bismuth telluride (MnBi2Te4) series of 

compounds has emerged as a promising class of 

antiferromagnetic axion insulators, and scien-

tists are exploring its unique properties for using 

these in more innovative ways.

A team from IIT Kanpur has stumbled on the 

'layer Hall Effect' property in a few nanometer 

thick devices made of Manganese bismuth 

tellurideMnBi2Te4 layers. Hall Effectrefers to 

the generation of a transverse voltage in the 

response of an electric field. It occurs in 

materials in the presence of a magnetic field. 

More recently, it has been shown to arise even in 

the absence of a magnetic field, originating from 

the 'geometry' of the electron motion in a 

crystalline solid in a paper published in the 

journal Nature. The IIT Kanpur team led by Prof. 

Amit Agarwal experimentally observed a new 

kind of Hall effect called layer Hall Effect in 

which the top and the bottom layer of the device 

generate transverse current in the opposite 

directions, which is made possible by a geometric 

property of the electron in crystals. Additionally, 

the IIT Kanpur team observed that the magnetic 

state of MnBi2Te4 can be effectively switched by 

a coupled magnetic and electric field known as 

the axion field. This study, supported by the 

Science Engineering and Research Board 

(SERB) and the Department of Science and 

Technology (DST), opens up the field for 

exploration of more exotic transport and optical 

effects in MnBi2Te4 using the axionic 

electromagnetic coupling.

Source: PIB 
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Porous carbon nanoparticles from onion peels
Scientists develop soft robotic actuators for applications in drug delivery, wearable and assistive devices, prostheses, 

and even artificial organs

Using porous carbon nanoparticles from waste 

onion peels, a team of scientists have developed 

soft robotic actuators with enhanced photo-

mechanical capacity. The actuators can act as 

efficient traps for the illuminating low-power 

near-infrared (NIR) light and can convert a 

control signal into mechanical motion with 

bioengineering applications such as drug 

delivery, wearable and assistive devices, 

prostheses, and even artificial organs. Soft robots 

or actuators consisting of rubber-like polymer 

with embedded nanomaterials which convert a 

source of energy to mechanical motion have 

been gaining much interest with targeted 

applications in areas including bio-medical, 

military, and remote space operations. Gen-

eration of predesigned motion facilitated by their 

flexibility, affordability, and easy cust-omization 

are the main reasons for such interest. The high 

thermal conductivity of these nanoforms results 

in rapid distribution of the heat generated locally 

by thermal and photo-thermal stimuli. To take 

these actuators to the next level of development, 

heat traps can be created to capture and contain 

the generated heat for slightly longer durations 

such that the achieved photomechanical 

actuation can be enhanced. A team led by Prof. S. 

Krishna Prasad at the Centre for Nano and Soft 

Matter Sciences (CeNS), Bengaluru, has 

realized such a possibility by utilizing porous 

carbon nanoparticles (PCNs). In the research 

work recently published in the 'Journal of 

Nanostructure in Chemistry,'  the porous nano-

carbons (PCN) prepared were prepared from 

waste onion peels by Dr. Gurumurthy Hegde at 

the B.M.S. College of Engineering, Bengaluru.

The specific surface area of the high porosity 

PCNs were efficient traps for the illuminating 

low-power near-infrared (NIR) light resulting in 

the film comprising PCNs and PDMS achieving 

large magnitude (multi-mm) actuation with fast 

(sub-second) responses. These features are 

seldom obtained in single-layer films containing 

any other carbon nanostructure.

The researchers attribute the heat-trapping 

capability to the manner in which the PCN is 

prepared. Ms. Pragnya Satapathy, a senior 

research fellow, says, “Exhaustive measurements 

performed show that  the photothermal 

conversion efficiency and the heat-trapping 

capability is seen to be strongly correlated with 

the pyrolysis temperature employed for PCN 

preparation, and thus is an effective control 

parameter.” As a value addition, the team also 

found with an additional ultrathin (30 nm) gold 

layer, the actuation magnitude could be more 

t han  doub led ,  and  more  impor t an t ly, 

bidirectional photo-controlled face-sensitive 

movement realized. As a novel application-

oriented demonstration of the process, the team 

fabricated a Near-Infrared-driven electrical 

switch which could activate LED circuits and 

could be used for other similar applications.

Source: PIB
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Enhancing fruit shelf life with reusable wrapper
Composite paper made of carbon (graphene oxide) loaded with preservatives that can be used as wrappers

Scientists have developed a composite paper 
made of carbon (graphene oxide) loaded with 
preservatives that can be used as wrappers to 
help extend shelf life of fruits. Unlike the 
present preservative dipping technology, 
where the preservatives are adsorbed by the 
fruit, causing chronic toxicity to the 
consumers; here preservatives the wrapper 
releases the preservative only when needed. 
The wrapper can be reused, which is not 
possible with the present technology. Fruits  
are highly perishable, hence 50% of fruits 
produced are wasted, causing huge losses. 
Conventional preservation relies on coating 
the preservative with the resin, wax, or edible 
polymer, which may cause chronic health 
problems. In order to address this problem, a  
team of researchers led by Dr.  P.  S 
Vijayakumar from Institute of Nano Science 
and Technology, Mohali, n Autonomous  a
Institute of the Department of Science and 
Technology, Ministry of Science and 
Technology, Government of India looked for 
an alternative, that could be generated from 
waste and would not lead to adsorption of 
preservatives in the fruit. The activated  

graphene oxide-loaded molecules were then 
loaded with preservatives. This high 
preservative-loaded graphene oxide, when 
cast into a paper used for fruit wrapping, 
ensures that the fruit is not loaded with toxic 
preservatives. But when the fruit over-ripens 
or gets infested by pathogens, the acidity 
increases by the secretion of acids, critic, and 
oxalic acids trigger the release of the 
preservatives for the preservation of the fruit. 
Otherwise, the preservative stays with the 
carbon wrapper. In the fruit dipping method, 
the preservative will be lost along with the 
fruit, whereas the wrapper can be re-used after 

the consumption of the fruit  for the 
preservation of the next batch of fruits.

To develop this non-toxic and reusable 
wrapping paper, the team allowed carbon 
matrix to incubate with the preservative. After 
the incubation for 24 hr in room temperature, 
the resultant was washed several times to 
remove the extra preservatives. And finally, 
this carbon-preservative composite was cast 
into paper. This work has been published in the 
journal 'ACS applied materials and interface'. 
This novel product can benefit the farmers and 
food industry by extending the shelf life of 
fruits. Using this wrapper for the fruit will also 
ensure that the customer gets the fruits with 
h e a l t h y  q u a l i t y,  a s  w e  h a v e  f o u n d 
improvement in the phenol content. The 
production of this graphene fruit wrapper 
requires only the carbon produced from the 
heating of biomass; hence it will also benefit in 
biomass consumption and employment 
generation.

Source: PIB
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Producing hydrogen from water
Manufacturing hydrogen using magnets could pave the path towards environment-friendly fuel at a lower cost

A team of researchers from IIT Bombay led by 
Prof. C. Subramaniam have come up with an 
innovative hydrogen manufacture route 
which increases its production three times and 
lowers the energy required that could pave the 
path towards environment-friendly hydrogen 
fuel at a lower cost. It involves electrolysis of  
water in the presence of an external magnetic 
field. In this method, the same system that 
produces 1 ml of hydrogen gas required 19% 
lower energy to produce 3 ml of hydrogen in 
the same time. This is achieved by syner-
gistically coupling the electric and magnetic 
fields at the catalytic site. The simple  
approach also provides the capability to 
retrofit any existing electrolyser (that uses 
electricity to break water into hydrogen and 
oxygen) with external magnets without 
drastic change in the design, leading to 
increased energy efficiency of H  production. 2

This proof-of-concept demonstration for 
producing hydrogen has been published in 
ACS Sustainable Chemistry & Engineering.

The electrocatalytic material - cobalt-oxide 
nanocubes that are dispersed over hard-
carbon based nanostructured carbon florets, is 
of prime importance to achieve this effect and 
was developed with the support of the 
Department of Science & Technology's 
Material for Energy Storage program at 
Technology Mission Division. It was put to 
use for magneto-electrocatalysis through the 
DST-SERB grant. The interface between the  
carbon and cobalt oxide is key to magneto-
electrocatalysis. It is advantageous as it forms 
a system that does not require the constant 

presence of the external magnetic field and is 
able to sustain the magnetisation for prolonged 
t ime per iods ;  the  magni tude  of  the 
enhancements achieved (650% increase in 
current density, 19% lowering of energy 
required and a 3-fold increase in volumetric 
hydrogen production rate) is unparalleled, the 
intermittent magnetic field required is similar 
to what a fridge magnet can provide. This route 
can be directly adopted in existing electr-
olyzers without any change in design or mode 
of operation and one-time exposure of 
magnetic field for 10 minutes is enough to 
achieve the high rate of hydrogen production 
for over 45 minutes. “The intermittent use of  
an external magnetic field provides a new 
direction for achieving energy-efficient 
hydrogen generation” says Prof. Subra-
maniam. Having shown that the method is not 
very complicated either, the team is now 
working with an industrial partner to increase 
the TRL level and ensure its successful 
commercialization. Source: PIB
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Low-cost electrical contact material 
Thermostatic material can generate electricity by using temperature difference between its two sides

Researchers have developed a new low-cost 
electrical contact material for thermoelectric 
devices that is stable at high temperature. The 
thermoelectric material can generate 
electricity by using a temperature difference 
between its two sides. The thermoelectric 
device can also function as a small heat pump, 
moving heat from one side of the device to the 
other. Thermoelectric materials convert 
thermal energy directly into electricity 
through a process that involves a solid-state 
electron and phonon diffusion process. 
Though the principle is known for two 
centuries, it had limited utility as most known 
thermoelectric materials' energy conversion 
efficiency is very low. Nanotechnology 
brought innovations to improve the efficiency 
of materials, but the mass-market application 
of such innovations has remained restricted 
due to the low device conversion efficiency of 
6-10%. This makes the electricity produced 
costlier than other technologies. Researchers  
from the International Advanced Research 
Centre for Powder Metallurgy & New 
Materials (ARCI), an autonomous institute of 
the Department of Science & Technology, 
have designed and developed thermoelectric 

modules using lead telluride (PbTe) and 
magnesium stannite silicide (Mg2Si Sn ) 1-x x

compounds, which gives more than 10% 
conversion efficiency. This work has been 
published in the journal'Materials Research  
Bulletin' recently. The thermoelectric device, 
which requires a metal electrode electrically 
connected to semiconductor thermoelectric 
materials, needs two essential functional 
requirements. The joint should be stable at 
elevated operating temperature (300-600°C) 
and should not undergo any thermochemical 
degradation. It should have the least contact 
resistance so that the current flow and the 
power delivered reach a maximum.  

The ARCI team explored various metall-
ization methods and diffusion barrier 

materials with a systemic approach to make a 
stable bismuth-doped Mg (Si Sn )-Cu joint to 2 1-x x

fabricate a thermoelectric generator. A single-
step direct vacuum hot pressing of bismuth-
doped  magnes ium s i l i c ide  s t ann ide 
(Mg (Si Sn )Bi ) powder produced a dense 2 0.38 0.6 0.02

pellet with a mechanically stable metalized 
layer suitable to use in t  hermoelectric modules
up to 400°C.

The bismuth-doped magnesium silicide 
stannide powder synthesized by induction 
melting of constituent elements and ball 
milling of the solidified ingots was hot-pressed 
with SS304 and copper (Cu) powders.  The 
joint's specific contact resistance is around 4.4 

2µΩ.cm , which is the lowest value reported so 
far in this material. The joint showed excellent  
thermal stability up to 450°C temperature 
when tested for 15 days, with insignificant 
change in the reaction layers thickness at the 
interface. By using these joints, a thermo-
electric device has been developed success-
fully and tested for its performance.

Source: PIB
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Materials that self-repair mechanical damages
The materials recently developed by scientists can repair their own mechanical damages with the electrical 
charges generated by the mechanical impact on them

New materials may soon make it possible for 
damaged electronic components, such as in 
space crafts, to mend themselves. The 
materials recently developed by scientists can 
repair their own mechanical damages with the 
electrical charges generated by the mech-
anical impact on them. Devices that we use  
daily often break down due to mechanical 
damage, forcing us either to repair or replace 
them. This decreases the life of the equipment 
and increases maintenance costs. In many 
cases, like in space crafts, human intervention 
for restoration is not possible. Keeping such  
necessities in mind, researchers from the 
Indian Institute of Science Education and 
Research (IISER) Kolkata, teaming up with 
IIT Kharagpur, have developed piezoelectric 
molecular crystals that repair themselves from 
mechanical damages without need for any 
external intervention. Piezoelectric crystals 
are a class of materials that generate electricity 
when it undergoes a mechanical impact.

The piezoelectric molecules developed by the 
scientists called bipyrazole organic crystals 

recombine following mechanical fracture 
without any external intervention, auto-
nomously self-healing in milliseconds with 
crystallographic precision. In these molecular  
solids, due to the unique property of 
generating electrical charges on mechanical 
impact, the broken pieces acquire electrical 
charges at the crack junction, leading to 
attraction by damaged parts and precise 
autonomous repair. This research supported 
by the Department of Science and Techn-
ology, GoI via Swarnajayanti Fellow-ship to 
CM Reddy and Science and Engin-eering 
Research Board (SERB) research grants has 
been published in the journal 'Science' 
recently.

This methodology was initially developed by 

the IISER Kolkata team led by Prof. C Malla 
Reddy,  a  recipient  of  Swarnajayanti 
fellowship (2015) given by the Department of 
Science & Technology, GoI. Prof. Nirmalya 
Ghosh of IISER Kolkata, a laureate of the 
Society of Photo-Optical Instrumentation 
Engineers (SPIE) G.G. Stokes Award in 
Optical polarization 2021, used a custom-
designed state-of-the-art polarization 
microscopic system to probe and quantify the 
perfection of the piezoelectric organic 
crystals. These materials with perfect internal 
arrangement of molecules or ions are called 
'crystals', which are abundant in nature. The  
IIT Kharagpur's team, Prof. Bhanu Bhusan 
Khatua and Dr. Sumanta Karan studied the 
performance of the new materials for 
fabricating mechanical energy harvesting 
devices. The material may find application in 
high-end micro-chips, high precision 
mechanical sensors, actuators, micro-robotics, 
and so on. Further research into such materials 
may eventually lead to the development of 
smart gadgets that self-repair cracks or 
scratches. Source: PIB

Engineering Sciences - Mechanical Engineering

Bacterial growth control
It could have multiple applications ranging from biomedical to aerospace and automobiles etc.

A group of researchers have recently 
developed a nano-structured self-cleaning 
sustainable aluminium surface by utilizing a 
simple and environment-friendly fabrication 
route. It could have multiple applications 
ranging from biomedical to aerospace and 
automobiles to household appliances, and the 
process is easily scalable to industrial-level 
production. Aluminium is a light metal, which 
has many industrial applications as it can be 
easily cast, machined and shaped. However, 
a tmospher ic  degradat ion due to  the 
accumulation of contaminants and humidity 
significantly limits its performance and 
sustainability. Besides, the leaching of 
aluminium also causes environmental and 
health-related issues. To overcome these 
problems, Dr Harpreet Singh Grewal, Dr 
Harpreet Singh Arora and Mr Gopinath 
Perumal, researchers from the Department of 
Mechanical Engineering and Dr Sajal Kumar 
Ghosh and Ms Priya Mandal from Department 
of Physics of Shiv Nadar University, Delhi-
NCR have jointly developed the nano-

structured aluminium surfaces that show 
immense mechanical, chemical, and thermal 
durability restricting the corrosion and 
leaching effects. A Raman spectrometer 
obtained through the 'Fund for Improvement 
of Science & Technology infrastructure' 
(FIST) project of the Department of Science 
& Technology, Government of India, has been 
used to carry out this work.  This result is 
repor ted  in  the  Journal  o f  Cleaner 
Production.

The researchers have developed a flake-like 
nanostructure on aluminium surface. This is 
achieved by heating the aluminium sample in 

owater with a temperature maintained at 80 C 
for an hour, without using any chemical 

reagents and toxic solvents. The surface 
obtained by this facile and environment-
friendly approach showed a complete wetting 
nature (ability of a liquid to spread over a solid 
surface). A coating of low surface energy 
hydrocarbon material on it converts it into a 
surface where a water droplet immediately 
rolls off the surface. This makes it useful for 
self-cleaning applications. “This self-cleaning 
surface is stable over a wide range of 

otemperature, from -80 to 350 C, improving its 
corrosion resistance property. In fact, it shows 
40 times reduction in the corrosion rate when 
compared to the existing surfaces developed 
by other processing routes,” said Dr Grewal. 
Dr Ghosh explains that because of their 
nanostructured morphology coated with 
hydrocarbons, these surfaces are capable of 
reducing bacterial adhesion and growth to a 
great extent and hence can be used in 
healthcare and medical devices, including 
dental implants and heart assistive devices.

Source: PIB
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Shape-changing materials
Enable to develop shape-changing objects that are paper-thin, fast-moving and almost completely silent 

Imagine opening up a book of nature photos 
only to see a kaleidoscope of graceful 
butterflies flutter out from the page. Such 
fanciful storybooks might soon be possible 
thanks to the work of a team of designers and 
engineers at CU Boulder's ATLAS Institute. 
The group is drawing from new advancements 
in the field of soft robotics to develop shape-
changing objects that are paper-thin, fast-
moving and almost completely silent. The 
researchers' early creations, which they've 
dubbed “Electriflow,” include origami cranes 
that can bend their necks, flower petals that 
wiggle with the touch of a button and, yes, 
fluttering insects. “Usually, books about 
butterflies are static,” said Purnendu, a 
graduate student at CU Boulder who is leading 
the project and who goes by a singular name. 
“But could you have a butterfly flap its wings 
within a book? We've shown that it's 
possible.” He and his colleagues presented 
their results recently at the Association for 
Computing Machinery's 2021 Designing 
Interactive Systems (DIS) conference. Purn-
endu explained that the team's Electriflow 
designs don't require motors or other 
traditional machine parts to come to 
life—making them soft to the touch, just like 
real butterflies. They're inspired by a class of 

“artificial muscles” that were initially 
developed by researcher led by Christoph 
Keplinger at CU Boulder and are now 
available commercially through a company 
called Artimus Robotics.  Artimus taps into a 
technology called hydraulically amplified 
self-healing electrostatic (HASEL) actuators. 
Unlike traditional robotic parts, which are 
often made of rigid metal, HASEL actuators 
get their power from fluids. The actuators rely 
on electrostatic forces to push oil around in 
sealed plastic pouches, said Eric Acome, a 
former CU Boulder graduate student who 
helped to pioneer the actuator technology. 

“One of the main benefits of these actuators is 
that they're versatile,” said Acome, coauthor 
of the new study and the chief technology 

officer at Artimus Robotics. “They're just 
pouches, but depending on the shape of that 
pouch, you can generate different kinds of 
movement.” They also emulate the natural 
world in which organisms of all kinds change 
their shapes to scare away predators and trap 
prey.  Electriflow takes advantage of several 
different pouch shapes to create origami-like 
folds in flat plastic sheets. And it's fast: 
Purnendu's insects can beat their wings at a top 
speed of about 25 beats per second—quicker 
than most real butterflies and on par with some 
speedier moths. 

Source: CU Boulder news release

Medical sciences - Biochemistry

Detection of cholesterol
Study reports that a sensor region on human serotonin receptor that can detect cholesterol

Cells communicate with each other via 
receptor proteins expressed on the cell 
membranes.  Many drugs target these receptor 
proteins to alter cell's functioning and 
physiology. However, the latest study from 
Prof Amitabha Chattopadhyay's lab at CSIR-
Centre for Cellular and Molecular Biology 
(CCMB) makes a case for accounting for the 
lipid environment that surrounds the receptor 
proteins, while designing drugs acting on the 
latter. The lab had earlier found that the 
serotonin receptors are sensitive to cholesterol 
surrounding them. In the new study published 
in Science Advances, they report a sensor 
region on human serotonin1A receptor that 
can detect cholesterol. They looked at specific 
regions called CRAC motifs in the receptor. 
These are believed to interact with cholesterol. 

The researchers carefully replaced specific 
amino acids in the CRAC motifs of the 
serotonin1A receptor and identified a 
particular amino acid responsible for the 
cholesterol-sensitive function of the receptor.

The researchers collaborated with Dr Jana 
Selent's group from Pompeu Fabra University 
Hospital del Mar Medical Research Institute 
in Barcelona, Spain to visualize the protein-
cholesterol interaction via computer-aided 
molecular dynamics simulations. This helped 
them predict how the specific amino acid on 
CRAC motif enables the receptor to sense 
changes in cholesterol levels by controlling 
molecular motion in certain regions of the 
receptor, says CSIR-CCMB statement. 
“These findings are important since 
cholesterol levels change in our cells with age 

and in many disease conditions. We believe our 
work will help in developing better drugs that 
keep in mind not just the receptor as the drug 
target, but also the lipid environment in which 
the receptor is present”, explained Prof 
Chattopadhyay.

“Our expertise in structural biology at CCMB 
is key towards a physical understanding of 
cells and their functions. This not only adds to 
the detailed view of living cells but also have 
i m m e n s e  p o t e n t i a l  i n  t h e r a p e u t i c s 
development”, said Dr Vinay Nandicoori, 
Director, CCMB.

Source: India Science Wire
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Easy diagnosis of brain tumours
Researchers develop two tests that can detect the presence of glioma, a type of brain tumour, in patient urine or 
blood plasma

The team say that a test for detecting glioma 
using urine is the first of its kind in the world. 
Although the research, published in EMBO 
Molecular Medicine, is in its early stages and 
only a small number of patients were 
analysed, the team say their results are 
promising. Detecting brain tumour cell-free 
DNA (cfDNA) in the blood has historically 
been difficult because of the blood-brain-
barrier, which separates blood from the 
cerebrospinal fluid (CSF) that surrounds the 
brain and spinal cord, preventing the passage 
of cells and other particles, such as cfDNA. 
The researchers, led by Dr Florent Mouliere 
who is based at the Rosenfeld Lab of the 
Cancer Research UK Cambridge Institute and 
at the Amsterdam UMC, and Dr Richard Mair, 
who is based at Cancer Research UK 
Cambridge Institute and the University of 
Cambridge developed two approaches in 
parallel to overcome the challenge of 
detecting brain tumour cfDNA.

The first approach works for patients who 

have previously had glioma removed and 
biopsied. The team designed a tumour-guided 
sequencing test that was able to look for the 
mutations found in the tumour tissue within 
the cfDNA in the patient's urine, CSF, and 
blood plasma.

A total of eight patients who had suspected 
brain tumours based on MRIs were included 
in this part of the study. Samples were taken at 
their initial brain tumour biopsies, alongside 
CSF, blood and urine samples. The test was 
able to detect cfDNA in 7 out of 8 CSF 
samples, 10 out of the 12 plasma blood 
samples and 10 out of the 16 urine samples. 
For the second approach the researchers 

looked for other patterns in the cfDNA that 
could also indicate the presence of a tumour, 
without having to identify the mutations. They 
analysed 35 samples from glioma patients, 27 
people with non-malignant brain disorders, 
and 26 healthy people. They used whole 
genome sequencing, where all the cfDNA of 
the tumour is analysed, not just the mutations. 
They found in the blood plasma and urine 
samples that fragments of cfDNA, which came 
from patients with brain tumours were 
different sizes than those from patients with no 
tumours in CSF. They then fed this data into a 
machine learning algorithm which was able to 
successfully differentiate between the urine 
samples of people with and without glioma.

The researchers say that while the machine 
learning test is cheaper and easier, and a tissue 
biopsy from the tumour is not needed, it is not 
as sensitive and is less specific than the first 
tumour-guided sequencing approach.

Source: University of Cambridge

Medical Sciences - Cancer Research

Breast cancer therapy
Researchers discovered a small molecule, ErSO, that eradicates breast cancers in mice 

A new approach to treating breast cancer kills 
95-100% of cancer cells in mouse models of 
human estrogen-receptor-positive breast 
cancers and their metastases in bone, brain, 
liver and lungs. The newly developed drug, 
called ErSO, quickly shrinks even large 
tumors to undetectable levels. Led by 
scientists at the University of Illinois Urbana-
Champaign, the research team reports the 
findings in the journal Science Translational 
Medicine. “Even when a few breast cancer 
cells do survive, enabling tumors to regrow 
over several months, the tumors that regrow 
remain completely sensitive to retreatment 
with ErSO,” said U. of I. biochemistry 
professor David Shapiro, who led the research 
with Illinois chemistry professor Paul 
Hergenrother. “It is striking that ErSO caused 
the rapid destruction of most lung, bone and 
liver metastases and dramatic shrinkage of 
brain metastases, since tumors that have 
spread to other sites in the body are 
responsible for most breast cancer deaths,” 
Shapiro said.  The activity of ErSO depends 
on a protein called the estrogen receptor, 

which is present in a high percentage of breast 
tumors. When ErSO binds to the estrogen 
receptor, it upregulates a cellular pathway that 
prepares cancer cells for rapid growth and 
protects them from stress. This pathway, 
called the anticipatory Unfolded Protein 
Response, or a-UPR, spurs the production of 
proteins that protect the cell from harm.

“Because this pathway is already on in cancer 
cells, it's easy for us to overactivate it, to 
switch the breast cancer cells into lethal 
mode,” said graduate student Darjan Duraki, 
who shares first-author status on the new 
report with graduate student Matthew 
Boudreau. While the original compound 

prevented breast cancer cells from growing, it 
did not rapidly kill them, and it had undesirable 
side effects. He researchers focused on a search 
for a much more potent small molecule that 
would target the a-UPR. Their analysis led to 
the discovery of ErSO, a small molecule that 
had powerful anticancer properties without 
detectable side effects in mice, further tests 
revealed. “This anticipatory UPR is estrogen-
receptor dependent,” Hergenrother said. “The 
unique thing about this compound is that it 
doesn't touch cells that lack the estrogen 
receptor, and it doesn't affect healthy cells – 
whether or not they have an estrogen receptor. 
But it's super-potent against estrogen-receptor-
positive cancer cells.”

Further studies in mice showed that exposure 
to the drug had no effect on their reproductive 
development. And the compound was well 
tolerated in mice, rats and dogs given doses 
much higher than required for therapeutic 
efficacy, the researchers found.

Source: University of Illinois Urbana-
Champaign news release
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Ultrasound triggers immune attack against tumors 
Cancer immunotherapy that pairs ultrasound with cancer-killing immune cells to destroy malignant tumors 
while sparing normal tissue

Bioengineers at the University of California 
San Diego have developed a cancer 
immunotherapy that pairs ultrasound with 
cancer-killing immune cells to destroy 
malignant tumors while sparing normal 
tissue. The team, led by the labs of UC San 
Diego bioengineering professor Peter Ying-
xiao Wang and bioengineering professor 
emeritus Shu Chien, detailed their work in a 
paper published Aug. 12 in Nature Biomedical 
Engineering.

CAR T-cell therapy has worked well for the 
treatment of some blood cancers and 
lymphoma, but not against solid tumors. 
That's because many of the target antigens on 
these tumors are also expressed on normal 
tissues and organs. This can cause toxic side 
effects that can kills cells—these effects are 
known as on-target, off-tumor toxicity. “CAR 
T cells are so potent that they may also attack 
normal tissues that are expressing the target 
antigens at low levels,” said first author Yiqian 
(Shirley) Wu, a project scientist in Wang's lab. 

To combat this issue, the team took standard 
CAR T cells and re-engineered them so that 
they only express the CAR protein when 
ultrasound energy is applied. This allowed the 
researchers to choose where and when the 
genes of CAR T cells get switched on. “We 
use ultrasound to successfully control CAR T 
cells directly in vivo for cancer immun-
otherapy,” said Wang, who is a faculty 
member of the Institute of Engineering in 
Medicine and the Center for Nano-Immuno 
Engineering, both at UC San Diego. What's 
exciting about the use of ultrasound, noted 
Wang, is that it can penetrate tens of 
centimeters beneath the skin, so this type of 
therapy has the potential to non-invasively 
treat tumors that are buried deep inside the 
body.

The team's approach involves injecting the re-
engineered CAR T cells into tumors in mice 
and then placing a small ultrasound 
transducer on an area of the skin that's on top 
of the tumor to activate the CAR T cells. The 

transducer uses what's called focused 
ultrasound beams to focus or concentrate short 
pulses of ultrasound energy at the tumor. This 
causes the tumor to heat up moderately—in 
this case, to a temperature of 43 degrees 
Celsius (109 degrees Fahrenheit)—without 
affecting the surrounding tissue. The CAR T 
cells in this study are equipped with a gene that 
produces the CAR protein only when exposed 
to heat. As a result, the CAR T cells only 
switch on where ultrasound is applied. The 
researchers put their CAR T cells to the test 
against standard CAR T cells. In mice that 
were treated with the new CAR T cells, only 
the tumors that were exposed to ultrasound 
were attacked, while other tissues in the body 
were left alone. But in mice that were treated 
with the standard CAR T cells, all tumors and 
tissue expressing the target antigen were 
attacked.

Source: University of California San Diego
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Early detection of colon cancer
Scientists discover a new way that could identify the disease even at Stage I, the earliest stage

Colon cancer is one of the most common types 
of cancer – both in India and worldwide. 
Presently, colon cancer gets detected at very 
late stages.  A new collaborative study 
involving four institutes in India and one in 
France and led by Dr. Sagar Sengupta at the 
National Institute of Immunology (NII), has 
discovered a new way that could identify the 
disease even at Stage I, the earliest stage. Dr. 
Sengupta's laboratory works on micro RNAs, 
which are small single-stranded non-coding 
RNA molecules, silence the expression of 
many proteins. The micro RNAs are known to 
bind to the messenger RNA molecules that 
code for the proteins and thereby either 
inactivate or destroy them.

The new study has discovered that six micro 
RNAs get upregulated in colon cancer cells 
and that the levels of these were controlled by 
a master regulator protein, named CDX2. 
Importantly, the upregulated micro RNAs, 
which were named `DNA damage sensitive 
micro RNA's or `DDSM's, were found to 
target a group of cellular proteins which are 
essential to maintain the pristine nature of 

genetic material within each cell of the body. 
Experiments involving laboratory mice 
confirmed that the cells have a greater 
tendency to form cancers if there is 
overexpression of these micro RNAs and 
consequent loss of these genome stabilizers.

The researchers have tested their findings on 
publicly available datasets in The Cancer 
Genome Atlas (TCGA) and also in a cohort of 

colon cancer patients who had come to All 
India Institute of Medical Sciences (AIIMS), 
New Delhi for treatment. Analysis was done 
with the available data of over 410 patients and 
the biopsy materials of 54 patients from 
AIIMS, New Delhi.

They found that the DDSMs were upregulated 
even in Stage I colon cancer tissues. The 
upregulation persisted up to the final Stage IV 
colon cancer. More importantly, increased 
expression of the DDSMs in cancer patients 
decreased the probability of their survival.

Dr. Sengupta said, “We believe that the 
identified DDSMs can serve as an invaluable 
biomarker for colon cancer early detection 
process. We now have to determine whether 
the DDSMs can also be detected in patient 
blood samples. If that is possible, it would 
make colon cancer detection as simple as the 
detection of blood sugar in diabetic patients”. 
The work has been published in the Journal of 
Cell Science.

Source: India Science Wire
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Promise for new antibiotics
Research reveals how the bacterium Streptococcus pneumoniae (pneumococcus) obtains the essential nutrient, 
manganese, from our bodies

Australian researchers have revealed how the 
bacterium Streptococcus pneumoniae 
(pneumococcus) obtains the essential 
nutrient, manganese, from our bodies, which 
could lead to better therapies to target what is a 
life-threatening, antibiotic-resistant patho-
gen. Pneumococcus is one of the world's 
deadliest organisms, responsible for more 
than one million deaths each year and is the 
leading infectious cause of mortality in 
children under five. It is the main cause of 
bacterial pneumonia, as well as a major cause 
of meningitis, sepsis and inner ear infections 
(otitis media). Published in Science Advances 
and after ten years of detailed investigations, 
researchers from the Peter Doherty Institute 
for Infection and Immunity – a joint venture 
between the University of Melbourne and The 
Royal Melbourne Hospital – and the Bio21 
Molecular Science & Biotechnology Institute 
(Bio21), along with collaborators at the 
Australian National University and Kyoto 
University, Japan, have determined the 
structure of the unique 'gateway' that 

pneumococcus uses to steal manganese from 
the body. All organisms, including pathogens, 
need vitamins and minerals to survive. While 
researchers knew that manganese was critical 
for survival of the pneumococcus, how it took 
manganese from the body wasn't understood.

University of Melbourne Associate Professor 
Megan Maher, a laboratory head at Bio21, 
said they noticed the bacterium was drawing 
in nutrients in a regulated way. “Eventually 
we discovered that this was due to a unique 
gateway that sits in the bacterium's membrane 
that opens and closes to specifically allow 
manganese in,” said Associate Professor 

Maher. “This is a completely new structure 
that has never been seen in a pathogen like 
this.”

University of Melbourne Professor Christo-
pher McDevitt, a laboratory head at the 
Doherty Institute, said the study's finding 
changes what we know about the pathogen's 
survival. “Previously, it was thought that these 
gateways acted like Teflon coated channels in 
the sense that everything just flowed through,” 
explained Professor McDevitt. “Now we 
understand that it is selectively drawing the 
manganese in. Any disturbance of this 
gateway starves the pathogen of manganese, 
which prevents it from being able to cause 
disease.” It could hold the key to better and 
alternative therapies against the pneum-
ococcus. “It's a really attractive therapeutic 
target as it sits on the surface of the bacterium, 
and our bodies don't use this type of gateway,” 
Professor McDevitt said

Sources: Australian National University news 
release
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Reversing age-related memory loss
The discovery could lead to the development of treatments to prevent memory loss in people as they age

In a study published in , Molecular Psychiatry
the team show that changes in the extracellular 
matrix of the brain – 'scaffolding' around nerve 
cells – lead to loss of memory with ageing, but 
that it is possible to reverse these using genetic 
treatments. Recent evidence has emerged of 
the role of perineuronal nets (PNNs) in 
neuroplasticity – the ability of the brain to 
learn and adapt – and to make memories. 
PNNs are cartilage-like structures that mostly 
surround inhibitory neurons in the brain. Their 
main function is to control the level of 
plasticity in the brain. They appear at around 
five years old in humans and turn off the 
period of enhanced plasticity during which the 
connections in the brain are optimised. Then, 
plasticity is partially turned off, making the 
brain more efficient but less plastic. 
Researchers at the University of Cambridge 
and University of Leeds investigated whether 
manipulating the chondroitin sulphate 
composition of the PNNs might restore 
neuroplasticity and alleviate age-related 
memory deficits. To do this, the team looked at 
20-month-old mice – considered very old – 

and using a suite of tests showed that the mice 
exhibited deficits in their memory compared 
to six-month old mice.

The team treated the ageing mice using a 'viral 
vector', a virus capable of reconstituting the 
amount of 6-sulphate chondroitin sulphates to 
the PNNs and found that this completely 
restored memory in the older mice, to a level 
similar to that seen in the younger mice. Dr 
Jessica Kwok from the School of Biomedical 
Sciences at the University of Leeds said: “We 
saw remarkable results when we treated the 
ageing mice with this treatment. The memory 
and ability to learn were restored to levels they 
would not have seen since they were much 
younger.” To explore the role of chondroitin 

6-sulphate in memory loss, the researchers 
bred mice that had been genetically-
manipulated such that they were only able to 
produce low levels of the compound to mimic 
the changes of ageing. Even at 11 weeks, these 
mice showed signs of premature memory loss. 
However, increasing levels of chondroitin 6-
sulphate using the viral vector restored their 
memory and plasticity to levels similar to 
healthy mice. Professor James Fawcett from 
the John van Geest Centre for Brain Repair at 
the University of Cambridge said: “What is 
exciting about this is that although our study 
was only in mice, the same mechanism should 
operate in humans – the molecules and 
structures in the human brain are the same as 
those in rodents. This suggests that it may be 
possible to prevent humans from developing 
memory loss in old age.”

Source: University of Cambridge news release
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Insights into how the brain decides to act
A population of neurons that drive animal brains to initiate actions without prompting from an external stimulus 
such as food or prey

Researchers at Weill Cornell Medicine have 
identified a population of neurons that drive 
animal brains to initiate actions without 
prompting from an external stimulus such as 
food or prey. The preclinical finding is a 
significant step toward solving what has been 
one of the big unanswered questions in 
neuroscience. The study, published in Nature 
Communications, used advanced experi-
mental techniques to monitor the activities of 
the neurons in larval zebrafish, while also 
monitoring the fishes' eye movements. This 
approach allowed the investigators to identify 
neurons that, even when the fish are in the 
dark, are involved in triggering self-initiated 
scanning eye movements called saccades. “In 
this study we were able not only to identify 
neurons whose activity ramps before 
spontaneous eye movements, but also to 
demonstrate for the first time that such ramp 
activity actually initiates self-driven beha-
vior,” said first author Dr. Alexandro Ramirez, 
a postdoctoral research associate in the 
laboratory of Dr. Emre Aksay, an associate 
professor of physiology and biophysics at 

Weill Cornell Medicine.

Zebrafish are popular lab animals for 
biological research because they are easy to 
keep and study, and have a quick life cycle 
compared to larger species such as mice. 
Moreover, their larvae have relatively 
transparent brains that are highly accessible to 
modern microscopic imaging, while having a 
manageable number of neurons. 

Ramirez and Aksay and their colleagues used 
advanced techniques including a high-
resolution microscopy method called two-
photon imaging to monitor the activities of all 
neurons in the hindbrain, which prior studies 
have implicated in eye movements. Zebrafish, 
l ike virtually all  other animals,  use 

in t e rmi t t en t  s accades  to  scan  the i r 
su r round ings ,  and  t he se  s eeming ly 
spontaneous eye movements happen even in 
the dark. The researchers mapped the activity 
patterns in hundreds of thousands of hindbrain 
neurons in several individual zebrafish larvae 
and identified a specific set of these neurons 
whose activity reliably ramps up in the 
seconds prior to a saccade. The scientists then 
showed that when they inactivated these pre-
saccade neurons, one by one or in small 
groups, subsequent saccades were delayed – 
implying that these neurons are involved in 
initiating saccades, and also suggesting that 
removal of these neurons reduced the brain's 
ability to reach the needed threshold level of 
massed activity.

The findings on their own help demonstrate 
the causal role of ramping neurons in actions 
such as saccades, the researchers said, but also 
demonstrate the broad potential of the 
zebrafish model for teasing apart the neural 
circuitry of volitional, or self-driven, action.

Source: Cornell University news release

Medical Sciences - Neuroscience

Sleep loss sabotages new memory storage 
When mice are sleep-deprived, there is an increase in activity in inhibitory neurons in the hippocampus 

U-M scientists Sara Aton and James Delorme 
found when mice are sleep-deprived, there is 
an increase in activity in inhibitory neurons in 
the hippocampus, an area of the brain essential 
for navigation, as well as for processing and 
storing new memories. “Because these 
neurons limit activity in their neighbours, this 
physiological response makes it impossible to 
muster normal neuronal activity in the 
hippocampal structure,” said Aton, an 
associate professor in the U-M Department of 
Molecular, Cellular and Developmental 
Biology and a member of the U-M Center for 
RNA Biomedicine executive committee.  The 
research is published in the Proceedings of the 
National Academy of Sciences.

Aton and Delorme, formerly a U-M 
neuroscience graduate student, studied the 
possible links between changes in neurons' 
activity after learning and changes in their 
protein translation.

First, Delorme investigated the interaction 
between sleeping and waking, hippocampal 

neuron act ivi ty,  and act ivi ty-driven 
phosphorylation of S6, a component of 
ribosomes. This phosphorylation event is 
thought to affect which mRNAs that are being 
translated into protein as neurons become 
more active. To do this, Delorme gave mice a 
fear stimulus. When mice were allowed to 
freely sleep following the stimulus, he saw 
that S6 phosphorylation increased in a part of 
the hippocampus called the dentate gyrus, the 
first region where memories begin to form. 
But when the mice were deprived of sleep, 
Delorme found that phosphorylation 
decreased throughout the hippocampus. This 
disrupted the mice's memories that otherwise 
would have been formed in response to the 
fear stimulus.

Delorme's next question was whether this 
reduction in activity driven S6 phosph-
orylation affected all neurons similarly after 
sleep loss. Using bioinformatics, he compared 
the abundance of mRNAs associated with 
phosphorylated S6-containing ribosomes. He 

also examined mRNA profiles under 
conditions of prior sleep or no sleep. Delorme 
then collaborated with U-M Advanced 
Genomics core for the RNA sequencing. He 
observed that, after sleep deprivation, there 
was a significant increase in abundance of a 
type of RNA transcripts known to be present 
specifically in interneurons that express the 
neuropeptide somatostatin as well as the 
inhibitory neurotransmitter GABA. This 
relative increase suggested that greater activity 
of S6 phosphorylation in the hippocampus acts 
as a gate that slows down their firing. When 
they mimicked this inhibitory gating 
mechanism in freely sleeping mice, they were 
able to disrupt hippocampal activity and 
memory consolidation. In contrast, suppr-
essing the activity of somat-ostatin-expressing 
interneurons after learning increased activity 
among dentate gyrus neurons and was 
beneficial to memory consolidation.

Source: University of Michigan news release
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Physical Sciences - Biophysics

A unique reversing motion of bacteria
This analysis can help building more efficient artificial micro and nano-motors used in drug delivery and bio-
imaging 

In a recent study, scientists have found a 
theoretical model explaining a unique kind of 
motion called direction reversing active 
motion exhibited by some bacteria that feed 
on other microorganisms. This analysis can 
help in building more efficient artificial micro 
and nano-motors used in drug delivery and 
bio-imaging using the concept to incorporate 
a reverse gear.

Bacteria move by propelling themselves with 
a velocity that changes direction randomly, 
which is called active motion. Besides 
bacterial motion, this kind of motion is found 
in living systems ranging from cell motility at 
the microscopic scale to the flocking of birds 
and fish schools at the macroscopic scale as 
well as in artificial systems including granular 
matter self-catalytic swimmers, and nano-
motors.  It forms an important sub-set of the 
ubiquitous nonequilibrium systems, for which 
no general theoretical framework exists. 
Some microorganisms, such as predator 
bacteria Myxococcus Xanthus and sapr-
otrophic bacteria Pseudomonas putida, 

exhibit a unique kind of reversing active 
motion, whereby, in addition to a diffusive 
change of direction, the motion also 
completely reverses its direction inter-
mittently. However, very little has been 
understood theoretically about the statistical 
properties of such motion.

In a recent study published as a Letter in the 
Physical Review E, a team of Scientists from 
Raman Research Institute and S.N. Bose 
National Centre for Basic Sciences, 
autonomous institutes under the Department 
of Science & Technology (DST), GoI has 
uncovered novel dynamical phases arising 
from the interplay of diffusion and velocity 
reversal in the direction reversing active 
motion exhibited by such bacteria.

The study provided a theoretical under-
standing of such motion through exact 
analytical results for the position distribution 
and target search-time distribution by using a 
model. “This model explains the advantage of 
directional reversals, namely, faster spread 
leading to faster searches,” the authors 

pointed out. They explained how their 
research found that M. Xanthus relies on the 
directional reversal to increase its spread, thus 
making search for a target efficient, inspite of a 
much slower speed (about a micron per 
minute) compared to faster bacteria like E. coli 
(moves about thirty microns in a second). 
Further, the most important finding of this 
work is the prediction of a novel phase where 
the dynamical laws governing the dispersion 
along two orthogonal  direct ions are 
fundamentally different.

The theoretical analysis of the direction 
reversing active motion, starting from the 
microscopic dynamics partially funded by the 
Science and Engineering Research Board 
(SERB), India, under Ramanujan Fellowship, 
will serve as a building block for biologists and 
experimental physicists studying other 
complex phenomena shown by direction 
reversing bacteria.

Source: PIB

Physical Sciences - Computer Science

New information storage and processing device
Scientists develop a means to create a new type of memory, marking a notable breakthrough in the increasingly 
sophisticated field of artificial intelligence

A team of scientists has developed a means to 
create a new type of memory, marking a 
notable breakthrough in the increasingly 
sophisticated field of artificial intelligence.  
“Quantum materials hold great promise for 
improving the  capaci t ies  of  today 's 
computers,” explains Andrew Kent, a New 
York University physicist and one of the 
senior investigators. “The work draws upon 
their properties in establishing a new structure 
for computation.” The creation, designed in 
partnership with researchers from the 
University of California, San Diego (UC San 
Diego) and the University of Paris-Saclay, is 
reported in the Nature journal Scientific 
Reports.  “Since conventional computing has 
reached its limits, new computational methods 
and devices are being developed,” adds Ivan 
Schuller, a UC San Diego physicist and one of 
the paper's authors. “These have the potential 
of revolutionizing computing and in ways that 
may one day rival the human brain.”

In recent years, scientists have sought to make 
advances in what is known as “neuromorphic 
computing” --a process that seeks to mimic 
the functionality of the human brain. Because 
of its human-like characteristics, it may offer 
more efficient and innovative ways to process 
data using approaches not achievable using 
existing computational methods.  

In the Scientific Reports work, the researchers 
created a new device that marks major 
progress already made in this area. To do so, 
they built a nanoconstriction spintronic 
resonator to manipulate known physical 
properties in innovative ways.  Resonators are 
capable of generating and storing waves of 
well-defined frequencies--akin to the box of a 
string instrument. Here, the scientists 
constructed a new type of resonator--capable 
of storing and processing information similar 
to synapses and neurons in the brain. The one 
described in Scientific Reports combines the 

unique properties of quantum materials 
together with that of spintronic magnetic 
devices. Spintronic devices are electronics that 
use an electron's spin in addition to its 
electrical charge to process information in 
ways that reduce energy while increasing 
storage and processing capacity relative to 
more traditional approaches. A broadly used 
such device, a “spin torque oscillator,” 
operates at a specific frequency. Combining it 
with a quantum material allows tuning this 
frequency and thus broadening its applicability 
considerably.  “This is a fundamental advance 
that has applications in computing, particularly 
in neuromorphic computing, where such 
resonators can serve as connections among 
computing components,” observes Kent. 

Source: University of California, San Diego
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